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Post-traumatic stress disorder during the
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study of U.S. adults
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Substantial literature documents the impact of mass traumatic events on post-traumatic stress
disorder (PTSD) in populations. However, the trajectory of PTSD in the US population during the
pandemic and the association between assets, Covid-19 related stressors, and PTSD over time
remains unclear. The Covid-19 and Life Stressors Impact onMental Health andWell-Being (CLIMB) is
a nationally representative, longitudinal panel of US adults in Spring 2020 (N = 1270), 2021 (N = 1182),
and 2022 (N = 1091). Using the four-item PC-PTSD-4, we assessed the prevalence of probable PTSD
in the US population over three years. Using generalized estimating equations (GEE) and logistic
regression at each wave, we estimated associations of demographics, assets, and stressors with
probable PTSD. Here we report that the overall prevalence of PTSD decreases from 22.2% in 2020 to
16.8% in 2022 (p = 0.02). Persons with household incomes below $20,000 report higher prevalence of
probable PTSD compared to other income groups. The GEE model shows higher odds of probable
PTSD among persons with household incomes below $20,000 (OR = 2.17 (95%CI: 1.35,3.50)) relative
to $75,000 ormore; and high stressor scores (OR = 2.33 (95%CI: 1.72,3.15)) compared to low stressor
scores. High stressor scores are associated with higher odds of probable PTSD in 2020 (OR = 2.69
(95%CI: 1.56,4.66)), 2021 (OR = 4.58 (95%CI: 2.52,8.30)), and 2022 (OR = 3.89 (95%CI: 2.05,7.38))
compared to low stressor scores. This analysis highlights the pandemic’s prolonged influence on
population mental health, particularly among persons with fewer economic assets and those
experiencing more pandemic-related stressors. Reducing mental health disparities requires
interventions to address inequities.

The Covid-19 pandemic, similar to other mass traumatic events, has been
associated with a substantial increase in adverse mental health indicators.
Several studies have documented worsening mental health in the United
States and globally, including a rise in post-traumatic stress disorder
(PTSD)1–3. This rise in PTSD can be attributed to the pandemic’s role as a
mass traumatic event3–6. This is consistent with literature from other mass
traumatic events such as natural disasters and other disease outbreaks5,7–12.

Previous work has illustrated the role social and economic stressors
play in the rise of adverse mental health outcomes during the pandemic,

including PTSD3,6,13–15. This is consistent with research following othermass
traumatic events. Experiencing event-related stressors—such as deaths of
loved ones or friends, displacement, property damage, and financial pro-
blems—has been associated with greater PTSD risk9,10,16–18. However, evi-
dence of the relation between experiencing specific pandemic-related
stressors and PTSD remains limited in the literature.

There is ample research on the long termmental health consequences
of experiencing mass traumatic events, including PTSD, well beyond the
initial event4,5,19–23. Studies assessing PTSD following the Covid-19
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pandemic have generally been cross-sectional or have restricted the long-
itudinal observation period to under a year24. Relatively few longitudinal
studies assessed PTSD one year or longer after the start of the pandemic or
assessed the long term association between exposure to pandemic-related
stressors and PTSD25–28.

We aim to address this gap in the literature by documenting the course
of probable PTSD following the pandemic and the associations between
exposure to social and economic stressors and PTSD over time using a
nationally representative longitudinal cohort. Specifically, this paper aims to
(1) estimate probable PTSD prevalence three years into the Covid-19
pandemic; (2) evaluate the association between experiencing social and
economic stressors and PTSD; and (3) assess how assets relate to probable
PTSD throughout the pandemic.

Methods
Study population and Sample size
Using a random sample of adult participants in the AmeriSpeak Panel, we
collected nationally representative data for the Covid-19 and Life Stressors
Impact on Mental Health and Well-Being Study (CLIMB). Additional
details on the recruiting process are available in a previous publication6.
Online and telephone surveys occurred near the beginning of the Covid-19
pandemic fromMarch 31, 2020 toApril 13, 2020 (Time 1, T1), one year into
theCovid-19pandemic fromMarch 23, 2021 toApril 19, 2021 (Time2,T2),
and two years into theCovid-19 pandemic fromMarch 22, 2022 toApril 18,
2022 (Time 3, T3).

We calculated two post-stratification weights: one for participants
who completed at least two waves and one for each wave. The partici-
pation frequency and completion rate are available in a previous
publication6. The institutional review boards of the National Opinion
Research Center (NORC) at Chicago University and Boston University
Medical Campus (H-39986) approved the study. NORC obtained
written consent from study participants when they first enrolled in the
AmeriSpeak Panel.

To maximize sample size and accuracy of estimations, we used com-
plete samples for participants who responded to T1 (N = 1270), T2
(N = 1182), or T3 (N = 1091). For the cross-sectional analyses, we removed
participants from T1 who did not complete at least two waves (N = 199) or
were missing a PTSD score from T1 (N = 13), T2 (N = 15), or T3 (N = 12).
Participants with only one remaining PTSD score were also removed from
T1 (N = 9) and T2 (N = 3).

Demographic characteristics and other key variables
Genderwas defined as a binary variable:man orwoman.Agewas defined as
a categorical variable: 18–39, 40–59, or 60 years or older. Ethnicity was
collapsed into a mutually exclusive categorical variable: non-Hispanic
Asian, non-Hispanic Black, Hispanic, Multiple or other, or non-Hispanic
white, ascertained from participant self-reporting. Educational attainment
was defined as a binary variable: less than a college degree or college degree
or more.

Wemeasured assets and household size. In this analysis, assets refer to
household income, household savings, debts, and home ownership.
Household income was defined as a categorical variable: $19,999 or less;
$20,000–$44,999; $45,000–$74,999; and $75,000 or more. Household sav-
ings was defined as a binary variable: $19,999 or less or $20,000 or greater.
Homeownershipwas defined as a categorical variable:Own,Rent, orOther.
Debt was defined as a categorical variable, consisting of all household debts
(college loans, mortgage, etc.): no debt; $9999 or less; and $10,000 or more.
Household size was a continuous variable that included all persons living in
the home, ranging from one to seven or more.

History of Covid-19 infection was defined in response to the question
at T1 and T2, “Has a doctor or other health professional ever told you that
youhad coronavirus orCOVID-19?” and thequestion atT3, “Haveyou ever
tested positive for coronavirus or COVID-19?”Covid-19 vaccine status was
measured at T2 and T3 by asking participants, “Have you received at least
one shot of the COVID-19 vaccine?”

Pandemic related stressors
Participants were asked if they had ever experienced a series of enumerated
stressors due to Covid-19 at T1 and if they had experienced Covid-19
induced stressors in the past 12 months at T2 and T3. We measured
15 stressors based on previous studies conducted after traumatic events and
as previouslypublished3,13. Stressor countsweredivided into three categories
based on terciles at T1 and T2: low stressor count (zero to three stressors),
medium stressor count (four to five stressors), and high stressor count (six
ormore stressors). TheT2andT3 surveywaves had additional stressors that
were not in T1, which we used for developing Figs. 4A, B and 5. The
additional stressors we based on our evolving knowledge of the con-
sequences of the pandemic. These stressors included: being forced to leave
campus, experiencing a housing eviction or losing housing, not having
enough food to eat, losing health insurance, and experiencing divorce or
separation.

Post-traumatic stress disorder symptoms
Participants completed the four-item PTSD checklist (PC-PTSD-4) to
assess thepresenceof probable PTSD.Probable PTSDwas defined as a score
of 3 or greater29. We also analyzed each PTSD symptom separately for each
measured stressor at T2 and T3. While we did not assess past traumatic
events, we anchored the survey in the context of theCovid-19 pandemic as a
mass traumatic event. For example, we prefaced the PC-PTSD-4 questions
with the following format: “Has the coronavirus or COVID-19 outbreak
been so frightening, horrible, or upsetting that you had nightmares about it
or thought about it when you did not want to?”

Statistical analysis
To adjust for sample selection factors, we weighted all analyses using
multiple post-stratification survey weights: one at each time point and one
for participants who completed at least two time points. We used either the
weights for one time point or the weights for at least two time points
depending on the type of analysis. First, we summed stressors and created
terciles of low, medium, and high stressor sums. Second, we stratified
probable PTSD prevalence by demographic characteristics at T1, T2, and
T3, comparing the prevalence using a two-tailed chi-square test and two-
sample t-test. Third, to understand how economic circumstances at the
beginning of the pandemic shaped the course of PTSD, we anchored
household income and household savings to T1 and estimated probable
PTSD prevalence at T1, T2, and T3 by household income and household
savings at T1.

Fourth, we calculated the overall prevalence of probable PTSD for the
sumof all stressors and by each stressor atT2 andT3. Fifth,we estimated the
adjusted odds of probable PTSD across time using general estimating
equations (GEE) to account for repeated measures, controlling for gender,
age, ethnicity, educational attainment, income, savings, home ownership,
household size, history of Covid-19 infection, Covid-19 vaccine status (T2
and T3 only), and stressor category. Sixth, using logistic regression, we
estimated the adjusted odds of probable PTSD at T1, T2, and T3 in each
time-specific sample.

We conducted analyses in R v4.2.1, complementing the process with
the packages data.table, here, survey, haven, gt, gtsummary, tidyverse, gee-
pack, geeasy, geeM, srvyr, convey, paletteer, ggthemes, pacman, and
MESS30–46.

Results
Sample demographics
Participants in the cross-sectional samples numbered 1252 in T1, 1165 in
T2, and 1081 in T3, consisting of responders who had a PTSD score for at
least two waves. Although we presented the weighted sample of responders
at T1 in a separate paper3, these criteria restricted the sample, resulting in
different demographic distributions. In the weighted sample of responders
at T1 (N = 1252), over half were women (51.0%), 35.2% were non-white,
35.7% had a college degree or more, 69.1% had a household income below
$75,000, 58.0% had less than $20,000 in household savings, and 40.9% had
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Table 1 | Associations of demographic characteristics, assets, and stressors with probable PTSD in 2020, 2021, and 2022

2020 (T1) 2021 (T2) 2022 (T3)

No. % p value No. % p value No. % p value

Characteristics

Total 261 22.2 0.6780 (T1:T2) 211 21.2 0.07(T2:T3) 154 16.8 <0.02 (T1:T3)

Gender 0.01 0.03 0.2

Men 99 18.2 82 17.2 60 14.8

Women 162 25.9 129 24.9 94 18.6

Age <0.01 0.41 0.18

18–39 121 26.5 84 22.0 59 19.2

40–59 98 25.6 79 23.3 55 18.9

60+ 42 13.3 48 17.8 40 12.7

Ethnicity 0.19 0.54 0.91

Asian, non-Hispanic 3 11.0 3 11.4 4 17.0

Black, non-Hispanic 24 21.6 18 22.9 18 18.2

Hispanic 56 29.1 44 26.4 28 19.5

Multiple or other 9 13.4 12 18.9 8 18.8

White, non-Hispanic 169 21.7 134 20.2 96 15.7

Educational attainment 0.17 0.73 0.07

Less than a college degree 184 23.7 137 21.6 105 18.7

College degree or more 77 19.4 74 20.4 49 13.3

Income ($) 0.01 <0.01 <0.01

≤19,999 59 33.5 44 25.3 27 30.3

20,000–44,999 69 20.4 62 27.8 45 18.6

45,000–74,999 59 20.4 56 22.0 33 16.6

≥75,000 70 19.0 45 12.4 47 11.3

Savings ($) <0.01 0.01 <0.01

≤19,999 180 26.6 136 25.7 104 23.5

≥20,000 77 16.5 70 16.4 50 11.3

Debt <0.01 <0.01 0.10

No debt 26 13.6 38 15.5 20 10.7

≤9999 99 23.1 62 16.9 63 20.3

≥10,000 132 25.2 108 27.9 71 19.0

Home ownership 0.37 0.06 <0.01

Own 141 20.9 113 19.8 77 13.1

Rent 109 23.8 87 21.0 63 20.1

Other 11 31.2 11 40.6 14 44.4

Household size (mean) 3.4 3.4 0.04 3.2 3.2 0.98 2.4 2.4 0.49

Covid-19 infection 0.05 0.17 0.11

Did not have Covid-19 infection 258 21.9 182 20.2 97 14.9

Had Covid-19 infection 3 57.3 29 29.5 57 20.6

Covid-19 vaccine NA 0.49 0.02

Did not have Covid-19 vaccine NA NA 113 20.1 22 10.5

Had Covid-19 vaccine NA NA 98 22.6 130 18.3

Stressor Category <0.01 <0.01 <0.01

Low (0–3) 38 13.9 33 11.2 39 9.7

Medium (4–5) 73 18.6 48 16.6 44 17.1

High (6+) 150 30.7 127 35.6 65 33.5

Frequencies unweighted; percentages weighted. T1 weights used for T1 estimates; T2 weights used for T2 estimates; T3 weights used for T3 estimates. One-sample t-tests used to calculate p-values
between waves. Chi-square tests of independence used to calculate p values.
Probable PTSD defined by Primary Care PTSD Screen for DSM-5 (PC-PTSD-4) score of 3 or greater.
Data source: COVID-19 and Life Stressors Impact onMental Health andWell-being study. Time 1 collected fromMarch 31, 2020, to April 13, 2020. Time 2 collected fromMarch 23, 2021, to April 19, 2021.
Time 3 collected from March 22, 2022, to April 18, 2022. Time 1, N = 1252; Time 2, N = 1165; Time 3, N = 1081.
Covariates collected at Time 1 were used for Time 1 estimates; covariates collected at Time 2 were used for Time 2 estimates. Covariates collected at Time 3 were used for Time 3 estimate.
At T1, 26 participants were missing household income, 32 participants were missing household savings, one participant was missing data for COVID-19 infection, and nine participants were missing
stressors. At T2, 38 participants were missing household income, 47 participants were missing household savings, and 43 participants were missing stressors. At T3, 32 participants were missing
household income, 46 participants were missing household savings, one participant was missing data for COVID-19 infection, 11 participants were missing data for COVID-19 vaccination, and 79
participants were missing stressors.
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$10,000 ormore in household debt. In theweighted sample of responders at
T2 (N = 1165), over half were women (51.7%), 37.2% were non-white, a
third had a college degree or more (35.2%), 69.4% had a household income
below$75,000, over half had less than$20,000 inhousehold savings (52.8%),
42.4% had $10,000 or more in household debt, 11.1% had had a previous
Covid-19 infection, and less than half had had a Covid-19 vaccine (42.9%).
In the weighted sample of responders at T3 (N = 1081), over half were
women (52.1%), 37.0%were non-white, a third had a college degree ormore
(34.6%), two-thirds had a household income below $75,000 (66.0%), over
half had less than $20,000 in household savings (52.4%), 37.3%had $10,000
or more in household debt, a third had had a Covid-19 infection (33.2%),
and 81.1% had had a Covid-19 vaccine. The longitudinal analytic sample
included only participants who had at least one response to all variables
included in the model, with the final sample consisting of 1159 participants
from T1, 1070 from T2, and 954 from T3.

Responders at T2 (N = 1165) and non-responders at T2 (N = 93)
were demographically comparable at T1, except for ethnicity and
household savings. Compared to responders at T2, more non-responders
were non-white, and more non-responders had under $20,000 in
household savings. (Supplementary Table 1). Responders at T3
(N = 1081) and non-responders at T3 (N = 177) were demographically
comparable atT1, except for age, ethnicity, debt, andhousehold size.More
non-responders were 18–39 years, more non-responders were non-white,
and non-responders had larger household sizes compared to responders
at T3 (Supplementary Table 2).

Probable PTSD prevalence over time
Table 1 shows the frequency and weighted percentage of the sample
population with probable PTSD at T1, T2, and T3. Supplementary Table 3
provides the distribution of PTSD scores by wave. Probable PTSD

prevalence decreased in each subsequent year compared to the previous
year. The difference between probable PTSD prevalence at T1 and T3 was
statistically significant. A higher prevalence of probable PTSD occurred in
women compared to men, with statistical significance at T1 and T2. The
youngest age group had the highest prevalence of probable PTSD; this
prevalence decreased with older age, with statistical significance at T1.
Across each wave, Hispanic participants had the highest prevalence of
probable PTSD, followed by white participants at T1 and by Black partici-
pants at T2, and by multiple or other ethnicity participants at T3.

Participants with less than a college degree had a higher prevalence of
probable PTSD than participants with a college degree or more. Probable
PTSD prevalence was higher in participants with a history of Covid-19
infection. Nearly a quarter of participants who had received at least one
Covid-19 vaccine at T2 had probable PTSD, compared to 20.1% of parti-
cipants who had not received the Covid-19 vaccine. At T3, having the
Covid-19 vaccine was associated with a higher prevalence of probable
PTSD, reaching statistical significance (Table 1).

Assets and probable PTSD prevalence
The group with the lowest household income (≤$19,999) had the highest
prevalence at T1 and T3. Prevalence of probable PTSD generally
decreased with increasing income, except for T2, when the
$20,000–$44,999 group had the highest prevalence of probable PTSD.
Therewas a statistically significant association between household income
andprobable PTSD. Figure 1 shows the probable PTSDprevalence at each
time point, stratified by household income level anchored to T1. Parti-
cipants in the lowest household income group at T1 had the highest
prevalence of probable PTSD at any time point, and each increasing
income level had a lower prevalence of probable PTSD at T1 and T2.
Supplementary Fig. 1 includes error bars.

Fig. 1 | Prevalence of probable PTSD by income level and data collection wave,
anchored income to T1.Household income data anchored to T1. Respondents have
same household income in T2 and T3 as they did in T1. Household income in $USD.
Data weighted. T1 weights used for T1 estimates; T2 weights used for T2 estimates;
T3 weights used for T3 estimates Probable PTSD defined by Primary Care PTSD
Screen for DSM-5 (PC-PTSD-4) score of 3 or greater. Data source: COVID-19 and

Life Stressors Impact onMental Health andWell-being study. Time 1 collected from
March 31, 2020, toApril 13, 2020. Time 2 collected fromMarch 23, 2021, toApril 19,
2021. Time 3 collected fromMarch 22, 2022, toApril 18, 2022. At T1, 26 respondents
had missing or unknown household income. At T2, 31 respondents had missing or
unknown household income. At T3, 27 respondents had missing or unknown
household income.
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Over a quarter of the group with $19,999 or less in household savings
hadprobable PTSDatT1 andT2, decreasing to under a quarter at T3. In the
group with more than $20,000 in household savings, 16.5% had probable
PTSD at T1, 16.4% at T2, and 11.0% at T3. The relation between household
savings and probable PTSD was statistically significant. Figure 2 shows the
probable PTSD prevalence at each time point, stratified by household sav-
ings level anchored to T1. Participants with $19,999 or less in household
savings at T1 had a higher prevalence of probable PTSD than participants
with more in household savings at any time point. Supplementary Fig. 2
includes error bars.

Over aquarter of thegroupwith$10,000ormore inhouseholddebthad
probablePTSDatT1, decreasing tounder afifth atT3.Thegroupwith$9999
or less in household debt paralleled this trend, decreasing from 23.1% at T1

to 16.2% at T3. Participants with no debt had the lowest probable PTSD at
every time point, reaching as low as 13.6% at T1, increasing to 15.8% at T2,
anddecreasing to 14.7%atT3. Figure 3 shows theprobablePTSDprevalence
at each time point. Supplementary Fig. 3 includes error bars.

More than a fifth of renters had probable PTSD, with more having
probable PTSD at each time point compared to homeowners. Participants
in the other (non-home owners or renters) category had the highest rate of
probable PTSD. There was a statistically significant relation between home
ownership type and probable PTSD at T3. The mean household size of
participants with probable PTSD decreased in each subsequent year. At T1,
the mean household size was larger in participants with probable PTSD
compared to the mean household size in participants without probable
PTSD (Table 1).

Fig. 2 | Prevalence of probable PTSD by savings
level and data collection wave, anchored savings to
T1. Household savings data anchored to T1.
Respondents have same household savings in T2
and T3 as they did in T1. Household income in
$USD. Data weighted. T1 weights used for T1 esti-
mates; T2 weights used for T2 estimates; T3 weights
used for T3 estimates. Probable PTSD defined by
Primary Care PTSD Screen for DSM-5 (PC-PTSD-
4) score of 3 or greater. Data source: COVID-19 and
Life Stressors Impact on Mental Health and Well-
being study. Time 1 collected from March 31, 2020,
to April 13, 2020. Time 2 collected from March 23,
2021, toApril 19, 2021. Time 3 collected fromMarch
22, 2022, to April 18, 2022. At T1, 32 respondents
had missing or unknown household savings. At T2,
38 respondents had missing or unknown household
savings. At T3, 33 respondents had missing or
unknown household savings.

Fig. 3 | Prevalence of probable PTSD by debt level
and data collection wave, anchored debt to T1.
Household debt data anchored to T1. Respondents
have the same household debt as they did in T1.
Household debt in $USD.Dataweighted. T1weights
used for T1 estimates; T2 weights used for T2 esti-
mates; T3 weights used for T3 estimates. Probable
PTSD defined by Primary Care PTSD Screen for
DSM-5 (PC-PTSD-4) score of 3 or greater. Data
source: COVID-19 and Life Stressors Impact on
Mental Health and Well-Being study. Time 1 col-
lected fromMarch 31, 2020, to April 13, 2020. Time
2 collected from March 23, 2021, to April 19, 2021.
Time 3 collected from March 22, 2022, to April 18,
2022. At T1, 21 respondents had missing or
unknown household debt. At T2, 27 respondents
had missing or unknown household debt. At T3, 24
respondents had missing or unknown house-
hold debt.
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Fig. 4 | Distribution of Covid-19 Stressors by probable PTSD status at different
times during the pandemic. A Distribution of Covid-19 Stressors by probable
PTSD status at wave T2. B Distribution of Covid-19 Stressors by probable PTSD
status at wave T3. A T2 weights used to calculate probable PTSD prevalence.
Stressors defined by presence of: having an event canceled due to the Covid-19
pandemic, seeing friends in person less, seeing family in person less, experiencing
travel restrictions, experiencing the death of someone close to you due to Covid-19,
having family or relationship problems, having challenges finding childcare, feeling
alone, not being able to get food due to shortages, not being able to get supplies due to
shortages, losing a job,member of household losing a job, having financial problems,
and having difficulty paying rent. Probable PTSD defined by Primary Care PTSD
Screen for DSM-5 (PC-PTSD-4) score of 3 or greater. Data source: COVID-19 and

Life Stressors Impact onMental Health andWell-being study. Time 3 collected from
March 22, 2022, to April 18, 2022. B T3 weights used to calculate probable PTSD
prevalence. Stressors defined by presence of: having an event canceled due to the
Covid-19 pandemic, seeing friends in person less, seeing family in person less,
experiencing travel restrictions, experiencing the death of someone close to you due
to Covid-19, having family or relationship problems, having challenges finding
childcare, feeling alone, not being able to get food due to shortages, not being able to
get supplies due to shortages, losing a job, member of household losing a job, having
financial problems, and having difficulty paying rent. Probable PTSD defined by
Primary Care PTSD Screen for DSM-5 (PC-PTSD-4) score of 3 or greater. Data
source: COVID-19 and Life Stressors Impact on Mental Health and Well-being
study. Time 3 collected from March 22, 2022, to April 18, 2022.
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Pandemic-related stressors and probable PTSD
At each timepoint, approximately a thirdof participantswith ahigh stressor
score had probable PTSD. Supplementary Table 4 provides the distribution
of stressor scores for eachwave. Approximately a fifth of participants with a
medium number of stressors had probable PTSD. Around a tenth of par-
ticipants who had a low number of stressors had probable PTSD. The
association between stressor category and probable PTSD was statistically

significant. Figure 4A shows the probable PTSDprevalence for each stressor
sum at T2. Figure 4B shows the probable PTSD prevalence for each stressor
sum at T3. At both timepoints, participants with probable PTSD reported a
higher number of stressors than participants without probable PTSD.

Figure 5 shows the prevalence of probable PTSD for persons experi-
encing and not experiencing each stressor at T2 and T3. The prevalence at
T1 was presented in a prior publication3. At T2, there was a greater

Fig. 5 | Probable PTSDprevalence bypresence of stressor at T2 andT3.T2weights
used to calculate T2 variables. T3 weights used to calculate T3 variables. Stressors
defined by presence of: having an event canceled due to the Covid-19 pandemic,
seeing friends in person less, seeing family in person less, experiencing travel
restrictions, experiencing the death of someone close to you due to Covid-19, having
family or relationship problems, having challenges finding childcare, feeling alone,
not being able to get food due to shortages, not being able to get supplies due to
shortages, losing a job,member of household losing a job, having financial problems,

having difficulty paying rent, being forced to leave campus, experiencing eviction or
lost housing, not having enough food to eat, losing health insurance, or experiencing
divorce or partner separation. Probable PTSDdefined by PrimaryCare PTSD Screen
for DSM-5 (PC-PTSD-4). Data source: COVID-19 and Life Stressors Impact on
Mental Health andWell-being study. Time 2 collected fromMarch 23, 2021, toApril
19, 2021. Time 3 collected from March 22, 2022, to April 18, 2022. Error bars
represent 95% confidence intervals calculated using a Rao-Scott correction.
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prevalence of probable PTSD in persons who had experienced most stres-
sors, except for having difficulty finding childcare, being forced to leave
campus, and working remotely. Over half of persons who experienced not
having enough food had probable PTSD (56.4% (95% CI: 37.9%, 73.8%)).
Less than afifth of personswho experiencedworking remotely hadprobable
PTSD(18.2% (95%CI: 13.4%, 23.7%)).AtT3, therewas a greater prevalence
of probablePTSD inpersonswhohadexperiencedmost stressors, except for
event cancellation and difficulty finding childcare. Of persons who lost
health insurance, 55.5% had probable PTSD (95% CI: 30.7%, 78.5%).
Having difficultyfinding childcare had the lowest prevalence, at 15.5% (95%
CI: 6.9%, 28.2%). Supplementary Fig. 4a and 4b show the T2 and T3 pre-
valence of each PC-PTSD-4 symptom for persons experiencing and not
experiencing each stressor.

Odds ratios of probable PTSDby demographic variables, assets,
and stressors
Table 2 shows the adjustedoddsof probablePTSDat anygiven timepoint by
the demographic variables, assets, and stressors. Income, home ownership,
and stressor score were statistically significant in the model. Persons with
$19,999 or less in household income had 2.17 times the odds (95%CI: 1.35,
3.50) and persons with $20,000–$44,999 had 1.63 times the odds (95% CI:
1.14, 2.34) of probable PTSD at any given timepoint relative to persons in
households earning $75,000 or more. Persons who rented or had other
housing had greater odds of probable PTSD compared to those who owned
a home. Personswith amediumstressor count (4–5Covid-19 stressors) had
1.42 times the odds (95% CI: 1.06, 1.89) and persons with a high stressor
count (6+ stressors) had2.33 times the odds (95%CI: 1.72, 3.15) of probable
PTSD relative to persons reporting a low stressor count (0–3 stressors).

Table 3 shows the adjusted odds of probable PTSD at T1, T2, and T3
across demographics, assets, and stressors. For each demographic level, the
greatest odds of probable PTSD generally occurred at T2. Women had
greater odds of probable PTSD at all timepoints relative to men, but the
difference in odds decreased in T2 and T3. The 40–59 age category had
greater odds than the 18–39 age category at all time points, while the 60+
category had lower odds than the 18–29 age category at all time points.
Persons with a history of Covid-19 infection had greater odds of probable
PTSDat any timepoint. Personswith at least oneCovid-19vaccinedosehad
greaterodds of probable PTSDatT2 (1.92 (95%CI: 1.19, 3.11)) andT3 (2.44
(95% CI: 1.29, 4.62)), and these odds were statistically significant.

Persons in the lowest household income group ($19,999 or less) had
the greatest odds of probable PTSD at T1 (2.05 (95%CI: 1.11, 3.77)) and T3
(2.39, 95% CI: 1.00, 5.71). At T2, persons in households earning $20,000 to
$44,999 had the highest odds of probable PTSD compared to the highest-
earning group (3.08 (95% CI: 1.49, 6.38)), and these odds were statistically
significant. Persons with $19,999 or less in household savings had greater
odds of probable PTSD than persons with $20,000 or more in household
savings, at any time point (Table 3). Persons with $10,000 or more in
household debt had the highest odds of PTSD at T3 (4.18 (95% CI:
1.84, 9.52)).

Compared to personswith a low stressor score, personswith amedium
stressor score had greater odds of probable PTSD at T1 (1.64 (95%CI: 0.88,
3.05)), T2 (1.80 (95%CI: 0.94, 3.46)), andT3 (2.22 (95%CI: 1.13, 4.36)),with
the odds at T3 reaching statistical significance. Persons with a high stressor
score had statistically significantly greater odds of probable PTSD at T1
(2.69 (95%CI: 1.56, 4.66)), T2 (4.58 (95%CI: 2.52, 8.30)), andT3 (3.89 (95%
CI: 2.05, 7.38)) relative to persons with a low number of stressors.

Discussion
This longitudinal representative survey of adults in the United States
showed that the population burden of PTSD decreased three years after the
start of the pandemic, while still remaining higher than pre-pandemic
estimates. Reductions in probable PTSD were strongest for groups with
more assets. Moreover, experiencing a greater number of pandemic-related

Table2 |Relationbetweendemographic variables, assets, and
probable PTSD at any time during the Covid-19 pandemic

Odds Ratios [95% CI] p value

Characteristics

Gender

Men 1 [Reference]

Women 1.23 [0.89, 1.71] 0.20

Age

18–39 1 [Reference]

40–59 1.0 [0.70, 1.41] 0.98

60+ 0.89 [0.54, 1.44] 0.63

Ethnicity

Asian, non-Hispanic 0.87 [0.34, 2.22] 0.77

Black, non-Hispanic 0.84 [0.50, 1.40] 0.49

Hispanic 1.16 [0.71, 1.88] 0.56

Multiple or other 0.74 [0.43, 1.26] 0.27

White, non-Hispanic 1 [Reference]

Educational attainment

Less than a college degree 1.10 [0.80, 1.53] 0.56

College degree or more 1 [Reference]

Income

≤19,999 2.17 [1.35, 3.50] <0.01

20,000–44,999 1.63 [1.14, 2.34] <0.01

45,000–74,999 1.26 [0.88, 1.82] 0.21

≥75,000 1 [Reference]

Savings

≤19,999 1.07 [0.77, 1.49] 0.69

≥20,000 1 [Reference]

Debt

No debt 1 [Reference]

≤9999 1.13 [0.80, 1.61] 0.49

≥10,000 1.65 [0.90, 3.03] 0.11

Home ownership

Own 1 [Reference]

Rent 1.64 [1.11, 2.44] 0.01

Other 2.02 [1.33, 3.07] <0.01

Household size (mean) 1.02 [0.93, 1.13] 0.63

Covid-19 infection

Did not have Covid-19 infection 1 [Reference]

Had Covid-19 infection 1.12 [0.73, 1.72] 0.60

Covid-19 vaccine

Did not have Covid-19 vaccine 1 [Reference]

Had Covid-19 vaccine 1.17 [0.94, 1.46] 0.16

Stressor Category

Low (0–3) 1 [Reference]

Medium (4–5) 1.42 [1.06, 1.89] 0.02

High (6+) 2.33 [1.72, 3.15] <0.01

Generalized estimating equation (GEE) used to account for repeated measurements of individuals
over time. Adjusted model controlled for all variables in table.
Data weighted using weights of participants who had a PTSD score for at least two waves
ProbablePTSDdefinedbyPrimaryCarePTSDScreen forDSM-5 (PC-PTSD-4) scoreof 3 or greater.
Data source: COVID-19 and Life Stressors Impact on Mental Health and Well-being study. Time 1
collected fromMarch 31, 2020, to April 13, 2020. Time 2 collected fromMarch 23, 2021, to April 19,
2021. Time 3 collected from March 22, 2022, to April 18, 2022.
N = 1159 unique groups measured at T1, N = 1070 unique groups measured at T2, and N = 954
unique groups measured at T3 in the full model.
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Table 3 | Adjusted associations among key assets, stressors, and probable PTSD at T1 (March-April 2020), T2 (March-April
2021), and T3 (March-April 2022)

2020 (T1) 2021 (T2) 2022 (T3)

Odds Ratios [95% CI] p value Odds Ratios [95% CI] p value Odds Ratios [95% CI] p value

Characteristics

Gender

Men 1 [Reference] 1 [Reference] 1 [Reference]

Women 1.47 [1.00–2.16] 0.05 1.14 [0.71–1.83] 0.5945 1.04 [0.61–1.80] 0.88

Age

18–39 1 [Reference] 1 [Reference] 1 [Reference]

40–59 1.05 [0.68–1.63] 0.84 1.11 [0.66–1.88] 0.69 1.25 [0.70–2.23] 0.44

60+ 0.63 [0.33–1.20] 0.16 0.94 [0.44–1.99] 0.87 0.90 [0.41–1.98] 0.80

Ethnicity

Asian, non-Hispanic 0.47 [0.12–1.85] 0.28 0.59 [0.13–2.72] 0.50 1.68 [0.45–6.22] 0.44

Black, non-Hispanic 0.70 [0.36–1.36] 0.29 1.20 [0.60–2.40] 0.61 1.06 [0.48–2.35] 0.89

Hispanic 1.26 [0.73–2.19] 0.41 1.58 [0.80–3.09] 0.19 1.05 [0.47–2.37] 0.90

Multiple or other 0.44 [0.19–1.03] 0.06 0.66 [0.23–1.92] 0.45 0.80 [0.31–2.04] 0.63

White, non-Hispanic 1 [Reference] 1 [Reference] 1 [Reference]

Educational attainment

Less than a college degree 1.04 [0.70–1.56] 0.84 0.82 [0.51–1.32] 0.42 1.36 [0.79–2.37] 0.27

College degree or more 1 [Reference] 1 [Reference] 1 [Reference]

Income

≤19,999 2.05 [1.11–3.77] 0.02 2.89 [1.30–6.43] <0.01 2.39 [1.00–5.71] 0.05

20,000–44,999 0.86 [0.50–1.48] 0.58 3.08 [1.49–6.38] <0.01 1.31 [0.66–2.61] 0.44

45,000–74,999 0.86 [0.51–1.47] 0.58 1.84 [0.96–3.52] 0.07 1.43 [0.69–2.99] 0.34

≥75,000 1 [Reference] 1 [Reference] 1 [Reference]

Savings

≤19,999 1.21 [0.76–1.94] 0.42 1.37 [0.75–2.49] 0.31 1.41 [0.72–2.74] 0.32

≥20,000 1 [Reference] 1 [Reference] 1 [Reference]

Debt

No debt 1 [Reference] 1 [Reference] 1 [Reference]

≤9999 0.87 [0.56–1.33] 0.52 0.87 [0.55–1.39] 0.56 1.29 [0.72–2.32] 0.40

≥10,000 0.98 [0.41–2.37] 0.97 2.06 [0.67–6.27] 0.20 4.18 [1.84–9.52] <0.01

Home ownership

Own 1 [Reference] 1 [Reference] 1 [Reference]

Rent 1.71 [0.92–3.18] 0.09 0.96 [0.52–1.77] 0.89 2.25 [0.90–5.62] 0.08

Other 2.12 [1.17–3.85] 0.01 1.81 [0.98–3.32] 0.06 2.04 [0.81–5.14] 0.13

Household size (mean) 1.00 [0.88–1.13] 0.99 1.00 [0.85–1.18] 0.99 0.91 [0.77–1.06] 0.23

Covid-19 infection

Did not have Covid-19 infection 1 [Reference] 1 [Reference] 1 [Reference]

Had Covid-19 infection 8.63 [1.80–41.4] <0.01 1.56 [0.75–3.24] 0.23 1.16 [0.67–1.99] 0.59

Covid-19 vaccine

Did not have Covid-19 vaccine NA 1 [Reference] 1 [Reference]

Had Covid-19 vaccine NA NA 1.92 [1.19–3.11] <0.01 2.44 [1.29–4.62] <0.01

Stressor Category

Low (0–3) 1 [Reference] 1 [Reference] 1 [Reference]

Medium (4–5) 1.64 [0.88–3.05] 0.12 1.80 [0.94–3.46] 0.08 2.22 [1.13–4.36] 0.02

High (6+) 2.69 [1.56–4.66] <0.01 4.58 [2.52–8.30] <0.01 3.89 [2.05–7.38] <0.01

Models adjusted for gender, age, ethnicity, educational attainment, household income, household savings, homeownership, andmeanhousehold size, history ofCOVID-19 infection, andhistory ofCOVID-
19 vaccine.
Time 1 weights used for Time 1 analyses; Time 2 weights used for Time 2 analyses; Time 3 weights used for Time 3 analyses.
Probable PTSD defined by Primary Care PTSD Screen for DSM-5 (PC-PTSD-4) score of 3 or greater.
Data source: COVID-19 and Life Stressors Impact onMental Health andWell-being study. Time 1 collected fromMarch 31, 2020 to April 13, 2020. Time 2 collected fromMarch 23, 2021 to April 19, 2021.
Time 3 collected from March 22, 2022 to April 18, 2022.
Time 1, N = 1203; Time 2, N = 1071; Time 3, N = 952.
Covariates collected at Time 1 were used for Time 1 estimates; covariates collected at Time 2 were used for Time 2 estimates. Covariates collected at Time 3 were used for Time 3 estimates.
At T1, 26 participants were missing household income, 32 participants were missing household savings, one participant was missing data for COVID-19 infection, and nine participants were missing
stressors. At T2, 38 participants were missing household income, 47 participants were missing household savings, and 43 participants were missing stressors. At T3, 32 participants were missing
household income, 46 participants were missing household savings, one participant was missing data for COVID-19 infection, 11 participants were missing data for COVID-19 vaccination, and 79
participants were missing stressors.
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stressors increased the odds of having probable PTSD throughout the
pandemic.

Compared to 2020we found that the prevalence of probable PTSDdid
not change substantially in 2021 but decreased in 2022. However, the pre-
valence continued to be higher than pre-pandemic estimates47,48. Our
findings are consistent with analyses from other mass traumatic events20,
andother studies during theCovid-19pandemic.Chi et al., showedadecline
in PTSD prevalence six months into the pandemic in China, but the pre-
valence continued to be greater than pre-pandemic levels49. Similarly, over a
longer term, Benatov et al., reported decreases in PTSD prevalence in four
countries between February and June of 202150.

This study found that lack of access to assets, particularly having
low income when the pandemic began, was associated with probable
PTSD throughout the pandemic. Access to fewer assets—including
income, savings, and home ownership—has been associated with a
higher burden of mental health indicators, including PTSD, during the
pandemic15,51–53. For example, in a large cross-sectional sample of US
adults, Zhu and colleagues reported similar findings for respondents
with low income; those earning $75,000 or less had a higher prevalence
of PTSD symptoms (24.0%) than those earning $75,000 to $149,999
(21.2%), and those earning $150,000 and over had the lowest prevalence
of PTSD symptoms (17.9%)54. Our study adds to the literature by
showing the association between low income at the beginning of the
pandemic and persistent probable PTSD two years later.

Our analysis showed that experiencing Covid-19 stressors was asso-
ciated with higher likelihood of probable PTSD throughout the pandemic.
This is consistent with previous work that showed that experiencing more
pandemic-related stressors was associated with a greater likelihood of
depression13. Conversely, Zaken and colleagues found thatwhen controlling
for demographic factors and PTSD history, the association of Covid-19-
related stressors was not associated with PTSD24. This divergence could
potentially be due to differences in the type of stressors examined as well as
tools used to assess PTSD.

We also found that experiencing specific social or economic stressor
was generally associated with higher PTSD prevalence. Similarly Zaken
et al., reported higher post-traumatic stress among participants who
reported loss of health insurance coverage, housing-related problems,
financial difficulties, and difficulty accessing food or vital supplies24. In a
longitudinal study by Ochnik et al., worsening economic status was asso-
ciated with 1.8 times greater odds of PTSD during the pandemic55. Our
analysis particularly highlighted the association between experiencing food
insecurity and greater likelihood of probable PTSD. This is consistent with
two studies from Spain and Bangladesh that reported similar results earlier
in the pandemic56,57. Conversely, Liddell et al., reported associations between
stressors related to Covid-19 infection but not to social stressors, access to
support, or trusting authority andPTSDamong refugees inAustralia58. This
variance can potentially be due to the different contexts, which can either
heighten or minimize the role of economic and social stressors on mental
health.

This analysis is not without limitations. First, as with any large panel
study, there is the risk of loss to follow-up. Of the 1470 participants who
completed T1, 1002 completed all three waves with a complete PTSD score
(68.2%). This was largely due to the strict criteria we implemented onwhich
participants to include in the analysis. Increasing the completion status
criterion to two or more waves reduces the loss to follow-up, producing a
response rate of 85.6%. Second, the lack of data from participants before the
pandemic limits direct comparison to PTSD prevalence prior to the pan-
demic. Third, participants’ historical diagnoses of probable PTSD were not
included in the analysis. However, this analysis does provide a representa-
tive, longitudinal, understanding of pandemic stressors and probable PTSD
during the pandemic.

Notwithstanding these limitations, these findings demonstrate the
long-term impact of the pandemic on population mental health. Over the
past three years, experiencing and recovering from PTSD differed by access
to assets, with those with fewer economic assets bearing the brunt of the

burden. Moreover, exposure to more pandemic-related stressors was
associated with higher PTSD prevalence throughout the pandemic.
Inequities prior to, and during, the pandemic produced health disparities in
population mental health outcomes. Reducing these mental health dis-
parities requires addressing asset inequities as well as take mental health
consequences as a consideration when designing efforts to mitigate the
spread of disease outbreaks.

Data availability
De-identifiable data are available upon reasonable request made to the
corresponding author.

Code availability
R code is available upon request.
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