9 Open

Original Investigation | Public Health

Association of Post-COVID-19 Condition Symptoms and Employment Status

Roy H. Perlis, MD, MSc; Kristin Lunz Trujillo, PhD; Alauna Safarpour, PhD; Mauricio Santillana, PhD; Katherine Ognyanova, PhD; James Druckman, PhD; David Lazer, PhD

Abstract

IMPORTANCE Little is known about the functional correlates of post-COVID-19 condition (PCC),
also known as long COVID, particularly the relevance of neurocognitive symptoms.

OBJECTIVE To characterize prevalence of unemployment among individuals who did, or did not,
develop PCC after acute infection.

DESIGN, SETTING, AND PARTICIPANTS This survey study used data from 8 waves of a 50-state US
nonprobability internet population-based survey of respondents aged 18 to 69 years conducted
between February 2021and July 2022.

MAIN OUTCOMES AND MEASURES The primary outcomes were self-reported current
employment status and the presence of PCC, defined as report of continued symptoms at least 2
months beyond initial month of symptoms confirmed by a positive COVID-19 test.

RESULTS The cohort included 15 308 survey respondents with test-confirmed COVID-19 at least 2
months prior, of whom 2236 (14.6%) reported PCC symptoms, including 1027 of 2236 (45.9%)
reporting either brain fog or impaired memory. The mean (SD) age was 38.8 (13.5) years; 9679
respondents (63.2%) identified as women and 10 720 (70.0%) were White. Overall, 1418 of 15308
respondents (9.3%) reported being unemployed, including 276 of 2236 (12.3%) of those with PCC
and 1142 of 13 071 (8.7%) of those without PCC; 8229 respondents (53.8%) worked full-time,
including 1017 (45.5%) of those with PCC and 7212 (55.2%) without PCC. In survey-weighted
regression models excluding retired respondents, the presence of PCC was associated with a lower
likelihood of working full-time (odds ratio [OR], 0.71[95% Cl, 0.63-0.80]; adjusted OR, 0.84 [95%
Cl, 0.74-0.96]) and with a higher likelihood of being unemployed (OR, 1.45 [95% Cl, 1.22-1.73];
adjusted OR, 1.23 [95% Cl, 1.02-1.48]). The presence of any cognitive symptom was associated with
lower likelihood of working full time (OR, 0.70 [95% Cl, 0.56-0.88]; adjusted OR, 0.75 [95% ClI,
0.59-0.84)).

CONCLUSIONS AND RELEVANCE PCC was associated with a greater likelihood of unemployment
and lesser likelihood of working full time in adjusted models. The presence of cognitive symptoms
was associated with diminished likelihood of working full time. These results underscore the
importance of developing strategies to treat and manage PCC symptoms.
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Introduction

Symptoms of COVID-19 infection persist beyond 2 months in a subset of individuals, a phenomenon
referred to as post-COVID-19 condition (PCC), also known as long COVID.! This syndrome has
become prevalent,>* but little is known about its association with functioning, with a 15-month
follow-up study® describing an association with poorer quality of life and diminished function.

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question |s post-COVID-19 condition
(PCQ), also known as long COVID,
associated with differences in
employment status that might suggest
functional impairment?

Findings Among 15308 individuals
with prior COVID-19 infection, those
with PCC were less likely to be employed
full-time and more likely to be
unemployed. These differences
persisted after adjustment for
demographic differences between those
with and without PCC.

Meaning These findings suggest that
individuals with PCC are less likely to be
working and to be working full time.
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A further question is whether particular illness features, such as neurocognitive symptoms, are
associated with differential functioning, with a prior small study® associating these symptoms with
decreased quality of life. A range of studies suggest that central nervous system changes may persist
following acute infection,” and cognitive symptoms are common in PCC.2 We therefore examined
whether PCC, and neurocognitive symptoms in particular, are associated with differential rates of

employment as a proxy for functional impairment, to better guide development of potential

interventions.

Table. Features of Survey Respondents With Prior COVID-19 lliness Who Did or Did Not Report

Current PCC Symptoms

Respondents, No. (%)

Recovered
Characteristic (n=13072) PCC(n = 2236) Total (N = 15308) P value
Sex
Male 5115(39.1) 514 (23.0) 5629 (36.8)
Female 7957 (60.9) 1722 (77.0) 9679 (63.2) <00t
Age, mean (SD), y 38.2(13.3) 42.0(13.9) 38.8(13.5) <.001
Education
High school or less 3176 (24.3) 600 (26.8) 3776 (24.7)
Some college 4119 (31.5) 923 (41.3) 5042 (32.9)
Bachelor’s degree 3416 (26.1) 489 (21.9) 3905 (25.5) <001
Graduate degree 2361 (18.1) 224 (10.0) 2585 (16.9)
Urbanicity
Rural 2049 (15.7) 446 (19.9) 2495 (16.3)
Suburban 7222 (55.3) 1351 (60.4) 8573 (56.0) <.001
Urban 3800 (29.1) 439 (19.6) 4239 (27.7)
Race and ethnicity
African American 1336 (10.2) 165 (7.4) 1501 (9.8)
Asian 745 (5.7) 65 (2.9) 810(5.3)
Hispanic 1584 (12.1) 230(10.3) 1814 (11.9) <.001
Other race? 382(2.9) 81(3.6) 463 (3.0)
White 9025 (69.0) 1695 (75.8) 10720 (70.0)
US region
Northeast 2066 (15.8) 295(13.2) 2361 (15.4)
Midwest 3258 (24.9) 622 (27.8) 3880 (25.3)
South 5088 (38.9) 907 (40.6) 5995 (39.2) <00t
West 2660 (20.4) 412 (18.4) 3072 (20.1)
Current employment
Employed
Full time 7212 (55.2) 1017 (45.5) 8229 (53.8)
Part time 1508 (11.5) 246 (11.0) 1754 (11.5)
Self-employed 600 (4.6) 149 (6.7) 749 (4.9)
Unemployed 1142 (8.7) 276 (12.3) 1418 (9.3) <.001
Homemaker 847 (6.5) 191 (8.5) 1038 (6.8)
Student 797 (6.1) 98 (4.4) 895 (5.8)
Retired 916 (7.0) 243 (10.9) 1159 (7.6) Abbreviation: PCC, post-COVID-19 condition.
Gig or contract worker 50(0.4) 16(0.7) 66 (0.4) a Othe"r race‘iljlclgdes Native American, Pacific Islander,
and “other” indicated on self-report race and
Any employment 9370 (71.7) 1428 (63.9) 10798 (70.5) <.001 ethnicity checklist.
Among currently unemployed® b Prepandemic employment status was available for
Employed full time prepandemic 306 (28.4) 103 (39.6) 409 (30.5) <.001 only 1079 individuals without PCC and 260 with PCC;
Currently looking for work 717 (63.8) 157 (57.9) 874 (62.7) 07 current job-seeking status was available for only 1124

individuals without PCC and 271 with PCC.
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Methods

In this survey study, we analyzed a previously described cohort derived from 8 waves of a
nonprobability-sample internet survey called the COVID States Project, conducted every 4 to 8
weeks between February 2021and July 2022.2 Respondents were US residents aged 18 years and
older who provided written informed consent electronically before completing the survey online,
according to a protocol approved by the institutional review board of Harvard University. We report
results in accordance with American Association for Public Opinion Research (AAPOR) reporting
guidelines.

The cohort included all individuals younger than 70 years who reported a positive COVID-19 test
result, either polymerase chain reaction or antigen-based, at least 2 months before the survey
month. Respondents were asked whether their acute symptoms had resolved; those who reported
that they had not were then asked to complete a checklist of commonly reported symptoms. From
this checklist of 25 items,? we combined 2 (memory problems and difficulty concentrating or
focusing, or brain fog) for further evaluation. Respondents also self-reported sociodemographic
variables, including race and ethnicity selected from a list according to US Census categories (African
American, Asian, Hispanic, White, and other [Native American, Pacific Islander, other]), to allow for
survey weighting to match the US adult population. For purposes of analysis and reporting, because
they represented fewer than 5% of the total cohort, Native American, Pacific Islander, and other
were combined into a single group.

Figure 1. Association Between Post-COVID-19 Condition (PCC) and Likelihood of Working Full Time at Time
of Survey in Logistic Regression Models Without and With Adjustment for Sociodemographic Features

No. of

Variable patients OR (95% Cl) P value
PCC (unadjusted) 14149 0.71 (0.63-0.80) HH <.001
PCC (adjusted) 14149 0.84 (0.74-0.96) = 3 .01
Age,y

18-29 1068 1 [Reference] [ ]

30-39 3613 2.80(2.29-3.42) ] <.001

40-49 6951 4.41 (3.63-5.35) . <.001

50-59 1798 3.19(2.56-3.98) - <.001

60-69 719 1.94 (1.48-2.53) ] <.001
Sex

Male 5201 1 [Reference] [ ]

Female 8948 0.54 (0.49, 0.59) <.001
Race

Asian 784 1 [Reference] | |

Black 1410 0.98(0.77-1.24) ] .85

Hispanic 1755 1.08 (0.86-1.36) - 49

Other category 427 0.95(0.69-1.30) ] 73

White 9773 1.18 (0.96-1.45) i 11
Education

High school or less 3489 1 [Reference] | |

Some college 4543 1.48 (1.32-1.65) HH <.001

Bachelor’s degree 3644 3.45(3.04-3.91) - <.001

Graduate degree 2473 4.51(3.86-5.25) - <.001
Urbanicity

Rural 2271 1 [Reference] |

Suburban 7864 1.08 (0.95-1.23) FH .26

Urban 4014 1.14(0.98-1.32) — .10
Region

Northeast 2215 1 [Reference] [ |

Midwest 3543 1.23(1.06-1.42) i .007

South 5511 1.24(1.08-1.42) i .003

West 2880 1.10(0.94-1.29) - .23

0.4

1
OR (95% Cl)

Other race includes Native American, Pacific Islander,
and any other race. OR indicates odds ratio.
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Statistical Analysis

Primary analyses examined associations between PCC and lack of full employment or unemployment

among those who were not retired, adjusted for age, sex, race and ethnicity, education, urbanicity

(urban, suburban, or rural), and region, using multiple logistic regression with interlocking survey

weights in R statistical software version 4.0 (R Project for Statistical Computing). All P values are

2-sided, with significance considered to be an uncorrected value of P < .05.

Results

The cohort included 15 308 survey respondents aged 18 to 69 years with test-confirmed COVID-19
at least 2 months before date of survey completion, of whom 2236 (14.6%) reported PCC symptoms
(Table). The mean (SD) age was 38.8 (13.5) years; 9679 participants (63.2%) identified as women
and 10 720 (70.0%) were White.
Overall, 1418 of 15 308 respondents (9.3%) reported being unemployed, including 276 of 2236
(12.3%) of those with PCC and 1142 of 13 072 (8.7%) of those without PCC; 8229 (53.8%) worked
full time, including 1017 (45.5%) of those with PCC and 7212 (55.2%) without PCC. For the full cohort,

10798 (70.5%) reported any employment, including 1428 (63.9%) with PCC and 9370 (71.7%)

without PCC.

A subset of currently unemployed individuals were asked about employment status before the

pandemic (Table). Unemployed individuals with PCC were more likely to have been employed full

Figure 2. Among Individuals With Post-COVID-19 Condition, Association Between Neurocognitive Symptoms
and Likelihood of Working Full Time at Time of Survey in Logistic Regression Models
Without and With Adjustment for Sociodemographic Features

No. of
Variable patients OR (95% Cl)
Cognitive symptoms (unadjusted) 1993 0.70(0.56-0.88)
Cognitive symptoms (adjusted) 1993 0.75(0.59-0.94)
Age,y
18-29 121 1 [Reference]
30-39 425 2.50(1.46-4.27)
40-49 909 2.73 (1.65-4.54)
50-59 403 1.95(1.13-3.35)
60-69 135 1.34(0.70-2.58)
Sex
Male 433 1 [Reference]
Female 1560 0.62 (0.48-0.82)
Race
Asian 62 1 [Reference]
Black 154 0.84 (0.40-1.76)
Hispanic 218 1.19(0.59-2.42)
Other category 74 1.51(0.65-3.51)
White 1485 1.10(0.58-2.10
Education
High school or less 542 1 [Reference]
Some college 813 1.48(1.12-1.95)
Bachelor’s degree 438 3.38(2.42-4.72)
Graduate degree 200 2.85(1.84-4.40)
Urbanicity
Rural 390 1 [Reference]
Suburban 1204 1.13(0.85-1.52)
Urban 399 0.99 (0.68-1.45)
Region
Northeast 266 1 [Reference]
Midwest 552 1.31(0.88-1.93)
South 802 1.15(0.78-1.68)
West 373 1.39(0.89-2.16)

[
=

0.3

1
OR (95% Cl)

P value
.002
.01

<.001
<.001
.02
.37

<.001

.65
.63
.34
.76

<.001
<.001

.40
.97

18
.49
.15

Other race includes Native American, Pacific Islander,
and any other race. OR indicates odds ratio.
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time before the pandemic than those without PCC (103 of 260 respondents [39.6%] vs 306 of 1079
respondents [28.4%]; x?=12.5; P < .001).

In survey-weighted regression models excluding retired respondents, the presence of PCC was
associated with lower likelihood of working full time (odds ratio [OR], 0.71[95% Cl, 0.63-0.801;
adjusted OR, 0.84 [95% Cl, 0.74-0.96]) (Figure 1) and with a higher likelihood of being unemployed
(OR, 1.45[95% Cl, 1.22-1.73]; adjusted OR, 1.23 [95% Cl, 1.02-1.48]). We next examined whether
specific symptoms of PCC were associated with likelihood of full-time employment. Among those
with PCC, 1027 of 2236 respondents (45.9%) reported either brain fog (909 respondents [40.7%])
or impaired memory (634 respondents [28.4%]). The presence of any cognitive symptom was
associated with lower likelihood of working full time (OR, 0.70 [95% Cl, 0.56-0.88]; adjusted OR,
0.75[95% Cl, 0.59-0.84]) (Figure 2).

Discussion

Among 15 308 US adults surveyed between February 2021and March 2022, PCC was associated with
a greater likelihood of unemployment and lesser likelihood of working full time in adjusted models.
Furthermore, among those with PCC, the presence of cognitive symptoms was associated with
diminished likelihood of working full time, extending recent reports associating cognitive symptoms
with poor quality of life among employed individuals.® As unemployed individuals with PCC were
more likely to have been employed before the pandemic, it is unlikely that employment status simply
reflects a factor associated with risk for reporting PCC (ie, reverse causation), or confounding by
some characteristic that contributes to unemployment more generally.

Limitations

A limitation in our analysis is the reliance on cross-sectional data, precluding determinations of
causation. Moreover, the extent to which our results generalize remains to be determined, although
prior work strongly suggests consistency with other approaches.®

Conclusions

The results of this survey study underscore the importance of developing strategies to respond to
PCC, and particularly the associated neurocognitive symptoms. Whether rehabilitation strategies
drawn from neurology and psychiatry can help to ameliorate the impact of such symptoms merits
investigation. More generally, although the true economic impact of the pandemic is difficult to
estimate, these results underscore the importance of considering persistent effects of lost
productivity.

ARTICLE INFORMATION
Accepted for Publication: December 26, 2022.

Published: February 15, 2023. doi:10.1001/jamanetworkopen.2022.56152
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Perlis RH
et al. JAMA Network Open.

Corresponding Author: Roy H. Perlis, MD, MSc, Massachusetts General Hospital, 185 Cambridge St, 6th Floor,
Boston, MA 02114 (rperlis@mgh.harvard.edu).

Author Affiliations: Massachusetts General Hospital, Boston (Perlis); Department of Psychiatry, Harvard Medical
School, Boston, Massachusetts (Perlis); Northeastern University, Boston, Massachusetts (Lunz Trujillo, Safarpour,
Santillana, Lazer); Harvard University, Cambridge, Massachusetts (Lunz Trujillo, Safarpour); Rutgers University,
New Brunswick, New Jersey (Ognyanova); Northwestern University, Evanston, lllinois (Druckman).

[5 JAMA Network Open. 2023;6(2):€2256152. doi:10.1001/jamanetworkopen.2022.56152 February 15,2023 5/6

Downloaded From: https://jamanetwork.com/ by Oscar Bottasso on 03/06/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.56152&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.56152
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.56152
mailto:rperlis@mgh.harvard.edu

JAMA Network Open | Public Health Association of Post-COVID-19 Condition Symptoms and Employment Status

Author Contributions: Dr Perlis had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Perlis, Safarpour, Druckman, Lazer.

Acquisition, analysis, or interpretation of data: Perlis, Lunz Trujillo, Safarpour, Santillana, Ognyanova.
Drafting of the manuscript: Perlis.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Santillana.

Obtained funding: Ognyanova, Druckman, Lazer.

Administrative, technical, or material support: Safarpour, Druckman, Lazer.

Conflict of Interest Disclosures: Dr Perlis reported receiving personal fees from Burrage Capital, Genomind, Psy
Therapeutics, Circular Genomics, and Takeda outside the submitted work. No other disclosures were reported.

Funding/Support: The survey was supported in part by the National Science Foundation (to Drs Ognyanova,
Lazer, and Druckman) and by the National Institute of Mental Health (grant RFIMH132335 to Drs Perlis and Lazer).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: Dr Perlis is an Associate Editor for JAMA Network Open but was not involved in the editorial review or
decision on this manuscript.

Data Sharing Statement: See the Supplement.

REFERENCES

1. World Health Organization. A clinical case definition of post COVID-19 condition by a Delphi consensus, 6
October. 2021. Accessed June 21, 2022. https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_
COVID-19_condition-Clinical_case_definition-2021.1

2. Perlis RH, Santillana M, Ognyanova K, et al. Prevalence and correlates of long COVID symptoms among US
adults. JAMA Netw Open. 2022;5(10):e2238804. doi:10.1001/jamanetworkopen.2022.38804

3. Bull-Otterson L, Baca S, Saydah S, et al. Post-COVID conditions among adult COVID-19 survivors aged 18-64
and =65 years—United States, March 2020-November 2021. MMWR Morb Mortal Wkly Rep. 2022;71(21):713-717.
doi:10.15585/mmwr.mm7121el

4. Sudre CH, Murray B, Varsavsky T, et al. Attributes and predictors of long COVID. Nat Med. 2021;27(4):626-631.
doi:10.1038/541591-021-01292-y

5. Nehme M, Braillard O, Chappuis F, Guessous |; CoviCare Study Team. The chronification of post-COVID
condition associated with neurocognitive symptoms, functional impairment and increased healthcare utilization.
Sci Rep. 2022;12(1):14505. doi:10.1038/s41598-022-18673-z

6. Chatys-Bogacka Z, Mazurkiewicz |, Slowik J, et al. Brain fog and quality of life at work in non-hospitalized
patients after COVID-19. Int J Environ Res Public Health. 2022;19(19):12816. doi:10.3390/ijerph191912816

7. Douaud G, Lee S, Alfaro-Almagro F, et al. Brain imaging before and after COVID-19 in UK Biobank. medRxiv.
Preprint posted online August 18, 2021. doi:10.1101/2021.06.11.21258690

8. Radford J, Green J, Quintana A, et al. Evaluating the generalizability of the COVID States survey—a large-scale,
non-probability survey. OSF Preprints. Preprint posted online March 7, 2022. doi:10.31219/osf.io/cwkg7

SUPPLEMENT.
Data Sharing Statement

[5 JAMA Network Open. 2023;6(2):€2256152. doi:10.1001/jamanetworkopen.2022.56152 February 15,2023 6/6

Downloaded From: https://jamanetwork.com/ by Oscar Bottasso on 03/06/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.56152&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.56152
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.38804&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.56152
https://dx.doi.org/10.15585/mmwr.mm7121e1
https://dx.doi.org/10.1038/s41591-021-01292-y
https://dx.doi.org/10.1038/s41598-022-18673-z
https://dx.doi.org/10.3390/ijerph191912816
https://dx.doi.org/10.1101/2021.06.11.21258690
https://dx.doi.org/10.31219/osf.io/cwkg7

