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ARTICLE INFO ABSTRACT

Keywords: Trajectory studies of the COVID-19 pandemic have described patterns of symptoms over time. Yet, few have
COVID-19 examined whether social determinants of health predict the progression of depression and anxiety symptoms
Depression during COVID-19 or identified which social determinants worsen symptom trajectories. Using a racially,
?:axjii[t};ries ethnically, and linguistically diverse sample of adults participating in a randomized clinical trial with pre-

existing moderate to severe depression and/or anxiety symptoms, we compare symptom patterns before and
during COVID-19; characterize symptom trajectories over a 20-week follow-up period; and evaluate whether
social determinants are associated with within- and between- person differences in symptom trajectories. Data
were collected before and during COVID-19 in Massachusetts and North Carolina. On average, depression and
anxiety symptoms did not seem to worsen during the pandemic compared to pre-pandemic. During COVID-19,
anxiety scores at follow-up were higher for participants with baseline food insecurity (vs no food insecurity).
Depression scores at follow-up were higher for participants with food insecurity and for those with utilities
insecurity (vs no insecurity). Participants with child or family care responsibilities at baseline had depression
symptoms decreasing at a slower rate than those without these responsibilities. We discuss the important im-
plications of these findings.

Social determinants of health
Racial/ethnic minorities

and anxiety through four potential mechanisms: 1) health-related anx-
iety and grief directly arising from the COVID-19 virus; 2) the direct

1. Introduction

In many countries, including the United States, the 2020 prevalence
rates for anxiety and depression symptoms during the start of the
COVID-19 pandemic doubled or more than doubled compared to pre-
vious years (OECD, 2021). Banks et al. (2021) hypothesize how the
pandemic directly and indirectly contributes to increases in depression

mental health effects of the loss or restriction of fulfilling activities and
positive social connections; 3) the mental health consequences of the
pandemic’s effect on an individual’s financial situation; and 4) stressors
related to domestic arrangements and family relations (Banks et al.,
2021). However, mechanisms through which the pandemic has

Abbreviations: CHW, community health worker; EUC, enhanced usual care; PROMIS, Patient Reported Outcomes Measurement Information System; RCT, ran-

domized clinical trial; SDH, social determinants of health.
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augmented anxiety and depression symptoms appear to differ across and
within individuals over time. Studies consistently show higher overall
prevalence and severity of depression and anxiety symptoms among
people who are younger, female, of lower-socio-economic status, and
with pre-existing mental health needs (Kwong et al., 2021; Vindegaard
& Benros, 2020). Drawing on literature from systemic models of human
development and family functioning, Prime et al. (2020) illustrate how
families and individuals with greater exposure to vulnerabilities prior to
COVID-19 (e.g., economic hardship, racism and marginalization, past
traumatic events) are at greater risk for depression and anxiety symp-
toms from social disruption due to the COVID-19 pandemic (e.g., job
loss, social isolation) (Prime et al., 2020). Likewise, certain protective
factors prior to COVID-19 (e.g., economic security, family social sup-
port) put families and individuals in a better position to adapt to social
disruption during the pandemic and maintain mental health (Prime
et al., 2020). These patterns of greater risk and protection are consistent
with research findings from previous pandemics and disasters (Gold-
mann & Galea, 2014; Quinn & Kumar, 2014).

Yet, whether those at greater risk recover or not, and how social
determinants of health (SDH) might influence mental health symptom
recovery are remaining questions. Study samples in this literature have
been predominantly White (Batterham et al., 2021), inclusive of the
general population with low mental health symptoms (Saunders et al.,
2021), at low risk of COVID-19 infection and low risk of economic
insecurity (Thomas et al., 2021). Studies of people with pre-existing
anxiety or depression prior to the pandemic often have small samples
and/or rely on mostly convenience sampling (Banks et al., 2021). Many
of the studies with larger samples have cross-sectional designs, or
include only two-three points of observation, and have not assessed
social determinants needs during the pandemic.

In the present study, we used data from participants enrolled in the
ongoing Strong Minds-Strong Communities randomized clinical trial
(RCT), a predominantly racially/ethnically and linguistically diverse
and low-income sample with pre-existing depression and/or anxiety
from North Carolina and Massachusetts. The goals of the current study
are threefold: (1) to test the hypothesis that participants enrolled in the
RCT before the COVID-19 pandemic would have on average lower
depression and anxiety symptoms compared to participants enrolled
during the pandemic (Goal 1), (2) to examine whether depression and
anxiety symptoms were stable, increasing, or decreasing during the
pandemic within and between individuals (Goal 2); and (3) to test the
hypothesis that participants negatively impacted by SDH, minority
stress (i.e. discrimination), COVID stress (e.g., personal/family exposure
or conflict due to COVID) and with certain sociodemographic and
clinical characteristics (e.g., non-married, higher symptoms) would
have worse trajectories of depression and anxiety symptoms during the
pandemic (Goal 3). Together, these findings could inform our under-
standing of the clinical and social service needs during a pandemic
among a raciallly/ethnically and linguistically diverse population with
pre-existing moderate to severe depression and anxiety symptoms.

A unique contribution of our study is to examine the independent
contribution of unmet basic needs to depression and anxiety trajectories
in a racially and ethnically diverse population of adults with pre-existing
mental health diagnoses. The participants included in both the Saunders
and Batterham studies were mostly White, and most did not have mental
health diagnoses pre-pandemic. Both of these studies demonstrated that
the few participants who did have pre-existing mental health diagnoses
had worse depression and anxiety trajectories than participants without
mental health diagnoses, as would be expected. In our study, all par-
ticipants met diagnostic-level criteria for depression or anxiety at
baseline, and therefore we were able to examine the role of unmet basic
needs in depression and anxiety symptom trajectories in a high-risk
population.
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1.1. What do we know about symptoms of depression and anxiety during
the pandemic in the general population and in samples with pre-existing
symptoms?

Recent studies in nationally representative samples across the world
(Batterham et al., 2021; Fancourt et al., 2021; Saunders et al., 2021)
report that the levels of symptoms of anxiety and depression peaked in
March 2020 when lockdown was initiated, with a slow decline in the
following months (Banks et al., 2021). In a longitudinal study (Shuster
et al., 2021), people with previous mental health diagnoses experienced
higher and increasing levels of symptoms during the pandemic. Never-
theless, different sources of mental health concerns during the pandemic
are likely to have different time horizons (i.e., different shaped curves).

1.2. Trajectories of anxiety and depression symptoms during the
pandemic

Researchers have identified distinct trajectories of symptoms for
anxiety and depression during the COVID-19 pandemic. Banks et al.
(2021) illustrated this with four different curves: a curve of those with
immediate fear and response to lockdown (sharp spike and quick re-
covery); a curve for those having a response to pandemic adversities
(starts later and ends later); insufficient mental health support (starts
later and takes longer to recover); and mental health impacts of
long-term consequences of the pandemic like recession, unrest, and
poverty (delayed and large curve with no indication of decline). In
Australia, Batterham et al. (2021) identified three trajectory classes for
depression (stable low, stable moderate, or severe and declining) and
four for anxiety (stable low, mild increasing, moderate increasing, and
moderate declining) (Batterham et al., 2021). In the United Kingdom,
Saunders et al. (2021) found that the most common pattern for
depression and anxiety symptoms was low symptom severity
throughout, while others had severe increasing; moderate throughout;
worsening associated with lockdown; or severe initial anxiety that
decreased quickly after lockdown (Saunders et al., 2021). It remains
unanswered how the pandemic influenced trajectories for those who had
significant mental health symptoms and were participating in a psy-
chosocial program, and whether social and economic difficulties (either
specific issues like housing or greater total number of difficulties) pre-
dict the progression of an individual’s anxiety and depression symptoms
over time.

1.3. Role of social determinants of health in symptom trajectories

Social determinants of health (SDH) can contribute to increased rates
of depression and anxiety symptoms during the COVID-19 pandemic by
loss of employment or income (Solomou & Constantinidou, 2020; Zhang
et al., 2020); housing instability (Bushman & Mehdipanah, 2021);
concerns about accessing basic needs such as paying for food, medica-
tions, and utilities (Wright et al., 2020); responsibilities of caring for
children or other family members (Adams-Prassl et al., 2020); and
decreased social interactions (Etheridge & Spantig, 2020). Longitudinal
research from the United Kingdom indicates that in the first month of the
pandemic, people with lower socioeconomic position experienced a
greater number of these adverse events (Wright et al., 2020), and that
these experiences had a greater impact on mental health among people
from lower-income households compared to higher-income households
(Banks & Xu, 2020); a finding consistent with data from the U.S. (Soria &
Horgos, 2020). However there have been few longitudinal studies of this
nature in the U.S.

Prior research both before and during the pandemic has demon-
strated that unmet basic needs, particularly food insecurity, can worsen
depression and anxiety independent of income (Jones, 2017; Liu et al.,
2014; McAuliffe et al., 2021; Nagata et al., 2021). Yet none of the basic
needs factors alone is enough to explain the negative impact of the
COVID-19 pandemic on mental health for any subgroup. For example,
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Adams-Prassl and colleages (2020) found that the increased financial
worries and childcare responsibilities only accounted for part of the
effect of lockdown on women’s mental health.

Several studies have examined whether certain demographic factors
can help predict which symptom trajectory class an individual would
most likely experience during the COVID-19 pandemic. Shuster et al.
(2021) found that age, gender, ethnicity, income, prior diagnoses, living
situation, personality factors and sociability predicted different trajec-
tories. Batterham (2021) identified that prior mental health diagnoses,
Covid-19 related financial distress, and social and work impairment
were all associated with having a high symptom trajectory. Shuster et al.
(2021) reported that Covid-19-related economic impact and increase in
projected duration of the pandemic exacerbated depression and anxiety
symptoms over time, increasing Covid-19 severity (7-day change in
cases).

These studies provide some understanding of social determinants as
predictors of mental health trajectories. Fewer studies have identified
relationships between social needs and trajectories of depression and
anxiety during the pandemic. Saunders et al. (2021) found that income
and living situation were associated with different trajectories — in-
dividuals with lower incomes experienced higher levels of depression
and anxiety symptoms that increased at a faster rate than people with
higher incomes. Fancourt et al. (2021) found that educational attain-
ment was associated with different trajectories — individuals with lower
educational attainment started with higher levels of depressive symp-
toms and they declined at a different pace than those with higher levels
of educational attainment. Additionally, some studies have identified
relationships between social needs measured during the pandemic and
trajectories of depression and anxiety during the pandemic. One longi-
tudinal study from New York found that adolescents and young adults
with greater concerns about basic needs (not having enough food or
supplies) reported greater anxiety symptoms (Hawes et al., 2021). They
suggested that basic SDH might have a greater impact on the mental
health of adults who have more responsibilities.

The current study focuses on the role of SDH (e.g., housing insta-
bility, food insecurity, transportation difficulties, utility assistance
needs) included in standardized screening tools for clinical settings
(Billioux et al., 2017). We evaluate how SDH might impact the trajec-
tories of depression and anxiety symptoms in a mostly racially/ethni-
cally minoritized group of people already identified to have elevated
depression and anxiety symptoms. In addition to these social de-
terminants, we also examined the effect of perceived changes in family
social needs specifically due to the pandemic (e.g., loss of household
income or responsibilities in childcare) as past studies have found as-
sociations between COVID-19 family stressors and mental health
symptoms (Brown et al., 2020). Another important social need is living
in settings that feel welcoming and supportive (Ahrens et al., 2021;
Pedrosa et al., 2020), so we examined the role of neighborhood minority
stress as contributing to mental health trajectories. Examining which
social needs lead to greater vulnerability in depression and anxiety
symptoms among low-income minoritized populations can help identify
what needs should be prioritized to reduce mental health challenges and
preventively provide support for these services.

2. Methods
2.1. Participants

The ongoing Strong Minds-Strong Communities study is an RCT of an
evidence-based psychosocial intervention offered to adults in North
Carolina and Massachusetts (Alegria et al., 2019). The intervention is
transdiagnostic, addressing moderate to severe depression, anxiety, and
trauma-related symptoms through a manualized program of 10 sessions
within 6 months. It is delivered virtually by mostly multilingual com-
munity health workers (CHWs), and offered in English, Spanish, Man-
darin, and Cantonese. A care manager also provides linkages for SDH.
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Eligible participants were adults ages 18 years or older with demon-
strated capacity to consent, and who had elevated symptom levels of
depression or anxiety on the CAT-MH, a suite of validated computer
adaptive tests for assessing mental health (Gibbons et al., 2018). The
CAT-MH was calibrated by the developer for the current and future
studies, to ensure accuracy across the study languages and congruence
with commonly used measures such as the PHQ-9 (Kroenke et al., 2001).
Moderate to severe symptoms were defined by a cut-off score of 50 for
depression and 51 for anxiety in English-speakers, and of 42 for
depression and 41 for anxiety in Spanish, Mandarin, or Cantonese
speaking participants. Participants were excluded if they received psy-
chotherapy or counseling in the three months prior to enrollment or had
an appointment upcoming in the next month. We did not exclude par-
ticipants for use of pharmacological treatments and related appoint-
ments with a psychiatrist. We also excluded participants with a history
of psychosis, mania, psychotic symptoms (using the IMPACT screener)
(Callahan et al., 2005), or severe alcohol or substance dependance as
defined by the CAT-MH (Gibbons et al., 2018). Participants reporting a
suicidal plan or attempt on the Paykel Suicide Risk Questionnaire
(Paykel et al., 1974) took part in an emergency protocol and were
rescreened 30-days after for potential eligibility.

Most participants were economically disadvantaged, from racially or
ethnically minoritized groups, and non-English speakers. After
screening, participants completed a baseline assessment prior to
randomization into either the intervention or enhanced usual care (EUC)
condition. We additionally monitored anxiety and depression symptoms
as part of intervention activities in both arms of the trial, which are the
data utilized for the current analysis. These were monitored at approx-
imately 3-, 6-, 11-, and 20-weeks post-baseline. The RCT monitoring
process is presented in Fig. 1. Follow-up questionnaires were adminis-
tered at 3-, 6-, and 12-months post-baseline but were not used in the
current analyses, as the trial is ongoing and data collection is not yet
complete. All measures were administered by staff trained in data
collection procedures. The study was approved by the appropriate
Institutional Review Boards.

2.2. Measures

2.2.1. Hypothesized baseline characteristics associated with symptom
trajectories

Sociodemographic factors. Sociodemographic variables included
gender (female vs male), age, marital status (married or cohabitating vs
separated, widowed, divorced, or never married), and education (above
high school vs at or below high school).

Social Determinants of Health (SDH). This self-report measure is
an adaptation of the Accountable Health Communities Screening Tool
for Health-Related Social Needs (Billioux et al., 2017) specific to pop-
ulations served by Medicaid Accountable Care Organizations in Massa-
chusetts and North Carolina. It was further customized to incorporate
concerns of RCT participants and the services available in their com-
munities. We used this measure to create 8 indicator variables for past
12-month difficulties with Lack of Transportation (1-item: transportation
kept you from medical appointments or getting medication), Food
Insecurity (2-items: worrying sometimes or often about food running out
or not having enough money to buy more food), Housing Instability
(3-items: lack of housing, moving two or more times in the past-year, or
worrying about not having housing in the next two months), Utilities
Insecurity (1-item: trouble paying heat or electric bill), Trouble Paying for
Medications (1-item), Unemployment (1-item: currently unemployed and
looking for work), Interest in More Education (1-item: “Are you interested
in more education?*), and Childcare/Family Care Insecurity (1-item:
trouble with childcare or the care of a family member). Each domain was
analyzed separately and by a count variable for Total Number of Social
Determinants of Health (range: 0-8). The full measure is presented in the
Appendix.

COVID-19 Family Stress. The COVID-19 Family Stress Screener
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Eligible
>18 years; moderate or
severe symptoms of
anxiety or depression

\

Screening Baseline Assessment
CAT-MH +

Randomization to
Intervention or Usual Care

—»[ Ineligible ]

Intervention Process Monitoring

PROMIS depression and anxiety

™ at sessions 1, 3, 6, and 9
(3, 6, 11, and 20 weeks after baseline)
Usual Care Process Monitoring
L PROMIS depression and anxiety

atcalls1, 2, 3,and 4

(3, 6, 11, and 20 weeks after baseline)

Fig. 1. Study process monitoring flowchart.

(Huth-Bocks, 2020) is a 10-item measure assessing increased stress from
COVID-19 related events (1 = strongly disagree to 5 = strongly agree)
within different domains of daily living such as “physical health con-
cerns for me or a family member” or “loss of social connections and
social isolation”. Although five items overlapped with social needs do-
mains from the SDH measure (e.g., losing job or decrease in income)
they were not excluded since they were reported in relation to COVID-19
related events. Total scores were calculated summing all items (range:
10-50), with greater scores indicating higher levels of stress (« = 0.81
overall, and 0.75, 0.84, 0.78, and 0.83 in English, Spanish, Mandarin,
and Cantonese, respectively).

Minority Stress. We used a 4-item adaptation (Duarte et al., 2021)
of the Minority Status Stress Scale (Smedley et al., 1993). Participants are
instructed to think about their current neighborhood, and select a
response from a 4-point scale (0 = strongly disagree to 3 = strongly agree)
to each of the following four statements: “You can perceive/notice
negative attitudes/treatment of people like you by your neighbors”;
“The neighborhood is an unfriendly place for people like you™; “In this
neighborhood people like you are not treated nicely”; and “People like
you do not feel at home in this neighborhood”. All items were summed
to create a total score (range: 0-12) with higher scores reflecting higher
levels of minority stress (a« = 0.81 overall, and 0.75, 0.84, 0.78, and 0.83
in English, Spanish, Mandarin, and Cantonese, respectively).

2.2.2. Outcomes: anxiety and depression symptoms

Approximately 3-, 6-, 9-, and 20-weeks post-baseline, anxiety and
depression symptoms were measured using the short-forms of the Pa-
tient Reported Outcomes Measurement Information System (PROMIS)
(Cella et al., 2010). The PROMIS anxiety module measures past seven
days self-reported emotional distress caused by fear, anxious misery,
hyperarousal, and somatic symptoms related to arousal (Pilkonis et al.,
2011). The short-form assesses how often the respondent has been
bothered by each of the following seven symptoms: “I felt fearful”, I felt
anxious”, “I felt worried”, “I found it hard to focus on anything other
than my anxiety”, “I felt nervous”, “I felt uneasy” and “I felt tense”; r =
0.96 with the full 29-item PROMIS anxiety bank (Cella et al., 2010).
Each item is rated on a 5-point scale (1 = never and 5 = always), which
add up to a total score ranging from 7 to 35; o = 0.88 total, and 0.87,
0.89, 0.89, and 0.90 in English, Spanish, Mandarin, and Cantonese,
respectively.

The PROMIS depression module measures past seven days self-
reported affective and cognitive manifestations of depression rather
than somatic symptoms such as appetite, fatigue, and sleep (Pilkonis
etal., 2011). The short-form assesses how often the respondent has been
bothered by each the following eight symptoms: “I felt worthless™, “I felt
that I had nothing to look forward to”, “I felt helpless,” “I felt sad,” I felt
like a failure,” “I felt depressed,” “I felt unhappy,” and “I felt hopeless™; r
= 0.96 with the full 28-item PROMIS depression bank (Cella et al.,

2010). Each item is rated on a 5-point scale (1 = never and 5 = always),
which add up to a total score ranging from 8 to 40; with an o = 0.89 for
the total sample, and 0.86, 0.90, 0.89, and 0.90 in English, Spanish,
Mandarin, and Cantonese, respectively.

PROMIS scores were measured among intervention participants
during their intervention sessions with CHWs, and among EUC partici-
pants during calls with a Care Manager that were scheduled at similar
time periods. Analyses for Goal 1 used PROMIS scores at first mea-
surement (i.e., 3-weeks post-baseline) as the outcome, while analyses for
Goals 2 and 3 used PROMIS scores at all time points (3-, 6-, 11-, and 20-
weeks post-baseline) as the outcome.

2.2.3. Additional descriptive characteristics

Descriptive baseline information included state of recruitment
(Massachusetts or North Carolina), race/ethnicity (non-Latinx White,
non-Latinx Black, Asian, Latinx, American Indian, and multiracial), and
anxiety and depression symptoms. Consistent with required reporting
for NIH and general census guidelines, there were two separate ques-
tions for participants to self-report race and ethnicity. Pre-existing
anxiety and depression symptoms were assessed during screening for
trial eligibility through the CAT-MH (Gibbons et al., 2018).

2.3. Analytical samples

Between September 25, 2019 (date when the first participant was
enrolled) and November 3, 2021, a total of 804 participants were
enrolled in the RCT. For Goal 1, the analytic sample included all current
804 enrolled participants, 94 of whom completed their first PROMIS
measures (i.e., 3-weeks post-baseline) before the COVID-19 pandemic
(March 15, 2020), and 710 of whom completed their first PROMIS
measures during the pandemic (on or after March 15, 2020). For Goals 2
and 3, participants who enrolled in the trial before the pandemic (N =
151) or who enrolled in the trial less than 6 months before November 3,
2021 (N = 147) were excluded, resulting in a final analytic sample of
504 participants for Goals 2 and 3. Although 151 participants enrolled
before the pandemic, the first exclusion criteria were applied because
only 5 of them had completed all of their PROMIS measures pre-
pandemic, which did not allow us to compare trajectories of anxiety
and depression pre- and during the pandemic. The second exclusion
criteria were applied because participants can complete all their
PROMIS measures only when enrolled in the trial for about six months.

2.4. Statistical analyses

For Goal 1, we examined the average differences in the first PROMIS
anxiety and depression scores (i.e., 3-weeks post-baseline) before and
during the pandemic using a local linear function and we plotted anxiety
and depression scores against the date the scores were completed. For
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Goals 2 and 3, we compared the distribution of baseline characteristics
between participants included in the trajectory analyses (N = 504) and
participants excluded from these analyses (N = 298) because they either
enrolled in the trial before the pandemic or had not reached the six-
month period of observation in the trial. We then used multilevel
growth models to assess how anxiety and depression symptoms changed
over time (Goal 2) and how that change was related to baseline socio-
demographic factors, social determinants of health, COVID-19 family
stress, and minority stress (Goal 3). These models fitted the symptoms
scores at each time point (3-, 6-, 11-, and 20-weeks post-baseline) as a
function of linear and quadratic time, with assessment time centered at
3-weeks.

For Goal 2, we started with a model that included an intercept as a
fixed- and random-effect and linear time as a fixed-effect (Model 1). The
intercept fixed-effect captured average symptoms at the first measure-
ment (i.e., 3-weeks post-baseline), the linear time fixed-effect captured
average linear rate of change over time, and the intercept random-effect
captured individual variability in symptoms at the first measurement.
We then added random-effects for the linear time to capture individual
variability in the linear rate of change over time (Model 2). Finally, we
added a quadratic term for time to test for deviations from linearity
(Model 3), but we could not include a random-effect for this quadratic
term because it was not empirically identified in our data. We used a
likelihood ratio test to select the best-fitting model.

Using the best-fitting model from Goal 2, we then added baseline
characteristics and their two-way interaction with linear time as fixed-
effects (Goal 3). The fixed-effect for baseline characteristics repre-
sented the average difference in symptoms at first measurement be-
tween participants with and without a specific baseline characteristic (e.
g., with and without food insecurity). The fixed-effect for the two-way
interactions represented the average difference in the linear rate of
change over time as a function of baseline characteristics. To focus on
the overall effect of each characteristic, we included each separately
without adjusting for other characteristics. All models adjusted for
intervention condition and state of recruitment (North Carolina or
Massachusetts), but the intervention was not analyzed since the RCT is
still ongoing. All analyses were conducted in Stata Version 15 (Stata-
Corp, 2021).

15 20 25 30 35
1

at First Measurement

PROMIS Anxiety Scores
10
1
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3. Results

3.1. Goal 1: Differences in initial anxiety and depression symptoms pre-
and during the pandemic

In Fig. 2, we plotted PROMIS anxiety and depression scores at first
measurement (i.e., 3-weeks post-baseline) against the date when the
scores were taken and used a local linear function that distinguished pre-
and during pandemic periods. The dashed lines represent 95% confi-
dence intervals (95% CIs). The figure shows that neither anxiety nor
depression scores increased after the first monitoring period (3-weeks
post-baseline) when the pandemic started (March 15, 2020). That is, the
pandemic did not seem to worsen anxiety and depression symptoms
among RCT participants who were already moderately to severely
anxious or depressed at baseline.

3.2. Goal 2: Anxiety and depression symptom change over time, adjusting
for treatment condition

Descriptive information of participants included in our trajectory
analyses are displayed in Table 1. Participants were on average 45 years
old, with the sample being mostly female and Latinx. No differences
were observed between participants included and excluded from the
trajectory analyses. Results from our multilevel growth models of anx-
iety and depression symptom change over time are presented in Table 2.
As shown in this table, for both outcomes Model 2 had better fit than
Model 1, and Model 3 had better fit than Model 2. That is, the best-fitting
model for both anxiety and depression was Model 3, which included
fixed effects for the intercept, linear time, and quadratic time, as well as
random effects for the intercept and linear time. Thus, we focused our
interpretation on the effects estimated in Model 3.

On average, PROMIS anxiety scores 3-weeks post-baseline (intercept
fixed-effect) were 20.42 (95% CI, 19.81 to 21.03). Anxiety decreased
0.56 points the week following the first measurement (slope fixed-effect,
—0.56; 95% CI, —0.68 to —0.43), but the decrease decelerated every
week after (quadratic slope fixed-effect, 0.02; 95% CI, 0.01 to 0.03).
Coefficient estimates for PROMIS depression were of similar magnitude.
On average, PROMIS depression scores 3-weeks post-baseline were
20.76 (95% CI, 20.07 to 21.46). Depression decreased 0.51 points the

Before
COVID

at First Measurement
10 15 20 25 30 35 40
1

PROMIS Depression Scores

40 60 80

T
-20 0 20

40 60 80

Weeks since March 15, 2020

Notes: Each point represents a 7-day average.

The solid line plots a local linear regression and dashed lines show 95% confidence intervals.

Fig. 2. Mean anxiety and depression PROMIS scores at first measurement (3-weeks post-baseline) before and during the COVID-19 pandemic.
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Table 1
Baseline characteristics of overall study participants (Goal 1), participants
excluded from goals 2 and 3, and analytical sample for goals 2 and 3.

Baseline characteristic Overall: Excluded Analytical P Value
Goal 1 from Goals 2  Sample for
and 3 Goals 2 and 3
N = (N = 298) (N = 506)
804)
Age, years, mean (SD) 44.4 44.0 (13.7) 44.6 (13.2) 0.55
(13.4)
Gender, N (%)
Male 126 47 (15.8) 79 (15.6) 0.86
(15.7)
Female 674 249 (83.6) 425 (84.0)
(83.8)
Other 4(0.5) 2(0.7) 2(0.4)
Race/ethnicity, N (%)
White 67 (8.3) 16 (5.49) 51 (10.1) <0.001
Black 100 59 (19.8) 41 (8.1)
(12.4)
Asian 110 40 (13.4) 70 (13.8)
(13.7)
Latinx 511 174 (58.4) 337 (66.6)
(63.6)
Other 16 (2.0) 9 (3.0) 7 (1.49)
Education, N (%)
Less than high school ~ 556 204 (68.5) 352 (69.6) 0.89
(69.2)
High school and 246 93 (31.2) 153 (30.2)
above (30.6)
Missing 2(0.2) 1(0.3) 1(0.2)
Marital Status, N (%)
Married or 366 150 (50.3) 216 (42.7) 0.07
cohabitating (45.5)
Separated, divorced, 436 148 (49.7) 288 (56.9)
widowed, or never (54.2)
married
Missing 2(0.2) 0 (0.0) 2(0.4)
State, N (%)
North Carolina 348 129 (43.3) 219 (43.3) 1.00
(43.3)
Massachusetts 456 169 (56.7) 287 (56.7)
(56.7)
Condition, N (%)
Control 397 145 (48.7) 252 (49.8) 0.75
(49.4)
Intervention 407 153 (51.3) 254 (50.2)
(50.6)
CAT-MH Anxiety, mean 51.7 50.8 (17.4) 52.2 (18.1) 0.25
(SD) (17.8)
CAT-MH Depression, 57.2 58.0 (12.5) 56.8 (12.8) 0.22
mean (SD) aaz.7)
Total Number of Social 3.0 (1.9) 3.0 (1.9) 3.0(1.9) 0.67
Determinants of
Health, mean (SD)
COVID-19 Family 34.2 33.2(8.4) 34.5 (8.9) 0.13
Stress Screener, mean  (8.8)
(SD)*
Minority stress 5.7 (1.4) 5.7 (1.4) 5.6 (1.4) 0.22

@ Measure was collected for the first time on April 6th, 2020, and thus missing
for 192 participants (152 enrolled pre-pandemic, and 40 enrolled between
March 15th, 2020, and April 5th, 2020).

week following the first measurement (slope fixed-effect, —0.51; 95%
CI, —0.66 to —0.37), but this decrease decelerated every week after
(quadratic slope, 0.02; 95% CI, 0.01 to 0.02).

3.3. Goal 3: Anxiety and depression symptom change related to baseline
characteristics

Table 3 presents coefficient estimates of anxiety and depression
symptom change as a function of baseline characteristics. Each row of
the table shows how a specific predictor was related to the level
(intercept) and slope of symptoms within persons. The column titled
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Intercept contains the predictor main effect; it reveals if the predictor was
associated with a difference in symptoms at the first measurement. The
column titled Slope contains the estimate of the interaction between the
predictor and time and indicated whether those characteristics were
associated with differences in the rate of change over time. For com-
parison purposes we present at the bottom of Table 3 the intercept and
slope value in the comparison group. Because these values varied
slightly across predictors, we present the median in the table.

Levels of PROMIS anxiety scores at the first measurement were 1.16
points lower (5.7% below median) for participants who were married or
cohabitating at baseline (vs separated, widowed, divorced, or never
married), 1.30 points higher (6.4% above median) for participants with
baseline food insecurity (vs no food insecurity), while a one-point in-
crease in COVID-19 family stress scores increased anxiety at the first
measurement in 0.10 points (0.5% above median). We did not find ev-
idence that baseline characteristics were associated with the rate of
change over time in anxiety symptoms.

PROMIS depression scores at the first measurement were 2.22 points
lower (10.9% below median) for participants who were married or
cohabitating at baseline (vs separated, widowed, divorced, or never
married), 1.81 points higher (8.9% above median) for participants with
baseline food insecurity (vs no food insecurity), and 1.90 points higher
(9.3% above median) for participants with baseline utilities insecurity
(vs no utilities insecurity). Only childcare or family care responsability
was associated with the linear rate of change over time in depression
symptoms. Compared to those with no childcare or family care
responsability, participants who were affected by this type of re-
sponsibility had depression symptoms that decreased at a 21.2% slower
linear rate over time compared to the median rate (Fig. 3).

4. Discussion

During the COVID-19 pandemic, the general population samples
evidenced an increase in the global prevalence of depression and anxiety
symptoms (Salari et al., 2020; Santomauro et al., 2021), with accom-
panying increases in social determinants of health potentially com-
pounding the mental health impact. With a cohort study, our first
objective was to investigate whether there was a difference in anxiety
and depression before and after the start of COVID-19 for those already
with elevated symptoms. Although we had a smaller sample
pre-pandemic as compared to during the ongoing pandemic, our find-
ings are consistent with other longitudinal studies of samples with
moderate to severe mental health symptoms prior to the COVID-19
pandemic (Robinson et al., 2022), showing that symptom severity
remained stable across time. The pattern, as shown in Fig. 1, is one of
consistency probably because conditions of the COVID-19 pandemic
remained, and effects of the intervention were not considered in the
current analyses. Our findings diverge from the results of the general
population (Banks & Xu, 2020), where most people tend to have no
symptoms or mild symptoms prior to March 2020, which could account
for the overall rising trends in symptoms associated with the pandemic
found in other studies.

Given the exposure to economic and social disadvantage observed in
this population as shown in Table 1, it is surprising that the symptoms of
anxiety or depression did not change. Several explanations are possible
for these findings. One possibility is that the manifestation of the mental
health impact of the COVID-19 pandemic could be showing in other
behaviors like use of alcohol or drugs or self-harming behaviors. A
second possibility is that people with elevated symptomatology might
have greater resiliency dealing with isolation and the direct mental
health effects of the loss or restriction of fulfilling activities and positive
social connections (Hamm et al., 2020). A third possibility is that some
of the changes that took place during the pandemic were either pro-
tective or served to reduce risk factors for some people. For example,
some participants may have experienced increased family support and
time with family during the pandemic, which can buffer against feelings
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Table 2
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Multilevel models of PROMIS anxiety and depression scores change during the COVID-19 pandemic.

Random Effects Model Fixed-part Estimates, Coeff. [95% CI]

Random Effects Variances, Coeff. Model Comparison, ¥*(1) [p-

[95% CI] value]

Intercept Slope (Time) Slope Squared Intercept Slope (Time)

PROMIS Anxiety

1. Intercept 19.99 [19.39, —0.23 [-0.27, 23.62 [19.82, 1 vs. linear model, 455.63
20.58] —0.20] 28.14] [<0.001]

2. Intercept and slope 19.89 [19.31, —0.23 [-0.27, 22.98 [19.19, 0.04 [0.02, 2vs. 1,15.43 [<0.001]
20.47] —-0.19] 27.51] 0.07]

3. Intercept and slope (Fixed slope 20.42 [19.81, —0.56 [-0.68, 0.02 [0.01, 23.23 [19.43, 0.04 [0.02, 3vs. 2,27.20 [<0.001]

squared) 21.03] —0.43] 0.03] 27.76] 0.07]

PROMIS Depression

1. Intercept 20.38 [19.71, —0.25 [-0.29, 30.92 [26.05, 1 vs. linear model, 497.29
21.04] —0.21] 36.71] [<0.001]

2. Intercept and slope 20.32 [19.66, —0.25 [-0.29, 30.42 [25.54, 0.02 [0.01, 2vs. 1, 4.41 [0.04]
20.98] —0.20] 36.22] 0.06]

3. Intercept (Fixed slope squared) 20.76 [20.07, —0.51 [-0.66, 0.02 [0.01, 30.54 [25.66, 0.02 [0.01, 3vs. 2,14.60 [<0.001]
21.46] —0.37] 0.02] 36.34] 0.06]

of loneliness and isolation (Li & Xu, 2022; Szkody et al., 2021). As
another example, social distancing may have reduced anxiety for some
participants by decreasing expectations for out-of-home social events
and providing greater freedom with one’s time; a similar explanation
was hypothesized in a study finding reduced incidence of migraine
corresponding to lockdown in the Netherlands (Verhagen et al., 2021).

Our second objective evaluates whether the trajectory within and
between people with elevated symptoms varied during the pandemic.
Like findings from Banks and colleagues (2021), the trajectory of re-
covery is encouraging, showing that for the most part, symptoms of
depression and anxiety during the pandemic diminish even within those
with elevated symptomatology at baseline (Table 2). These findings
support that people appear to adapt to COVID circumstances and for the
most part show a decrease in symptoms over time.

Our third question examined the role of social determinants in the
trajectories of depression and anxiety symptoms during COVID. We
found that anxiety and depression scores for those with food insecurity
were generally higher across the follow-up period compared to people
without food insecurity; however, there was no evidence that the rate of
symptom change was different over time for those with food insecurity.
The difference in levels is consistent with literature showing that food
insecurity increases anxiety and depression symptoms (McLaughlin
et al., 2012). We also expected the trajectory of depression and anxiety
symptoms (or slope) to differ between those who had enough food and
those who were food insecure, especially since the pandemic exacer-
bated food insecurity in April 2020 among families already enrolled in
school-based nutrition programs in 2019 (Sharma et al., 2020). But this
pattern was not evident in our data. Perhaps increases in nutrition
community resources, safety net programs (e.g., SNAP or Pandemic
EBT), and meals provided to families through schools later in the
pandemic (Schanzenbach, Ruffini & Whitmore, 2021) buffered the ef-
fect of food insecurity on the progression of mental health symptoms. It
will be important to follow-up with our sample and other vulnerable
populations to characterize their symptoms during and after the phasing
out of social safety net policies provided during COVID-19 emergency
policies, including employment benefits, stimulus checks, and eviction
bans.

Several other social determinants of health expected to be related to
mental health trajectories were not statistically significant in Table 3. It
would be premature to conclude that a number of these factors are
definitively not important, because 95% confidence intervals often
include effects that are clinically meaningful. For example, the data are
consistent with housing instability intercept effects of 2.03 and 2.54, but
the intervals also include zero. Any non-significant findings should be
considered in the context of accumulating evidence.

The only social determinant predictive of change in trajectories was
need for childcare or care of a family member. We found that people

with childcare or family care needs have slower improvement in
depression symptoms than the median improvement we noticed for the
full sample (bottom row in Table 3). Problems with childcare and family
care seem to affect systematically the symptom trajectories of the people
who are enrolled. This finding is not likely to be due to type I error given
all the literature on the relationship between child and family care and
mental health and the cross-sectional evidence from the COVID-19
pandemic about the harm to caregivers. It could give caregivers less
time to attend to their own mental health needs, with fears for the
wellbeing of people they are taking care of and limited opportunities to
obtain support for themselves (Prime et al., 2020). Etheridge and
Spantig (2020) suggest that changes in women’s social networks could
explain part of the negative impact. Ensuring access to quality childcare
is one of Surgeon General Murthy’s (2021) priorities for addressing
economic and social barriers that contribute to poor mental health for
families and caregivers.

Similar to Shuster et al. (2021), we found that being married or
cohabitating with a partner correlated with lower overall levels of
depression but not anxiety during the pandemic, and like Shuster we
found that marital or cohabitating status did not predict the trajectory of
respondents’ symptoms. Some literature indicates people living with
others had increases in anxiety during the pandemic (Solomou & Con-
stantinidou, 2020), which the authors hypothesized was due to higher
stress about contracting or spreading the virus and less ability to social
distance. In a trajectories study of the UK general population (Bu et al.,
2020), living with others was protective against loneliness, with 75%
lower odds of being in the highest loneliness class. Living with others
may be a better indicator of mental health trajectories than marital
status (Bu et al., 2020), since it more clearly indicates an individual’s
opportunities for social interactions in the home.

Even though inconclusive (no statistically significant difference), the
effects of other social determinants were in the direction that we would
expect. For instance, the confidence intervals for medical transportation
needs indicate that lack of transportation is still an exacerbating prob-
lem in the trajectory. Our study is a secondary analysis of an ongoing
study. Further work will be needed to help understand the mechanisms
of the relation between social determinants and mental health trajec-
tories among people with prior moderate and severe depression and
anxiety symptoms; for instance, whether the lack of correlation in our
sample is due to government support buffering the effects of these social
determinants.

4.1. Limitations

Alongside the strengths of this study — longitudinal design, a sample
of Black, Asian, and Latinx adults who are mostly low-income and non-
English speakers, use of a standardized screening tool for social
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Table 3
Predictors of intercept and slope in multilevel models of PROMIS anxiety and
depression scores change during the COVID-19 pandemic.

Predictor PROMIS Anxiety, Coeff. PROMIS Depression,
[95% CI]* Coeff. [95% CI]*
Intercept Slope Intercept Slope
Female (vs Male) 1.42 —0.02 0.37 0.02
[-0.15, [-0.13, [-1.42, [-0.09,
2.98] 0.09] 2.17] 0.14]
Age —0.02 0.00 0.00 0.00
[-0.06, [0.00, [-0.05, [0.00,
0.02] 0.00] 0.05] 0.00]
Married/cohabitating (vs -1.16 —-0.03 —2.22 —0.07
separated, divorced, [-2.29, [-0.11, [-3.51, [-0.15,
widowed, or never —0.021* 0.05] —0.941* 0.02]
married)
Above high school (vsator ~ 0.61 0.03 —0.03 0.02
below high school) [-0.60, [-0.06, [-1.41, [-0.07,
1.81] 0.12] 1.35] 0.11]
Social Determinants of Health
Lack of Transportation 0.62 0.08 1.39 0.09
[-0.73, [-0.02, [-0.15, [-0.01,
1.98] 0.18] 2.94] 0.19]
Food Insecurity 1.30 [0.17, 0.03 1.81 [0.52, 0.01
2.43]* [-0.05, 3.09]* [-0.08,
0.11] 0.09]
Housing Instability 0.81 —0.02 1.15 —0.04
[-0.41, [-0.11, [-0.24, [-0.13,
2.03] 0.07] 2.54] 0.06]
Utilities Insecurity 1.03 0.03 1.90 [0.56,  —0.03
[-0.15, [-0.05, 3.23]* [-0.12,
2.21] 0.12] 0.07]
Trouble Paying for 0.39 0.04 0.99 0.06
Medications [-1.03, [-0.06, [-0.62, [-0.05,
1.81] 0.15] 2.60] 0.17]
Unemployment 0.51 0.07 0.22 0.09
[-0.71, [-0.02, [-1.16, [-0.005,
1.72] 0.16] 1.61] 0.18]
Interest in More —0.24 —0.04 —0.81 —0.01
Education [-1.58, [-0.14, [-2.34, [-0.11,
1.10] 0.06] 0.72] 0.09]
Child or Family Care 0.14 0.05 —0.86 0.11
Insecurity [-1.31, [-0.06, [-2.52, [0.004,
1.59] 0.15] 0.80] 0.22]*
Total number of SDH 0.26 0.01 0.32 0.01
[-0.03, [-0.01, [-0.01, [-0.01,
0.55] 0.04] 0.66] 0.04]
COVID-19 Family Stress ~ 0.10 [0.04,  0.00 0.04 0.00
Screener 0.171* [0.00, [-0.04, [0.00,
0.01] 0.11] 0.01]
Minority Stress 0.27 0.00 0.18 0.01
[-0.14, [-0.03, [-0.29, [-0.02,
0.69] 0.03] 0.65] 0.05]
Median intercept and 20.21 —0.56 20.45 —0.52
slope”

# All models included intercept and linear time (slope) fixed- and random-
effects, and fixed-effects for quadratic time, baseline characteristic, interven-
tion condition, state of recruitment, and a two-way interaction between baseline
characteristic and linear time.

b Each predictor was examined in a separate analysis, and so the reference
intercept and slope varied slightly across analyses. The median of these values
are shown here for use in interpreting the differences.

determinants of health — there are several limitations. The broadest
limitation, which the others stem from, is that this sample comes from a
clinical trial and thus is not representative of the general population. The
trial recruited people with moderate to severe depression or anxiety
symptoms at baseline, and the literature shows that on average, they will
improve over time. The trajectories we observed may also reflect other
aspects of the recruitment strategy (e.g., recruitment from community-
based organizations and primary care referrals) rather than wider pop-
ulation trends. Second, our study was not designed to evaluate
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Fig. 3. PROMIS depression scores trajectories by family or child
care insecurity.

differences in anxiety and depression symptoms pre- and during-COVID.
Thus, time of entry into the study might be subject to selection bias since
participants were not recruited at random times. For example, the
pandemic could have made symptoms more salient for some people and
increased their motivation to participate, or it could have raised barriers
to participation for others. So, any observed differences between the pre-
and during-COVID subsamples may be attributable to unobserved sys-
tematic differences between these subsamples rather than the effect of
the pandemic itself. However, our analyses for Goal 1 indicated that
there were no differences in anxiety and depression symptoms between
study participants recruited before and during the pandemic (Fig. 1),
which makes this limitation less concerning. Third, because the trial
enrolled participants continuously throughout 2020 and 2021, partici-
pants began their baseline assessments and subsequent symptom as-
sessments at different times. This prevents us from characterizing group
trajectories aligned with the exact events of the pandemic. Whether
changes can be totally attributed to COVID is difficult to establish since
there is limited causal inference to quantify the unique contribution of
the pandemic versus other factors. Fourth, since the RCT is still ongoing,
we were unable to report on the effect of the intervention on the tra-
jectory of PROMIS anxiety and depression scores. Prior studies have
reported that PROMIS anxiety and depression are highly correlated with
two of the RCT’s primary outcomes (r = 0.86 between PROMIS anxiety
and GAD-7 and r = 0.84 between PROMIS depression and PHQ-9 (Choi
etal., 2014; Schalet et al., 2014). Thus, the intervention could have been
associated with the overall trajectory of symptoms and could have also
moderated the association between social determinants and trajectory of
symptoms. Although we could not report on the overall effect of the
intervention, in sensitivity tests (e.g., running models that included
intervention condition, linear time, and each explanatory variable,
together with their three-way interactions to assess whether there were
significant differences in either intercept or slope of symptoms as a
function of both the intervention and baseline characteristics) we did
not find evidence that the association between social determinants and
trajectory of symptoms was moderated by the intervention (analyses
available from the authors). Finally, there was also sample attrition.
When controlling for these factors through sensitivity analyses, the re-
sults did not change substantively, but there could be selection bias due
to other unmeasured differences between samples over time.

5. Conclusion

Our findings may be useful to primary care and community-based
organizations screening for social determinants of health need and
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connecting people with social services. Our adaptation of the Centers for
Medicare and Medicaid Services Accountable Health Communities
standardized screening tool for SDH (Billioux et al., 2017) used in clinics
had slight variations but included four (housing instability, food inse-
curity, utility needs, and transportation needs) of the five primary do-
mains. Screening and referral for health-related social needs is a stated
priority for Centers for Medicare and Medicaid Services (CMS) (Centers
for Medicare and Medicaid Services, 2021); however CMS covers costs
of screening, but not care coordination (Ewald et al., 2021). Nurses,
clinical social workers, and care managers can and do provide care co-
ordination, but Medicare does not currently accept billing codes for
them to provide these needed services without the presence of a
physician, preventing the implementation of care coordination (Ewald
et al., 2021). Further, CMS also pays for select social needs services, but
these are largely limited to people with disabilities and older adults. Yet
states with higher ratios of spending on social services and public health
to spending on healthcare have better health outcomes, including fewer
“mentally unhealthy days” (Bradley et al., 2016). The current study can
provide an example of how to link health-related social needs data with
changes in depression and anxiety symptoms over time.

Our findings demonstrate the potential importance of considering
social needs and coordination as part of the overall health care plan
during COVID-19. These results emphasize the value of screening for
social determinants as a way to tailor the priorities of those in economic
disadvantage for which attention to health needs might be a secondary
priority given their resource constraints. The opportunity to ensure
timely supports for food and utilities highlights how there needs to be a
whole person approach so that mental health symptoms do not worsen
during the pandemic. The role of supports to caregivers during the
pandemic cannot be overstated due to the central role that they play for
families and children. Mechanisms for family leave and family supports
appear vital.
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