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Background: The COVID-19 pandemic has been accompanied by substantial increases in adverse mental
health, particularly among the young. However, it remains unclear to what extent increases in population
scores on mental health assessments are due to changes in prevalence, rather than severity of symp-
toms. Further, it is not obvious that widely used assessments of aggregate symptoms retain their typical
interpretation during an event that directly disrupts behavior.

Iég’\}’;’[‘;”g Methods: Pre-pandemic data on workers age 18-69y in the 2019 National Health Interview Survey are
Prevals_:nce reweighted to match distributions of demographic characteristics of Duke University employees surveyed
Anxiety nine months into the pandemic. The latter population was at low risk of infection or economic insecurity.
Depression Prevalence, severity, and scores for each of nine symptoms are compared overall and by age group.

Severity Outcomes: Elevated psychological distress is primarily driven by increases in prevalence of particular

Concentrating symptoms. Prevalence of trouble concentrating increased six-fold from 9.6% to 72.5%. Other symptoms

increased by over one-third; feeling anxious, having little interest, feeling depressed, sleep problems and
being irritable, while some symptoms rose only 10% or less. Severity also increased but magnitudes are
small relative to prevalence changes. Escalation in prevalence and severity are greatest for the youngest.

Interpretation: Some of the least prevalent symptoms pre-pandemic became the most prevalent during
the pandemic, affecting interpretation of indices validated pre-pandemic. Clinical and policy interventions
should focus on specific symptoms that increased including trouble concentrating and anxiety.

Funding: Trinity College of Arts & Sciences and Social Science Research Institute at Duke University.
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(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context

pandemic. People with prior psychiatric illness, younger indi-
viduals, as well as people who often experienced dispropor-

Evidence before this study

Pubmed was searched for articles using the keywords
“COVID-19”, “coronavirus”, “mental health”, “anxiety”, and
“depression.” Prior literature, including recent systematic re-
views, reported substantial increases in anxiety and depres-
sion symptoms, as well as the share of individuals with
clinically-significant levels of symptoms, during the COVID-19

* Corresponding author: Duncan Thomas, Telephone: 919-360-9094.
E-mail address: dthomas@econ.duke.edu (D. Thomas).

tionate adverse mental health outcomes pre-pandemic, such
as women and lower-education individuals, were likely to
have the highest symptom levels during the pandemic. Fur-
ther, prior literature from natural disasters and other emer-
gencies suggests events often have specific symptoms asso-
ciated with them. Several core gaps in the literature remain:
increases in population symptom scores could be driven ei-
ther by increases in severity or prevalence of symptoms,
and it is not obvious that typical interpretations of ag-
gregate symptoms indices validated pre-pandemic, such as
“clinically-significant” levels of symptoms, retain the same in-
terpretation during the pandemic.
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Added value of this study

This study provides evidence from matched cohorts of in-
dividuals prior to and during the COVID-19 pandemic. We
disaggregate commonly used indices, and show that increases
in scores are primarily due to greater prevalence, rather than
greater severity. However, among young adults, increases
in both prevalence and severity are large and potentially
clinically-relevant. Further, we find that increases are con-
centrated among specific symptoms, and are not evenly dis-
tributed across the full depressive syndrome. Notably, trou-
ble concentrating and feelings of anxiety have increased the
most. Many of the least prevalent symptoms pre-pandemic
have become the most prevalent.

Implications of all available evidence

The long persistence of adverse mental health during
the COVID-19 pandemic, and prevalence in populations with
minimal exposure to infection or economic insecurity, sug-
gest that mental health will continue to be a challenge as
the pandemic abates, particularly among the young. This
work has further implications for future pandemics and pub-
lic health emergencies, regarding the specific symptoms that
may be most impacted. Mental health interventions should
consider the specific symptoms that have been most affected,
and research results from aggregated indices should be inter-
preted considering the changes in the relative weights of the
symptoms that compose them.

1. Introduction

An epidemic of poor psychological health, including high levels
of reported depression and anxiety symptoms, accompanied the
onset of the COVID-19 pandemic [1-7]. Adverse mental health is
now both persistent and widespread in the population; elevated
depression symptoms continue and are not limited to the econom-
ically insecure or to those most vulnerable to COVID-19 infection
and its sequela [8-11]. Despite these robust findings, there is little
systematic evidence on the specific depression and anxiety symp-
toms most elevated during the pandemic and how symptomatol-
ogy during the pandemic differs from typical patterns.

We assess the prevalence (proportion of respondents reporting
a symptom) and severity (reporting greater symptom intensity) of
particular symptoms before and during the COVID-19 pandemic.
Delving into widely-used batteries of screener questions, we iden-
tify the key domains that are driving the rise in poor psychological
health of the population. This assessment is imperative for at least
two reasons.

First, by investigating specific symptoms, we are able to dis-
tinguish changes in prevalence from changes in severity for each
symptom. Given the persistence of symptoms during the pan-
demic, the distinction between prevalence and severity is critical in
predicting the longer-term consequences of the pandemic for both
individual clinical treatment and for resuming work and education
as COVID-19 case counts decline and lock-down policies are lifted.

Second, the study advances knowledge of mental health symp-
tomatology and reporting in the wake of large-scale events such as
pandemics and natural disasters. Previous research indicates men-
tal health problems linked to an event are concentrated in specific
domains rather than the full depressive syndrome, and these do-
mains vary depending on the context [12-15]. We contribute to
this literature by providing evidence in the context of the COVID-
19 pandemic.

Previous literature on mental health during the COVID-19 pan-
demic has documented elevated rates of both depression and anxi-
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ety symptoms, including sleep disturbance. In line with risk factors
prior to the pandemic, younger individuals, females, prior psychi-
atric illness, and those with lower socioeconomic status reported
higher levels of depression symptoms as well as poorer sleep qual-
ity [1,2,16-19]. Risk factors for high levels of general anxiety were
similar, though older adults had more anxiety about COVID-19
specifically [2,16,20].

These documented patterns indicate the magnitude of the pan-
demic’s impact on mental health, and earlier work underscores the
imperative to disaggregate these patterns. Specific domains of psy-
chological health have been linked to worse performance in the
labor market, at school and in care-giving and improved perfor-
mance when they have been treated [21-24]. These include, for ex-
ample, depression [22-24], anxiety [25,26], trouble sleeping [27,28]
and trouble concentrating [29-31].

The mechanisms underlying links between the COVID-19 pan-
demic and psychological distress are not clear. Studies have sug-
gested uncertainty and social isolation because of lockdowns as
well as complex and changing health guidance are likely mech-
anisms. However, lack of independent variation in these poten-
tial contributing factors complicates identifying their independent
impacts [2,3,5,8,32-35]. Moreover, psychological distress has per-
sisted beyond the brunt of initial lockdowns [8,11]. Whereas stud-
ies have highlighted the roles of infection risk and economic in-
security, little is known about the mental health of populations
protected from these direct effects of the pandemic [1,2,32]. This
study focuses on such a population.

We examine depression and anxiety symptoms in samples from
two populations of working adults from the same birth cohorts
who are then re-weighted to match the joint distributions of gen-
der, age, education, race and ethnicity so that estimates from the
samples are comparable. The first sample was assessed in 2019, be-
fore the COVID-19 pandemic, and respondents in the second sam-
ple were assessed in late 2020, nine months into the pandemic.

For some depression and anxiety symptoms, the fraction of the
samples reporting the symptoms during the pandemic is more
than double the pre-pandemic level. The differences vary widely
across symptoms. Most prominently, the fraction reporting trou-
ble concentrating has increased over six-fold. Further, some of the
least prevalent symptoms before the pandemic have become the
most prevalent (trouble concentrating moved from least to 2nd-
most prevalent) and, for those symptoms, there has been a marked
steepening of the age gradient reflecting a greater increase in the
fraction reporting them among younger adults. Severity has in-
creased for the vast majority of symptoms, especially the most
prevalent during the pandemic, but the effects on psychological
health are dwarfed by the effect of the rise in prevalence.

These changes in symptomatology during the pandemic should
be considered in discussions of aggregate indices of symptom
scores and associated clinically-validated cutoffs. Commonly used
depression and anxiety symptom screeners, such as the Pa-
tient Health Questionnaire (PHQ), the Center for Epidemiological
Studies-Depression (CES-D) and the Generalized Anxiety Disorder
scale (GAD-7) have been validated prior to the pandemic [36-39].
However, they may not retain the same psychometric interpreta-
tion during this large-scale, long-term public health disaster which
has directly disrupted myriad family, social and working arrange-
ments and caused elevated and prolonged fear and uncertainty.
Clinical and policy interventions designed to address the specific
symptoms that are elevated, particularly targeting younger adults,
are likely to be the most effective at improving population health.

2. Methods

The two populations compared in this study are a sample of
adults in the 2019 National Health Interview Survey (NHIS) enu-
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Fig 1. % report problem, by item

merated before the pandemic, and respondents in a study we
conducted of employees of Duke University about nine months
into the pandemic, Reopen Our University Safely and Effectively
(ROUSE). To assure comparability of the samples, the NHIS sam-
ple is first restricted to adults in the same birth cohorts as ROUSE
who are working for an employer; the NHIS sample is then re-
weighted so that the joint distributions of gender, age, education,
race and ethnicity are matched to the ROUSE distributions. Ap-
proved by the Duke University Institutional Review Board, ROUSE
used individual-specific email invitations to recruit Duke University
faculty, staff, and student employees engaged in research and/or
teaching. All ROUSE participants provided electronic informed con-
sent at the beginning of the survey. Results are reported in accor-
dance with the STROBE guidelines [40].

2.1. Populations

2.1.1. Pre-pandemic sample

Public use data from the 2019 wave of NHIS provides the ba-
sis for constructing a pre-pandemic comparison sample (NCHS,
2020). NHIS is selected because it provides a large nationally-
representative sample with easily comparable mental health as-
sessments: the Patient Health Questionnaire-9 (PHQ-9) and Gen-
eralized Anxiety Disorder-7 (GAD-7). One randomly selected adult
over the age of 18 is interviewed per sampled household, either
face-to-face or by telephone. To be comparable with the ROUSE
sample assessed during the pandemic, described next, the NHIS
sample is restricted to 16,462 respondents age 18 to 69y in 2019
who were working for an employer at the time of the interview,
and completed the PHQ-9 and GAD-7. The NHIS sample is re-
weighted to match the joint distributions of demographic charac-
teristics of the ROUSE sample.

2.1.2. During-pandemic sample

All Duke University faculty, staff and students engaged in re-
search and/or teaching were invited to participate in ROUSE with
an individual-specific email in October 2020 along with three
follow-up invitations over the next four weeks. Data were collected
until December 2020. Outreach efforts to encourage survey partic-
ipation included specific follow-up emails, social media, posters,
and a website. (See Thomas et al., 2021.) Of 6,938 respondents,
4,992 (72%) reported depression and anxiety symptoms, including
the Center for Epidemiological Studies-Depression (CES-D) assess-
ment 4,909 respondents age 19 to 70y in 2020 form the sample
assessed during the pandemic so that the same birth cohorts are
compared pre and during the pandemic.

2.2. Depression and Anxiety Symptoms

Nine depression and anxiety symptoms are examined. Seven
depression symptoms in the PHQ-9 (in NHIS) have been matched
with symptoms in the 20-item CES-D battery (in ROUSE). Two anx-
iety symptoms in the GAD-7 assessment in the NHIS are also as-
sessed in ROUSE. Respondents were asked about each symptom
during the prior week in ROUSE and two weeks in NHIS on a 4-
point Likert scale, where O indicates rarely/none of the time in the
CES-D or not at all in the PHQ-9, and 3 indicates all or almost all
the time in the CES-D or nearly every day in the PHQ-9. (The items
and sources are in Appendix Table 1.) Prior literature has demon-
strated that the CES-D and PHQ-9 cover similar domains and as-
sess depressive symptoms similarly, although emotional recall is
thought to be better for one week relative to longer time horizons
[41,42]. The difference in recall periods in the two samples is un-
likely to be important and potentially understates the differences
between the samples.

The nine symptoms are selected so that the questions in the
two surveys cover the same domains and thus make it possible to
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study how the pandemic affected different domains. For example,
pandemic-related uncertainty about the future could affect trou-
ble concentrating, anxiety, depression and trouble sleeping, more
than it may affect feeling bad about oneself. The time frame for
each question is the same in the two surveys but the wording of
questions is not identical. The wording matches very well for six
items. The wording for two items (having low energy and feeling
bad about self) are less well matched; the NHIS question about in-
terest in doing things is matched to the ROUSE question covering
the most similar domain but the wording is different (though the
results are robust to alternative questions). The results need to be
interpreted with these caveats in mind.

2.3. Statistical Analysis

The pre-pandemic NHIS sample and during-pandemic ROUSE
sample cover the same birth cohorts. The NHIS is restricted to re-
spondents who were working for an employer (since all ROUSE re-
spondents were employees) and then raked to match distributions
of the characteristics of ROUSE respondents. Specifically, the NHIS
sample is re-weighted so that the joint distributions of five socio-
demographic indicators match the joint distributions in the ROUSE
sample [43]. These indicators are age (measured in years at last
birthday, categorized into six groups), three race groups (African
American, white and other), Hispanic ethnicity, gender (male, non-
male) and three education groups (not completed college; com-
pleted college but no doctorate; completed doctorate or equiva-
lent).! Without weighting, the samples match on age and race but
the ROUSE sample has more females and the respondents are bet-
ter educated than in the NHIS. As shown in columns 2 and 3 of
Appendix Table 2, the weighted samples match very closely.

We start by comparing the percentage reporting any problems
for each item in the pre-pandemic and during-pandemic sam-
ples to measure prevalence of each symptom. Severity is mea-
sured by the average score, among those who report experienc-
ing each symptom. The average score for all respondents in each
survey summarizes levels of symptoms in the entire population
pre- and during the pandemic. (It is simply the product of preva-

1 Rates of missing data in ROUSE and NHIS are very low for all variables used
in the analyses. Specifically, in ROUSE, 0.08% of respondents are missing education,
1.98% are missing age, 0.02% are missing gender, 0.86% are missing race, and 0.20%
are missing ethnicity. In NHIS, none is missing education, 0.22% are missing age,
0.01% are missing gender, 3.61% are missing race, and none is missing ethnicity.
Missing values for age have been assigned the sample median, not completed col-
lege for education, non-male for gender, other for race and not Hispanic for eth-
nicity. Dropping the 2.5% of ROUSE respondents and 3.8% of NHIS respondents for
whom any of these variables is missing does not change any of the main results or
conclusions.

lence and severity). Analyses of prevalence and severity are ex-
amined for four age groups (18-29y, 30-39y, 40-54y, 55-69y as of
2019). All pre-pandemic estimates are weighted and all estimates
are calculated at the mean age (for the sample or age group).
All confidence intervals and p-values are based on Huber-White
heteroskedasticity-consistent estimates of variance. Critical values
that take into account multiple testing following Hochberg (1988)
are also reported [44]. Analyses were conducted in STATA/SE v16.

Data and statistical programs used in this paper are avail-
able from the corresponding author. Financial support was pro-
vided by Trinity College of Arts and Sciences and the Social Sci-
ence Research Institute, both of Duke University. The funders had
no role in the design of this study, analysis or interpretation of
the data, writing of the manuscript or decision to submit it for
publication.

3. Results

3.1. Prevalence and severity of each symptom pre vs. during the
pandemic

Figure 1 displays the percentage of working adults who report
any symptoms during the prior week for each of the 9 items pre-
pandemic (blue) and during-pandemic (red) along with bars rep-
resenting 95% confidence intervals. Estimates and confidence inter-
vals are reported in panel A of Appendix Table 3. The p-values for
differences between the pre- and during- pandemic estimates are
also reported.

For every symptom, prevalence is higher during-pandemic rel-
ative to pre-pandemic. While all of the differences are statisti-
cally significant, there is substantial variation across symptoms.
Two symptoms stand out as having exceptionally large increases:
trouble concentrating and anxiety. As shown in the first column of
Figure 1, about 10 percent of the sample reported having trouble
concentrating pre-pandemic; during the pandemic, over 70 percent
of the sample report having trouble concentrating. This is a 63 per-
centage point increase (shown in the panel at the bottom of the
figure). Pre-pandemic, anxiety was reported by a much larger frac-
tion (about one-quarter) but that fraction tripled (to almost three-
quarters) during-pandemic, a 49 percentage point increase.

There is around a 40 percentage point difference in the rate
of reporting the next three symptoms, having little interest, sleep
problems and feeling depressed. Over half the during-pandemic
sample reports each of these symptoms. The base is about the
same for having little interest and feeling depressed (between 12
and 14 percent pre-pandemic) and so the difference represents
an over three-fold increase. Sleep problems are reported by about
one-third of the pre-pandemic sample and the fraction is more
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than double for the during-pandemic sample. The same pattern
characterizes feeling irritable or angry. The fraction reporting each
of these symptoms is more than double during the pandemic rela-
tive to before.

The remaining three symptoms, having low energy, appetite
problems and feeling bad about oneself, are about 0.6 to 0.7 times
higher in the during-pandemic sample. While the increases are sta-
tistically significant they are substantially smaller than the other
symptoms.

The upper panel of Figure 2 displays the average scores among
respondents who report the symptom (Estimates are in panel B of
Appendix Table 3). For each symptom, apart from appetite prob-
lems, there is a statistically significant increase in severity with
the increase being greatest for trouble concentrating and anxiety,
the two symptoms for which prevalence has increased the most.
The conditional score is about one-third higher during the pan-
demic relative to pre-pandemic. Increases for the other symptoms
are smaller, ranging between 7 and 23 percent.

Combining the prevalence with severity into the overall average
score for each item, before and during the pandemic is displayed in
the lower panel of Figure 2. (Estimates are in panel C of Appendix
Table 3.) Among symptoms for which prevalence and severity are
higher during the pandemic, the differences in the overall average
are even larger in proportionate terms. As an example, the aver-
age score on trouble concentrating is nine times higher during the
pandemic relative to before the pandemic.

Taking into account multiple testing following the method of
Hochberg (1988), the critical p-value is 0.025 for the nine compar-
isons in each panel of Figures 1 and 2 and Appendix Table 3. None
of our inferences is amended with this adjustment: all of the esti-
mated differences are statistically significant apart from severity of
appetite problems which showed no increase and was not statisti-
cally significant taken alone.

3.2. Prevalence and severity by age group before and during the
pandemic

For males and females, differences in symptoms pre-pandemic
and nine months into the pandemic are very similar and gender-
specific analyses yield no new conclusions. In contrast, there are
substantively important differences by age.

The percentage reporting each symptom, stratified by age
group, is displayed in Figure 3 (and Appendix Table 4). In gen-
eral, the percentage reporting a symptom declines with age and
for almost all symptoms, the difference in the pre vs during pan-
demic percentage also declines with age so that the age gradient is
steeper during the pandemic. For example, whereas 14% of the 18-
29y olds (as of 2019) report trouble concentrating before the pan-
demic, 85% of the same cohort report trouble concentrating during
the pandemic, a 70 percentage point higher prevalence. Among the
oldest respondents, 6% report the symptom pre-pandemic and 56%
during the pandemic, a 50 percentage point higher prevalence.?
The pattern for anxiety is very similar (starting from a higher base
pre-pandemic) and also for little interest, feeling depressed, having
low energy and appetite problems. The percentage point difference
in sleep problems and feeling irritable or angry does not vary with
age indicating a shift upward across the entire age distribution for
these symptoms.

Severity indicated by the average score, conditional on report-
ing, is displayed by age group in Figure 4 (and Appendix Table 5).
Whereas before the pandemic, there is little evidence of an age
gradient in severity, during the pandemic, an age gradient emerges

2 In a regression relating incidence of trouble concentrating to age, each year of
age is associated with -0.2 and -0.8 rate of change in incidence pre- and during the
pandemic, respectively. The difference, -0.6, with 95% CI(-0.5, -0.7) is statistically
significant.
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with the youngest reporting the more severe symptoms, particu-
larly in the domains for which the pre vs during gaps in the frac-
tion reporting the symptom is greatest.

None of the inferences regarding increases in prevalence for any
of the four age groups (Figure 3) is affected after adjusting for mul-
tiple testing. With respect to increases in severity (Figure 4), we
have highlighted results for the two youngest age groups for whom
none of the inferences is affected after adjusting for multiple test-
ing. The only inferences that do differ are severity increases among
the two older age groups which are significant for nine of the es-
timates using classical statistics and for seven of the estimates ad-
justing for multiple testing.

4. Discussion

Studies have documented elevated rates of psychological dis-
tress at the onset of the COVID-19 pandemic [1,2]; this distress
persisted at least nine months into the pandemic and affected pop-
ulations at very low risk of infection or economic insecurity [8].
We document increases in depression and anxiety symptoms that
are primarily driven by extremely large increases in the fractions of
the population reporting each symptom and these increases vary
substantially across symptoms.

Two symptoms stand out: trouble concentrating and feeling
anxious. About three-quarters of the study population report each
symptom nine months into the pandemic. Furthermore, the age
gradient for these symptoms is steeper; about 5 out of every 6
of those in the youngest age group (18-29y) report each symp-
tom nine months into the pandemic. Further, the large increases
in prevalence for these symptoms are accompanied by substantial
increases in severity, particularly for the young, for whom severity
increases by approximately 40%.

There are also large increases in the prevalence of having lit-
tle interest, sleep problems, feeling depressed and feeling irrita-
ble or angry and over half the respondents report these symp-
toms nine months into the pandemic. Differences in age gradients
are less clear for these symptoms. While the rise in severity for
these symptoms is muted relative to the rise in prevalence, sever-
ity tends to be increased most among the youngest.

Taken together, these results raise questions about comparing
and interpreting indices measured before and during the pan-
demic. Indices are an average of item-specific scores and so the
weight of each item is the product of prevalence and severity
of that item. As the distribution of prevalence has dramatically
shifted during COVID-19, the weight of each item in an index has
also changed. As an example, using the 7 items from PHQ-9 re-
ported here, trouble concentrating contributes 7% to the total score
of 1.9 pre-pandemic, but 22% of the total score of 5.9 during-
pandemic. Appetite problems contribute 11% pre-pandemic and 6%
during-pandemic.

While the psychometric properties of indices validated prior to
the pandemic for use during the pandemic has not been estab-
lished, it is clear that individual symptoms have been adversely
affected. Understanding how specific items have changed in preva-
lence and severity is critical; interventions that target the aspects
of psychological distress most elevated during the pandemic are
likely to have the greatest impact on population health and well-
being now and possibly into the future.

In particular, assessing specific symptoms is critical because
the literature suggests some symptoms are likely to have longer-
term deleterious consequences beyond psychological and physi-
cal health. For example, trouble concentrating has been implicated
in reduced productivity in the home, at school and in the labor
market. Several studies using rigorous randomized controlled tri-
als in low-income settings have established that the cognitive bur-
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den arising from difficulty concentrating results in choices that are
less than ideal, leading to reduced levels of health and well-being
for individuals and their families [29-31]. The extremely high rates
of trouble concentrating during the pandemic are likely to have
impacted productivity of these people. Our results indicate the
longer-term impacts are likely to be greatest for the youngest co-
horts who are in the process of establishing their career trajecto-
ries.

While studies have documented associations between produc-
tivity and anxiety, poor sleep and depression, the underlying causal
pathways are not well understood. To the extent elevated rates
in these symptoms further contribute to reduced productivity,
broadly defined, the epidemic of psychological distress will have
long-lasting effects on population well-being. These long-lasting
indirect effects are, moreover, likely to be greatest for the youngest
adults, who were at very low risk for the direct health effects
of hospitalization or death due to COVID-19. Interventions tar-
geted to specific symptoms and the population sub-groups most
deleteriously impacted have the potential to be effective at mit-
igating the impacts of COVID on psychological distress and its
sequelae.

A limitation of the study is that the same respondents are not
interviewed before and during the pandemic. The pre-pandemic
sample has been matched to the socio-demographic characteris-
tics of the sample of well-educated workers assessed during the
pandemic. A key advantage of this latter sample is that the re-
spondents were at very low risk of infection or economic inse-
curity. It is possible that this sample is more privileged than the
re-weighted pre-pandemic sample. To assess the importance of
this concern, we have conducted two robustness exercises. First,
some ROUSE respondents will ultimately complete more educa-
tion; we have restricted the pre-pandemic sample to age-eligible
workers who have completed a college degree. The item-specific
scores are very slightly smaller than for the pre-pandemic sample
used in the analyses reported above, primarily because of lower
severity. The second robustness exercise restricts the pre-pandemic
sample to age-eligible workers in high income households (an-
nual income>$100,000). For every item, prevalence and severity
are lower than for the sample without this extra restriction and
so each of the differences between the pre- and during pandemic
are larger using this more restricted pre-pandemic sample. Results
for both of these sets of analyses are reported in Appendix Ta-
ble 6. We conclude that our estimates of increases in depression
and anxiety symptoms during the pandemic based on the matched
pre-pandemic sample are likely to be conservative. (We experi-
mented with reweighting the sample assessed during the pan-
demic to match the pre-pandemic sample. Estimates of prevalence
and severity during the pandemic are almost identical and none
of our conclusions is affected. None of the results is affected by
whether we match the surveys based on birth cohort or age.) Us-
ing all NHIS respondents from 2019 assures the matched samples
are extremely close (as shown in Appendix Table 2); the match is
not as close using only respondents from 2019Q4. Since the esti-
mates and conclusions are not different, we report results with the
larger sample.

A second limitation is that the wording of questions is differ-
ent in the two surveys. However, the magnitudes of the symp-
tom changes are so large that the differences are unlikely to be
driven by question wording differences. Since the pre-pandemic
sample reports using two week recalls and the during-pandemic
sample uses one week recall, the increases are, at worst, under-
stated. Given the magnitude of the differences, this is unlikely to
be important. It is important to underscore that the questions are
drawn from widely-used and well-validated screener batteries that
are not designed for diagnostic purposes and should not be inter-
preted as depression or anxiety diagnoses.
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A third limitation is that the sample assessed during the pan-
demic is drawn from a population of people working for a single
employer who live in the same metropolitan area. It is important
to recognize that this may affect the generalizability of results.

5. Conclusions

Whereas the burden of COVID-19 mortality has fallen most
heavily on older adults, the burden of psychological distress has
affected people of all ages including those at low risk of infection.
Increases are not distributed evenly across all symptoms, but are
concentrated in a sub-set of domains with rises in trouble con-
centrating and feeling anxious being particularly disturbing. Indices
based on clinically-validated psychometric screeners need to be in-
terpreted with this in mind.

Observed increases in depression and anxiety symptoms dur-
ing the pandemic have been driven primarily by a steep rise in
the fraction reporting the symptoms: over 5 out of 6 people re-
porting trouble concentrating and feeling anxious. This epidemic of
psychological distress has the potential to have persistent and far-
reaching impacts on population health and well-being, broadly de-
fined, with the youngest adults at being at greatest risk of delete-
rious impacts reaching well into their futures. Interventions target-
ing specific symptoms may be high-value, particularly for younger
populations.

Contributors

Thomas contributed to the initial conceptualization of the
study, design of the study, development of the instrument, deploy-
ment of the instrument, collection of the data, analysis and veri-
fication of the data, write-up of the original draft and revision of
the manuscript, and approval of the final manuscript.

Lawton contributed to the development of the instrument, col-
lection of the data, analysis and verification of the data, write-up
of the original draft and revision of the manuscript, and approval
of the final manuscript.

Brown contributed to the development of the instrument, de-
ployment of the instrument, revision of the manuscript, and ap-
proval of the final manuscript.

Kranton contributed to the initial conceptualization of the
study, design of the study, development of the instrument, de-
ployment of the instrument, collection of the data, revision of the
manuscript, and approval of the final manuscript.

Declaration of interests

All authors are employed by Duke University. Financial support
was provided by Trinity College of Arts and Sciences and the Social
Science Research Institute, both of Duke University. Funders had
no role in the study design, analysis or interpretation of the data,
writing of the manuscript or decision to submit it for publication.

Data sharing
Data and statistical programs wused in this paper will

be available from the corresponding author, Duncan Thomas
(dthomas@econ.duke.edu) upon publication of the manuscript.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.1ana.2021.100009.


https://doi.org/10.1016/j.lana.2021.100009

D. Thomas, R. Lawton, T. Brown et al.

Reference

[1] Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence
of Depression Symptoms in US Adults Before and During the COVID-19 Pan-
demic. JAMA Netw Open 2020;3:e2019686.

[2] Xiong J, Lipsitz O, Nasri F, et al. Impact of COVID-19 pandemic on men-
tal health in the general population: A systematic review. ] Affect Disord
2020;277:55-64.

[3] Wang C, Pan R, Wan X, et al. Immediate Psychological Responses and As-
sociated Factors during the Initial Stage of the 2019 Coronavirus Disease
(COVID-19) Epidemic among the General Population in China. Int ] Environ Res
Public Health 2020;17:1729.

[4] Wang C, Pan R, Wan X, et al. A longitudinal study on the mental health of
general population during the COVID-19 epidemic in China. Brain Behav Im-
mun 2020;87:40-8.

[5] Bueno-Notivol ], Gracia-Garcia P, Olaya B, Lasheras I, Lépez-Ant6n R, Santabar-
bara J. Prevalence of depression during the COVID-19 outbreak: A meta-analy-
sis of community-based studies. Int ] Clin Health Psychol 2021;21:100196.

[6] Santabarbara ], Lasheras I, Lipnicki DM, et al. Prevalence of anxiety in the
COVID-19 pandemic: An updated meta-analysis of community-based studies.
Prog Neuropsychopharmacol Biol Psychiatry 2020;109:110207.

[7] Wang C, Tee M, Roy AE, et al. The impact of COVID-19 pandemic on physi-
cal and mental health of Asians: A study of seven middle-income countries in
Asia. PLOS ONE 2021;16:e0246824.

[8] Thomas D, Brown T, Taylor DH, et al. Depression Symptoms During the
COVID-19 Pandemic among Well-educated, Employed Adults with Low Infec-
tion Risks. medRxiv 2021 2021.01.26.21250558.

[9] Xie X, Xue Q, Zhou Y, et al. Mental Health Status Among Children in Home
Confinement During the Coronavirus Disease 2019 Outbreak in Hubei Province,
China. JAMA Pediatr 2020;174:898-900.

[10] Marques de Miranda D, da Silva Athanasio B, Sena Oliveira AC,
Simoes-e-Silva AC. How is COVID-19 pandemic impacting mental health
of children and adolescents? Int ] Disaster Risk Reduct 2020;51:101845.

[11] APA US. adults report highest stress level since early days of the COVID-19
pandemic; March 24, 2021. https://[www.apa.org https://www.apa.org/news/
press/releases/2021/02/adults-stress-pandemic accessed.

[12] Nolen-Hoeksema S, Morrow J. A prospective study of depression and posttrau-
matic stress symptoms after a natural disaster: The 1989 Loma Prieta earth-
quake. ] Pers Soc Psychol 1991;61:115-21.

[13] Goenjian AK, Pynoos RS, Steinberg AM, et al. Psychiatric Comorbidity in Chil-
dren after the 1988: Earthquake in Armenia. ] Am Acad Child Adolesc Psychi-
atry 1995;34:1174-84.

[14] Frankenberg E, Friedman ], Gillespie T, et al. Mental Health in Sumatra After
the Tsunami. Am ] Public Health 2008;98:1671-7.

[15] Goldmann E, Galea S. Mental Health Consequences of Disasters. Annu Rev Pub-
lic Health 2014;35:169-83.

[16] Wathelet M, Duhem S, Vaiva G, et al. Factors Associated With Mental Health
Disorders Among University Students in France Confined During the COVID-19
Pandemic. JAMA Netw Open 2020;3:e2025591 -e2025591.

[17] Hammarberg K, Tran T, Kirkman M, Fisher J. Sex and age differences in clin-
ically significant symptoms of depression and anxiety among people in Aus-
tralia in the first month of COVID-19 restrictions: a national survey. BM] Open
2020;10:e042696.

[18] Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and
sleep quality during COVID-19 outbreak in China: a web-based cross-sectional
survey. Psychiatry Res 2020;288:112954.

[19] Hao F, Tan W, Jiang L, et al. Do psychiatric patients experience more psy-
chiatric symptoms during COVID-19 pandemic and lockdown? A case-control
study with service and research implications for immunopsychiatry. Brain Be-
hav Immun 2020;87:100-6.

[20] Hyland P, Shevlin M, McBride O, et al. Anxiety and depression in the
Republic of Ireland during the COVID-19 pandemic. Acta Psychiatr Scand
2020;142:249-56.

The Lancet Regional Health - Americas 1 (2021) 100009

[21] Kessler RC, Frank RG. The impact of psychiatric disorders on work loss days.
Psychol Med 1997;27:861-73.

[22] Lee Y, Rosenblat D, Lee ], et al. Efficacy of antidepressants on measures of
workplace functioning in major depressive disorder: A systematic review. J Af-
fect Disord 2018;227:406-15.

[23] McTernan WP, Dollard MF, LaMontagne AD. Depression in the workplace: An
economic cost analysis of depression-related productivity loss attributable to
job strain and bullying. Work Stress 2013;27:321-38.

[24] Lerner D, Henke RM. What Does Research Tell Us About Depression, Job Per-
formance, and Work Productivity? ] Occup Environ Med 2008;50:401-10.

[25] Ettner SL, Frank RG, Kessler RC. The Impact of Psychiatric Disorders on Labor
Market Outcomes. ILR Rev 1997;51:64-81.

[26] Chatterji P, Alegria M, Lu M, Takeuchi D. Psychiatric disorders and labor mar-
ket outcomes: evidence from the National Latino and Asian American Study.
Health Econ 2007;16:1069-90.

[27] Hafner M, Stepanek M, Taylor ], Troxel WM, van Stolk C. Why Sleep Matters—
The Economic Costs of Insufficient Sleep. Rand Health Q 2017;6. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC5627640/ accessed March 24, 2021.

[28] Bostock S, Luik Al, Espie CA. Sleep and Productivity Benefits of Digital Cog-
nitive Behavioral Therapy for Insomnia: A Randomized Controlled Trial Con-
ducted in the Workplace Environment. ] Occup Environ Med 2016;58:683-9.

[29] Shah AK, Mullainathan S, Shafir E. Some Consequences of Having Too Little.
Science 2012;338:682-5.

[30] Clark M, DiBenedetti D, Perez V. Cognitive dysfunction and work produc-
tivity in major depressive disorder. Expert Rev Pharmacoecon Outcomes Res
2016;16:455-63.

[31] Kaur S, Mullainathan S, Oh S, Schilbach F. Do Financial Concerns Make Work-
ers Less Productive? National Bureau of Economic Research 2021. doi:10.3386/
w28338.

[32] Wang C, Chudzicka-Czupata A, Tee ML, et al. A chain mediation model on
COVID-19 symptoms and mental health outcomes in Americans, Asians and
Europeans. Sci Rep 2021;11:6481.

[33] Fancourt D, Steptoe A, Bu F. Trajectories of anxiety and depressive symptoms
during enforced isolation due to COVID-19 in England: a longitudinal observa-
tional study. Lancet Psychiatry 2021;8:141-9.

[34] Le HT, Lai AJX, Sun ], et al. Anxiety and Depression Among People Under the
Nationwide Partial Lockdown in Vietnam. Front Public Health 2020;8. doi:10.
3389/fpubh.2020.589359.

[35] Tran BX, Nguyen HT, Le HT, et al. Impact of COVID-19 on Economic Well-Being
and Quality of Life of the Vietnamese During the National Social Distancing.
Front Psychol 2020;11. doi:10.3389/fpsyg.2020.565153.

[36] Kroenke K, Spitzer RL, Williams JBW. The PHQ-9. ] Gen Intern Med
2001;16:606-13.

[37] Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the
General Population. Appl Psychol Meas 1977;1:385-401.

[38] Lewinsohn PM, Seeley JR, Roberts RE, Allen NB. Center for Epidemiologic Stud-
ies Depression Scale (CES-D) as a screening instrument for depression among
community-residing older adults. Psychol Aging 1997;12:277-87.

[39] Spitzer RL, Kroenke K, Williams JBW, Lowe B. A Brief Measure for Assessing
Generalized Anxiety Disorder: The GAD-7. Arch Intern Med 2006;166:1092-7.

[40] von Elm E, Altman DG, Egger M, Pocock S], Getzsche PC, Vandenbroucke JP.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: Guidelines for reporting observational studies. Int J Surg
2014;12:1495-9.

[41] Kim ], Chung H, Askew RL, et al. Translating CESD-20 and PHQ-9 Scores to
PROMIS Depression. Assessment 2017;24:300-7.

[42] Robinson MD, Clore GL. Belief and feeling: Evidence for an accessibility model
of emotional self-report. Psychol Bull 2002;128:934-60.

[43] Kalton G, Flores-Cervantes I. Weighting Methods. ] Off Stat 2003;19:81.

[44] Hochberg Y. A sharper Bonferroni procedure for multiple tests of significance.
Biometrika 1988;75:800-2.


http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0010
https://www.apa.org/news/press/releases/2021/02/adults-stress-pandemic
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627640/
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0028
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0028
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0028
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0028
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0029
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0029
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0029
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0029
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0030
https://doi.org/10.3386/w28338
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0033
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0033
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0033
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0033
https://doi.org/10.3389/fpubh.2020.589359
https://doi.org/10.3389/fpsyg.2020.565153
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0036
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0036
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0036
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0036
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0037
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0037
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0038
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0038
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0038
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0038
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0038
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0039
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0039
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0039
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0039
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0039
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0040
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0041
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0041
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0041
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0041
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0041
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0042
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0042
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0042
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0043
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0043
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0043
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0044
http://refhub.elsevier.com/S2667-193X(21)00001-6/sbref0044

