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Factors associated with psychiatric out-
comes and coping in Long COVID

Yochai Re’em    1,2  , Elisabeth A. Stelson    2,3, Hannah E. Davis    2, 
Lisa McCorkell    2, Hannah Wei    2, Gina Assaf    2 & Athena Akrami    2,4

The relationship between Long COVID (LC) and psychiatric outcomes, as 
well as factors associated with presence and absence of these, has so far 
been insufficiently studied. Here we evaluated psychiatric symptoms and 
coping among patients with LC and patients recovered from COVID-19 
who participated in a large international survey. Given increased rates of 
psychiatric illness with chronic medical conditions and known immune-
inflammatory contributors to psychiatric disease, we hypothesized that 
a subset, but not the entirety, of LC respondents may have comorbid 
psychopathology. A substantial minority of both groups experienced 
suicidality, depression and anxiety symptoms, with these symptoms being 
more common in the LC group. LC respondents used more adaptive coping 
styles. Psychiatric outcomes in LC were associated with younger age, greater 
reductions in overall health, higher symptom severity, limitations to physical 
capability, lower income, financial hardship, psychiatric history, employment 
impact, male sex, men and non-binary gender, and negative experiences with 
medical professionals, family, friends, partners and employers.

Long COVID (LC) following coronavirus disease 2019 (COVID-19) infec-
tion is prevalent1 and can be debilitating2. LC is a complex chronic 
disease that can involve multiple systems3. Current theories on 
pathophysiology include viral persistence, endothelial dysfunction 
and microclotting, immune dysregulation and autoimmunity, and 
hyperinflammatory states4.

Given higher rates of psychiatric illness in disabling medical con-
ditions such as cancer and asthma compared with the general popula-
tion5, LC may be associated with comorbid psychopathology. Studies 
that include non-hospitalized cohorts and non-infected controls find 
slightly elevated rates of anxiety and depression symptoms after 
COVID-19 compared with controls, with mild acute cases experiencing 
lower rates compared with severe acute cases6. A 6 month electronic 
health record study found higher rates of psychiatric diagnoses post-
COVID when compared with other respiratory tract infections7. A 2 year 
electronic health record-based retrospective cohort study found that 
the increased risk of mood and anxiety disorders returned to baseline 
within 2 months of COVID infection, while other conditions such as 

cognitive dysfunction and psychoses, remained elevated8. Despite 
several large-scale studies examining rates of mental health conditions 
following COVID-19 infection, few studies have explored psychiatric 
sequelae explicitly in those with persistent symptom burden follow-
ing COVID-19 illness, and fewer have identified factors associated 
with these psychiatric sequelae. Additionally, while suicidality has 
been postulated to occur in the LC population at higher frequencies 
compared with the general population9, no studies have evaluated this.

We have previously shown that individuals with LC experience 
a number of mood symptoms2. In addition to these, patients with LC 
report stigmatization10 and assumptions that all their symptoms are 
due to psychiatric disease11,12, which can lead to misdiagnosis13. In this 
Article, we hypothesize that a subset, but not a majority, of individuals 
with LC experience substantial symptoms of depression, anxiety or 
suicidality, and that the majority of those with LC use adaptive coping.

To better qualify these psychiatric symptoms, we disseminated 
an internet-based survey to a large international cohort, utilizing 
depression, anxiety and suicidality screeners, along with a coping 
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Table 1 | Demographics of survey respondents

Factor Number of respondents (N = 6,113)  Long Covid (N = 5,638) Non-Long Covid (N = 475)

Gendera

  Woman 4,756 (77.80%) 4,413 (78.27%) 343 (72.21%)

  Man 1,247 (20.40%) 1,126 (19.97%) 121 (25.47%)

  Non-binary 92 (1.50%) 81 (1.44%) 11 (2.32%)

  Prefer not to say 10 (0.17%) 10 (0.18%) 0 (0.0%)

  Other 8 (0.13%) 8 (0.14%) 0 (0.0%)

Age group, yearsa

  18–29 580 (9.50%) 495 (8.78%) 85 (17.89%)

  30–39 1,416 (23.20%) 1,299 (23.04%) 117 (24.63%)

  40–49 1,746 (28.60%) 1,639 (29.07%) 107 (22.53%)

  50–59 1,443 (23.60%) 1,354 (24.02%) 89 (18.74%)

  60–69 707 (11.60%) 652 (11.56%) 55 (11.58%)

  70–79 202 (3.30%) 183 (3.25%) 19 (4%)

  80+ 19 (0.30%) 16 (0.28%) 3 (0.63%)

Ancestrya

  Asian, South Asian, South East Asian 171 (2.80%) 150 (2.66%) 21 (4.42%)

  Black 116 (1.90%) 98 (1.74%) 18 (3.80%)

  Hispanic, Latino or Spanish origin 197 (3.22%) 174 (3.09%) 23 (4.84%)

  White 5,061 (82.79%) 4,695 (83.27%) 366 (77.05%)

 � Other, including Pacific Islander, Indigenous 
Peoples, Middle Eastern/North African

118 (1.93%) 110 (1.95%) 8 (1.68%)

  White and Hispanic, Latino or Spanish origin 89 (1.46%) 81 (1.44%) 8 (1.68%)

 � White and Black and either Asian or Other and/or 
Asian, and/or other, as above

268 (4.38%) 255 (4.52%) 13 (2.74%)

 � Black and either Asian or other and/or Asian, and/
or other

65 (1.06%) 52 (0.92%) 13 (2.74%)

  Prefer not to answer 28 (0.46%) 23 (0.41%) 5 (1.05%)

  Hospitalization

  Non-hospitalized 5,566 (91.05%) 5,122 (90.85%) 444 (93.47%)

  Hospitalized 547 (8.95%) 516 (9.15%) 31 (6.53%)

History of psychiatric diagnosis

  Yes 2,678 (43.81%) 2,488 (44.1%) 190 (40.0%)

  No 3,392 (55.49%) 3,111 (55.2%) 281 (59.2%)

  Not available 43 (0.70%) 39 (0.7%) 4 (0.8%)

Healthcare workera

  No 4,924 (80.55%) 4,523 (90.22%) 401 (84.42%)

  Yes 1,189 (19.45%) 1,115 (19.78%) 74 (15.58%)

Country of residencea

  United States 3,119 (51.02%) 2,901 (51.46%) 218 (45.89%)

  United Kingdom and Northern Ireland 1,609 (26.32%) 1,502 (26.64%) 107 (22.53%)

  Canada 232 (3.80%) 220 (3.90%) 12 (2.53%)

  France 191 (3.12%) 184 (3.26%) 7 (1.47%)

  Spain 113 (1.85%) 109 (1.93%) 4 (0.84%)

  The Netherlands 81 (1.32%) 75 (1.33%) 6 (1.26%)

  Germany 78 (1.28%) 74 (1.31%) 4 (0.84%)

  Ireland 69 (1.13%) 64 (1.14%) 5 (1.05%)

  Russian Federation 67 (1.10%) 39 (0.69%) 28 (5.89%)

  Other 554 (9.06%) 470 (8.34%) 84 (17.68%)
aSignificantly different between LC and non-LC at the α = 0.05 level. Differences between groups were assessed utilizing chi-square test.
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scale, and compared responses between those with LC and those who 
were infected with severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) but did not develop LC. We then evaluated associations 
of demographic, illness and social factors with anxiety, depression and 
suicidality to better describe psychiatric comorbidity in LC.

Results
Of those who completed the consent form, 82% started the survey and 
58.5% of those who started the survey completed it. Rates of missing 
responses for the three primary outcomes were: 1.6% suicidal thoughts, 
2.7% Patient Health Questionnaire-2 (PHQ-2) and 3.8% Generalized 
Anxiety Disorder scale-7 (GAD-7). Over 50 countries were represented, 
with the majority (54.8%) from the United States and Canada and 
26.3% from the UK (Table 1). Healthcare workers represented 19.8% 
of respondents. Participants found the survey through support groups 
(59%) and other online sources (41%). The median duration of illness 
in the non-LC group was 16 days (10–28 days), while the median dura-
tion of illness in the LC group was 190 days (164–229 days) at survey 
submission and ongoing.

Psychiatric symptoms and coping in LC versus non-LC
Those who recovered from acute COVID-19 illness were more likely 
to be male (χ2 = 7.38, P = 0.007), younger (χ2 = 53.04, P < 0.001) and 
non-healthcare workers (χ2 = 4.93, P = 0.026) (Table 1). The rates of 
prior psychiatric history were similar between LC and non-LC (Table 
1). There were no significant differences in hospitalization between 
LC and non-LC (Table 1).

The majority of participants did not meet cut-offs for any of the 
three psychiatric outcomes, with 42.8% (95% confidence interval (CI) 
41.5% to 44.1%) of those with LC and 28.0% (95% CI 24.0% to 32.3%) 
of those without LC meeting a cut-off for depression, anxiety or 
suicidality (χ2 = 39.57, P < 0.001). Of those who met the cut-off for at 
least one psychiatric outcome, 44.4% (95% CI 42.2% to 46.2%) in LC 
and 44.2% (95% CI 35.8% to 53.2%) in the non-LC group had no prior 
psychiatric history.

GAD-7
A total of 25.2% (24.0–26.4) of LC and 16.7% (13.4–20.5) of non-LC expe-
rienced moderate to severe anxiety, though medians and means of 
both groups were below the screening cut-off GAD-7 score of 10. This 
difference between groups was significant (χ2 = 16.12, P < 0.001, effect 
size φ = 0.052) (Fig. 1a).

PHQ-2
A total of 32.7% (31.5–34.0%) of LC and 21.8% (18.1–25.8%) of non-LC 
screened above the depression threshold; this difference was signifi-
cant (χ2 = 23.20, P < 0.001, effect size φ = 0.062) (Fig. 1b).

Suicidality
A total of 17.2% (16.3–18.3%) of LC and 10.8% (8.1–14.0%) of non-LC 
reported suicidal thoughts in the prior 2 weeks. This difference was 
significant (χ2 = 12.7, P < 0.001, effect size φ = 0.046) (Fig. 1c,d).

Coping
Overall, the most utilized coping strategies by LC respondents were 
acceptance, planning, active coping and use of emotional support. 
The least utilized were denial, substance use, behavioural disengage-
ment and self-blame. Compared with their non-LC counterparts, LC 
respondents displayed significantly higher scores on adaptive cop-
ing, use of emotional support, venting, use of instrumental support, 
planning, behavioural disengagement and self-blame (Table 2). These 
differences remained significant when eliminating those with a PHQ-2 
score of ≥3 (that is, those who screened positive for depression) from 
both groups.

Factors associated with psychiatric outcomes in LC
Demographic-related factors. LC respondents with a prior psychiatric 
diagnosis were significantly more likely to experience all psychiatric 
outcomes (Supplementary Table 1).

Depression, anxiety and suicidality were significantly different by 
gender. Women were less likely to be depressed, anxious and suicidal 
compared with non-binary/gender nonconforming (GNC) respond-
ents. Men were significantly more likely to be suicidal than women. 
GNC respondents were significantly more likely to be suicidal and 
anxious than men and women (Supplementary Table 1). Those with 
male sex were more likely to experience suicidality than female sex, 
with no differences between sexes in depression or anxiety (Supple-
mentary Table 1).

There were significant differences in anxiety (χ2 = 18.64, P = 0.001), 
depression (χ2 = 13.66, P = 0.034) and suicidality (χ2 = 18.74, P = 0.005) 
by ancestry (Supplementary Table 1). Those with depression (t = −4.10, 
P < 0.001), suicidality (t = −6.74, P < 0.001) and anxiety (t = −12.34, 
P < 0.001) were also significantly more likely to be younger, particularly 
in the 18–29 year age range. Additionally, lower income brackets, both 
before COVID-19 and current, were associated with higher levels of 
psychiatric outcomes (Supplementary Table 1).

Symptom and severity-related factors. Rates of psychiatric condi-
tions and their relationships with LC factors are detailed in Table 3.

Change in overall health was determined by asking participants 
to rate their overall health retrospectively pre-COVID-19 illness and 
post-COVID-19 illness. Individuals with depression and/or suicidal-
ity reported greater overall reductions in health, with no significant 
relationship between reductions in health and presence of anxiety 
symptoms (Table 3). A separate question specifically asked partici-
pants to rate their overall health on the day of the survey as compared 
with their pre-COVID baseline. Those with depression, anxiety and/
or suicidality reported lower overall health on the day of the survey 
compared with their pre-COVID baseline (Supplementary Table 1). 
There was no significant relationship between the number of days 
respondents had experienced symptoms and psychiatric outcomes 
(Table 3). Those hospitalized had higher levels of depression and 
suicidal thoughts, with no significant differences in anxiety (Table 3). 
Those with limitations to their physical activity, compared with those 
without, were more likely to experience depression, suicidality and/
or anxiety (Table 3).

We explored the individual relationships between the presence or 
absence of 144 non-psychiatric symptoms and each of the psychiatric 
outcomes. After Bonferonni correction, 26 symptoms were signifi-
cantly associated with at least one outcome, all with a weak effect size 
(Cramer’s V of 0.1–0.3). Significantly associated symptoms included 
eye and vision symptoms, muscle and joint pain, several headache and 
cognitive symptoms, sexual dysfunction, slurring words, hallucina-
tions and acute confusion. For any subset of individuals with a given 
symptom, the majority did not have depression, anxiety or suicidal 
thoughts. A full list of symptoms and mental health outcomes is pre-
sented in Supplementary Table 1.

We identified 14 new non-psychiatric diagnoses after COVID-19 
infection with at least 25 responses and explored their relationship 
to mental health outcomes. Of these, polyneuropathy was associ-
ated with depression (χ2 = 7.04, P = 0.008) and motor, peripheral 
or cranial neuropathies were associated with suicidal thoughts 
(χ2 = 1.7, P = 0.02). No new diagnosis was associated with anxiety. 
New diagnoses of postural orthostatic tachycardia syndrome, myal-
gic encephalomyelitis/chronic fatigue syndrome, stroke, migraine, 
costochondritis, blood clots, traumatic brain injury, small fibre neu-
ropathy, autonomic neuropathy, myocarditis, neuralgia and encepha-
lopathy were not associated with psychiatric outcomes in this dataset  
(Supplementary Table 4).
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Social factors. Rates of psychiatric symptoms and their relationships 
with social factors are detailed in Table 3 and Supplementary Table 1.

Financial pressure and illness affecting employment were each asso-
ciated with more suicidality, depression and anxiety symptoms (Table 3)

Negative experiences with providers were the most frequently 
reported type of negative experience, with 52.9% of respondents 
reporting having at least one within a median 190 days (164–229 days) 
of illness. This was followed by negative experiences with friends 
(26.3%), employers (22.9%), family (20%) and spouse or partner 
(11.6%). Those who experienced a negative interaction with a provider 

were significantly more likely to be depressed, anxious and suicidal  
(Table 3). Those who reported that at least one of their doctors con-
veyed they did not believe them were more likely to be depressed, 
anxious and suicidal (Supplementary Table 1).

We found that, of those who did not have any of the three primary 
psychiatric outcomes, those with LC were still significantly more likely 
than non-LC respondents to report that a provider did not believe them 
(71.0% versus 32.6%, χ2 = 145.8, P < 0.001), removing the possibility that 
those with psychiatric symptoms could be more likely to report not 
being believed by a provider.

Minimal Mild Moderate Severe
0

20

40

60

80

100

Anxiety scale

Data are presented as mean ± s.e.m.

* Statistical significance for each GAD-7 score between
individuals with LC and control group is indicated by
asterisk(s). Two-sided chi-squared test indicates statistical
significance (*P < 0.05).

Data are presented as mean ± s.e.m.

* Statistical significance for each PHQ-2 score between individuals with LC and control
group is indicated by asterisk(s). Two-sided chi-squared test indicates statistical
significance (*P < 0.05).

Data are presented as mean ± s.e.m.

* Statistical significance for suicidality between individuals with LC and control group is indicated by asterisk(s).
Two-sided chi-squared test indicates statistical significance (*P < 0.05).

Data are presented as mean ± s.e.m.

* Statistical significance for type of
suicidality between individuals with
LC and control group is indicated by
asterisk(s). Two-sided chi-squared
test indicates statistical significance
(*P < 0.05).

Pe
rc

en
ta

ge

GAD-7a b

c

d

LC
n = 5,434

n = 5,491

n = 455
Control

Not LC

n = 454
Control

n = 253

n = 176

n = 1,291

n = 1,034
n = 86

n = 1,370
n = 94

n = 583
n = 31 n = 493

n = 24
n = 274

n = 20 n = 446n = 24

n = 125

n = 765
n = 39 n = 601 n = 37

n = 1,525

n = 2,534

0 20 40 60 80 100

LC
(n = 958)

Not LC

Control
(n = 50)

17.3%

10.8%

Percentage

Suicidality

LC

Not LC

0 20 40 60 80 100

None

Passive suicidality

Thought of killing self

Thought of self-harm

Self-harm

67.2%

12.7%

10.9%

2.1%

1.6%

80.2%

6.7%

5.8%

2.1%

1.2%

Type of suicidality since initial infection

LC

Not LC

Percentage

0 1 2 3 4 5 6
0

20

40

60

80

100

PHQ-2 score

Pe
rc

en
ta

ge

PHQ-2

LC

Not LC
Risk of major 
depressive disorder 

*

*

*

*

* * *

*

*

*

*

n = 5,578

n = 462

Data are presented as
mean ± s.e.m.

(n = 5) n = 5,222

n = 434(n = 82)

(n = 9)

(n = 108)

(n = 25)

(n = 571)

(n = 29)

(n = 665)

(n = 348)

(n = 3,510)

Fig. 1 | Mental health symptoms of long COVID (LC) patients compared to 
patients without long COVID. a, Comparison of anxiety symptom severity.  
b, Comparison of depressive symptom severity. c, Comparison of suicidal 
ideation. d, Comparison of suicidal ideation type. All variables are dichotomous 
with the exception of gender variables (categorical with female/woman as 

reference group); ancestry variables (categorical with white as reference group); 
change in health variables (with same or better pre-COVID health as reference 
group); change in job hours or employment (categorical with no change in job 
as reference group); severity of LC symptoms (continuous); and number of days 
with LC symptoms (continuous).
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Those who experienced negative interactions, and those who did 
not experience positive interactions, with their family, friends, partner 
or employer were more likely to be depressed, be anxious and report 
suicidal thoughts (Supplementary Table 1).

Participants were able to indicate whether they did not need any 
medical care, as well as whether they received the appropriate amount 
of care or less care than they needed. A total of 71.1% of respondents 
reported receiving below the appropriate amount of medical care, 
21.8% receiving the appropriate amount of care and 7.1% not needing 
medical care. Among those with LC, receiving “significantly below the 
appropriate amount of care” was associated with depression, suicidal 
thoughts and anxiety (Supplementary Table 1). There were no observed 
relationships between psychiatric outcomes and access to SARS-CoV-2 
polymerase chain reaction testing.

There was no significant difference in rates of depression, anxi-
ety and suicidal thoughts between those who joined and did not join a 
support group. Of those who did join a COVID-specific support group, 
70% reported that the group “moderately to significantly improved 
their psychological wellbeing,” with 21.5% reporting no effect and 8.5% 
reporting psychological worsening.

Overall, those with children were slightly less likely to be anxious, 
depressed and suicidal (Table 3). To attempt to account for the age of 
children, participants were analysed separately by age group. Only 
those in the age groups 40–49 and 50–59 with children were less likely 

to experience suicidality compared with those in the respective age 
groups without children. The age groups 30–39 and 70–79 with chil-
dren had slightly higher anxiety compared with those in the age group 
without children. There were no statistically significant differences in 
prevalence of depression for those with and without children by age 
group (Supplementary Table 2).

Predictive models. Generalized linear model (GLM) and least absolute 
shrinkage and selection operator (LASSO) estimates for the three 
psychiatric outcomes (depression, anxiety and suicidal ideation) con-
ducted with the full LC sample are presented in Table 4, while GLM and 
LASSO estimates for LC participants employed at organizations (which 
includes employer response variables) are included in Supplementary 
Table 3. Across models, the magnitude of effect for variables was mod-
est. LASSO estimates resembled GLM estimates and were consistently 
attenuated.

Demographics. Holding all other covariates constant, individuals 
30 years and older were consistently less likely to screen positive for 
depression, anxiety or suicidal ideation compared to younger partici-
pants (18–29 years). Men experienced increased odds of depression 
and suicidal ideation symptoms compared with women, and GNC 
participants were at increased odds of suicidal ideation. Identifying 
with multiple ancestries was associated with all three mental health 

Table 2 | Coping in long covid patients (LC) versus non-long covid patients (non-LC)

Type of coping LC (N = 5,135), non-LC (N = 399) Mean s.d. t df P Effect size (Cohen’s d)

Self-distraction Yes 2.603 0.797 1.368 5,532 0.171 0.07

No 2.546 0.847

Active coping Yes 2.876 0.884 8.296 5,532 <0.001 0.43

No 2.495 0.885

Denial Yes 1.260 0.523 2.667 483 0.008 0.12

No 1.195 0.457

Substance use Yes 1.330 0.680 −1.555 454 0.121 −0.09

No 1.380 0.723

Use of emotional support Yes 2.721 0.906 3.496 5,532 <0.001 0.18

No 2.556 0.931

Behavioural disengagement Yes 1.454 0.628 5.381 481 <0.001 0.25

No 1.297 0.556

Venting Yes 2.123 0.738 4.577 5,532 <0.001 0.24

No 1.947 0.764

Use of instrumental support Yes 2.567 0.862 7.471 5,532 <0.001 0.39

No 2.231 0.910

Positive reframing Yes 2.357 0.929 1.421 5,532 0.155 0.07

No 2.288 0.925

Self-blame Yes 1.741 0.824 3.962 474 <0.001 0.19

No 1.584 0.759

Planning Yes 2.926 0.878 11.587 451 <0.001 0.65

No 2.351 0.961

Humor Yes 1.987 0.893 −1.676 5,532 0.094 −0.09

No 2.065 0.914

Acceptance Yes 3.092 0.748 2.799 5,532 0.005 0.15

No 2.982 0.803

Religion Yes 1.961 1.027 1.886 5,532 0.059 0.10

No 1.860 1.056

Coping assessed using brief-COPE scale. Differences between groups assessed utilizing two-sided t-test.
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Table 3 | Illness and social factors associated with suicidality, depression and anxiety in LC

Suicidality Depression Anxiety

Mean ± s.d. in 
suicidal

Mean ± s.d. in 
non-suicidal

Test 
statistic 
and P value

Mean ± s.d. in 
depressed

Mean ± s.d. in 
non-depressed

Test 
statistic 
and P value

Mean ± s.d. in 
anxious

Mean ± s.d. in 
non-anxious

Test 
statistic 
and P value

Illness factors N = 958 N = 4,593 N = 1,796 N = 3,695 N = 1,366 N = 4,059

Days of 
illness

203.99 ± 90.16 203.38 ± 85.02 t = 0.20, 
P = 0.84

200.59 ± 91.71 204.46 ± 82.83 t = 1.51, 
P = 0.13

201.36 ± 91.93 204.06 ± 84.16 t = −0.96, 
P = 0.34

Change 
in overall 
health

2.17 ± 1.10 2.00 ± 1.10 t = −4.34, 
P < 0.001

2.15 ± 1.09 1.96 ± 1.10 t = −5.87, 
P < 0.001

2.07 ± 1.07 2.01 ± 1.11 t = −1.78, 
P = 0.075

Prevalence 
suicidal

95% CI Test 
statistic 
and P value

Prevalence 
depressed

95% CI Test statistic 
and P value

Prevalence 
anxious

95% CI Test 
statistic 
and P value

Physically 
limited by 
illness

Limited in 
physical activity

904/4,943 = 18.3% 17.2 to 19.4 χ2 = 33.55, 
P < 0.001

1,702/4,888 = 34.8% 33.5 to 36.2 χ2 = 90.20, 
P < 0.001

1,261/4,827 = 26.1% 24.9 to 27.4 χ2 = 20.72, 
P < 0.001

Not limited in 
physical activity

54/608 = 8.9% 6.7 to 11.4 94/603 = 15.6% 12.8 to 18.7 105/598 = 17.6% 14.6 to 20.8

Hospitalization Hospitalized 104/506 = 20.6% 17.1 to 24.3 χ2 = 4.23, 
P = 0.04

196/504 = 38.9% 34.6 to 43.3 χ2 = 9.63, 
P = 0.002

134/493 = 27.2% 23.3 to 31.3 χ2 = 1.15, 
P = 0.28

Not hospitalized 854/5,045 = 16.9% 15.9 to 18.0 1,600/4,987 = 32.1% 30.8 to 33.4 1,232/4,932 = 25.0% 23.8 to 
26.2

Social factors

  Financial 
challenges

Any financial 
hardship

606/2,548 = 23.8% 22.1 to 25.5 χ2 = 140.44, 
P < 0.001

1,055/2,530 = 41.7% 39.8 to 43.6 χ2 = 172.34, 
P < 0.001

817/2,482 = 32.9% 31.1 to 34.8 χ2 = 145.38, 
P < 0.001

No financial 
hardship

352/3,003 = 11.7% 10.6 to 12.9 741/2,961 = 25.0% 23.5 to 26.6 549/2,943 = 18.7% 17.3 to 20.1

  Employment Illness affected 
employment

425/2,314 = 18.4% 16.8 to 20.0 χ2 = 17.20, 
P < 0.001

769/2,292 = 33.6% 31.6 to 35.5 χ2 = 25.58, 
P < 0.001

614/2,258 = 27.2% 25.4 to 29.1 χ2 = 13.32, 
P < 0.001

Illness did 
not affect 
employment

106/868 = 12.2% 10.1 to 14.6 207/856 = 24.2% 21.3 to 27.2 177/851 = 20.8% 18.1 to 23.7

  Medical care Significantly 
below care 
needed

446/1,977 = 22.6%a 20.7 to 24.5 χ2 = 66.00, 
P < 0.001

742/1,955 = 38.0%a 35.8 to 40.1 χ2 = 38.99, 
P < 0.001

588/1,930 = 30.5%a 28.4 to 
32.6

χ2 = 50.97, 
P < 0.001

Somewhat 
below care 
needed

306/1,968 = 15.5%b 14.0 to 17.2 566/1,946 = 29.1%b 27.1 to 31.2 458/1,924 = 23.8%b 21.9 to 25.8

Recevied 
appropriate care

149/1,212 = 12.3%b 10.5 to 14.3 369/1,202 = 30.7%b 28.1 to 33.4 234/1,187 = 19.7%c 17.5 to 22.1

Did not need 
care

57/394 = 14.5%b 11.1 to 18.3 119/388 = 30.7%b 26.1 to 35.5 86/384 = 22.4%b,c 18.3 to 26.9

  Provider 
experience

Negative 
provider 
experience

596/2,938 = 20.3% 18.8 to 21.8 χ2 = 34.91, 
P < 0.001

1,042/2,907 = 35.8% 34.1 to 37.6 χ2 = 23.54, 
P < 0.001

847/2,872 = 29.5% 27.8 to 31.2 χ2 = 57.62, 
P < 0.001

No negative 
experience

323/2,302 = 14.0% 12.6 to 15.5 671/2,278 = 29.5% 27.6 to 31.4 454/2,249 = 20.2% 18.5 to 21.9

  Support 
group

Joined online 
COVID-19 
support group

582/3,297 = 17.7% 16.4 to 19.0 χ2 = 1.13, 
P = 0.29

1,046/3,263 = 32.1% 30.5 to 33.7 χ2 = 1.30, 
P = 0.25

797/3,223 = 24.7% 23.2 to 
26.3

χ2 = 0.92, 
P = 0.34

Did not join 
online COVID-19 
support group

370/2,235 = 16.6% 15.0 to 18.2 741/2,210 = 32.7% 31.6 to 35.5 566/2,187 = 25.9% 24.1 to 27.8

  Access to 
testing

Had access to 
testing

665/3,845 = 17.3% 16.1 to 18.5 χ2 = 0.70, 
P = 0.40

1,279/3,809 = 33.6% 32.1 to 35.1 χ2 = 2.56, 
P = 0.11

968/3,767 = 25.7% 24.3 to 27.1 χ2 = 0.36, 
P = 0.55

Did not have 
access to testing

192/1,043 = 18.4% 16.1 to 20.9 318/1,028 = 30.9% 28.1 to 33.9 271/1,018 = 26.6% 23.9 to 
29.5

  Has children Has children 440/2,998 = 14.7% 13.4 to 16.0 χ2 = 30.43, 
P < 0.001

927/2,961 = 31.3% 29.6 to 33.0 χ2 = 5.73, 
P = 0.02

705/2,936 = 24.0% 22.5 to 25.6 χ2 = 4.63, 
P = 0.03

Does not have 
children

518/2,553 = 20.3% 18.7 to 21.9 869/2,530 = 34.3% 32.5 to 26.2 661/2,489 = 26.6% 24.8 to 
28.3

For multivariable analyses, prevalences with different superscripts are significantly different at the α = 0.05 level. Differences between groups of illness factors assessed utilizing two-sided t-
test. Differences between groups of social factors assessed using chi-square test.
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outcomes compared with white participants. Not having children was 
associated with suicidality but not depression or anxiety symptoms.

Medical and social support. Across all three psychiatric outcomes, 
positive and negative experiences with partners were a significant 
factor, while experiences with family and friends were less often sta-
tistically significant. A positive experience with a provider signifi-
cantly lowered the odds of depression symptoms. Anxiety scores were 
positively associated with positive provider experiences and negatively 
associated with negative provider experiences—both of which were 
significant when controlling for covariates.

Health. LC-related physical limitations were positively associated with 
depression and anxiety symptoms, and hospitalization was positively 
associated with depression and suicidal ideation, adjusting for other 
covariates. Severity of LC symptoms was significantly negatively asso-
ciated with all psychiatric outcomes, although the effect was small. 
Not having had a previous psychiatric diagnosis before becoming ill 
was consistently negatively associated with depression, anxiety and 
suicidal ideation symptoms.

Employment and finances. Both experience of financial hardship and 
loss of job since becoming ill were significantly positively associated 
with depression, anxiety and suicidal ideation after controlling for 
other covariates.

Discussion
To our knowledge, this is the first study of psychiatric symptoms in LC 
as defined by the World Health Organization that utilizes a comparison 
with those recovered from COVID-19 and explores associations with a 
range of variables associated with psychiatric symptoms. We found that 
LC was associated with greater psychiatric outcome burden, but that 
the majority of those with LC do not experience psychiatric outcomes. 
We additionally found that psychiatric outcomes in LC are associated 
with younger age, greater reductions in overall health, higher symptom 
severity, limitations to physical capability, lower income brackets, loss 
of income, presence of a psychiatric history, financial pressure, employ-
ment impacted by illness, male sex, men and non-binary gender, and 
negative experiences with support systems (medical professionals, 
family, friends, partners and employers).

Psychiatric symptoms are common in chronic and debilitating 
illnesses such as cancer, diabetes and asthma5,14–17, and our findings 
show similar rates of depression, anxiety and suicidality in LC. Our 
results suggest that, while both those with LC and those who recovered 
from COVID-19 are at risk for psychiatric sequelae7,8,18, those with LC 
may be at higher risk due to factors related to dealing with chronic ill-
ness as well as direct and indirect biological effects of the SARS-CoV-2 
virus. Considering the emerging developments in understanding of 
immune and inflammatory aspects of LC19,20, there may be particular 
relevance to similar immune-inflammatory aspects known to confer 
greater psychiatric risk21,22.

Importantly, 57.2% of those with LC did not meet any cut-off for 
anxiety, depression and suicidality, and overall the LC group used 
more adaptive coping, reinforcing that LC is not in itself an illness 
defined by presence of these psychiatric symptoms nor maladaptive 
coping. Considering the prevalence of physical symptoms in LC without 
psychiatric comorbidity2, screening tools that rely heavily on somatic 
markers of psychiatric illness, such as fatigue or tachycardia, are likely 
to overrepresent the burden of psychiatric illness in this population. 
Improving the accuracy of screening for people with LC and offering 
psychiatric intervention specifically to those experiencing psychologi-
cal difficulties would allow for improved utilization of an already taxed 
mental healthcare system.

Comparing coping styles in those with LC with those without 
allows for differentiating between coping with acute COVID-19 illness 

and the stress of the pandemic to coping with LC illness. Those with 
LC displayed more adaptive approaches to coping, with the largest 
effect sizes seen in increased active coping, instrumental support 
and planning, regardless of depressive symptoms. Seventy per cent of 
participants who joined an online COVID-19 support group found that 
the group had a positive impact on their psychological wellbeing, and 
participation was negatively associated with depression and suicidal 
ideation symptoms, suggesting that support groups may have potential 
to be of benefit if led by peers and well moderated23.

Notably, 52.9% of the participants reported a negative experience 
with medical providers, and 11.6–26.3% reported negative experi-
ences with friends, partners, family and employers. This may be par-
tially addressed with improved education and messaging from health 
groups and governmental bodies on the symptoms and prevalence 
of LC. Additionally, psychiatric referral in the absence of continued 
medical workup and treatment is one of many ways the stigma of psy-
chologization24 affects patient care. This is partly evidenced by the LC 
respondents who reported not receiving the medical care they needed 
being significantly more likely to experience psychiatric symptoms. 
Considering the relatively higher rates of negative experiences with 
providers compared with other supports, future studies may shed 
further light on the interplay between healthcare experiences and 
mental health outcomes in this population.

Our results also showed higher rates of psychiatric symptoms 
in some racial/ethnic groups. This is in line with recent national data 
on mental health disparities in racially and ethnically marginalized 
populations, which are related to disparities in access to healthcare, 
psychosocial stressors and social determinants of health25. However, 
these groups in our sample were not sufficiently represented, which 
may partly explain the lack of significant differences between some 
subgroups. Future studies should explore these disparities in greater 
detail, and comprehensive care for patients with LC should include 
assessing for social and community assets and barriers to care25.

Our preliminary symptom analysis showed that association of 
non-psychiatric symptoms with psychiatric comorbidity is inconsist-
ent among symptoms in the same organ system. Further research is 
needed to better understand the relationship between psychiatric 
outcomes and specific LC symptoms. Importantly, of all respondents 
with cognitive dysfunction, the majority did not meet the threshold for 
psychiatric outcomes, further solidifying that cognitive dysfunction 
in LC can occur independently of psychiatric conditions.

There have been various prevalence rates reported for suicidality 
related to the COVID-19 pandemic26,27, while no prior studies have evalu-
ated rates of suicidality in those with LC. We found those with LC were 
significantly more likely to experience suicidality compared with those 
who experienced COVID-19 and recovered. These rates are consistent 
with higher rates of suicidality in chronic illnesses14, making it critical 
to provide necessary support for those with chronic illnesses while also 
considering the biological factors that could be driving this symptom 
at different timepoints in recovery21,22. Multiple factors in our survey 
were associated with suicidality risk, and should be addressed where 
possible, particularly in male and non-binary patients, patients under 
age 30, patients who reported they did not receive adequate medical 
care, and patients who had more severe symptoms.

Across predictive models, not having a pre-existing psychiat-
ric diagnosis before contracting COVID significantly reduced risk 
of post-infection psychiatric symptoms when controlling for other 
covariates. Young adults (under age 30) were consistently at greatest 
risk for all three psychiatric outcomes, which may be an indication that 
age-related factors may partially explain differentials in psychiatric 
symptom presentation.

Strengths and limitations
To our knowledge, these findings represent the first assessment of 
psychiatric symptoms in a geographically diverse LC population with a 
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Table 4 | Multivariable analysis of protective and risk factors for developing depressive symptoms, anxiety symptoms or 
suicidal ideation among patients with Long COVID (N = 5,208)

PHQ-2 GAD-7 Suicidal Ideation

Variable group Variable GLM OR and 
significance

95% CI LASSO 
OR

GLM 
coefficient 
and 
significance

95% CI LASSO 
coefficient

GLM OR and 
significance

95% CI LASSO 
OR

Demographics Age (>30 years) 0.64a 0.51 to 0.80 0.66 −2.09a −2.61 to −1.57 −2.01 0.81 0.65 to 1.00 0.83

Male/man 
identification (ref. 
female/woman)

1.25b 1.07 to 1.47 1.22 0.10 −0.25 to 0.45 0.02 1.21c 1.04 to 1.41 1.16

Non-binary/
gender queer 
identification (ref. 
female/woman)

1.23 0.77 to 1.94 1.14 0.34 −0.74 to 1.42 0.16 2.59a 1.66 to 4.10 2.36

No children 1.03 0.90 to 1.17 1.01 −0.04 −0.34 to 0.25 . 1.28a 1.12 to 1.45 1.26

African American/
Black (ref. white)

1.61c 1.02 to 2.51 1.46 0.54 −0.51 to 1.59 0.34 1.50 0.96 to 2.32 1.35

Asian (ref. white) 1.41 0.96 to 2.06 1.30 0.71 −0.16 to 1.58 0.54 1.24 0.85 to 1.79 1.15

Non-white Latinx 
(ref. white)

1.02 0.70 to 1.45 . 0.41 −0.39 to 1.20 0.27 0.92 0.64 to 1.30 0.98

White Latinx (ref. 
white)

1.12 0.66 to 1.87 1.01 0.18 −0.99 to 1.34 . 0.73 0.42 to 1.23 0.81

Multiple 
ancestries (ref. 
white)

1.41c 1.07 to 1.86 1.34 1.01b 0.38 to 1.64 0.90 1.40c 1.07 to 1.82 1.33

Other ancestries 
(ref. white)

0.58c 0.34 to 0.95 0.64 −0.66 −1.67 to 0.36 −0.48 1.42 0.92 to 2.18 1.30

Positive and 
supportive 
community 
response

Positive medical 
provider response

0.72a 0.62 to 0.83 0.76 −0.67a −1.00 to −0.34 −0.65 0.90 0.78 to 1.04 0.93

Positive friend 
response

0.74c 0.58 to 0.96 0.75 −0.56 −1.14 to 0.02 −0.54 1.12 0.88 to 1.43 1.01

Positive partner 
response

0.88 0.65 to 1.19 0.89 −0.72c −1.42 to −0.02 −0.69 0.73c 0.55 to 0.98 0.76

Positive family 
response

0.70c 0.52 to 0.92 0.70 −0.18 −0.83 to 0.47 −0.15 0.98 0.75 to 1.29 .

Support group 
participation

0.80b 0.70 to 0.92 0.83 −0.21 −0.52 to 0.10 −0.15 1.22b 1.06 to 1.40 1.20

Negative and 
stigmatizing 
community 
response

Negative medical 
provider response

0.89 0.76 to 1.05 0.96 0.42c 0.08 to 0.77 0.39 1.13 0.97 to 1.32 1.15

Negative friend 
response

1.13 0.92 to 1.38 1.10 0.24 −0.22 to 0.69 0.22 1.20 0.99 to 1.45 1.13

Negative partner 
response

1.58a 1.24 to 2.08 1.55 0.99a 0.42 to 1.57 0.99 1.37b 1.08 to 1.74 1.37

Negative family 
response

1.12 0.89 to 1.41 1.10 0.39 −0.13 to 0.91 0.38 1.07 0.86 to 1.33 1.07

Health No pre-existing 
psychiatric 
diagnosis

0.51a 0.45 to 0.58 0.53 −2.00a −2.29 to −1.71 −1.96 0.58a 0.51 to 0.66 0.60

Change in 
health—worse (ref. 
same or better 
health)

0.99 0.76 to 1.31 . 0.06 −0.51 to 0.63 0.06 1.17 0.90 to 1.53 .

Change in 
health—much 
worse (ref. same 
or better health)

1.02 0.76 to 1.36 . −0.29 −0.91 to 0.33 −0.22 1.30 0.98 to 1.73 1.11

Severity of LC 
symptoms

0.98a 0.97 to 0.98 0.98 −0.03a −0.04 to −0.02 −0.03 0.99a 0.99 to 1.00 0.99
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large sample size as compared with those who recovered from COVID-
19. It also represents one of a few assessments that explore psychiatric 
functioning in a largely non-hospitalized population, examine potential 
contributors and correlates to these, and additionally investigate cop-
ing strategies and absence of psychiatric sequelae. That said, this study 
has several limitations. These results are obtained from a non-random 
cross-sectional design, with a potential for self-report, recall, social 
desirability and selection biases. As such, causality cannot be inferred. 
Despite checks such as manual review of data for outliers and inconsist-
encies, and limiting responses from the same Internet Protocol address, 
accuracy of responses was not verified via in-person evaluation. The 
non-randomness requires that the prevalence rates presented be inter-
preted with caution. Additionally, the majority of recruitment sources 
being from social media and support networks means that these results, 
especially prevalence, cannot be considered a representation of all 
those with LC. However, recruitment through these means allowed for 
an efficient, wide recruitment that crossed international boundaries, 
while trust in the research team being composed of patients with LC 
themselves may have improved participation. The time period of the 
study, from the beginning of the pandemic through 2021, as well as the 
international sample, means that differences in societal understanding 
and appreciation of LC during this time may have impacted factors such 
as social support received and work accommodations.

The lack of matching between LC and non-LC groups is both a 
strength and limitation, in that these groups may be different in key 
areas, though this also increases the likelihood of a presence of a con-
founder when evaluating psychiatric outcomes. That said, despite the 
statistical tests being adequately powered at β = 0.1, the non-LC group 
is considerably smaller, and this is a key limitation. One potential factor 
to consider is that those who recovered may have been less motivated 
to participate and contribute to studies. Another important limitation 
is lack of follow-up to ensure that those in the non-LC group remained 
fully recovered.

Additionally, we have previously shown that the clinical syndrome 
of this population is nearly identical in those testing positive and those 
untested, testing negative, or testing too late2. As a result, to minimize 
biases related to access to testing and production of antibodies, posi-
tive tests were not required to participate (breakdown of participant 

test status can be found in Supplementary Table 5). While the lack of 
a reliable, non-biased objective measure of infection is a limitation, 
these results are probably a closer approximation of the real-world 
clinical status of those with LC compared with studies that require 
documentation of positive testing.

While using standardized measures for psychiatric symptoms is 
a strength and recall bias is minimized by restricting recall to 2 weeks, 
the results may therefore not be representative of the entirety of an 
individual’s LC symptom experience, especially given the fluctuation 
in symptoms throughout the illness course2.

This study was primarily focused on psychosocial aspects of LC, 
while biological factors, especially immune-inflammatory, are known 
to influence both LC19,20 and psychiatric symptomatology21,22, and 
should be considered as important aspects of understanding patho-
physiology. We also urge additional caution with interpreting our 
formative predictive models, since unmeasured confounding is likely, 
which may affect point estimates and confidence intervals28.

Conclusion
To best address the psychiatric comorbidities in LC, it is important to 
recognize that the majority of those with LC do not experience psychi-
atric disease, and that LC is not itself a somaticized illness3. However, 
those with LC are at increased risk for psychiatric disease compared 
with those who experienced COVID-19 illness without developing LC. 
This is consistent with the high rates of psychiatric comorbidity in 
other chronic debilitating medical conditions. Appropriate psychiatric 
interventions in LC should focus on those who experience psychiatric 
challenges, emphasize modifiable factors and ensure concomitant 
workup and treatment of ongoing medical issues.

Methods
Study setting, sample and data collection
We created an internet-based cross-sectional 128-question Qualtrics 
survey, distributed in September 2020, utilizing social media channels, 
internet-based support groups and health networks2. All participants 
were infected between December 2019 and September 2021, allow-
ing for analysis up to the start of the Omicron wave. Inclusion criteria 
for the survey were adults with confirmed or suspected COVID-19 at 

PHQ-2 GAD-7 Suicidal Ideation

Variable group Variable GLM OR and 
significance

95% CI LASSO 
OR

GLM 
coefficient 
and 
significance

95% CI LASSO 
coefficient

GLM OR and 
significance

95% CI LASSO 
OR

Number of days 
with LC symptoms

1.0b 0.998 to 
0.999

1.00 −0.003b −0.004 to 
−0.001

−0.002 1.00a 1.000 to 
1.002

1.00

Post-illness 
physical 
limitations

1.61a 1.24 to 2.10 1.55 0.53c 0.04 to 1.03 0.44 1.13 0.90 to 1.43 1.13

Hospitalized for 
COVID

1.28c 1.03 to 1.59 1.23 0.40 −0.09 to 0.89 0.31 1.32b 1.07 to 1.63 1.26

COVID testing 
access

0.91 0.78 to 1.07 0.93 0.03 −0.32 to 0.38 . 1.08 0.93 to 1.25 1.05

Employment 
and finances

Post-illness work 
hours reduced 
(ref. no change 
in job)

1.06 0.88 to 1.28 . −0.19 −0.59 to 0.21 −0.14 1.20 0.99 to 1.44 1.13

Post-illness job 
loss (ref. no 
change in job)

1.40c 1.06 to 1.86 1.30 0.71c 0.07 to 1.35 0.70 1.34c 1.03 to 1.78 1.26

Post-illness 
financial hardship

1.55a 1.35 to 1.77 1.53 1.26a 0.96 to 1.56 1.24 1.67a 1.46 to 1.90 1.65

aP = 0.001. bP = 0.01. cP = 0.05. Lasso estimates of ‘.’ are variables that are completely minimized in the model.

Table 4 (continued) | Multivariable analysis of protective and risk factors for developing depressive symptoms, anxiety 
symptoms or suicidal ideation among patients with Long COVID (N = 5,208)
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least 1 week past symptom onset date. To minimize biases related to 
testing accessibility and presence of SARS-CoV-2 antibodies29–32, we 
used the World Health Organization consensus criteria of probable 
or confirmed COVID-19 infection with at least 2 months of illness33 to 
define LC. We have previously shown that the clinical syndrome in LC is 
nearly identical in those testing positive and those untested or testing 
negative2, which further supports this approach.

Those who recovered in less than 2 months were included in a 
non-LC control group. We utilized adaptive questioning, with options 
to take a break and a completeness check.

The study was approved by the University College London 
Research Ethics Committee (16159.002, UCL, London, UK). Partici-
pants gave written informed consent with no financial incentives or 
compensation.

The following responses were removed from the dataset: did not 
start survey or un-submitted survey (n = 5,095), onset date before 
December 2019 (n = 57), 0 days of symptoms (n = 5), poorly formatted 
symptom date (n = 1), duplicate participants (n = 196) and partici-
pants who were sick for longer than 2 months then recovered (n = 212). 
Responses with ongoing symptoms who had not reached 2 months 
(n = 1,268) were then removed, resulting in complete data from 5,638 
LC respondents and 475 non-LC (respondents who were sick for longer 
than 1 week and recovered before 2 months). This allowed for com-
parison of those with ongoing LC symptoms with those who had recov-
ered from COVID-19, eliminating those who recovered from LC after 
2 months of illness. Those with LC who recovered were removed from 
this study as this was thought to be a clinically different subpopulation 
with different psychiatric outcomes.

Data were collected using Qualtrics v Sept 2020, and exported 
using Microsoft Excel v16.71. Data were analysed in SPSS v27, R v 4.1.3 
with MICE package v3.15.0 and Python v3.7.1 with: pandas 1.1.5, numpy: 
1.19.4, pingouin: 0.5.0, scipy: 1.7.3, statsmodels: 0.13.1, datetime and 
math modules.

Measures
The survey assessed LC symptoms previously reported2, in addition to 
social and psychological factors. Recovered participants were asked 
to approximate their last day of symptoms. The PHQ-2 (ref. 34), GAD-7 
(ref. 35) and Brief-COPE36 were used to assess depression, anxiety and 
coping, respectively. PHQ-2 with the addition of the suicidal idea-
tion item from the PHQ-9 was used instead of the full PHQ-9, as the 
PHQ-9 contains some questions assessing somatic symptoms that are 
common in LC in the absence of psychiatric comorbidity2, and is thus 
expected to create measurement error. An additional question allowed 
individuals to check types of suicidality or self-harm throughout their 
LC course. PHQ-2 and GAD-7 have established reliability and validity 
in those with medical illness35,37, while reliability and validity of the 
Brief-COPE is established in individuals experiencing adverse events36. 
Depression was defined34 as PHQ-2 greater than or equal to 3 (sensitiv-
ity and specificity of 0.72 and 0.85 (ref. 38)), and anxiety was defined35 
as GAD-7 greater than or equal to 10 (sensitivity and specificity of 0.74 
and 0.83 (ref. 39)), minimizing flooring effects. Cut points of 5, 10 and 
15 (ref. 35) corresponding to mild, moderate and severe anxiety were 
used for graphical depiction in Fig. 1. Change in overall health was deter-
mined by asking participants to rate their overall health retrospectively 
pre-COVID-19 illness and post-COVID-19 illness, subtracting the value 
post-illness from the value pre-illness. A separate question specifically 
asked participants to rate their overall health on the day of the survey 
as compared with their pre-COVID baseline. Additional variable details 
are described in Supplementary Details 1.

Statistical analyses
Univariate and bivariate analysis. We compared rates of depres-
sion, anxiety and suicidality between those with LC and those without, 
and examined relationships between demographic, illness and social 

factors with psychiatric outcomes in LC. Multivariate analyses were 
performed to further describe correlates of psychiatric outcomes in 
the LC group.

Statistical tests were performed in SPSS version 27, R and Python, 
and results were cross-checked to confirm accuracy. Complete case 
analysis on a variable-by-variable basis was utilized given low rates 
of missingness. Chi-squared tests were performed to evaluate rela-
tionships between categorical variables and binary psychiatric out-
comes. For variables with more than two categories, pairwise Z-tests 
and Bonferroni-correcting an α of 0.05 were used to determine differ-
ent proportions within a group. t-Tests were performed to evaluate 
relationships between continuous variables and binary psychiatric 
outcomes. The 95% CIs were calculated for all proportions.

Predictive models. Estimates and confidence intervals were calculated 
using GLMs for the three psychiatric outcomes. Missing data for the 
predictive model analysis were imputed with the MICE package40. Odds 
of depression and suicidal ideation were both modelled using logistic 
regression, and anxiety was estimated using linear regression. For each 
outcome, we first regressed the mental health outcome of interest 
on all covariates. Variables capturing participants’ experience with 
employers were excluded due to higher rates of missingness since not 
all participants had an employer (see analysis of subsample of workers 
in Supplementary Table 3). Income, provider disbelief and perception 
of appropriate medical care were not included in the models due to 
theoretical considerations of collinearity and collider bias41,42. Variance 
inflation factors were calculated for all variables in the model, ranging 
from 1.00 to 1.38 (ref. 43).

Since this model was developed with a non-probability sample, 
GLM estimates were then compared with more conservative esti-
mates identified using LASSO methods to improve generalizability 
and account for issues related to overfitting44. Using the glmnet model, 
we used k-fold cross-validation to identify the optimal regularization 
parameter (λ) for each model45. We then regressed each psychiatric out-
come on the covariates to identify how our original GLM models com-
pared with more conservative point estimates generated with LASSO.

A post-hoc statistical power analysis identified all final models as 
fully powered. De-identified data are available upon request.

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

Data availability
The full survey is available at http://patientledresearch.com. At the time 
of survey completion, participants were informed that their responses 
may be made available to others in de-identified form. Due to the inclu-
sion of text write-in responses, which may erroneously include identi-
fiers, a completely de-identified dataset can be created only with robust 
manual removal of potential identifiers. As such, a de-identified dataset 
is not immediately available, but can be made available by request.
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