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Abstract

Background Current research on post-COVID-19 conditions (PCC) has focused on hospi-
talized COVID-19 patients, and often lacks a comparison group. This study assessed the
prevalence of PCC in non-hospitalized COVID-19 primary care patients compared to primary
care patients not diagnosed with COVID-19.

Methods This cross-sectional, population-based study (n = 2539) analyzed and compared the
prevalence of PCC in patients with a positive COVID-19 test (n=1410) and patients with a
negative COVID-19 test (n =1129) never hospitalized for COVID-19 related conditions. Parti-
cipants were identified using electronic health records and completed an electronic ques-
tionnaire, available in English and Spanish, including 54 potential post COVID-19 symptoms.
Logistic regression was conducted to assess the association of PCC with COVID-19.

Results Post-COVID-19 conditions are prevalent in both groups, and significantly more
prevalent in patients with COVID-19. Strong significant differences exist for the twenty most
reported conditions, except for anxiety. Common conditions are fatigue (59.5% (COVID-19
positive) vs. 41.3% (COVID-19 negative); OR 2.15 [1.79-2.600), difficulty sleeping (52.1%
(positive) vs. 41.9% (negative); OR 1.42 [1.18-1.71]) and concentration problems (50.6%
(positive) vs 28.5% (negative); OR 2.64 [2.17-3.22]). Similar disparities in prevalence are
also observed after comparing two groups (positive vs. negative) by age, sex, time since
testing, and race/ethnicity.

Conclusions PCC is highly prevalent in non-hospitalized COVID-19 patients in primary care.
However, it is important to note that PCC strongly overlaps with common health symptoms
seen in primary care, including fatigue, difficulty sleeping, and headaches, which makes the
diagnosis of PCC in primary care even more challenging.

3, Andrew Curtin', Jigiang Wu', Mingyuan Zhang® 4,
1 & Bernadette Kiraly® ™

4

Plain Language Summary
Research on post-COVID-19 condi-
tions (PCC), also known as Long
COVID, has often involved hospita-
lized COVID-19 patients. However,
many patients with COVID-19 were
not hospitalized, therefore how com-
monly the condition affects indivi-
duals attending primary care services
is not accounted for. Here, we
assessed non-hospitalized primary
care patients with and without
COVID-19. Our results demonstrate
that PCC is highly common among
primary care patients with COVID-19
and often presents as fatigue, diffi-
culty sleeping, and concentration
problems. As these symptoms over-
lap with other non-COVID-related
conditions, it is challenging to accu-
rately diagnose PCC. This calls for
improved diagnostics and manage-
ment of PCC in primary care settings,
which is often the first point of con-
tact with the healthcare systems for
many patients.
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COVID-19 conditions, is emerging!. Post-COVID-19

conditions (PCC) are characterized as signs and symp-
toms that develop during or after a COVID-19 infection, are
consistently present for more than 12 weeks, and are not attri-
butable to alternative diagnoses>3. PCC can affect multiple body
systems and affect various symptoms, including fatigue, shortness
of breath, smell/taste disorders, muscle weakness, anxiety, and
memory problems* 8. A meta-analysis indicated that 80% of
patients with a COVID-19 infection developed one or more long-
term symptoms®.

Previously, many studies have focused on PCC in hospitalized
patients and suggested that PCC is more common among, or even
specific to, hospitalized COVID-19 patients!%-15, On the other
hand, research in non-hospitalized patients is evolving’-10-18; a
current study suggests that hospitalized and non-hospitalized
patients have similar rates of PCC!°. However, both hospitalized
and non-hospitalized patients with PCC often report poor or
decreased quality of life regarding mobility, pain and discomfort,
and the ability to return to normal levels of work or social
activity?0-22.  Still, studies focusing exclusively on non-
hospitalized or primary care patients are rare.

During the pandemic, primary care has been instrumental in
identifying, managing, and monitoring patients with COVID-19
as well as has been critical for the implementation and mass
delivery of vaccination2324, Primary care, often the first point of
contact with the health system, is also likely to play an important
role in addressing challenges associated with PCC?°. Several
PCC-related symptoms (e.g., fatigue, muscle weakness, depres-
sion) are commonly reported and treated in primary care settings,
independent of COVID-192.

However, evidence about PCC in primary care remains scarce.
In particular, population-based studies with control groups that
quantify the burden of PCC in primary care are missing. To
address this situation, this study aims to analyze the prevalence of
PCC in non-hospitalized COVID-19 patients in primary care,
and to compare the prevalence of PCC symptoms between
patients with and without COVID-19.

The results of our study show that PCC symptoms, such as
fatigue, shortness of breath, and difficulty sleeping, are prevalent
among non-hospitalized primary care patients, independent of
COVID-19. However, the symptom burden is much higher
among COVID-19 patients. This evidence highlights the major
challenge faced by primary care providers — how to distinguish
PCC from the background of symptoms commonly addressed in
primary care. Overall, our findings support claims that PCC is
ideally managed in the primary care setting, especially due to the
holistic, longitudinal, and multidisciplinary aspects of primary
care. In particular, comprehensive training on care pathways,
guidelines, and referral criteria are necessary to support a primary
care-led response to PCC.

Research about long-COVID, often referred to as post-

Methods

Design and population. This cross-sectional, population-based
study was conducted at the University of Utah Health (U of U
Health) system in Salt Lake City, Utah, United States. U of U
Health is Utah’s only academic healthcare system and provides
primary care through 12 health centers in the greater Salt Lake
City area. These clinics serve a combined total of about 120,000
patients annually. All participants have provided informed con-
sent. The University of Utah Institutional Review Board (IRB
#139714) exempted the study.

Inclusion/exclusion criteria. Participant selection criteria inclu-
ded: age 18+ years, at least one prior visit (in-person or virtual)

with a U of U Health primary care center between January 2020
and March 2021, email address on file, preferred language English
or Spanish, and a positive or negative COVID-19 test result
(PCR) between March 1st, 2020, and August 31st, 2021, docu-
mented in their electronic health record (EHR). Patients were
excluded if they had a COVID-19 test before March 1st, 2020, or
if they were hospitalized or sought emergency department care
related to COVID-19.

Questionnaire. The questionnaire was developed utilizing input
from 1) a literature review to identify common post-COVID-19
symptoms and 2) primary care physician observations during the
pandemic. The questionnaire development was iterative, with
multiple drafts revised for clarity and content validity based on
feedback from colleagues, clinicians, and other researchers with
expertise in questionnaire methods. A pilot test of the ques-
tionnaire was conducted with faculty members at the Department
of Family and Preventative Medicine at U of U Health to clarify
and refine the contents and usability. The questionnaire was
composed in English and translated into Spanish by a certified
interpreter and native speaker. The questionnaire consisted of 54
PCC-related symptoms grouped into seven categories under-
standable to the public (Supplementary Table 1). Patients were
asked to select symptoms they have experienced in the week prior
and to rate the severity of those symptoms on a 3-point scale
(mild, moderate, severe). Participants were not offered compen-
sation for participating. Both the English and Spanish versions of
the questionnaire started data collection on 08/31/2021 and
ended 11/15/2021.

Participants. All clinics utilize a shared EHR system. Data from
EHRs were stored in the University’s Enterprise Data Warehouse
(EDW). We identified 126,440 primary care patients in the EDW
for possible inclusion in the study. Of those primary care patients,
124,606 were not hospitalized for COVID-19. We excluded
patients from the non-hospitalized cohort with a preferred lan-
guage other than English or Spanish (n =4084). The remaining
patients were split into patients who preferred English
(n=114,588) and patients who preferred Spanish (n =5934).
After excluding patients in both language groups with no
COVID-19 test in the EHR, patients were further subdivided into
English-preferred patients with a negative COVID-19 test
(n =46,065), English-preferred patients with a positive COVID-
19 test (n = 7356), Spanish-preferred with a negative COVID-19
test (n = 1700), and Spanish-preferred with a positive COVID-19
test (n=905). Participants tested for COVID-19 because they
were experiencing symptoms within the last week. Among the
remaining English-preferred cohort, 12,429 patients with a
positive test and 7239 patients with a negative test were randomly
selected to receive an invitation to complete the questionnaire
(Supplementary Fig. 1). All of the patients in the Spanish-
preferred cohort with test results received an invitation to com-
plete the questionnaire. In total, 22,248 questionnaires were
successfully delivered to patients by email sent through REDCap.
19,321 patient records did not respond to the questionnaire, and
2927 responses were submitted for the questionnaire (Fig. 1).
Questionnaire records with duplicate responses (n=3), and
unfinished questionnaires (n = 385) were excluded from the final
analysis. Finally, 2539 participants (1410 COVID-19 positive,
1129 COVID-19 negative) were verified and completed the survey
responses for analysis of common post-COVID-19 symptoms.

Measures
Outcomes. Common post-COVID-19 symptoms were reported by
both COVID-19 positive and negative patients in their
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Responder
(N=2,927)

Excluded (N=282):
No symptom-related
question answered

Valid Questionnaires
(N=2,645)

Excluded (N=79):
Hospitalized (self-reported)

Non-Hospitalized Patients
(N=2,566)

Excluded (N=27):
Date of self-reported COVID
test missing/not valid

Patients Included in Analysis
(N=2,539)

/\

Patients with Positive Test Patients with Negative Test
(N=1,410) (N=1,129)

Fig. 1 Flowchart of selecting patients with and without COVID-19 for
analysis. Out of 2927 patients who responded, 2,539 patients were
included in the analysis. Out of those, 1410 patients had a positive COVID-
19 test and 1129 had a negative COVID-19 test respectively. Out of the 388
excluded patients, 282 were excluded for not answering any symptom-
related question, 79 were excluded for a previous hospitalization, and 27
were excluded for a missing or invalid COVID-19 test date.

questionaries, classified into 7 categories, including (1) general
symptoms (fatigue/tiredness, muscle & body aches, joint pains,
shortness of breath, cough); (2) brain & nervous system head-
aches (concentration problems, memory problems, general
weakness, dizziness, balance problems); (3) mental well-being
(difficulty sleeping, anxiety, depression); (4) ears, nose, and throat
(congested nose, ringing in ears); (5) heart or circulation (irre-
gular heartbeats, leg pain when walking); (6) eyes or vision (dry
eyes); (7) stomach or digestion (heartburn).

Exposure. The secondary COVID-19 test result (positive, nega-
tive) was documented in the EDW. In addition, participants
could self-report a positive COVID-19 test result outside the
University of Utah health system. If they did, the answers were
included when defining COVID-19 test result.

Covariates. Information on the following secondary demographic
and clinical characteristics was obtained from the EDW. Sex was
defined as a biological variable to describe biological differences
and influences when comparing males and females. Thus, sex was
coded binary as male or female as opposed to gender, which
could exist on a spectrum and is more often used when describing
social or psychological differences between men, women, and
other genders?’. Other covariates included age (18-34 years,
35-49 years, 50 years and above), race (American Indian/Alaskan
Native, Asian, Black/African American, Native Hawaiian/Other
Pacific Islander, White, Other, Unknown), ethnicity (Hispanic/
Latino or non-Hispanic/Latino), BMI (<18.50: underweight,
18.50-24.99: normal weight, 25.00-39.99: overweight, 40.00+:
obese), smoking status (never smoked, quit smoking, currently
smoking), COVID-19 vaccine status (none, any dose), time

between testing and questionnaire receipt (3-9 months,
10-12 months, more than 12 months), and Charlson Comorbidity
Index (Scored 0-15).

Power. Given the sample of 2539 participants (1410 COVID-19
positive, 1129 COVID-19 negative) who reported common post-
COVID-19 symptoms, power analysis was conducted to calculate
power for the hypothesis test for a significant difference in the
prevalence of PCC between COVID-19 positive and negative
patients. Using a two-sided Chi-square test at a significance level
of .05, we would have 93-99% power to detect a small effect size
of 0.15-0.2.

Statistical analysis. Patients were categorized as having positive
or negative COVID-19 tests. For the final analysis, symptom
scores (0-3) were dichotomized into symptom not reported (0)
and symptom reported (1-3). Descriptive statistics were calcu-
lated, including the frequency and percentage, for all categorical
variables (demographic and clinical characteristics, PCC-related
symptoms, COVID-19 test result, Charlson comorbidity index
(CCI), and body mass index). The mean and standard deviation
were calculated for continuous variables (age and CCI). The chi-
square test was conducted to assess the associations of the
COVID-19 test result with other variables (Table 1).

Logistic regression was conducted to assess the association of
PCC with COVID-19, after the adjustment of covariates (age, sex,
race, ethnicity, time since COVID-19 test and questionnaire
receipt, smoking, COVID-19 vaccine status, and Charlson
Comorbidity Index) (Table 2). Cross-validation was used to
prevent overfitting, improve model performance, and address the
potential limitation of self-selection bias. Model selection criteria
and a comprehensive directed acyclic graph (DAG) of confound-
ing variables were also considered in creating the logistic
regression model. These analyses were then stratified by several
clinicodemographic moderators, including age (Table 3), sex
(Table 4), race (Table 5), ethnicity (Table 6), and time since
COVID-19 test (Table 7) to assess the moderating effects of these
variables on the association of PCC and COVID-19. Accordingly,
the Tukey multiple comparison test was used to compare the
prevalence between two groups by these moderators. The
reported results included unadjusted and adjusted p values, odds
ratios (OR), and associated 95% confidence intervals. The
significance level was set to .05. All statistical tests were 2-sided.
Missing values were removed using listwise deletion. All the
above analyses were conducted in RStudio.

Reporting summary. Further information on research design is
available in the Nature Portfolio Reporting Summary linked to
this article.

Results

Clinical and demographic characteristics. A total of 22,248
patients received the questionnaire, 2927 patients responded
(13.2% response rate) and 2539 patients reported symptoms
(Supplementary Fig. 1); 1410 with positive COVID-19 tests
(55.5%) and 1129 with negative COVID-19 tests (44.5%). The
mean age was 44.4 years, 63.3% of participants were female,
20.6% were Hispanic/Latino (n =523), and 18.9% were non-
white/non-Caucasian (Table 1). In contrast, non-responders were
younger (43.0; P < 0.001), less often female (59.1%; P < 0.001) and
less often non-white (37.7%; P < 0.001) (Supplementary Table 2).
Compared to COVID-19 negative patients, COVID-19 positive
patients were younger (42.6 years vs. 46.7 years; P <0.001) and
more likely to be males (37% vs. 35.7%; P=0.514), non-
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Table 1 Secondary clinical and demographic characteristics
Population Covid-19 test P-Value
Positive Negative
N % N % N %
Included in analysis 2539 100 1410 55.5 129 44.5
Age, mean (CI) 44.4 (13.8, 75) 42.6 (14,71.2) 46.7 (14.2,79.2) <0.001
Age-Categorized <0.001
18-34 years 810 31.9 476 33.8 334 29.6
35-49 years 797 314 486 345 31N 27.5
50 years and older 932 36.7 448 31.8 484 429
Sex 0.514
Female 1,615 63.6 889 63.0 726 64.3
Male 924 36.4 521 37.0 403 357
Ethnicity <0.001
Non-Hispanic/Latino 1,947 76.7 1135 80.5 8n 71.8
Hispanic/Latino 523 20.6 234 16.6 289 25.6
Unknown 69 2.7 a4 29 29 2.6
Race 0.032
White/Caucasian 2,060 81.1 1,165 82.6 895 79.3
Non-White/Non- 479 18.9 245 17.4 234 20.7
Caucasian®
CClb, mean (CI) 1.01 (0.95, 1.07) 0.91 (0.83,0.99) 114 (1.04, 1.24) <0.001
Smoking Status® 0.576
Never 2,021 79.6 1125 80.6 896 80.0
Quit 404 15.9 222 15.9 182 16.3
Yes 89 35 47 34 42 3.8
Unknown 25 0.0 2 0.1 0 0.0
BMI, mean (CI) 29.6 (13.7,45.5) 299 (15, 44.8) 29.2 (12.3, 46)
BMI (Kg/m?) <0.001
Underweight (<18.50) 28 11 15 11 13 1.2
Normal Weight 678 26.7 344 24.4 334 29.6
(18.50-24.99)
Overweight (25.00-39.99) 1,356 53.4 759 53.8 597 52.9
Obese (40.00+) 229 9.0 133 9.4 96 85
Unknown 248 9.8 159 1.3 89 7.9
Vaccination status? 0.001
None 224 8.8 166 1.8 58 51
Yes, Any 2,315 91.2 1,244 88.2 1,071 94.9
Time After COVID-19 Test <0.001
3-9 months 765 30.1 427 30.3 338 299
10-12 months 1,073 423 698 49.5 375 33.2
Over a Year 701 27.6 285 20.2 416 36.8
aNon-white/Non-Caucasian: American Indian/Alaskan Native (n = 17), Asian (n = 46), Black/African American (n = 27), Native Hawaiian/Other Pacific Islander (n = 45), Other race (n = 344)
bCharlson Comorbidity Index, there were missing values among survey responses for CCl (n = 4) with 2 in the COVID-positive group and 2 in the COVID=negative group. Patient CC| Scores range 0-15,
IQR: 1. Age range 18-91. BMI range 13-74. The standard error of the mean was calculated to test the mean of the sampling distribution and for the calculation of the 95% confidence interval (CI).
cSmoking status reported as “passive” treated as “yes”. Smoking status had n = 16 missing values in the COVID-positive group and n = 9 missing values in the COVID-negative group.
dVaccination status “yes, any” is any record or self-report of a single dose or more of any available vaccine J&J, Pfizer, Moderna, etc. BMI had n = 159 missing values in the COVID-positive group and n =
89 missing values in the COVID-negative group.

Hispanics/Latinos (80.5% vs. 71.8%; P < 0.001), and unvaccinated
persons (11.8% vs. 5.1%; P <0.001) (Table 1).

Common post COVID-19 conditions. There were 20 common
symptoms reported by both COVID-19-positive and negative
patients. Among them, the following symptoms had relatively
higher prevalence than the others, including fatigue/tiredness
(51.4%), anxiety (48.3%), difficulty sleeping (47.6%), headaches
(44.1%), and concentration problems (40.8%). Balance problems
(18.9%) and leg pain when walking (18.8%) had the lowest pre-
valence. All symptoms were more common among patients with
positive COVID-109 tests. For example, the prevalence of common
symptoms and odds ratios (OR) comparing COVID-19 positive
and negative patients were, respectively, concentration problems
(50.6% vs. 28.5%; 2.64 [2.17-3.22]), memory problems (39.4% vs.
19.2%; 2.65 [2.15-3.28], fatigue/tiredness (59.5% vs. 41.3%; 2.15
[1.79-2.60]), headaches (49.8.% vs. 37%, 1.60 [1.32-1.94]),

difficulty sleeping (52.1% vs. 41.9%, 1.42 [1.18-1.71]), and anxiety
(51.1% vs. 44.7%, 1.18 [0.98-1.42]) (Table 2, Fig. 2).

These odds ratios were also presented graphically in Supple-
mentary Fig. 2. Differences between COVID-19 positive and
COVID-19 negative groups are more clearly shown in this figure.
For example, group differences for shortness of breath,
concentration problems, memory problems were similar and
higher than group differences for other symptoms. Group
differences for mental well-being symptoms (difficulty sleeping,
anxiety, depression), dry eyes, and heartburn (reflux) were similar
and lower than group differences for other symptoms. Group
differences for muscle & body aches, joint pains, general
weakness, dizziness balance problems, irregular heartbeats, and
leg pain when walking were also similar.

Figure 3 (Supplementary Table 3) shows descending absolute
differences in prevalence of the top 20 most frequently experienced
symptoms between COVID-19 positive and COVID-19 negative
patients. Differences for concentration problems, memory problems,
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Fig. 2 Frequently reported Post-COVID-19 symptoms comparing patients with and without COVID-19 (N = 2,539). Figure 2 shows the top 20 most
frequently experienced symptoms across the severity scale (mild, moderate, and severe). Bars in blue represent patients with a positive COVID-19 test and

bars in red represent patients with a negative COVID-19 test. Adjusted odds

ratios with [95% Confidence Interval] shown at the end of the bars suggest

relationships between COVID-19 test result and reported symptom (see Table 2 for significance p < 0.05).

fatigue, and shortness of breath were higher than other symptoms,
and COVID-19-positive patients were more than two times as likely
to experience these symptoms compared to COVID-19-negative
patients. Anxiety was the only symptom not significantly associated
with a positive COVID-19 test result.

Post COVID-19 conditions by age. Table 3 (Supplementary
Data 1) compares the prevalence of the twenty most common
symptoms across three age groups, 18-34 (n = 810), 35-49 (n ="797)
and 250 (n=932). In all three age groups, the most common
symptoms reported by the COVID-19 positive patients included
fatigue (59.7% vs. 63.3% vs. 54.4%), concentration problems (51.8% vs.
56.1% vs. 43.1%), difficulty sleeping (54.5% vs. 54.8% vs. 45.8%). The
COVID-19 positive patients in the age group 35-49 generally had
significantly higher prevalence and ORs of these common symptoms
than their counterparts in the other two age groups.

Post-COVID-19 conditions by sex. Regarding sex, the most
common symptoms reported by both female (n=1615) and male

COMMUNICATIONS MEDICINE | (2024)4:24 | https://doi.org/10.1038/s43856-024-00440-y | www.nature.com/commsmed

(n=924) COVID-19-positive patients included fatigue/tiredness
(65.5% vs. 48.7%), headaches (57.7% vs. 36%), concentration problems
(56.2% vs. 40.4%), memory problems (43.1% vs. 32.5%), difficulty
sleeping (55.5% vs. 45.4%), and anxiety (57.7% vs. 39.3%). For both
groups, COVID-19-positive patients had higher prevalence of each
symptom than their COVID-19 negative counterparts. However,
female COVID-19-positive patients had higher prevalence of each
symptom than their male counterparts. In addition, the OR of each
symptom was higher for females than for males, except for con-
centration problems (2.43 [1.94-3.05] vs. 3.08 [2.20-4.37]), difficulty
sleeping (1.26 [1.01-1.57] vs. 1.62 [1.20-2.20]), and dry eyes (1.31
[1.03-1.66] vs. 1.65 [1.13-2.41]). Moreover, eight symptoms (fatigue/
tiredness, joint pains, shortness of breath, concentration problems,
memory problems, general weakness, irregular heartbeats, leg pain
when walking) were more than twice as prevalent in female COVID-
19-positive patients compared to their COVID-19-negative counter-
parts. In contrast, four conditions (fatigue/tiredness, shortness of
breath, concentration problems, memory problems) were more than
twice as prevalent in male COVID-19-positive patients compared to
their COVID-19-negative counterparts (Table 4).
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Fig. 3 Comparing Post-COVID-19 symptoms with the largest differences between patients with and without COVID-19 (N = 2539). Figure 3 shows the top
20 largest differences in experienced symptoms across the severity scale (mild, moderate, and severe), in descending order by highest to lowest odds
ratios. Bars in blue represent patients with a positive COVID-19 test and bars in red represent patients with a negative COVID-19 test. Adjusted odds ratios
with [95% Confidence Interval] shown at the end of the bars suggest relationships between COVID-19 test results and reported symptoms.

Post COVID-19 conditions by race. In both groups (White and
non-White), COVID-19-positive patients had a higher prevalence
of each symptom. White COVID-19-positive patients had lower
ORs of these common conditions than their non-White coun-
terparts: fatigue (1.96 [1.61-2.38] vs. 3.12 [2.05-4.80]), headaches
(1.49 [1.21-1.82] vs. 1.97 [1.29-3.05]), concentration problems
(2.49 [2.03-3.07] vs. 3.13 [2.02-4.90]), difficulty sleeping (1.29
[1.06-1.57] vs. 1.74 [1.15-2.66]), and anxiety (1.11 [0.90-1.36] vs.
1.43 [0.92-2.21]). Moreover, among non-White patients, the ORs
were greater than two for fourteen conditions (fatigue/tiredness,
muscle & body aches, joint pains, shortness of breath, cough,
concentration problems, shortness of breath, general weakness,
dizziness, balance problems, irregular heartbeats, leg pain when
walking, dry eyes, heartburn) as compared to three conditions
(shortness of breath, concentration problems, shortness of breath)
among White patients (Table 5).

Post COVID-19 conditions by ethnicity. In each group (His-
panic/Latino and non-Hispanic/Latino), COVID-19-positive
patients had a higher prevalence of each symptom. Hispanic

12

COVID-19-positive patients had higher ORs of these common
conditions than their non-Hispanic counterparts: fatigue/tired-
ness (2.28 [1.53-3.40] vs. 2.12 [1.73-2.60]), headaches (1.80
[1.20-2.72] vs. 1.48 [1.20-1.83]), concentration problems (2.78
[1.84-4.23] vs. 2.54 [2.05-3.16]), and difficulty sleeping (1.61
[1.08-2.41] vs. 1.32 [1.08-1.62]). Moreover, in the Hispanic
group the ORs were greater than two for twelve conditions
(fatigue/tiredness, muscle & body aches, joint pains, shortness of
breath, concentration problems, shortness of breath, general
weakness, dizziness, balance problems, irregular heartbeats, leg
pain when walking, heartburn) as compared to six (fatigue/
tiredness, shortness of breath, concentration problems, shortness
of breath, general weakness, leg pain when walking) in the non-
Hispanic group (Table 6).

Post-COVID-19 conditions by time since COVID-19 test.
Patients were split into three groups based on when patients were
tested for COVID-19: 3-9 months (n=765), 10-12 months
(n=1073), and more than 12 months (n = 701). In each group,
COVID-19-positive patients had a higher prevalence of each
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symptom. The group at 3-9 months had the highest ORs of these
common conditions: fatigue/tiredness (2.29 [1.64-3.21]), head-
aches (1.74 [1.24-2.44]) concentration problems (2.70
[1.92-3.83]), difficulty sleeping (1.67 [1.20-2.32]), and anxiety
(1.55 [1.09-2.20]) (Table 7; Supplementary Data 2).

Supplementary Figure 3 shows the absolute differences in
prevalence of top 10 most frequently experienced symptoms
across the severity scale (mild, moderate, and severe) between
COVID-positive and -negative patients at three time points.
Supplementary Figure 3 also shows the adjusted odds ratios with
95% Confidence Intervals comparing the odds of each reported
symptom between COVID positive and negative patients shown
at the end of the bars. Symptoms were presented in descending
order of the prevalence of the symptom for COVID-positive
patients. Absolute prevalence differences were similar for fatigue
(20.3%), concentration problems (20.1%), and memory problems
(20.7%), and higher than absolute prevalence differences for other
symptoms. Compared to COVID- negative patients, COVID-
positive patients had higher prevalence and odds of each
symptom at each time point. In addition, the prevalence of each
symptom (except for concentration problems) reduced over time.
Depression and congested nose were not significantly associated
with COVID-test results past 9 months.

Discussion

This study aimed to analyze the prevalence of PCC in non-
hospitalized COVID-19 patients in primary care and compared
the prevalence of PCC symptoms between patients with and
without COVID-19. Our analysis revealed three major findings:
First, post-COVID-19 conditions are very prevalent in this pri-
mary care population, independent of COVID-19. In particular,
conditions impacting the brain and nervous system (e.g., con-
centration problems, headaches), mental health (e.g., anxiety,
difficulty sleeping), and general well-being (e.g., fatigue/tiredness,
shortness of breath) are common. Second, the burden of PCC is
much higher among patients with COVID-19 compared to
patients without COVID-19. Twenty common post-COVID-19
symptoms were prevalent in both COVID-19 positive and
negative patients, and significantly more prevalent in patients
with COVID-19, except for anxiety. Third, PCC was more pre-
valent in COVID-19-positive patients who were 35-49 years old,
3-9 months from their testing date, female, or from racial/ethnic
minority groups than their COVID-19-negative counterparts by
age, sex, time since test, and race/ethnicity.

In more detail, the prevalence of PCC varied with respect age,
sex, time since COVID-19 test, race, and ethnicity. Concerning
age, patients aged 35-49 years had a higher burden of PCC
compared to younger and older patients. In general, the evidence
on such disparity is inconclusive, although studies in hospitalized
patients reported older age as a risk factor for developing PCC-
related symptoms, while others point out that patients of all ages
suffer long-lasting problems28-31,

With respect to sex, female COVID-19-positive patients had a
higher prevalence of each symptom than their male counterparts.
Eight symptoms were more than twice as prevalent in female
COVID-19-positive patients compared to their COVID-19-
negative counterparts. By contrast, four symptoms were more
than twice as prevalent in male COVID-19-positive patients
compared to their COVID-19-negative counterparts. Our find-
ings are in line with previous research that a higher proportion of
female patients reported PCC-related symptoms than male
patients32-33. However, since the time of writing, previous studies
were much smaller, conducted outside the United States, and not
exclusively focused on non-hospitalized patients in primary care.
Future research should consider the role of immune response,

hormonal factors, and social or environmental factors in how
PCC manifests among sexes.

With respect to race and ethnicity, COVID-19-positive patients
had higher prevalence of each symptom in White and non-White
patients and also in Hispanic/Latino and non-Hispanic/Latino
patients. Twelve symptoms were more than twice as prevalent in
Hispanic/Latino COVID-19-positive patients than their COVID-
19-negative counterparts. In contrast, six symptoms were more
than twice as prevalent in non-Hispanic/Latino COVID-19-
positive patients compared to their COVID-19-negative coun-
terparts. Similar findings were also observed in non-White and
White patients, with more symptoms prevalent in the former
group. Throughout the pandemic, disparities among non-white/
Latino patients regarding exposure to SARS-CoV-2 and access to
healthcare and social services were exacerbated34-36, Equitable
access to quality primary healthcare services is critical; minority
racial and ethnic groups generally have less access to care and
were more likely to be exposed to COVID-19 (especially at the
beginning of the pandemic) than White patients37-38,

Concerning time since COVID-19 testing, COVID-19-positive
patients 3-9 months out from their testing date had a higher
prevalence of symptoms compared to patients with negative
COVID-19 test results. Nine symptoms were more than twice as
prevalent in the positive 3-9 month group, compared to seven in
the positive 10-12 month group, and five in the positive 12+
month group. A reduction in the severity of some symptoms over
time has been reported in other studies about PCC, but point out
that neurological symptoms tend to persist®3°. In the present
study, concentration problems and memory problems remain
more than two times as likely to impact COVID-19-positive
patients from 3 months of infection onwards.

More in general, most of the research on PCC has occurred
among hospitalized patients, research regarding PCC among
non-hospitalized patients in the United States primary care set-
ting is emerging. As also shown in studies with hospitalized
COVID-19 patients2840-45 the most prevalent symptoms among
this non-hospitalized, primary care population were fatigue/
tiredness, difficulty sleeping, and anxiety, followed closely by
headaches and concentration problems. These symptoms were
prevalent in at least half of COVID-19-positive patients. Existing
studies with non-hospitalized patients were largely based on
recruitment from social media groups®1%21, had smaller sample
sizes”19-2246-48 " or Jacked a COVID-19 negative comparison
group!®4849_ Some research calls for the management of PCC in
the primary care setting or describes the potential burden on
healthcare systems®’, yet studies quantifying the burden of PCC
symptoms in primary care have not been widely conducted. One
study from a UK-based primary care database retrospectively
analyzed PCC symptoms in a population-based cohort, and share
some similar findings to the present study - PCC in non-
hospitalized cohorts consists of heterogenous symptoms across
the body, including fatigue!8. Here, through our cross-sectional
use of electronic health records and questionnaires, we show that
many of the symptoms of long-COVID are prevalent in primary
care, independent of COVID-19%0,

However, our study demonstrates that the great challenge
facing primary care providers is to differentiate PCC from the
acute sequela of COVID-19, previous comorbidities, preexisting
conditions, as well as complications from prolonged illness,
hospitalization, or isolation®!>2. Evidence including the per-
spective of primary care physicians on how to best manage PCC
has also been mounting and emphasizes the need for commu-
nication and trust between patient and provider to support
management>>.

Based on the current evidence, disease management of PCC
requires a holistic, longitudinal follow-up, multidisciplinary
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rehabilitation services (e.g., family medicine, pulmonary, infec-
tious disease, neurology), and the empowerment of affected
patient groups®*. Emotional support, ongoing monitoring,
symptomatic treatment, and attention to comorbidities are cor-
nerstones of this approach®. Primary care, and more specifically
Family Medicine - with attributes like person-focused, compre-
hensive, and coordinated care—is theoretically very well-prepared
to address those requirements>®-%0. Primary care clinicians know
their patients, their lives, and their families and are in an optimal
position to coordinate and personalize the treatment as well as
the support needed. However, a comprehensive training program,
including care pathways, guidance, and criteria to which patients
should be referred, is necessary to support the primary care-led
Post-COVID-19 response®!.

To the best of our knowledge, this is one of a few studies
analyzing the prevalence of PCC in non-hospitalized COVID-19
primary care patients compared to primary care patients not
diagnosed with COVID-19. Additionally, we included Spanish
language preference questionnaires to encourage inclusivity for a
variety of patients. Previous studies on PCC that include non-
hospitalized patients experiencing symptoms for more than a year
are uncommon in the literature. Methodological challenges were
also common in prior work, including small study populations or
exclusion of patients with negative test results.

One limitation of our study is a potential self-selection bias as
patients with symptoms described as part of PCC are more likely
to participate, evidenced by high rates of symptoms among
patients with negative COVID-19 test results. Higher rates of
symptoms in the 3-9 months since COVID-19 test group could
also be attributed to self-selection bias since patients with per-
ceived persistent symptoms may have been more inclined to
participate in the questionnaire. Additionally, clinical data that
would shed more light on the pathological mechanisms of PCC
(e.g., chest x-rays, computed chest topography, inflammatory
markers) were not included in this analysis. Finally, our ques-
tionnaire did not include questions about taste or smell dis-
turbances, which have been cited frequently in the literature as
common PCC symptoms®263. We also did not include questions
regarding the impact of symptoms on daily activities. Future
research should include controls for symptoms that may have
developed before the COVID-19 pandemic, include more clinical
data, and develop methods for including older adults in out-
patient studies.

Conclusions

This study demonstrates that PCC is highly prevalent in non-
hospitalized COVID-19 patients in primary care. However, it is
important to note that PCC strongly overlaps with common
health conditions seen in primary care, including fatigue, diffi-
culty sleeping, and headaches. This makes the diagnosis of PCC
in primary care even more challenging. There is an urgent need to
strengthen the diagnosis and treatment of PCC in primary care.
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