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ABSTRACT

PURPOSE COVID-19 is a condition that can lead to other chronic conditions. These condi-
tions are frequently diagnosed in the primary care setting. We used a novel primary care
registry to quantify the burden of post-COVID conditions among adult patients with a
COVID-19 diagnosis across the United States.

METHODS We used the American Family Cohort, a national primary care registry, to
identify study patients. After propensity score matching, we assessed the prevalence of 17
condition categories individually and cumulatively, comparing patients having COVID-19 in
2020-2021 with (1) historical control patients having influenza-like illness in 2018 and (2)
contemporaneous control patients seen for wellness or preventive visits in 2020-2021.

RESULTS We identified 28,215 patients with a COVID-19 diagnosis and 235,953 histori-
cal control patients with influenza-like illness. The COVID-19 group had higher prevalences
of breathing difficulties (4.2% vs 1.9%), type 2 diabetes (12.0% vs 10.2%), fatigue
(3.9% vs 2.2%), and sleep disturbances (3.5% vs 2.4%). There were no differences, how-
ever, in the postdiagnosis monthly trend in cumulative morbidity between the COVID-19
patients (trend = 0.026; 95% (I, 0.025-0.027) and the patients with influenza-like illness
(trend = 0.026; 95% Cl, 0.023-0.027). Relative to contemporaneous wellness control
patients, COVID-19 patients had higher prevalences of breathing difficulties and type 2
diabetes.

CONCLUSIONS Our findings show a moderate burden of post-COVID conditions in primary
care, including breathing difficulties, fatigue, and sleep disturbances. Based on clinical regis-
try data, the prevalence of post-COVID conditions in primary care practices is lower than that
reported in subspecialty and hospital settings.

Ann Fam Med 2024;22:279-287. https://doi.org/10.1370/afm.3131

INTRODUCTION
he direct and immediate impact of COVID-19 on the health of the US

population has been of generational significance, and the secondary wave

of persistent symptoms and new conditions could represent an equally sub-
stantial burden on the health of the US population. As of May 2023, approximately
104 million Americans were known to have been infected with SARS-CoV-2.'?
Most affected individuals experience mild to moderate symptoms.? Although
greater severity of COVID-19 illness and hospitalization may increase the risk of
post-COVID conditions (PCC), also known as long COVID, individuals with mild
to moderate COVID-19 presentations may develop persistent symptoms as well.?
Estimates of PCC at 6 months after infection range from 20% to 54%,*” which
translates to 19 to 51 million Americans having experienced this condition. Even
more conservative estimates of 7.7 to 23 million affected Americans still represent a
substantial public health problem.®

Research describing the clinical manifestations of PCC is mounting,® '3

yet
there are limitations to existing evidence, in particular with respect to health care
delivery needs in the United States. Nasserie et al'* identified several issues with
existing PCC studies: limited generalizability due to patient selection criteria (eg,
the tendency to enroll hospitalized patients); lack of variability in patient charac-
teristics (eg, limited age ranges, unknown underlying health statuses); insufficient

follow-up time; and variability in the outcomes measured. Furthermore, existing
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studies tend to be prospective and measure the prevalence of
symptoms preselected by researchers. Although a prospective
study design is highly useful for identifying possible clinical
manifestations, the symptoms associated with PCC may not
be severe enough to drive individuals in the general popula-
tion to seek health care or to warrant diagnosis by a clinician.
In addition, patients treated in primary care settings in the
United States are largely missing from the PCC literature.
We sought to quantify cumulative morbidity for patients
with COVID-19 before and after their infection in the pri-
mary care setting using propensity score—matched control
patients. We looked at temporal trends in conditions individ-
ually and combined, following patients longitudinally from 1
year before to 6 months after an initial COVID-19 diagnosis.

METHODS

Data Source

The American Family Cohort is a data set derived from the
American Board of Family Medicine PRIME Registry, an out-
patient clinical data registry of primary care practices estab-
lished in 2016. We used electronic health record data from
this cohort beginning January 1, 2017, and ending March 31,
2022, capturing data on 3.9 million patients residing in all 50
states who had 32.2 million patient visits.

Patient Groups

COVID-19 Cases

We identified COVID-19 using the International Classifica-

tion of Diseases, 10th Revision, Clinical Modification (ICD-10-CM)
code U07.1. COVID-19 cases were patients given this
diagnosis during April 1, 2020 through October 2, 2021.
Diagnosis date was defined as the date of the first instance

of the COVID-19 diagnosis code during a primary care visit.
Patients were eligible for inclusion if they were aged 18 years
or older at diagnosis, had at least 1 primary care visit more
than 365 days before diagnosis, and had at least 1 visit 14 to
365 days before diagnosis. We excluded patients who became
inactive within 180 days after their diagnosis date because
their primary care practices became inactive (stopped report-
ing data to the registry), which affected patient follow-up.

Historical Control Patients

Historical control patients had a diagnosis of influenza-like
illness (ILI) between January 1, 2018 and December 31, 2018.
We identified ILI using International Classification of Diseases,

9th Revision, Clinical Modification (ICD-9-CM), ICD-10-CM,
and Systematized Nomenclature of Medicine (SNOMED) codes
(Supplemental Table 1). Diagnosis date was defined as the
date of the first visit with an ILI diagnosis code in 2018. Age
and visit inclusion criteria were the same as those for the

COVID-19 cases described above. To minimize misclassifica-
tion, patients who met the inclusion criteria to be historical
controls were excluded from the COVID-19 cases for analy-
ses involving historical controls.

Contemporaneous Control Patients

Contemporaneous control patients were identified for the
years 2020 (April 1-December 31) and 2021 (January 1-
October 2). This cohort was separated into 2020 and 2021,
respectively. Our rationale for splitting the cohort was two-
fold: (1) in 2020, patients would not have been vaccinated
against COVID-19, and (2) COVID-19 mitigation and preven-
tion policies (eg, lockdowns, masking), as well as health care
use, may have differed across years. The latter would affect
the identification of PCC. Patients in these cohorts had a
wellness or preventive care visit during the corresponding cal-
endar year, identified using Current Procedural Terminology codes
(Supplemental Table 2). Date of inclusion was defined as the
date of the first visit with a wellness or preventive visit code
during each calendar year. We applied the same inclusion and

exclusion criteria as described for historical control patients.

Outcomes

Through expert consensus, we identified 17 diagnostic
categories that capture the range of symptoms and condi-
tions experienced by patients after acute COVID-19 ill-

ness; across all 17 categories, we selected ICD-10-CM codes
expected to appear in the patient’s electronic health record if
the patient was being treated for the symptom or condition
(Supplemental Table 3)."*'>'¢ Patients who received care for
any of the conditions within a diagnostic category after their

diagnosis/inclusion date were considered to have a postdiag-
nosis condition within that category. For the historical com-
parison, we also assessed if patients had been treated for any
of the conditions 14 to 365 days before their diagnosis date; if
so, we considered them to have a preexisting condition within
the diagnostic category. We included each of these condi-
tions in our tally of total conditions.

Each diagnostic category was considered an individual
component of composite cumulative morbidity for the
patient. We created a cumulative morbidity indicator ranging
from 0 to 17 that sums the number of diagnostic categories in
which the patient had a diagnosis. For example, a patient with
3 ICD codes across 2 diagnostic categories was considered
to have a composite cumulative morbidity of 2. As patients
accumulated evidence of new diagnostic categories during
follow-up, their cumulative morbidity increased. All 17 diag-
nostic categories were considered chronic conditions for the
entirety of the study period; therefore, patients determined to
have any individual condition at a certain point in time would
retain that condition throughout their follow-up.

Statistical Analysis

To account for selection bias and to estimate the association
between COVID-19 and potential PCC, we used propensity
score matching. We conducted propensity score—matched
analyses to quantify the incremental risk of the 17 diagnostic
categories/conditions between COVID-19 patients and the 2
comparator cohorts: (1) historical control patients with an ILI
diagnosis in 2018, and (2) contemporaneous control patients
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who had wellness or preventive visits in each of 2020 and
2021, respectively.

For all propensity scores, we used 1:1 caliper matching
without replacement with a caliper of 0.01. Propensity scores
were calculated using multivariate logistic regression analysis
to estimate a patient's propensity to being assigned to the
cases group (COVID-19), accounting for observable charac-
teristics: age, gender, race and ethnicity, social deprivation
index, prediagnosis/preinclusion health care use evidenced
by primary care visits, and prediagnosis/preinclusion morbid-
ity within the 17 diagnostic categories. For analyses using
contemporaneous control patients, we also matched groups
on the year and month of diagnosis/inclusion. All matching
variables, aside from dates, were categorical variables. We
performed the matching process and the analyses described
below using age as a continuous variable as well for sensitiv-
ity purposes. To assess the balance of prematched and post-
matched covariates across analyses, we evaluated the absolute
difference in prevalence across groups as well as the Cohen
b to assess clinical meaningfulness in descriptive statistics.
General guidelines for interpreting the Cohen b suggest that
a value of 0.20 is considered the threshold for a small effect,
0.50 for a medium effect, and 0.80 for a large effect.'”"”

To compare the various diagnostic categories/conditions
between patients with COVID-19 and historical control
patients with ILI, we conducted a primary analysis estimating
prediagnosis and postdiagnosis trends in cumulative morbid-
ity with an interrupted time series analysis using generalized
estimating equations with repeated measures on patients (see
Supplemental Appendix for a description of this method). A

secondary analysis was performed using a restricted cohort
of only those COVID-19 and ILI patients who had at least 1
primary care visit 180 days or more after their diagnosis. This
requirement increased certainty that the patients remained
active in the practice for at least 6 months after their diagno-
sis and that any subsequent conditions requiring primary care
attention were captured for these patients.

To compare the various diagnostic categories/conditions
between patients with COVID-19 and contemporaneous con-
trol patients attending a wellness or preventive visit, we first
separated the cohort by calendar year. We matched patients
with COVID-19 diagnosed during April 1, 2020 through
December 31, 2020 to control patients who had a visit in the
same month of that year and compared absolute differences in
proportions of diagnostic categories during the postdiagnosis
period as a one-time, cross-sectional snapshot. We completed
the same process for patients with COVID-19 diagnosed dur-
ing January 1, 2021 through October 2, 2021.

RESULTS

Comparison With Historical Controls

We identified 52,889 patients with a COVID-19 diagno-
sis from April 1, 2020 through October 2, 2021, of whom
28,215 met the criteria for study inclusion (Table 1). There

were 423,223 patients with an ILI diagnosis in 2018, of

whom 235,953 met the inclusion criteria to serve as histori-
cal controls. After matching, we retained 27,960 patients

with COVID-19 and 27,960 control patients with ILI in the
primary analysis. For the secondary analysis using a restricted
sample of patients with a primary care visit 180 days or

more after their diagnosis, we matched 14,805 patients with
COVID-19 to 14,805 control patients with ILI.

After diagnosis, the most prevalent diagnostic catego-
ries/conditions for patients with COVID-19 were consistent
across all analyses regardless of the type of control patient
(historical or contemporaneous) (Figure 1). Breathing difficul-
ties, fatigue, type 2 diabetes, and psychological conditions
predominated.

For the primary analysis with historical ILI control
patients, patients with COVID-19 had a slightly higher
postdiagnosis prevalence of breathing difficulty (4.4% vs
3.2%) (Figure 1A). Differences in postdiagnosis morbidity
were slightly greater in the secondary analysis: patients with
COVID-19 had a higher postdiagnosis prevalence of breath-
ing difficulties (4.2% vs 1.9%), type 2 diabetes (12.0% vs
10.2%), fatigue (3.9% vs 2.2%), and sleep disturbances (3.5%
vs 2.4%). All differences were less than 3%, with most less
than 1%, and all effect size estimates were less than 0.20, sug-
gesting little or no meaningful difference.

In the primary analysis, patients with COVID-19 and
patients with ILI had a similar mean number of other diag-
noses/conditions at diagnosis, 0.52 and 0.54, respectively
(Figure 2). In the 6 months after diagnosis, patients with
COVID-19 experienced monthly increases in cumulative
morbidity (trend =0.026; 95% CI, 0.025-0.027; P <.001)
equivalent to those in ILI control patients (trend = 0.026; 95%
Cl, 0.023-0.027; P <.001). Relative to their respective predi-
agnosis slopes, slopes in cumulative morbidity after diagnosis
for both groups differed; patients with COVID-19 had 0.014
fewer (95% CI, -0.015 to -0.013; P <.001) new diagnoses
per month after diagnosis as compared with before diagnosis,
while patients with ILI had 0.012 fewer (95% CI, -0.013 to
-0.011; P <.001). The difference in trends after diagnosis
between patient groups was not statistically significant, how-
ever (-0.0004; 95% CI, -0.002 to 0.001, P =.60). These find-
ings were robust to the use of age as a continuous variable in
the propensity score—matching process.

In the secondary analysis using the restricted cohort of
ILI control patients, cumulative morbidity for both groups
was similar at the time of diagnosis, whereas the divergence
during the 6 months after diagnosis was greater than that in
the primary analysis (Figure 3). The mean number of condi-
tions increased from 0.48 at diagnosis to 0.68 at the 6-month
follow-up among patients with COVID-19 and from 0.46 to
0.59 among ILI control patients. After diagnosis, COVID-19
patients experienced greater monthly increases in cumulative
morbidity (trend =0.030; 95% CI, 0.028-0.031; P <.001) as
compared with ILI patients (trend = 0.020; 95% CI, 0.019-
0.021; P <.001). Relative to their respective prediagnosis
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Table 1. Prematched Characteristics of Patients With COVID-19 and Historical Control Patients With ILI

Primary Analysis®

Secondary Analysis®

ILI Control COVID-19 Absolute ILI Control COVID-19 Absolute
Characteristic (n=235,953) (n=28,215) Difference, % (n=69,704) (n =14,460) Difference, %
Age group, No. (%)
18-39 years 41,613 (17.6) 5,589 (19.8) 2.2 9,885 (12.3) 2,024 (13.1) 0.8
40-59 years 79,673 (33.8) 10,830 (38.4) 4.6 21,266 (26.6) 5,514 (35.7) 9.1
60-79 years 94,239 (39.9) 9,600 (34.0) 5.9 29,963 (37.4) 5,706 (36.9) 0.5
>80 years 20,428 (8.7) 2,196 (7.8) 0.9 8,590 (10.7) 1,216 (7.9) 2.8
Gender, No. (%)
Female 147,884 (62.7) 15,985 (56.7) 6.0 46,374 (58.1) 8,850 (57.5) 0.6
Male 87,972 (37.3) 12,229 (43.3) 6.0 33,493 (41.9) 6,552 (42.5) 0.6
Missing 97 (<0.1) 1(<0.1) 0.0 242 (0.3) 50 (0.3) 0.0
Race and ethnicity, No. (%)
Asian or Pacific Islander 4,965 (2.1) 395 (1.4) 0.7 1,519 (1.9) 198 (1.3) 0.6
Black or African American 14,752 (6.3) 2,157 (7.6) 1.4 5,620 (7.0) 1,243 (8.0) 1.0
Hispanic or Latino 18,111 (7.7) 3,572 (12.7) 5.0 7,239 (9.0) 2,022 (13.1) 4.1
Native American/Alaska Native 917 (0.4) 135 (0.5) 0.1 441 (0.6) 104 (0.7) 0.1
White¢ 174,635 (74.0) 19,531 (69.2) 4.8 56,583 (70.6) 10,943 (70.8) 0.2
Missing 22,573 (9.6) 2,425 (8.6) 1.0 8,707 (10.9) 942 (6.1) 4.8
Social deprivation index, No. (%)
Quintile 1 - least deprived 41,657 (17.7) 4,477 (15.9) 1.8 14,074 (17.6) 2,337 (15.1) 2.5
Quintile 2 38,124 (16.2) 4,162 (14.8) 1.4 13,120 (16.4) 2,222 (14.4) 2.0
Quintile 3 51,537 (21.8) 6,501 (23.0) 1.2 17,339 (21.6) 3,485 (22.6) 1.0
Quintile 4 55,057 (23.3) 6,920 (24.5) 1.2 18,176 (22.7) 3,834 (24.8) 2.1
Quintile 5 — most deprived 48,469 (20.5) 6,098 (21.6) 1.1 16,890 (21.1) 3,498 (22.6) 1.5
Missing 1,109 (0.5) 7 (0.2) 0.3 510 (0.6) 76 (0.5) 0.1
Preexisting diagnoses, No. (%)
Ataxia 1,805 (0.8) 140 (0.5) 0.3 465 (0.6) 83 (0.5) 0.1
Autonomic conditions 1,593 (0.7) 170 (0.6) 0.1 406 (0.5) 121 (0.8) 0.3
Bowel conditions 8,208 (3.5) 617 (2.2) 1.3 2,286 (2.9) 367 (2.4) 0.5
Breathing difficulties 12,549 (5.3) 1,298 (4.6) 0.7 2,167 (2.7) 829 (5.4) 2.7
Cognitive disturbance 11,486 (4.9) 1,016 (3.6) 1.3 2,923 (3.7) 563 (3.6) 0.1
Fatigue 17,600 (7.5) 1,472 (5.2) 2.2 4,235 (5.3) 820 (5.3) 0.0
Headache 9,788 (4.2) 987 (3.5) 0.7 2,438 (3.0) 572 (3.7) 0.7
Heart rate abnormalities 5,443 (2.3) 590 (2.1) 0.2 1,417 (1.8) 327 (2.1) 0.3
Myoneural conditions 1,305 (0.6) 136 (0.5) 0.1 257 (0.3) 105 (0.7) 0.4
Peripheral nerve conditions 4,873 (2.1) 448 (1.6) 0.5 1,222 (1.5) 240 (1.6) 0.1
Psychological conditions 30,073 (12.8) 2,655 (9.4) 3.3 8,528 (10.7) 1,470 (9.5) 1.2
Seizure 871 (0.4) 103 (0.4) 0.0 281 (0.4) 66 (0.4) 0.0
Sleep disturbances 18,602 (7.9) 1,548 (5.5) 2.4 4,936 (6.2) 830 (5.4) 0.8
Stroke 1,694 (0.7) 141 (0.5) 0.2 475 (0.6) 83 (0.5) 0.1
Type 2 diabetes 34,846 (14.8) 4,120 (14.6) 0.2 10,493 (13.1) 2,470 (16.0) 2.9
Visual and auditory disturbance 2,021 (0.9) 173 (0.6) 0.3 605 (0.8) 101 (0.7) 0.1
Weight loss 2,045 (0.9) 218 (0.8) 0.1 556 (0.7) 95 (0.6) 0.1

ILI = influenza-like illness.

2 No postdiagnosis visit restriction.
b At least 1 visit 180 days or more after diagnosis required.
¢ Non-Hispanic.
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Diagnostic category

Figure 1. Prevalence of diagnostic categories in the matched samples after diagnosis or inclusion.
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control patients with ILI overall.

Figure 2. Trends in cumulative morbidity before and after diagnosis among patients with COVID-19 and historical
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periods, both COVID-19 and ILI patients had different
cumulative morbidity trends after diagnosis; the COVID-19
group had 0.006 fewer (95% CI, ~0.008 to —0.004; P <.001)
new diagnoses per month in the postdiagnosis period as com-
pared with the prediagnosis period, while the ILI group had
0.015 fewer (95% CI, -0.016 to —0.014; P <.001).

Comparison With Contemporaneous Controls

We identified 13,259 patients with COVID-19 in 2020 and
14,948 in 2021 who met the criteria for study inclusion.
There were 754,846 patients in 2020 and 609,496 patients in
2021 who met inclusion and exclusion criteria to serve as con-
temporaneous controls having a wellness or preventive visit
(Table 2). After matching, we retained 13,248 patients with
COVID-19 and 13,428 wellness control patients in 2020, and
14,925 of each in 2021.

The COVID-19 patients and wellness control patients had
modest differences in prevalence of the various diagnoses
(Figure 1B). In 2020, patients with COVID-19 had greater
morbidity with respect to breathing difficulties (2.5% vs
1.1%) and type 2 diabetes (6.3% vs 5.2%) as compared with
control peers. Findings were essentially the same in 2021: the
COVID-19 group again had higher prevalences of breathing
difficulties (2.0% vs 0.8%) and type 2 diabetes (5.1 vs 4.5%).

DISCUSSION

In a typical month, 8 to 12 times more people receive care
in primary care clinics than in emergency departments or
hospitals, and primary care is where more than one-third of

2021 Primary care data offers a unique

all patient visits occur.
opportunity to assess health care use for the treatment of
PCC, particularly for mild to moderate problems requiring
medical attention but not necessarily elevated care that would
necessitate acute care intervention. Our findings suggest that
in the primary care setting, PCC occurred slightly more often
than similar conditions that occurred after ILI or wellness
visits, although these differences were modest. PCC symp-
toms were captured for only 12% of patients after COVID-19
infection. Our findings also suggest that the prevalence of
PCC in this health care setting is less than 12% for the 17
assessed diagnostic categories at 6 months of follow-up.

The rates we observed are in stark contrast to those in
most of the literature on the prevalence of PCC. For instance,
systematic reviews report a prevalence of shortness of breath
exceeding 20% (36.0% as found by Nasserie et al'* and 39.5%
as found by Malik et al*?> and Lopez et al*}). Among our patients
with COVID-19, 4.4% had documentation of breathing diffi-
culties in the electronic health record. Similarly, the prevalence
of fatigue from systematic reviews has been 40% or higher
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Figure 3. Trends in cumulative morbidity before and after diagnosis among patients with COVID-19 and historical
control patients with ILI who had a visit 180 days or more after diagnosis.
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Table 2. Prematched Characteristics of Patients With COVID-19 and Contemporaneous Control Patients With a Wellness
or Preventive Visit

2020 2021
Wellness Control COVID-19 Absolute Wellness Control COVID-19 Absolute

Characteristic (n=754,846) (n=13,259) Difference, % (n =609,496) (n =14,948) Difference, %
Age group, No. (%)

18-39 years 124,763 (16.5) 2,436 (18.4) 1.8 104,282 (17.1) 3,152 (21.1) 4.0

40-59 years 238,767 (31.6) 5,013 (37.8) 6.2 188,020 (30.9) 5,816 (38.9) 8.0

60-79 years 317,396 (42.1) 4,617 (34.8) 7.2 255,381 (41.9) 4,978 (33.3) 8.6

>80 years 73,913 (9.8) 1,193 (9.0) 0.8 61,813 (10.1) 1,002 (6.7) 3.4

Missing 7 (<0.1) 0 (0.0) 0.0 0 (0.0 0 (0.0) 0.0
Gender, No. (%)

Female 437,625 (58.0) 7,530 (56.8) 1.2 352,228 (57.8) 8,452 (56.6) 1.2

Male 317,081 (42.0) 5,729 (43.2) 1.2 257,258 (42.2) 6,495 (43.5) 13

Missing 140 (0.0) 0 (0.0) 0.0 0 (0.0) 1(<0.1) 0.0
Race and ethnicity, No. (%)

Asian or Pacific Islander? 14,576 (1.9) 219 (1.7) 0.3 11,570 (1.9) 176 (1.2) 0.7

Black or African American? 57,951 (7.7) 1,166 (8.8) 1.1 48,731 (8.0) 990 (6.6) 1.4

Hispanic or Latino 63,401 (8.4) 1,901 (14.3) 5.9 51,411 (8.4) 1,670 (11.2) 2.8

Native American or Alaska Native? 3,760 (0.5) 61 (0.5) 0.0 3,368 (0.6) 74 (0.5) 0.1

White? 551,808 (73.1) 8,779 (66.2) 6.9 440,233 (72.2) 10,746 (71.9) 0.3

Missing 63,350 (8.4) 1,133 (8.6) 0.2 54,183 (8.9) 1,292 (8.6) 0.3

continues

2 Non-Hispanic.
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Table 2. Prematched Characteristics of Patients With COVID-19 and Contemporaneous Control Patients With a Wellness

or Preventive Visit (continued)

2020 2021
Wellness Control COVID-19 Absolute Wellness Control COVID-19 Absolute
Characteristic (n=754,846) (n=13,259) Difference, % (n =609,496) (n =14,948) Difference, %
Social deprivation index, No. (%)
Quintile 1 — least deprived 142,195 (18.8) 2,012 (15.2) 3.7 109,610 (18.0) 2,465 (16.5) 1.5
Quintile 2 122,568 (16.2) 1,843 (13.9) 2.3 96,994 (15.9) 2,318 (15.5) 0.4
Quintile 3 162,854 (21.6) 3,139 (23.7) 2.1 130,336 (21.4) 3,360 (22.5) 1.1
Quintile 4 172,272 (22.8) 3,067 (23.1) 0.3 145,567 (23.9) 3,851 (25.8) 1.9
Quintile 5 — most deprived 153,549 (20.3) 3,176 (24.0) 3.6 125,863 (20.7) 2,919 (19.5) 1.2
Missing 1,408 (0.2) 2(0.2) 0.0 1,126 (0.2) 35(0.2) 0.0
Region, No. (%)
Midwest 135,950 (18.0) 2,696 (20.3) 0.2 105,696 (17.3) 1,986 (13.3) 4.0
Northeast 71,176 (9.4) 1,222 (9.2) 2.3 49,495 (8.1) 1,509 (10.1) 2.0
South 436,891 (57.9) 7,556 (57.0) 0.9 362,652 (59.5) 9,726 (65.1) 5.6
West 109,966 (14.6) 1,771 (13.4) 1.2 90,999 (14.9) 1,716 (11.5) 3.4
Missing 862 (0.1) 14 (0.1) 0.0 654 (0.1) 1(0.1) 0.0
Office visit in 2019, No. (%) 578,328 (76.6) 9,297 (70.1) 6.5 428,719 (70.3) 9,389 (62.8) 7.5
Marital status, No. (%)
Single 140,180 (18.6) 2,649 (20.0) 1.4 118,367 (19.4) 2,940 (19.7) 0.3
Married 402,393 (53.3) 7,260 (54.8) 1.5 320,396 (52.6) 8,417 (56.3) 3.7
Divorced/separated 43,140 (5.7) 785 (5.9) 0.2 34,902 (5.7) 873 (5.8) 0.1
Partnered 102 (<0.1) 2 (<0.1) 0.0 79 (<0.1) 2 (<0.1) 0.0
Widowed 38,959 (5.2) 701 (5.3) 0.1 30,501 (5.0) 630 (4.2) 0.8
Unknown/other 130,071 (17.2) 1,862 (14.0) 3.2 105,251 (17.3) 2,086 (14.0) 3.3
Preexisting diagnoses, No. (%)
Abnormal heart rate 5,662 (0.8) 144 (1.1) 0.3 4,140 (0.7) 156 (1.0) 0.3
Ataxia 2,081 (0.3) 43 (0.3) 0.0 1,603 (0.3) 23 (0.2) 0.1
Autonomic conditions 2,063 (0.3) 1(0.4) 0.1 1,615 (0.3) 49 (0.3) 0.0
Bowel conditions 6,705 (0.9) 163 (1.2) 0.3 5,235 (0.9) 143 (1.0) 0.1
Breathing conditions 10,275 (1.4) 310 (2.3) 1.0 8,082 (1.3) 330 (2.2) 0.9
Cognitive disturbance 10,729 (1.4) 240 (1.8) 0.4 7,699 (1.3) 265 (1.8) 0.5
Fatigue 13,030 (1.7) 354 (2.7) 0.9 9,166 (1.5) 359 (2.4) 0.9
Headache 8,286 (1.1) 215 (1.6) 0.5 6,819 (1.1) 287 (1.9) 0.8
Myoneural conditions 1,386 (0.2) 36 (0.3) 0.1 997 (0.2) 30 (0.2) 0.0
Peripheral nerve conditions 6,838 (0.9) 131 (1.0) 0.1 5,142 (0.8) 110 (0.7) 0.1
Psychological conditions 32,942 (4.4) 688 (5.2) 0.8 25,097 (4.1) 764 (5.1) 1.0
Seizure 1,332 (0.2) 41 (0.3) 0.1 981 (0.2) 25 (0.2) 0.0
Sleep disturbance 20,301 (2.7) 401 (3.0) 0.3 16,080 (2.6) 411 (2.8) 0.2
Stroke 2,045 (0.3) 49 (0.4) 0.1 1,449 (0.2) 38 (0.3) 0.1
Type 2 diabetes 62,960 (8.3) 1,362 (10.3) 1.9 47,227 (7.8) 1,241 (8.3) 0.5
Visual or auditory disturbance 2,051 (0.3) 37 (0.3) 0.0 1,512 (0.3) 44 (0.3) 0.0
Weight loss 2,308 (0.3) 68 (0.5) 0.2 1,738 (0.3) 44 (0.3) 0.0

(40% as found by Nasserie et al,'* and 64% [95% CI, 54%-73%)
as found by Malik et al*?).2* In contrast, our patients had a
5.0% prevalence of documented fatigue after COVID-19.
There are possible explanations for the lower prevalence
of PCC in our study as compared with others. First, patients
in the American Family Cohort may be healthier and have
fewer medical comorbidities before a COVID-19 diagnosis

than patients seen in specialty or acute care settings. Numer-
ous preexisting comorbidities, including chronic obstructive
pulmonary disease, anxiety and depression, diabetes, and
migraine, have been found to be associated with an increased
risk of PCC."%2* Second, greater COVID-19 severity is a
known risk factor for PCC'; our study patients presented to
primary care rather than an acute care setting. A tendency to
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include mainly patients hospitalized for COVID-19 treatment
is a known critique of existing literature on PCC.'*?2 Third,
our study captured conditions using only ICD-10-CM codes
documented in patients’ electronic health records, which could
underestimate prevalence compared with patient self-report or
clinical assessments in prospective studies. This undercoding
of conditions should be expected to similarly affect the 2 com-
parison cohorts (ILI and wellness cohorts). Future work should
explain PCC across a broader array of patient settings so that
we have a more exhaustive picture of its epidemiology:.

Our study has limitations. We restricted the sample to
patients seen in the year before diagnosis to observe underly-
ing health conditions; however, excluded patients may have
been healthier patients less likely to seek care or patients with
barriers to accessing care. Additionally, there are limitations to
propensity score matching, including the assumption that the
matching covariates capture the observable confounding vari-
ables. Also, we were not able to assess the severity of the inci-
dent condition, evaluate the role of vaccination on PCC among
patients with COVID-19, or account for changes in clinical care
capacity within clinics that may have affected study findings.

Our findings using a national primary care registry are the
first to underscore the importance of describing COVID-19
patients’ morbidity in the general US population and high-
light the importance of continued monitoring of PCC in pri-
mary care settings to understand its epidemiology, morbidity,
and duration.

% Read or post commentaries in response to this article.
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