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ABSTRACT
BACKGROUND:We investigated the evolving prevalence of mood and anxiety symptoms among health care workers
from May 2020 to January 2021, risk factors for adverse outcomes, and characteristic modes of affective responses
to pandemic-related stressors.
METHODS: A total of 2307 health care workers (78.9% female, modal age 25–34 years) participated in an online
survey assessing depression (Patient Health Questionnaire-9) and anxiety (Generalized Anxiety Disorder-7 scale)
symptoms, demographic variables, and self-reported impact of pandemic-related stressors. A total of 334
subjects were reassessed w6 months later.
RESULTS: The prevalence of clinically significant depression and anxiety was 45.3% and 43.3%, respectively, and a
majority (59.9%–62.9%) of those individuals had persistent significant symptoms at 6-month follow-up. Younger age,
female gender, and specific occupations (support staff . nurses . physicians) were associated with increased
depressive and anxiety symptoms. The most important risk factors were social isolation and fear of contracting
COVID-19. The prevalence of clinically significant mood and anxiety symptoms increased by 39.8% from May
2020 to January 2021. Patient Health Questionnaire-9 and Generalized Anxiety Disorder-7 scores were highly
correlated and associated with nearly identical risk factors, suggesting that they are not capturing independent
constructs in this sample. Principal component analysis identified seven orthogonal symptom domains with
unique risk factors.
CONCLUSIONS: Clinically significant mood and anxiety symptoms are highly prevalent and persistent among health
care workers, and are associated with numerous risk factors, the strongest of which are related to pandemic stressors
and potentially modifiable. Interventions aimed at reducing social isolation and mitigating the impact of fear of
infection warrant further study.

https://doi.org/10.1016/j.bpsgos.2021.08.008
As an early epicenter of the COVID-19 pandemic, the New
York City health care workforce faced the unprecedented de-
mands of caring for a sudden surge in critically ill patients in
April and May 2020 while simultaneously managing a variety of
pandemic-related stressors at home. Epidemiological surveys
have shown that depression and anxiety were common early in
the pandemic (1–4), with rates ranging from 9% to 15% among
health care workers in Singapore (2) to 45% to 50% in Wuhan,
China, in early 2020 (1). Acute stress disorder and other trauma
symptoms were also common, ranging from 10% to 40% for
acute stress disorder to .70% for subclinical distress and
trauma symptoms (1,5,6). However, most such studies to date
have been cross-sectional analyses. Thus, it is unclear to what
extent adverse mental health outcomes are sustained within
individuals, and whether their prevalence is changing over
time. Longitudinal studies tracking outcomes after the 2002 to
2004 severe acute respiratory syndrome epidemic and other
large-scale public health crises have documented sustained
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depression, anxiety, and posttraumatic stress disorder (7–13),
underscoring the need for longitudinal data.

Importantly, individual variability is a consistent feature of
all such studies (1,7,12–14): adverse mental health outcomes
occur in some health care workers and first responders but
not in others, despite exposure to similar stressors. What
explains these individual differences? Previous studies have
identified multiple risk factors for depression and anxiety
among COVID-19 health care workers, including younger
age, female gender, and work role (1–4,15–18). Importantly,
health care workers are also confronted with a variety of other
stressors shared by the general public, including fear of
contracting COVID-19, child care, financial difficulties, and
social isolation. Relatively few studies have examined the
relative importance of pandemic-related stressors and per-
ceptions of risk, both of which are potentially modifiable.

A second approach to understanding individual differences
is to examine how symptoms co-occur, a question with
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relevance for efforts to rethink our diagnostic system (19,20). In
large-scale epidemiological studies, mood and anxiety disor-
ders exhibit high comorbidity rates (21–24). Depression and
anxiety symptom scores are at least moderately correlated, but
factor analyses in large-scale population studies suggest that
they are quantifying independent factors (25–27). However, it is
unclear whether that also applies to affective responses to
pandemic stressors, in which symptoms may be more closely
related to stressful life events as opposed to other causes.
Thus, the extent to which depression and anxiety co-occur and
reflect independent constructs is unclear in this context.

Motivated by these questions, we built an online survey
platform for quantifying psychiatric symptoms among health
care workers using the Patient Health Questionnaire-9 (PHQ-9)
and Generalized Anxiety Disorder-7 (GAD-7) self-report scales
and for identifying risk factors for adverse outcomes. Partici-
pants who enrolled in May or June were reassessed w6
months later. A second goal of this project was to connect
health care workers with mental health treatment resources if
needed. Numerous studies have shown that depression and
anxiety interfere with quality of life and work performance in
health care settings (28–31) and that health care workers may
be less likely to access care due to stigma and other barriers to
care (32). Thus, participants in our survey received immediate
feedback on their depression and anxiety symptom scores,
information on how to interpret them, and contact information
for immediately accessible counseling, treatment, and other
support resources.

This study had three aims. Our first aim was to define the
prevalence of clinically significant mood and anxiety symp-
toms among health care workers in New York City and char-
acterize changes over time in a cross-sectional analysis. Our
second aim was to identify risk factors for initial and sustained
adverse mental health outcomes in a longitudinal analysis of
subjects assessed in spring 2020 and again w6 months later.
Our third aim was to understand individual differences in af-
fective responses to pandemic stressors by investigating the
degree to which the PHQ-9 and GAD-7 scales capture inde-
pendent constructs. Specifically, we tested 1) the extent to
which PHQ-9 and GAD-7 scores were correlated within and
across individuals, 2) whether risk factors for depression and
anxiety were similar or distinct, and 3) whether principal
components analysis could be used to understand individual
differences in affective responses.

METHODS AND MATERIALS

Detailed methodological and sample descriptions are provided
in the Supplemental Methods. A brief summary follows.

Participants

A total of 2307 health care workers in an academic medical
center participated in an online survey. All health care workers
in the institution were eligible to participate, and there were no
exclusion criteria. Participation in both assessments was
anonymous and confidential. See the Supplemental Methods
and Table S1 for demographic data and additional sample
details. All procedures were approved by the Weill Cornell
Institutional Review Board, and all subjects provided informed
consent.
Biological Psychiatry: Global Op
Survey Measures

Baseline Assessment. The primary outcome measures
were the PHQ-9 and GAD-7 self-report scales, assessing
depression and anxiety, respectively (25,33). To identify risk
factors for adverse mental health outcomes, we collected data
on age, gender, marital status, occupation, redeployment
status, work location, COVID-19 patient contact, remote work
status, and five pandemic-related stressors. For detailed de-
scriptions of how these data were ascertained, see the
Supplemental Methods.

Follow-up Assessment. A total of 1773 individuals who
participated in the survey in May or June 2020 were invited to
participate in a follow-up assessment approximately 6 months
after the initial assessment. A total of 334 (18.8%) of them
agreed to participate in an identical follow-up assessment, and
also reported on the use of support resources in the interim.

Statistical Analyses

Wilcoxon rank-sum tests and Kruskal-Wallis analyses of
variance (ANOVAs) were used to test for effects of age,
gender, and occupation on PHQ-9 and GAD-7 scores in
Figures 1 to 3. To assess how each factor influenced risk for
clinically significant depression or anxiety, PHQ-9 and GAD-7
scores were converted to a binary outcome based on a
standard threshold ($10). We then used a logistic regression
model to evaluate the impact of each factor on depression or
anxiety risk, while controlling for the confounding influence of
other correlated risk factors. Adjusted odds ratios (ORadj) and
95% confidence intervals were calculated for risk factors
found to be statistically significant after false discovery rate
correction.

To evaluate how symptom scores changed over time in
Figure 4, we first conducted a cross-sectional analysis,
calculating the median PHQ-9 or GAD-7 score for all re-
spondents on each day from May 5, 2020, to January 6, 2021.
We used a sliding window of 610 days to calculate a rolling
average by day to detect trends on the order of 1–2 weeks
while reducing noise due to variability in the number of sub-
jects enrolling on a given day. To test whether changes in
PHQ-9 and GAD-7 scores were related to changes in COVID-
19 transmission rates, we obtained data on daily new cases
from the Centers for Disease Control and Prevention (https://
covid.cdc.gov/covid-data-tracker) and computed Pearson
correlations between daily new cases and daily mean PHQ-9
and GAD-7 scores. In Figure 5, we used a Wilcoxon signed
rank test to determine whether changes in PHQ-9 and GAD-7
scores were statistically significant in the 6-month follow-up
assessment.

In Figure 6, we used principal component analysis (PCA) to
identify a low-dimensional orthogonalized representation of
depression and anxiety symptoms and how they covary. We
used Kruskal-Wallis ANOVAs to test for effects of age, gender,
and each of the nine factors examined in Figure S1 on
component scores across individuals.

RESULTS

Health care workers in an academic medical center in New York
City were invited to participate in an online survey, which was
en Science December 2021; 1:336–344 www.sobp.org/GOS 337
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Figure 1. Patient Health Questionnaire-9 (PHQ-9)
depression scores by gender, age, and occupation.
(A) Histogram of PHQ-9 depression scores in 2307
health care workers. The prevalence of moderate or
severe depression was 45.3% (median PHQ-9
score = 9 [interquartile range, 5–14]). (B) PHQ-9
depression scores were modestly higher in women
compared with men (Kruskal-Wallis analysis of vari-
ance c2 = 7.5, p = .024). (C) PHQ-9 scores
decreased with age (Kruskal-Wallis analysis of vari-
ance c2 = 95.5, p = 2.18 3 10218). (D) PHQ-9
depression varied by occupation (Kruskal-Wallis
analysis of variance c2 = 72.6, p = 2.94 3 10214).
Boxplots in panels (B–D) depict median and inter-
quartile range, with whiskers denoting full range
excluding outliers (denoted by 1).
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open to enrollment fromMay 2020 to January 2021. Participants
who enrolled in May or June were reassessed w6 months later.
A total of 3054 individuals clicked on the email link inviting them
to participate. A total of 2307 (75.5%) of these individuals
completed the initial assessment (78.9% female, age 18–75
years, modal age category 25–34 years). Among the 1773
subjects who participated in May or June 2020, 334 (18.8%)
participated in a follow-up assessment approximately 6 months
338 Biological Psychiatry: Global Open Science December 2021; 1:33
after their initial assessment (described in detail below). In the
follow-up assessment, 58.7% reported using at least one sup-
port resource listed on the referral page, including 10.5%
receiving supportive counseling, 21.0% receiving individual
psychotherapy or psychiatric treatment, 25.2% using at least
one online resource (e.g., meditation, yoga classes), and 2.1%
using group therapy. Table S1 provides additional demographic
information on the sample.
Figure 2. Generalized Anxiety Disorder-7 (GAD-7)
anxiety scores by gender, age, and occupation. (A)
Histogram of GAD-7 anxiety scores in 2307 health
care workers. The prevalence of moderate or severe
anxiety was 43.3% (median GAD-7 score = 9 [inter-
quartile range, 5–14]). (B) GAD-7 anxiety scores were
modestly higher in women compared with men
(Kruskal-Wallis analysis of variance c2 = 15.6 p =
.004). (C) GAD-7 anxiety scores decreased with age
(Kruskal-Wallis analysis of variance c2 = 138.0, p =
2.61 3 10227). (D) GAD-7 anxiety scores varied by
occupation (Kruskal-Wallis analysis of variance c2 =
63.1, p = 2.84 3 10212). Boxplots in (B–D) depict
median and interquartile range, with whiskers
denoting full range excluding outliers (denoted by 1).
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Figure 3. Adjusted odds ratios for risk factors
associated with clinically significant depression and
anxiety. Adjusted odds ratios and 95% confidence
intervals for statistically significant risk factors for (A)
clinically significant depression (Patient Health
Questionnaire-9 score $10) or (B) clinically signifi-
cant anxiety (Generalized Anxiety Disorder-7 score
$10), including age (35–54 years and 551 years vs.
18–34 years [reference]), four pandemic-related
stressors (fear of COVID, child care stress, financial
difficulties, social isolation), and past psychiatric
history. Adjusted odds ratios were derived from a
logistic regression model, adjusting for gender,
marital status, occupation, work location, and other
variables as described in the Methods and Materials

section. Odds ratios for age are reported compared with the 18- to 34-year-old age group as a reference. All other odds ratios are for binary variables.
Significant risk factors are listed in red. All other risk factors were not significant. See Methods and Materials for details.

Figure 4. Changes in depression and anxiety
scores over time. (A) Patient Health Questionnaire-9
(PHQ-9) depression scores and (B) Generalized
Anxiety Disorder-7 (GAD-7) anxiety scores by time.
The data point for each day represents a rolling
average of the median PHQ-9 or GAD-7 score
across a sliding window of 610 days, averaging over
w900–1000 responses for each daily value in May;
w260–300 subjects in June; w90–120 subjects in
July; w45–60 subjects in August, September,
October, and November; and w60–80 subjects in
December and January. See Methods and Materials
for details. Dashed lines represent linear regression
of PHQ-9 and GAD-7 scores on time, explaining
53.9% and 31.5% of the variance in daily scores,
respectively. The semitransparent blue boxes high-
light transient decreases in mean PHQ-9 and GAD-7
symptoms, which correspond with the relaxation of
social distancing requirements in New York City
(NYC) in June and positive vaccine news in October
and November. Changes over time in (C) local and
(D) national COVID-19 transmission rates (daily new
cases) as defined by the Centers for Disease Control
and Prevention (https://covid.cdc.gov/covid-data-
tracker).
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A B Figure 5. Sustained depression and anxiety in a
6-month follow-up assessment. Histograms of the
change (follow-up score – baseline score) in (A)
Patient Health Questionnaire-9 (PHQ-9) depression
scores (median = 0 [interquartile range, 22.25 to 4])
and (B) Generalized Anxiety Disorder-7 (GAD-7)
anxiety scores (median = 0 [interquartile range, 22
to 4]).
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Prevalence of Mood and Anxiety Symptoms Early in
the Pandemic

We began by assessing the prevalence of clinically significant
mood and anxiety symptoms among the 2307-subject sample,
as indexed by the PHQ-9 and GAD-7, respectively. The preva-
lence of moderate or severe depression was 45.3% (median
PHQ-9 score = 9 [interquartile range (IQR), 5–14]) (Figure 1A).
Consistent with previous studies (1–4), PHQ-9 depression
scores were significantly higher in women compared with men
(Kruskal-Wallis ANOVA c2

2 = 7.5, p = .024) (Figure 1B) but only
modestly so (median PHQ-9 score = 9 [IQR, 5–14] inwomen vs. 8
[IQR, 3–14] in men and 9 [IQR, 4.75–16] in participants who
responded other/prefer not to say). PHQ-9 scores decreased
strongly with age (Kruskal-Wallis ANOVA c2

6 = 95.5, p = 2.18 3

10218) (Figure 1C) and varied by occupation (Kruskal-Wallis
ANOVA c2

5 = 72.6, p = 2.94 3 10214) (Figure 1D), with the
highest scores in support staff (median = 12 [IQR, 7.5–16])
and the lowest scores in attending physicians (median = 6
[IQR, 3–10]).

Anxiety symptoms exhibited similar trends. The prevalence
of moderate or severe anxiety was 43.3% (median GAD-7
score = 8 [IQR, 5–14]) (Figure 2A). Again, GAD-7 anxiety
scores were significantly higher in women compared with men
(median GAD-7 score = 8 [IQR, 5–14] in women vs. 7 [IQR,
3–13] in men and 9 [IQR, 4.75–12] in participants who
responded other/prefer not to say; Kruskal-Wallis ANOVA
c2

2 = 15.6, p = .004) (Figure 2B) and decreased strongly with
age (Kruskal-Wallis ANOVA c2

6 = 138.0, p = 2.61 3 10227)
(Figure 2C). GAD-7 scores also varied by occupation (Kruskal-
Wallis ANOVA c2

5 = 63.1, p = 2.84 3 10212) (Figure 2D).
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Risk Factors for Adverse Mental Health Outcomes

To identify risk factors for adverse mental health outcomes
among the 2307 health care workers in our initial assessment
sample, we performed two analyses. First, we investigated
how mood and anxiety symptoms varied continuously with
factors associated with COVID-19 exposure risk, fear of
contracting COVID-19, and other pandemic-related stressors.
Unexpectedly, mood symptoms did not differ among subjects
working on site versus at home and varied only modestly
with factors related to COVID-19 exposure at work
(Figure S1A, B). Mood symptoms varied most strongly with
self-reported fear of contracting COVID-19 and with social
isolation stress, among other pandemic-related stressors
(Figure S1C). Anxiety symptoms exhibited the same patterns
(Figure S1D–F).

Importantly, not all factors associated with depression and
anxiety were independent. For example, both scores varied
with age and occupation, and attending physicians tended to
be older than nurses. Thus, we used logistic regression to
quantify the independent impact of each risk factor on the
likelihood of presenting with clinically significant mood or
anxiety (score $10), while controlling for the influence of all
other variables in our model. The strongest risk factors for
clinically significant depression (Figure 3A) were self-reported
fear of contracting COVID-19 (ORadj = 2.01), social isolation
(ORadj = 2.08), financial difficulties (ORadj = 1.56), and a mood
disorder diagnosis history (ORadj = 1.86). Interestingly, while
25.7% of our sample reported feeling “very much” or
“extremely” affected by pandemic-related child care diffi-
culties, these participants were significantly less likely to
onent
5 6

35.7

28.5

21.4

14.3

7.1

07

50.0

42.9

Kruskal Wallis
ANOVA χ2

Figure 6. Parsing heterogeneity in the affective
response to pandemic stressors. Principal compo-
nent analysis (PCA) identified 7 components
explaining 82.0% of the variance in symptoms. (A)
Heatmap depicting principal component coefficients
(“loadings”) for each clinical symptom in the Patient
Health Questionnaire-9 and Generalized Anxiety
Disorder-7 scales. (B) Heatmap depicting how indi-
vidual subject scores for each component varied
with age, gender, work-related factors, and
pandemic-related stressors. Warm colors denote
statistically significant associations (Kruskal-Wallis
analysis of variance [ANOVA] c2, false discovery rate
corrected for multiple testing). Pt., patient.
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present with significant depressive symptoms (ORadj = 0.68).
Older participants (ORadj = 0.39–0.65) were also less likely
to be depressed. Neither gender nor any factor related to
COVID-19 exposure was significantly associated with risk for
depression in this model, after controlling for the influence of
other variables. Remarkably similar risk factors were identified
for clinically significant anxiety (Figure 3B).
Changes in Mood and Anxiety Symptoms Over Time

To better understand how mood and anxiety symptoms
changed over the course of the pandemic, we performed two
analyses. First, in a cross-sectional analysis, we found that
changes in PHQ-9 and GAD-7 scores were highly correlated
over time (r = 0.764, p , 1 3 10250). Both tended to increase
approximately linearly from May 2020 to January 2021, with
two exceptions: there was a transient decrease in mean PHQ-9
and GAD-7 scores in June and again from mid-October to
late November (Figure 4A, B). Changes in local and national
COVID-19 transmission rates were only modestly correlated
with changes in mean PHQ-9 and GAD-7 scores, explaining
14.2% to 18.9% of the variance in depression scores
and 11.1% to 12.5% of the variance in anxiety scores
(Figure 4C, D). In a secondary exploratory analysis, reasoning
that health care workers’ awareness of changes in local and
national transmission rates may exhibit some delay, we tested
whether changes in transmission rates explained changes in
mean PHQ-9 and GAD-7 scores after a 7-day delay. Again, we
found only modest correlations, explaining 10.9% to 19.8% of
the variance in depression scores and 9.3% to 13.4% of the
variance in anxiety scores. Instead, changes in PHQ-9 and
GAD-7 scores were best explained by a simple linear model
predicting gradually increasing scores over time, and explain-
ing 53.9% of the variance in depression scores and 31.5% of
the variance in anxiety scores. Overall, the prevalence of
clinically significant mood and anxiety symptoms increased
from 41.3% and 42.7% in May to 54.7% and 59.7% in
December and January, respectively (Figure 4A, B).

Although several studies have reported similarly high rates
of depression and anxiety among health care workers early in
the pandemic (1,3), relatively few have examined long-term
outcomes, so it is unclear whether depression and anxiety
symptoms are sustained over prolonged periods within indi-
vidual subjects. Among the 1773 subjects who enrolled in the
study in May or June 2020, 334 participated in a 6-month
follow-up assessment. They did not differ significantly with
respect to baseline PHQ-9 (p = .528, Wilcoxon rank-sum test)
or GAD-7 (p = .161, Wilcoxon rank-sum test) scores, compared
with subjects who participated only in the baseline assess-
ment, nor did they differ with respect to age, gender, on-site
work status, COVID patient contact, work location, or any
pandemic-related stressors (p = .184–.92, Wilcoxon rank-sum
test). However, subjects who agreed to participate in the 6-
month follow-up assessment were modestly less likely
to report being at least somewhat affected by fear of con-
tracting COVID-19 (63.3% vs. 72.5%; p = .0011 by Wilcoxon
rank-sum test).

A longitudinal analysis of mental health outcomes among
these 334 subjects revealed three findings. First, at the group
level, the prevalence ofmoderate or severe depression or anxiety
Biological Psychiatry: Global Op
in the 6-month follow-up assessment was similar to the baseline
assessment (Figure S2A, B). Second, a repeated-measures
analysis of within-subject changes in symptoms showed that
there was a small but statistically significant decrease in both
depression (Wilcoxon signed rank test, z = 2.55, p = .011) and
anxiety (z = 2.30, p = .021) symptoms after 6 months. However,
these effects were small, and the median change on both scales
was zero (DPHQ-9 median = 0 [IQR, 22.25 to 4], DGAD-7
median = 0 [IQR,22 to 4]). Both PHQ-9 and GAD-7 scores were
largely stable over time at the group level but more variable at the
individual level, with w10% of subjects’ reporting changes in
symptoms by 10 to 20 points but most (72.1%) changing by,5
points (Figure 5A, B). Third, this meant that a majority (59.9%–

62.9%) of participants with clinically significant depression or
anxiety at baseline also had clinically significant depression or
anxiety symptoms at follow-up (Figure S2C, D), indicating that
sustained, clinically significant depression or anxiety symptoms
are a persistent problem in this sample.
Parsing Heterogeneity in the Affective Response to
Pandemic Stressors

The GAD-7 and PHQ-9 assessments were designed to screen
for and quantify the severity of major depression and gener-
alized anxiety disorder, respectively (25,33). In large-scale
validation studies, GAD-7 and PHQ-9 scores were corre-
lated, but factor analysis confirmed distinct dimensions (25).
However, it is unclear whether that also applies to affective
responses to pandemic stressors in this population, in which
symptoms may be more closely related to stressful life events
as opposed to other causes. To what extent do these tools
quantify independent diagnostic constructs among health care
workers during the COVID-19 pandemic? To answer this
question, we first analyzed the degree to which depression and
anxiety symptoms tended to co-occur within subjects and to
covary over time. PHQ-9 and GAD-7 scores were highly
correlated in the baseline sample (r = 0.764, p , 1 3 10250)
(Figure S3A) and covaried over time within subjects, such
that changes in PHQ-9 scores were highly correlated with
changes in GAD-7 scores in the 334-subject follow-up sample
(r = 0.681, p = 7.88 3 10242) (Figure S3B).

Thresholding the scores to identify subjects with clinically
significant depression or anxiety revealed high comorbidity
rates (Figure S3C). Overall, 80.1% of the sample met criteria for
either both diagnoses (PHQ-9 and GAD-7 scores $10) or
neither diagnosis (PHQ-9 and GAD-7 scores ,10). A total of
79.3% of participants with probable GAD also had probable
depression, and 75.8% of participants with probable depres-
sion also had probable GAD. Furthermore, most of the
remaining participants who met criteria for just one diagnosis
had subclinical symptoms of the other diagnosis that were just
short of the 10-point threshold: 95.6% of participants with
probable depression had subthreshold anxiety symptoms
(GAD-7 score .7), and 97.2% of participants with probable
GAD had subthreshold depression (PHQ-9 score .7). In
contrast to previous studies in which depression and anxiety
were more independent (25), 67.5% of individuals in our
sample with severe anxiety also had severe depression (PHQ-9
score $15), and 97.6% had at least subthreshold depression
symptoms. These results indicate that the PHQ-9 and GAD-7
en Science December 2021; 1:336–344 www.sobp.org/GOS 341
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scales are not capturing independent constructs in this
particular context.

However, there was substantial individual variability in the
affective response to pandemic stressors. Participants pre-
sented with varying combinations of symptoms from both in-
ventories, and 22.3% reported minimal or absent symptoms in
both domains (PHQ-9 score ,5, GAD-7 score ,5), despite
significant stress. To better understand individual differences
in affective responses, we used PCA to identify a low-
dimensional orthogonalized representation of depression and
anxiety symptoms. PCA identified 7 components explaining
82.0% of the variance in symptoms (Figure S3D). Component
1 explained 53.7% of the variance and was defined by modest
loadings on almost all symptoms (Figure 6A), in agreement
with the observation that PHQ-9 and GAD-7 total scores were
highly correlated. However, additional components defined
independent symptom domains. For example, component 2
explained 7.8% of the variance and was defined by high levels
of anhedonia and neurovegetative depressive symptoms
(sleep, energy, appetite) and low levels of anxiety and worrying.
Component 3 explained 5.5% of the variance and was defined
by high levels of insomnia and anergia and low levels of other
depressive symptoms.

Furthermore, whereas PHQ-9 and GAD-7 total scores were
associated with nearly identical risk factors (Figure 3), the in-
dividual component scores were associated with distinct risk
factors (Figure 6B). Component 1, with modest loadings on
most symptoms, was associated with the same risk factors
that predicted PHQ-9 and GAD-7 total scores in Figure 3. In
contrast, component 2 was strongly associated only with self-
reported fear of contracting COVID-19 and to a lesser extent
with working on site, predicting higher levels of anxiety and
worrying and low anhedonia and neurovegetative depressive
symptoms. Component 3 was strongly associated with gender
and working on site, such that women working on site had high
component 3 scores and relatively specific sleep and energy
problems, without other depressive symptoms. Components 4
to 7 were likewise associated with specific combinations of risk
factors. Thus, while PHQ-9 and GAD-7 total scores are highly
effective screening tools for DSM diagnoses, our results indi-
cate that these diagnoses are largely overlapping in COVID-19
health care workers and are not distinct constructs. Data-
driven dimensionality reduction techniques offer a comple-
mentary approach for understanding heterogeneity in the
affective response to pandemic-related stressors and the
specific contributions of distinct risk factors.
DISCUSSION

Our results support four key conclusions. First, they demon-
strate high prevalence rates for clinically significant depression
and anxiety among health care workers in New York City,
confirming previous reports from other locations (1–4). These
rates appear to be increasing over time, from 41% to 43% in
May to 55% to 60% by the end of 2020. Waxing and waning
COVID-19 transmission rates explain some of these changes,
but they were best explained by a simple linear model pre-
dicting gradual increases over time. Interestingly, there were
two exceptions to this long-term trend, marked by transient
decreases in depression and anxiety in June and again in
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mid-October through late November. Our data do not speak to
the underlying causes of either the gradually increasing trend
over time or these transient dips, but it is noteworthy that they
coincide with a relaxation of social distancing requirements in
New York City in June and positive vaccine news in late
October, respectively.

Second, a major novel feature of this report compared with
previous studies is that clinically significant depression and
anxiety were sustained in a significant proportion of individuals
at the 6-month follow-up assessment. This finding is especially
important because few studies have tracked health care
workers longitudinally during the pandemic, so it was unclear
to what extent these symptoms persist. Our longitudinal data
confirm the previously underappreciated point that depression
and anxiety symptoms are often highly persistent among
health care workers, even 6 months after the peak of the
pandemic in New York City. This finding also mirrors results
from longitudinal studies of health care workers in the 2002 to
2004 severe acute respiratory syndrome epidemic (8–11) and
first responders in other contexts (7,12–14), and underscores
how adverse mental health outcomes could be sustained
problems for a significant proportion of the health care
workforce.

Third, individual differences in affective responses were
explained in part by multiple risk factors. Confirming previous
reports (1–4,15–18), they show that younger age, female
gender, and specific occupations (nurses and hospital support
staff. attending physicians) were associated with a higher risk
for both depression and anxiety. Unexpectedly, factors asso-
ciated with COVID-19 exposure risk—including work location
and contact with COVID-19 patients—were only modestly
related to symptoms. In contrast, potentially modifiable factors
that have not been extensively studied in past work, including
fear of contracting COVID-19 and various pandemic-related
stressors, especially social isolation and financial difficulties,
were much stronger risk factors. At least one previous report
found that a lack of social support was strongly associated
with depression, generalized anxiety disorder, and post-
traumatic stress disorder among health care workers in the
pandemic (34).

Fourth, although the GAD-7 and PHQ-9 scales have a useful
dynamic range for quantifying affective responses to pandemic
stressors, they do not appear to measure fully independent
constructs in this population. GAD-7 and PHQ-9 scores
were highly correlated both across individuals at a single point
in time (r = 0.764) and within individuals assessed repeatedly
(r = 0.681). Most individuals with clinically significant depres-
sion also had clinically significant anxiety (75.8%) and vice
versa (79.3%), and the vast majority (89.8%–93.2%) who
screened positively for one diagnosis had at least subthreshold
symptoms of the other diagnosis. In previous studies,
depression and anxiety scores were also highly correlated, but
confirmatory factor analyses have repeatedly identified at least
two factors representing depression and anxiety (25–27).
These differences might be explained in part by differences in
the populations being studied and the role of pandemic-related
stressors versus other factors driving affective responses.

While many studies have confirmed that the PHQ-9 and
GAD-7 are highly effective screening tools for major depres-
sion and generalized anxiety disorder (25,33), our results
6–344 www.sobp.org/GOS
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suggest that these DSM diagnoses do not capture indepen-
dent affective responses to pandemic stressors—a conclusion
supported by markedly high comorbidity rates (21–23) and
diagnostic instability over time in recent longitudinal studies
(24). PCA identified seven orthogonal components explaining
82% of the variance in our sample. The first component was
defined by modest loadings on almost all symptoms, consis-
tent with the conclusion that the affective response to
pandemic stress involves correlated changes in both scales in
many individuals, and this component shared most of the
same risk factors that were identified for both depression and
anxiety in Figure 3. Importantly, however, this component
explained only about half the variance in the sample. The
remaining components were defined by distinct clinical
symptom domains (e.g., anhedonia and neurovegetative
symptoms in component 2, sleep and energy in component 3,
restlessness and irritability in component 4) and were associ-
ated with distinct risk factors. These findings lend support to
current efforts to use PCA and related data-driven approaches
to understand individual differences in affective responses
independent of our existing diagnostic categories (35–39).

Several limitations should also be noted. First, our results
may be affected by selection biases. Our sample of 2307
health care workers is large, encompassing most health care
occupations and a wide range of ages, but it is not a random
sample—subjects self-selected for participation—and may not
be representative of all health care workers. Likewise, the 334
subjects who agreed to participate in the 6-month follow-up
assessment constituted 18.8% of the 1773 subjects who
were eligible, so the longitudinal outcomes may not be repre-
sentative of the sample as a whole. Mitigating these concerns,
our prevalence estimates in May 2020 at the height of the crisis
in New York City are remarkably similar to those reported in
Wuhan in January 2020. Subjects in the 6-month follow-up
assessment did not differ systematically from subjects lost to
follow-up on most baseline demographic and clinical mea-
sures. Still, selection biases could have influenced our results,
and may account in part for the fact that the gender effects in
our sample (which was 78.9% female) were smaller than those
observed in other reports. Second, participants in the initial
assessment received feedback on their symptom scores and
treatment referral information. A total of 58.7% of participants
in the 6-month follow-up assessment reported using at least
one of these resources. To the extent that counseling and
other treatments improve symptoms, our follow-up assess-
ment may underestimate the prevalence of sustained mood
and anxiety disorders in individuals who are not in treatment.
Estimates of the evolving prevalence of depression and anxiety
may also be less stable for our sample in late 2020, when each
daily data point was a rolling average of w60 to 80 subjects,
compared with in May and June, when each daily data point
was a rolling average ofw260 to 1000 subjects. Third, our data
do not speak to the prevalence of trauma symptoms and
substance use disorders, which have been documented in
recent studies (1–3,15,34). Finally, we did not assess individual
psychological and personality characteristics or factors such
as race and ethnicity, education, and socioeconomic status, all
of which could influence mood and anxiety and their mainte-
nance over time. Future studies will be needed to address
these questions.
Biological Psychiatry: Global Op
These limitations notwithstanding, our findings add to a
growing literature indicating that depression, anxiety, and other
psychiatric disorders are a significant—and possibly
growing—problem among health care workers during the
pandemic (1–4). Other studies confirm that pandemic stress
effects on depression and anxiety are not limited to health care
workers and may be comparably prevalent in the general
population (40,41). Combined with other recent studies (34),
they suggest that interventions aimed at potentially modifiable
risk factors—including social isolation and fear of contracting
COVID-19—are worth investigating. Finally, our results indi-
cate that PCA and other data-driven approaches may be useful
for parsing heterogeneity and understanding individual differ-
ences in affective responses to pandemic-related stressors.
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