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Abstract: Background: The pandemic has highlighted and exacerbated
health inequities in both acute coronavirus disease 2019 (COVID-19) and its
longer-term sequelae. Given the heterogeneity in definitions of long COVID
and the lack of centralized registries of patients with the disease, little is known
about the differential prevalence among racial, ethnic, and sex subgroups.
This study examines long COVID among Black, White, Asian, and Hispanic
Americans and evaluates differences in the associated cognitive
symptomology.

Method: Data from four releases of the Census Bureau's Household Pulse
Survey detailing COVID-19 incidence and the duration and type of symptoms
among a nationally representative sample of adults from June 1, 2022,
through October 17, 2022, were combined. Binary logistic regression assessed
the relative likelihood of long COVID among those who had been diagnosed
COVID between racial, ethnic, and sex subgroups. Among those reporting
long COVID, differences in the prevalence of difficulty understanding and
difficulty remembering were assessed. Empirical models accounted for
household, regional, vaccination, and insurance differences between
respondents. Two-stage selection models were applied to test the robustness
of the results.

Results: Among respondents who tested positive for COVID-19, Blacks
(OR=1.097, Cl=1.034-1.163), females (OR=1.849, CI=1.794-1.907), and
Hispanics (OR=1.349, Cl=1.286-1.414) were more likely to experience long
COVID (symptoms lasting for 3 months or longer) compared to Whites, males,
and non-Hispanics respectively. However, those with private health insurance
(OR=0.634, CI=0.611-0.658) and who received the COVID vaccine (OR=0.901,
Cl=0.864-0.94) were less likely to have endured COVID symptoms than their
counterparts. Symptoms of long COVID varied significantly between
population subgroups. Compared to Whites, Blacks were more likely to have
frouble remembering (OR=1.878, Cl=1.765-1.808) while Hispanics were more
likely to report difficult understanding (OR=1.827, Cl=1.413, 2.362). Females,
compared to males, were less likely to experience trouble understanding
(OR=0.664, Cl=0.537, 0.821), but more likely to report trouble remembering
(OR=1.34, CI=1.237, 1.451).

Conclusions: Long COVID is more prevalent among Blacks, Hispanics, and
females, but each group appears to experience long COVID differently.
Therefore, additional research is needed to determine the best method to
freat and manage this poorly understood condition.
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INTRODUCTION

ome individuals who have been infected with the

virus that causes acute coronavirus disease 2019

(COVID-19) can experience long-term effects from
their infection, known as post-COVID conditions (PCC) or
long COVID. Long COVID is a multisystem disease of un-
known cause whose manifestations, while partially over-
lapping the acute presentation, vary widely among patients
and are exacerbated by comorbidities and vulnerabilities. '
Estimates suggest as approximately 6% but as many as
30%' of adults what are infected by COVID-19 experience
long COVID symptoms. Long COVID cognitive symp-
tomology can include difficulty thinking, brain fog, dif-
ficulty concentrating, mood changes difficulty sleeping,
and fatigue.’ Post-COVID conditions are a wide range
of new, returning, or ongoing health problems that peo-
ple experience after being infected with COVID-19. There
is currently no specific diagnostic test designed to di-
agnose post-COVID conditions, and people may have a
wide variety of symptoms making it difficult for health-
care providers to recognize post-COVID conditions It oc-
curs in adults who were hospitalized and those who were
not*° and has substantial implications for health services.
Given the heterogeneity in definitions of long COVID and
the lack of centralized registries of patients with the dis-
ease, little is known about those who might suffer from
long-term symptoms and systematic variation in sympto-
mology among different population subgroups.

Acute COVID-19 is associated with significant racial
disparities’ '’ Black, Hispanic, and other non-white racial
groups are less likely to have access to testing;''*!* more
likely to be infected;'”'® more likely to be hospitalized
overall,'® though less likely to be hospitalized for any
given level of severity;® and more likely to have an ad-
verse clinical outcome (including death).®>'*!7-1% Whereas
the association between race/ethnicity and health inequity
in acute COVID-19 is now well established, the associ-
ation of inequities with long COVID is relatively unex-
plored.”'”-?" A recent report suggests disparities in long
COVID prevalence.! Being Black and fewer years of ed-
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ucation have been identified as a significant predictor of
cognitive dysfunction 6-months after hospitalization from
COVID-19.?! To improve the care of vulnerable and mi-
noritized populations with long COVID, we need to un-
derstand disparities in long COVID, identify variation in
long COVID symptomology, and acknowledge that multi-
ple nested domains of inequity interact in a mutually in-
terdependent system to determine these outcomes.' The
objective of this study was to explore racial differences in
reports of long covid and characterize the magnitude and
differences in long covid cognitive symptomology.

METHODS

Data: Data for this study was drawn from four releases
of the Household Pulse Survey (HHPS)—a quick deploy-
ment data collection instrument designed to collect data
on a range of ways in which people’s lives have been im-
pacted by the COVID-19 pandemic—collected between
June 1, 2022, through October 17, 2022. The result of a
collaboration between the US Census Bureau and other
federal agencies, the HHPS began on April 23, 2020,
and continues to measure how the COVID-19 pandemic
is impacting households across the country from a social
and economic perspective. This study employed Phase 3.6
which included new questions on the ability to carry out
day-to-day activities due to experiencing long COVID as
well as COVID-19 vaccinations, education, employment,
food sufficiency, household spending, physical and mental
health, social assistance, and core demographic household
characteristics. The survey instrument utilized an overlap-
ping weekly panel of respondents, each of whom was sur-
veyed once weekly for three weeks before being replaced
by a new panel.

In total, the survey sampled roughly 108,000 responses
per week, stratified by race, ethnicity, sex, and age to
ensure a representative sample. Furthermore, the educa-
tional attainment of the responding adult in each house-
hold was collected to align the final weighted distribu-
tion with the 2018 American Community Survey estimates
of the adult population’s educational attainment. While
HHPS addresses a variety of topics, this analysis only in-
cludes items related to long COVID and potential symp-
toms; COVID-19, COVID-19 vaccination, and health in-
surance; and demographic and household characteristics.
These survey items are discussed in greater detail below.

Long COVID and potential symptoms: While some con-
tent varied between the phases of the HHPS, this study uti-
lized a newly added instrument evaluating the prevalence
of long COVID. The question text and answer choices are
listed below.
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* Did you have any symptoms lasting 3 months
or longer that you did not have prior to having
coronavirus or COVID-19? Long term symptoms
may include: tiredness or fatigue, difficulty think-
ing, concentrating, forgetfulness, or memory prob-
lems (sometimes referred to as "brain fog", difficulty
breathing or shortness of breath, joint or muscle pain,
fast-beating or pounding heart (also known as heart
palpitations), chest pain, dizziness on standing, men-
strual changes, changes to taste/smell, or inability to
exercise.” [Yes, No]

Phase 3.6 also included additional questions concerning
the level of physical, emotional, and cognitive difficulties.
Two of these items—difficulty remembering and difficulty
understanding—were chosen for this analysis. Response
choices included: no difficulty, some difficulty, a lot of dif-
ficulty, and cannot do at all. To allow for the estimation of
a binary dependent variable, ‘a lot of difficulty’ was com-
bined with ‘cannot do at all” and ‘no difficulty’ was com-
bined with ‘some difficulty.’

COVID-19, Vaccination, Insurance: HHPS also in-
cluded several questions related to COVID-19 and the
COVID-19 vaccine. First, individuals indicated whether
they have ever tested positive for COVID-19 using a
rapid point-of-care test, self-test, or laboratory test. Sec-
ond, respondents indicated whether they have received the
COVID-19 vaccine. While subsequent questions concern
the type and number of vaccines, this analysis uses only
the binary yes/no survey item. Third, respondents were
asked several questions regarding their health insurance
coverage. HHPS used these responses to create an indica-
tor variable for respondents with private health insurance.

Demographic, Household Characteristics: Respon-
dents indicated their sex at birth which was used to cre-
ate a binary indicator of female sex. Individuals classi-
fied their race as White only, Black only, Asian only, or
other race/any combination. Due to sample size limita-
tions, Asian was combined with other race/any combi-
nation. Additionally, they classified themselves as His-
panic, Latino, or Spanish origin. To account for hetero-
geneity within the sample, age, household size, region of
residence, and residing in a metropolitan statistical area
(MSA) were also included in the analysis.

Mean and frequency values were calculated for the
sample as well as racial and ethnic subgroups. Between
group differences were tested with F and chi-square tests.
Three empirical regression models were estimated to an-
swer three specific research questions.

Research Question I: Among individuals who tested
positive for COVID, does the relative likelihood of long
COVID vary between population subgroups?
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Empirical Estimation I: Logistic regression modeled
the relatively likelihood of long COVID among individ-
uals who had tested positive for COVID. The regression
included age, race, ethnicity, sex, health insurance, region
of residence, vaccination status, and week of survey re-
sponse.

Robustness Tests I: The likelihood of testing positive
for COVID is related to an individual’s environment, be-
havior, health, and social context. Since individuals are
only at risk for long COVID if they have first had COVID,
their relative likelihood of long COVID is not indepen-
dent of their environment, behavior, health, and social con-
text. Therefore, logistic regression estimation of the rela-
tive likelihood of long COVID could suffer from sample
selection bias violating the assumption of independence in
the error terms. To account for the non-randomness in the
sample, a selection regression model was used. This two-
stage, conditional estimation model first estimates the like-
lihood of testing positive for COVID, then estimates the
likelihood of long COVID conditional on the likelihood of
having had COVID. The likelihood of testing positive for
COVID was modeled as a function of age, race, ethnicity,
sex, insurance, household size, region of residence, MSA
status of residence, and week of response. The conditional
long COVID model included age, race, ethnicity, sex, and
vaccination status.

Research Question 2: Among individuals who tested
positive for COVID, does the relative likelihood of dif-
ficulty remembering/understanding vary between popula-
tion subgroups?

Empirical Estimation 2: Logistic regression modeled
the relatively likelihood of difficulty remembering/ under-
standing among individuals who had tested positive for
COVID. The regression included age, race, ethnicity, sex,
health insurance, region of residence, vaccination status,
week of survey response, and an indicator of long COVID.

Robustness Tests 2: A two-stage selection model was
used to estimate the likelihood of difficulty remember-
ing/understanding, conditional on having tested positive
for COVID. The likelihood of testing positive for COVID
was modeled as a function of age, race, ethnicity, sex, in-
surance, household size, region of residence, MSA sta-
tus of residence, and week of response. Difficulty remem-
ber/understanding was modeled as a function of age, race,
ethnicity, sex, vaccination status, and long COVID.

Research Question 3: Among individuals who expe-
rience long COVID, does the relative likelihood of dif-
ficulty remember/understanding vary between population
subgroups?

Empirical Estimation 3: Logistic regression mod-
eled the relatively likelihood of difficulty remember-
ing/understanding among individuals who experienced
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long COVID. The regression included age, race, ethnicity,
sex, and health insurance.

Robustness Tests 3: A two-stage selection model was
used to estimate the likelihood of difficulty remember-
ing/understanding, conditional on having long COVID.
First, the likelihood of long COVID was estimated as
a function of age, race, ethnicity, and sex. Conditional
on having experienced long COVID, difficulty remem-
ber/understanding was then modeled as a function of age,
race, ethnicity, sex, vaccination status, and insurance.

RESULTS

Table 1 lists full sample and subsample descriptive statis-
tics. Respondents were on average 51 (sd=16.14) years
old and lived in two to three person households (mean-
2.67, sd=1.48). Most respondents were White (75.91%),
with smaller percentages of Hispanics (17.15%), Blacks
(11.95%) and Asian/other racial groups (12.15%). Over
half (51.31%) of the sample was female and respondents
from all four geographic regions had robust representa-
tion (Northeast 17.35%, South 38.28%, Midwest 20.61%,
West 23.75%) and 32.65% lived within an MSA. About
40% of the sample had tested positive for COVID and,
among those, about 30% had long COVID. Nearly 90% of
the sample had been vaccinated for COVID (n=227.454,
88.5%).

Analyses showed several significant differences be-
tween the racial and ethnic groups. As seen in Fig. 1, a
larger proportion of Whites tested positive for COVID than
Blacks (x2=105.18, p<.0001), but Blacks were signifi-
cantly more likely to experience long COVID than Whites
(x?=63.34, p<.0001). Additionally, a larger proportion
of Blacks (Remembering-5.99%; Understanding-1.11%),
Asian/Other  (Remembering-7.01%;  Understanding-
1.43%), and  Hispanics (Remembering-8.21%;
Understanding-1.61%) reported cognitive symptomology
related to difficulty understanding and remembering com-
pared to Whites (Remembering-5.72%; Understanding-
0.59%)—statistically significant differences (Remember-
ing: x2=56.84, p<.0001; Understanding: x2=223.38,
p<.0001).

Research Question 1. Fig. 2 lists results from the
logistic regression estimating the relative likelihood of
long COVID. Among individuals who tested positive for
COVID, Blacks (OR=1.097, CI=1.034, 1.163) and His-
panics (OR=1.349, CI=1.286, 1.414) were significantly
more likely to report long COVID compared to Whites,
non-Hispanics. Females (OR=1.849, CI=1.794, 1.907)
were more likely than males to report long COVID, but
respondents with private health insurance (OR=0.634,
CI=0.611, 0.658) and those who received the COVID
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Table 1. Variable Mean and Frequency Distributions by Race and Ethnicity

Full Sample White Black Asian/Other Hispanic Difference
(N=257,554) (N=212,649, 76%) (N=19,641, 12%) (N=25,264, 12%) Difference Race (N=22,047,17%) Ethnicity
Mean Sid Dev Mean StdDev Mean StdDev Mean SidDev F-Stat P-Valuve Mean Sid Dev F-Stat P-Value
Age (18-86) 50.26 16.14 51.42 16.22 4914  14.73 451 15.34 1851.47 <.0001 45.2 15.45 2759.98 <.0001
Household Size (1-10)  2.67 1.48 2.61 1.42 2.81 1.63 3.03 1.7 1018.93 <.0001  3.19 1.76 3014.4 <.0001
Week (1-10) 2.81 1.41 2.82 1.41 2.75 1.4 2.76 1.4 4222  <.0001 279 1.4 5.07 0.0244
N PCT N PCT N PCT N PCT N PCT
Chi-Squ P-Value Chi-Squ P-Value
Female 148221 51.31 121177 56.98 13463 68.55 13581 53.76 1148.65 <.0001 13156 59.67 4448  <.0001
Private Health Insurance 173911 80.25 145793 80.68 11397 7473 16721 80.5 315.46 <.0001 12883 73.72 510.44 <.0001
Northeast 38524 17.35 32757 154 2495 12.7 3272 12.95 2768 12.55
South 82762 38.28 64127 30.16 11767 59.91 6868  27.18 7171 32.53
Midwest 54965 20.61 48501 2281 2974 15.14 3490 13.81 2337 10.6
West 81303 23.75 67264  31.63 2405 12.24 11634 46.05 <.0001 9771 44.32 2639.6 <.0001
10570.98
MSA 80190 32.65 60108 28.27 9105  46.36 10977 43.45 4725.51 <.0001 9972 4523 22342 <.0001
Difficulty Understanding 1563  0.71 1095 0.59 170 1.11 298 1.43 223.38 <.0001 285 1.61 223.8 <.0001
Difficulty Remembering 12945 5.86 10564  5.72 918 5.99 1463  7.01 5684 <.0001 1452  8.21 192.65 <.0001
Covid-19 108758 42.23 90339  42.48 7614  38.77 10805 42.77 105.18 <.0001 11102 50.36 653.06 <.0001
Long Covid-19 32357 30.17 26566 29.8 2553  34.19 3238  30.45 63.34 <.0001 4010  36.77 250.82 <.0001
Received Vaccine 227454 88.5 187682 88.45 17232 87.97 22540 89.39 2572 <.0001 19175 87.18 41.46 <.0001
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Fig. 1. Prevalence of COVID-19 and "Long COVID" by Race/Ethnicity.

The prevalence of COVID and long COVID more similar among Blacks than any other group. 51.56
50 458 45.98
39.28
40 37.14
33.04
2236 30.49

30
20
10

0

White Black Asian/Other
B Had COVID ™ Long COVID

Hispanic

Fig. 2. Relative Likelihood of Long COVID-19 among Individuals who had COVID-19. Models the likelihood of long COVID. Reference Group: Ethnicity:
Non-Hispanic; Race: White; Sex: Male; Insurance: Public Insurance, Other Insurance, No Insurance; Vaccination: Did not received COVID-19 Vaccine;
Region: Northeast. Estimates are weighted using person-level sampling weights to adjust for sampling framework, response bias, and residential density.

Sample: All individuals who tested positive for COVID.
2
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Higher relative likelihood of long COVID
among females, Hispanics, and residents of
the Midwest, South, and West

Private Vaccinated
Insurance

Midwest South West

vaccine (OR=0.901, CI=0.864, 0.94) were comparatively
less likely to report long COVID than the reference group.

Table 2 presents estimates from the selection model.
In the first stage, the relatively likelihood of testing pos-
itive for COVID was estimated. Results showed that
Blacks (8=-0.158, SE=0.011) and Asian/Other (8=-
0.105, SE=0.010) were less likely to test positive for
COVID, while Hispanics (8=0.131, SE=0.010), Females
(8=0.059, SE=0.006), and members of larger household
(=0.085, SE=0.002) had a comparatively higher like-
lihood of testing positive. In the second stage, the rel-
atively likelihood of long COVID was estimated contin-
gent on having tested positive for COVID. Results resem-
bled to those from the logistic regression indicating that
Hispanics (8=0.0582, SE=0.0052), Blacks (8=0.0256,
SE=0.0063), and females (8=0.1204, SE=0.0031) have a
comparatively higher likelihood of long COVID compared
to non-Hispanic Whites and males.

Research Question 2: Fig. 3 lists results from the logis-
tic regression estimating the relative likelihood of cogni-
tive symptomology (difficulty understanding and remem-

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

bering), respectively. Among those who tested positive
for COVID, Hispanics (OR=1.877, CI1=1.528, 2.304) and
Asian/other (OR=1.831, CI=1.475, 2.272) were more
likely to have difficulty understanding, while females
(OR=0.725, CI=0.615, 0.854) and those with private
health insurance (OR=0.528, CI=0.443, 0.629) had a
comparatively lower likelihood of difficulty understanding
than the reference groups. Respondents with long COVID
were, however, 300% to 400% (OR=3.306, CI=2.803,
3.899) more likely to have difficulty understanding than
those without long COVID.

Blacks (OR=1.853, CI=1.765, 1.952) and Asian/other
(OR=1.054, CI=0.967, 1.15) were more likely than
Whites to have difficulty remembering, but Hispanics
did not show a statistically significant differences from
non-Hispanics. Females (OR=1.383, CI=1.305, 1.466)
and residents of the South (OR=1.246, CI=1.143, 1.359)
also showed relatively higher likelihoods of memory
difficulties compared to men and residents of other re-
gions. Those with long COVID (OR=3.744, CI=3.546,
3.953) were significantly more likely to have difficulty
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Table 2. Selection Estimation of Long Covid Likelihood

Log Likelihood -197389
AIC 394832
Schwarz Criterion 395110

Dependent Variable: COVID symptoms > 3 months

Intercept 0.5753
Age 0.0004
Hispanic 0.0582
Asian/Other 0.0094
Black 0.0256
Female 0.1204
Received COVID Vaccine -0.0211

Selection Equation
Dependent Variable: Tested Positive for COVID

Intercept 0.072
Age -0.013
Hispanic 0.131
Asian/Other -0.105
Black -0.158
Female 0.059
Private Health Insurance 0.119
Household Size 0.085
MSA -0.012
Week 0.071
Midwest 0.042
Northeast 0.051
South 0.051

Std Err t Value Pr> |t]
0.0099 58.1500 <.0001
0.0001 3.0600 0.0022
0.0052 11.1100 <.0001
0.0052 1.8100 0.0707
0.0063 4.0400 <.0001
0.0031 38.9300 <.0001
0.0045 -4.6900 <.0001
0.018 4.000 <.0001
0.000 -71.660 <.0001
0.010 12.770 <.0001
0.010 -11.040 <.0001
0.011 -14.090 <.0001
0.006 10.550 <.0001
0.007 16.820 <.0001
0.002 43.310 <.0001
0.006 -1.830 0.067
0.002 36.030 <.0001
0.008 5.290 <.0001
0.009 5.860 <.0001
0.007 7.310 <.0001

Indicates significant at 95% confidence level
Models the likelihood of long COVID

Reference Group: Ethnicity: Non-Hispanic; Race: White; Sex: Male; Insurance: Public Insurance, Other Insurance, No Insurance; Vac-
cination: Did not received COVID-19 Vaccine; Region: Northeast

Estimates are weighted using person-level sampling weights to adjust for sampling framework, response bias, and residential density.
Sample: All individuals with valid indicators for the dependent variables

remembering even after controlling for other factors than
those without long COIVD.

Table 3 shows results from the selection model in
which stage one evaluated the likelihood of testing posi-
tive for COVID and stage two estimated the conditional
likelihood of difficulty remembering/understanding.
Results were very similar to those presented
above.

238 VOL 115, NO 2, APRIL 2023

Research Question 3. Given the strong associ-
ation between long COVID and difficulty remem-
ber/concentrating, the relatively likelihood among those
with long COVID was estimated. Fig. 4 present logistic
regression estimates of difficulty remembering and under-
standing, respectively, and results from the selection model
are in Table 4. Results were like those presented above.
Hispanics (OR=1.827, CI=1.413, 2.362) and Asian/other
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Fig. 3. Relative Likelihood of Difficulty Understanding and Remembering among Individuals with Long COVID-19. Models the likelihood of difficulty
understanding/remembering. Reference Group: Ethnicity: Non-Hispanic; Race: White; Sex: Male; Insurance: Public Insurance, Other Insurance, No
Insurance; Vaccination: Did not received COVID-19 Vaccine; Region: Northeast

Estimates are weighted using person-level sampling weights to adjust for sampling framework, response bias, and residential density. Sample: All
individuals with long COVID.
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Fig. 4. Relative Likelihood of Difficulty Understanding and Remembering among Individuals who Experienced COVID-19. Models the likelihood of difficulty
understanding/remembering. Reference Group: Ethnicity: Non-Hispanic; Race: White; Sex: Male; Insurance: Public Insurance, Other Insurance, No
Insurance; Vaccination: Did not received COVID-19 Vaccine; Region: Northeast. Estimates are weighted using person-level sampling weights to adjust for
sampling framework, response bias, and residential density. Sample: All individuals who tested positive for COVID.
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(OR=1.668, CI=1.255, 2.216) had a higher likelihood of
difficulty understandings than non-Hispanics and Whites,
while females (OR=0.664, CI=0.537, 0.821) and those
with private insurance (OR=0.606, C1=0.486, 0.755) had
a lower likelihood of difficulty understanding compared to
males and those with other types of insurance. Compared
to Whites, Asian/other (OR=1.122, CI=1.004, 1.255)
and Blacks (OR=1.874, CI=1.762, 1.904) were signifi-
cantly more likely to have difficulty remembering. Female
(OR=1.34, CI=1.237, 1.451) compared to males, were
more likely to have difficulty remembering, while those
with private insurance (OR=0.58, CI=0.537, 0.626) were
less likely compared to other insurance types.

DISCUSSION

The findings showed racial differences in the likelihood
of developing long COVID. Blacks and Hispanics demon-
strated a higher likelihood of developing long COVID than
their White counterparts. Racial differences in develop-
ment of long COVID may be partially explained by racial
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differences in likelihood of having private health insurance
which is believed to be a protective factor from develop-
ing long COVID. In prior studies of COVID-19, Blacks
and Hispanics are more likely to be infected,”” more likely
to be hospitalized, less likely to have access to testing, less
likely to have private health insurance.”® The findings re-
ported here suggest these same disparities translate to long
COVID.

This study also found females to demonstrate an in-
creased likelihood of developing long COVID compared
to their male counterparts. This is similar to previous find-
ings that have identified being female as a risk factor for
developing long COVID controlling for severity of the dis-
ease.”* Sex differences may in part be explained by im-
mune response differences. While males tend to be more
susceptible to viral infections than female, due to females’
higher response to viral infections they tend to have worse
disease outcomes.”>*** These differences in prevalence of
long COVID are compounded with the disproportionate
impact of lifestyle changes brought upon by the COVID-
19 pandemic compared to males. More importantly, fe-

VOL 115, NO 2, APRIL 2023 239



RACIAL, ETHNIC, AND SEX DISPARITIES IN THE INCIDENCE AND COGNITIVE SYMPTOMOLOGY OF LONG COVID-19

Table 3. Selection Estimation of Difficulty Remembering/Understanding among Individuals testing Positive for COVID
Log Likelihood -169003 -75136
AIC 338051 150313
Schwarz Criterion 338290 150531
Dependent Variable: Difficulty Remembering Dependent Variable: Difficulty Understanding
Std Err t Value Pr> |t] Std Err t Value Pr> |t]
Intercept 0.239 0.004 57.85 <.0001 0.016 0.002 10.2 <.0001
Age -0.001 0.000 -20.14 <.0001 0.000 0.000 0.35 0.7239
Hispanic -0.005 0.002 -1.21 0.0273 0.005 0.001 6.29 <.0001
Asian/Other 0.010 0.003 3.66 0.0003 0.009 0.001 8.73 <.0001
Black 0.040 0.003 2.41 0.1587 0.005 0.001 1.04 <.0001
Female 0.019 0.002 10.56 <.0001 -0.004 0.001 -5.62 <.0001
Long COVID 0.100 0.002 52.23 <.0001 0.011 0.001 15.69 <.0001
Received COVID -0.001 0.002 -0.61 0.5412 -0.004 0.001 -4.61 <.0001
Vaccine
Selection Equation Selection Equation
Dependent Variable: Tested Positive for Dependent Variable: Tested Positive for
COVID COVID
Intercept 0.045 0.014 3.13 0.0018 0.047 0.014 3.3 0.001
Age -0.010 0.000 -65.04 <.0001 -0.010 0.000 -65.54 <.0001
Hispanic 0.040 0.007 5.46 <.0001 0.040 0.007 5.39 <.0001
Asian/Other -0.103 0.008 -12.38 <.0001 -0.104 0.008 -12.48 <.0001
Black -0.254 0.009 -29.6 <.0001 -0.257 0.009 -29.82 <.0001
Female 0.105 0.005 20.1 <.0001 0.105 0.005 19.93 <.0001
Private Health Insurance -0.018 0.006 -2.78 0.0054 0.012 0.006 1.89 0.0592
Household Size 0.032 0.002 20.86 <.0001 0.032 0.002 20.74 <.0001
MSA 0.023 0.006 3.94 <.0001 0.026 0.006 4.51 <.0001
Week 0.058 0.002 31.66 <.0001 0.058 0.002 31.4 <.0001
Midwest -0.003 0.008 -0.43 0.6698 -0.003 0.008 -0.34 0.7366
Northeast 0.034 0.008 4.1 <.0001 0.034 0.008 4.11 <.0001
South 0.004 0.007 0.55 0.5792 0.002 0.007 0.32 0.7478
Indicates significant at 95% confidence level
Models the likelihood of long COVID
Reference Group: Ethnicity: Non-Hispanic; Race: White; Sex: Male; Insurance: Public Insurance, Other Insurance, No Insurance; Vac-
cination: Did not received COVID-19 Vaccine; Region: Northeast
Estimates are weighted using person-level sampling weights to adjust for sampling framework, response bias, and residential density.
Sample: All individuals with valid indicators for the dependent variables

males appear to have worse post COVID outcomes asso- Not only were racial and sex differences identified in the
ciated with life stressors that may translate in to greater  prevalence of long COVID but also cognitive symptomol-
complications among those with long COVID symptomol-  ogy. Blacks were more likely to have trouble remembering
ogy.”’ whereas Hispanics were more likely to report difficulty un-
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Table 4. Selection Estimation of Difficulty Remembering/Understanding among Individuals with Long COVID

Vaccine

N 102270 102289
AIC 140415 83557
Schwarz Criterion 140567 83710
Std Err t Value Pr> |1] Std Err t Value Pr> |T]
Dependent Variable: Difficulty Remembering Dependent Variable: Difficulty Understanding
Intercept 0.323 0.011 28.51 <.0001 0.040 0.004 9.96 <.0001
Age -0.002 0.000 -14.85 <.0001 0.000 0.000 -3.09 0.002
Hispanic -0.026 0.005 -4.83 <.0001 0.011 0.002 5.65 <.0001
Asian/Other 0.029 0.007 4.28 <.0001 0.010 0.003 4.14 <.0001
Black -0.030 0.007 -4.15 <.0001 0.000 0.003 -0.04 0.969
Female 0.025 0.005 5.13 <.0001 -0.009 0.002 -5.18 <.0001
Selection Equation Selection Equation
Dependent Variable: COVID symptoms> 3  Dependent Variable: COVID symptoms> 3
months months
Intercept -0.541 0.018 -30.87 <.0001 -0.536 0.018 -30.55 <.0001
Age 0.001 0.000 5.01 <.0001 0.001 0.000 5.07 <.0001
Hispanic 0.08¢9 0.011 8.23 <.0001 0.090 0.011 8.36 <.0001
Asian/Other -0.089 0.013 -6.76 <.0001 -0.089 0.013 -6.75 <.0001
Black -0.071 0.014 -4.94 <.0001 -0.070 0.014 -4.92 <.0001
Female 0.308 0.009 36.09 <.0001 0.309 0.009 36.2 <.0001
Private Health Insurance -0.405 0.010 -38.95 <.0001 -0.398 0.010 -38.08 <.0001
Received COVID 0.049 0.011 4.37 <.0001 0.046 0.011 4.11 <.0001

Indicates significant at 95% confidence level
Models the likelihood of difficulty remembering/understanding

cination: Did not received COVID-19 Vaccine

Sample: All individuals who tested positive for COVID

Reference Group: Ethnicity: Non-Hispanic; Race: White; Sex: Male; Insurance: Public Insurance, Other Insurance, No Insurance; Vac-

Estimates are weighted using person-level sampling weights to adjust for sampling framework, response bias, and residential density.

derstanding than remembering. These differences mirror
racial differences in general COVID-19 symptomology.”®
In addition, females were more likely to report trouble re-
membering compared to their male counterparts. It is not
clear why these racial, ethnic and sex differences present in
long COVID. There is some literature that suggests there
are racial differences in symptomology of acute COVID-
19 that may translate into long COVID differences. Valdes
and colleagues”' found lower cognitive scores on the Mon-
treal Cognitive Assessments among Blacks with COVID-
19 however the authors concluded observed differences in
cognitive impairment may have been related to undiag-
nosed baseline cognitive dysfunction, implicit biases of the

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

test used or other unmeasured social and economic dispar-
ities. It is possible that these same underlying disparities
are the driving foundational causes of racial disparities in
long COVID.

The lack of clarity surrounding these factors are par-
ticularly concerning given that little is known about the
prognosis of long COVID or whether current inequalities
are exacerbated in the chronic phases of the disease.”” In
addition, the complexity of barriers believed to contribute
to lack of equity in management of long COVID may be
difficult to untangle in attempts to identify the optimal in-
tervention targets. For example, barriers proposed include
economic (medical expenses, lack of insurance, etc.), ge-
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ographic (underserved areas, access to care, etc.), hous-
ing and segregation, and occupational that negatively im-
pact vulnerable and minoritized populations.”” Addition-
ally, the cognitive impairments resulting from long COVID
currently will impact employment outcomes and future
physical and mental health outcomes because of the high
proportion of minoritized populations who are more likely
to be frontline workers.”

CONCLUSION

The novelty, significance, and lack of understanding of
long COVID poses significant challenges for the US
healthcare systems. The disparities identified in this study
further highlights the need to understand racial disparities
observed in all other aspects of COVID-19 and chronic
disease in general. The observed disparities in cognitive
symptomology will have a dramatic impact on return to
work, school and retaining family and societal roles among
vulnerable and minoritized adults. Ultimately, largescale
data collection must be urgently designed to explore the
root causes of observed disparities and develop interven-
tions to reduce the impact of the condition and the current
racial disparity gap that exists.”’
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