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ARTICLE INFO ABSTRACT

Keywords: Background: The COVID-19 pandemic has substantially impacted American Indian and Alaska Native (AI/AN)
American Indian and Alaska Native People communities. Rates of infection, hospitalization, and mortality have been severe relative to non-Hispanic whites.
COVI_D'l_g While AI/AN communities have had some of the highest levels of COVID-19 vaccination, utilization rates remain
}r/:scg:gatlon suboptimal and there is a need to identify facilitators and barriers to testing and vaccination.

Methods: We examined cross-sectional survey data from January to May 2021, among 619 AI/AN patients from
five tribal health organizations (AK, CO, KS, NM, WA). Exposures include perceived stress, Kessler distress, PTSD
screening, and AUDIT-C alcohol misuse screen. Poisson regression was used to estimate associations with
prevalence of COVID-19 testing and vaccination.

Results: Over three-quarters of participants were tested for COVID-19 and nearly half were vaccinated. Perceived
stress and positive PTSD screening were associated with reduced vaccination prevalence, Prevalence Ratio (PR)
0.83 (0.73, 0.93) and PR 0.80 (0.66, 0.98), respectively. There was reduced prevalence of COVID-19 testing in
subgroups with lower reported psychological resilience and PTSD, PR 0.78 (0.64, 0.95).

Conclusions: Past-month perceived stress and positive PTSD screening are associated with reduced prevalence of
COVID-19 vaccination in urban AI/AN people. Subgroups reporting limited resilience and PTSD symptoms had
lower prevalence of COVID-19 testing. The complex relationship between mental health and COVID-19 testing
and vaccination warrants further exploration to identify interventions to improve health among urban AI/AN
people, a population with known disparities in both mental health and COVID-19 outcomes.

Mental health
Health disparities
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measures to stop the spread of illness [5]. Preventive measures including
vaccination can also reduce the risk of infection and poor outcomes;

Introduction

COVID-19 has substantially impacted the health of many, with
Centers for Disease Control data estimating the pandemic has resulted in
over one million deaths and five million hospitalizations in the United
States [1]. Despite American Indian and Alaska Native (AI/AN) com-
munities’ successes with vaccination, significant COVID-19 disparities
remain [2]. AI/AN community rates of infection, hospitalization, and
mortality were elevated in the early pandemic; COVID-19-related mor-
tality nearly double that of non-Hispanic white people [34]. Increased
utilization of COVID-19 testing and vaccination is key to reducing
related morbidity and mortality. Implementation of testing has major
public health implications, specifically of surveillance and isolation

* Corresponding author.
E-mail address: Cole.Haskins@cuanschutz.edu (C. Haskins).

https://doi.org/10.1016/j.jvacx.2024.100520

vaccinated individuals have at least a 10-fold lower risk of mortality and
hospitalization than unvaccinated people [6]. By December 2021, over
2.5 million vaccine doses were distributed to Indian Health Service (IHS)
facilities, contributing to the highest levels of vaccination of any group
in the US [7]. Seventy-eight percent of doses were administered to Al/
AN people [7] and 72.6 % of this population has received at least one
dose as of May 2022 [2,8].

While AI/AN community vaccination efforts have been remarkably
successful, identifying facilitators and barriers to timely receipt remains
critical. In the general population, mental disorders are associated with
COVID-19 infection and vice versa [9]. However, studies on the
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relationship between mental health with COVID-19 testing and vacci-
nation report mixed results. Severe mental disorders reduce the likeli-
hood of influenza vaccination [10]. Conversely, individuals with
diagnosed anxiety or depressive disorders may receive more healthcare
than people without these diagnoses, presenting increased opportunity
for testing and vaccination against COVID-19 [10]. However, in the
Household Pulse Survey, individuals with anxiety and depressive
symptoms were less likely to receive COVID-19 vaccination, despite
potential opportunities and reported intent to receive it [11]. The as-
sociation between mental health and vaccination status among AI/AN
people needs further clarification.

Resilience in AI/AN communities and self-determination have
contributed to improved vaccination rates, and should be examined in
relation to pandemic mental health [12]. AI/AN collective resilience has
been beneficial to overcoming adversity [13], and in the general pop-
ulation evidence suggests resilience has been protective for pandemic
mental health [14]. Resilience warrants further exploration as AI/AN
people may have elevated prevalence of mental disorders. National
Survey on Drug Use and Health (NSDUH) data preceding the pandemic
indicated about one-quarter of AI/AN adults evidenced mental disorders
in the past year [15]; since the early 2000s AI/AN peoples’ estimated
lifetime prevalence of any mental disorder was 60-70 % [16]. Substance
misuse is associated with mental disorders [17], with the NSDUH
reporting 13 % of respondents met criteria for a past-year substance use
disorder [15]. Given the possible association of mental health symptoms
with reduced prevalence of COVID-19 testing and vaccination, and
complex dynamic between resilience and mental disorders in AI/AN
communities [13,15-17], the relationship between resilience, mental
health, COVID-19 testing and vaccination warrants clarification.

We examined mental health symptoms of distress/depression, anxi-
ety, post-traumatic stress, alcohol misuse, and the probability of COVID-
19 testing and vaccination among 619 AI/AN patients from five tribal
health organizations. We hypothesized the presence of mental health
symptoms would be associated with decreased probability of testing and
vaccination. Finally, we examined whether the association of mental
health symptoms on testing and vaccination were modified by psycho-
logical resilience.

Methods

Study Population: Community Organizations for Natives: COVID-19
Epidemiology, Research, Testing, and Services (CONCERTS) was
designed to identify and remove barriers to COVID-19 testing and to
address health disparities related to COVID-19 among urban AI/AN
people [18]. CONCERTS study details and methods have been previ-
ously described [18], with relevant summaries as follow. The Census
Bureau estimates 3.7 million AI/AN people living in the United States
[19], over 2 million receive care coordinated by Indian Health Service,
across 574 tribes, in both urban and rural areas [20]. Over 60 % of IHS is
administered by tribes and IHS provides funding to 41 urban-serving
health care organizations [20]. CONCERTS partners with five tribal
health organizations serving AI/AN people primarily in urban settings,
and developed a cross-sectional patient survey to identify barriers, fa-
cilitators, attitudes, and factors related to COVID-19 testing and vacci-
nation. Included tribal health organizations provide services including
and not limited to primary and mental/behavioral health care. The
tribal organizations are located in Albuquerque, NM; Anchorage, AK;
Denver, CO; Minneapolis-St. Paul, MN; and Wichita, KS, with active
patient populations ranging from 1,269 to 25,043 in 2019.

CONCERTS survey eligibility included AI/AN patients seen at one of
the tribal primary care clinics within a year prior to survey distribution,
aged 18 or older, not diagnosed with dementia or serious cognitive
impairments (ICD-10 codes F01-04, G30-31). Sampling was stratified by
age 18-54 vs. 55+ to adequately represent older participants who may
experience severe COVID-19. Each tribal organization generated a list of
eligible participants from their clinic electronic health records, 200 per
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age group. Patients with an email address on file were sent an invitation
to participate in CONCERTS with a link to an online REDCap survey, and
the remainder were physically mailed an invitation and survey. Patients
received reminders by email or phone call up to four times over 14 days.
If 150 participants per clinic were not enrolled through the first round, a
new random sample of eligible participants were selected. Enrollment
occurred between January to May 2021 and participants received $100
compensation. This study and data dissemination were approved by the
Washington State University IRB (#18590), the Alaska Area Institu-
tional Review Board (#2020-11-044), and Tribal research review
committees at Southcentral Foundation (SCF) and the Alaska Native
Tribal Health Consortium, local review boards, and the Indian Health
Service national IRB.

Measures: The patient survey collected comprehensive sociodemo-
graphic characteristics, co-morbid health conditions, social de-
terminants of health, access to care, pandemic impact on physical and
mental health, quality of life status, COVID-19 experiences, barriers and
receipt of COVID-19 testing and vaccination [18]. The NIH RADX-UP
Common Data Elements and PhenX Toolkit were used to develop the
164-question, 40-minute survey. Staff at each health organization pro-
vided feedback on the survey questions, with question modifications for
study aims and cultural appropriateness as needed.

Study primary outcomes were self-reported receipt of COVID-19
testing and vaccination, both dichotomous variables. We examined
four domains of mental health, representing different symptoms and
disorders: the Kessler-6 psychological distress scale (depressive/distress
symptoms in the past month) [21], perceived stress scale (stress and
anxiety in the past month) [22], primary care posttraumatic stress dis-
order (PTSD) screen (lifetime PTSD symptoms) [23], and AUDIT-C
screen (alcohol misuse in the past year) [24,25]. The perceived stress
scale is continuous, O to 16, and results are reported per four-unit dif-
ference. Kessler distress scale ranges from 0 to 24, with > 13 defined as
positive. A PTSD positive screen included 3 or more positive responses; a
score of four or more for men and three or more for women was deemed
positive for AUDIT-C screen [24,25]. We examined psychological resil-
iency as an effect modifier, constructed from the five-point Brief Resil-
ience Scale [26]. Based on the sample distribution with most participant
scores ranging 3-4, <3 was used to indicate lower resilience.

Statistical Analysis: Descriptive data were reported using means,
standard deviations, and frequencies; data including sociodemographic
characteristics, mental health exposures, and COVID-19 testing and
vaccination. Poisson regression was used to estimate the association
between mental health symptoms and the dependent variables, COVID-
19 testing and vaccination. For each outcome comparison, we fit a set of
two models for each of the exposure-outcome associations. The first
model (1) estimated the crude association of each independent variable
with the specific outcome. The second model (2) estimated the associ-
ation adjusted for sociodemographic variables (including age, patient-
reported sex, marital status, educational attainment, global self-rated
assessment of health, and limited access to healthcare defined as not
having a primary care provider that you see regularly or not getting
needed medical care in the past 12 months due to cost). A sensitivity
analysis simultaneously included all exposures and sociodemographic
variables in a single model. Effect modification was assessed by fitting
regression models that included model (2) with a main effect for resil-
ience and the product term for the mental health symptom and resilience
(low vs. high). Inferential results are presented as prevalence ratio (PR)
with 95 % confidence interval (CI); PR was selected because the study
outcomes are common [27]. All analyses used inverse probability
weights to account for age-based sample selection and nonresponse
according to age and sex, scaled so that each participating organization
contributed equally to the analyses. Analyses were conducted using
Stata 17.0 [28].
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Results

Of 4,603 eligible participants contacted for this study, 788 (17.1 %)
enrolled and completed the survey; 619 had complete data pertaining to
the primary effects and outcomes and were included in these analyses.
After inverse probability weighting was applied to the sample, the mean
age was 43.1 years, 59 % were female, 24 % had a college degree or
higher, 44 % were married or partnered, 79 % reported their global
health as good or better, and 41 % reported limited access to healthcare
(Table 1). Most participants, 80 %, had been tested for COVID-19 at least
once. COVID-19 vaccination was common (49 %). The perceived stress
scale had a mean score of 6.4 (out of 16). For the Kessler-6 psychological
distress scale, 23 % of participants had a score > 13 of 24 total. The
PTSD screen had 48 % of participants screen positive. The AUDIT-C
screen had 32 % meeting criteria for alcohol misuse. The brief resil-
ience scale had 20 % with scores less than 3 of 5 total, below the
threshold for high resiliency.

Receipt of COVID-19 vaccination: In final adjusted models, the
magnitude of association between perceived stress and vaccination was
comparable to unadjusted models, PR 0.83 (0.73, 0.93); a four-unit in-
crease in perceived stress corresponding with a 17 % relative reduction
in the vaccination prevalence (Table 2). Screening positive for PTSD was
associated with a 20 % relative reduction in vaccination prevalence, PR
0.80 (0.66, 0.98). Increased Kessler psychological distress was associ-
ated with a decrease in vaccination, though the data were compatible
with a wider range of possible effects. Limited access to healthcare was
associated with lower prevalence of vaccination, adjusted PR 0.82 (0.67,
1.00), in univariate models it was PR 0.77 (0.62, 0.96).

Receipt of COVID-19 testing: Covariates and mental health symp-
toms showed limited evidence of univariate effects associated with the
prevalence of COVID-19 testing (Table 3). Of all four primary exposures,

Table 1
Participant characteristics among urban American Indians and Alaska Native
(AI/AN) people Jan-May 2021 (N = 619).

N = 619"

Sociodemographic and health
Age in years, mean (SD) 43.1(14.0)
Female 59 %
Education

Less than high school 8%

High school graduate or GED 23 %

Some college 28 %

Associate, occupational, technical, or vocational degree 17 %

College degree or higher 24 %
Marital status

Married or member of an unmarried couple 44 %

Divorced, separated, widowed 19 %

Never married 37 %
Global self-rated health

Excellent 7 %

Very good 27 %

Good 45 %

Fair/Poor 21 %
Limited access to healthcare? 41 %
Outcomes
Tested for COVID-19 > 1 time 80 %
Vaccinated for COVID-19 49 %
Mental health
Perceived stress scale®, mean score (SD) 6.4 (3.4)
Kessler psychological distress scale* score > 13 23 %
Primary care posttraumatic stress disorder screener > 3 items endorsed 48 %
AUDIT-C indicator of alcohol use disorder 32%
Brief resilience scale® score < 3 20 %

1The sample size is unweighted; all other results are weighted for sampling and
non-response; > Defined as not having a primary care provide that you see
regularly or not getting needed medical care in the past 12 months due to cost; 3
Possible scores range from 0 to 16; 4 Possible scores range from O to 24; 5
Possible scores range from 0 to 5; SD = standard deviation; AUDIT-C = alcohol
use disorders identification test.
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Table 2

Association of mental health measures with COVID-19 vaccination, assessed
among urban American Indians and Alaska Native people Jan-May 2021 (N =
619h).

Model 12 Model 2%
PR (95 % CI) PR (95 % CI)

Mental health

Perceived stress scale* 0.78 (0.68, 0.83 (0.73,
0.89) 0.93)

Kessler psychological distress scale > 13 0.71 (0.53, 0.84 (0.63, 1.10)
0.96)

PTSD screener > 3 items endorsed 0.74 (0.60, 0.80 (0.66,
0.91) 0.98)

AUDIT-C indicator of problematic drinking
Sociodemographic and health

0.86 (0.68,1.07)  0.92(0.75, 1.14)

Age in years3 1.20 (1.13, 1.25 (1.18,
1.28) 1.33)
Sex
Male Reference Reference
Female 1.02 (0.83,1.26)  1.01 (0.84, 1.23)
Education

Less than high school 0.96 (0.60, 1.53) 0.89 (0.60, 1.32)

High school graduate or GED Reference Reference
Some college 1.29 (0.95, 1.76) 1.33 (1.01,
1.76)

Associate, occupational, technical,
or vocational degree

1.02 (0.70, 1.49) 1.01 (0.72, 1.43)

College degree or higher 1.67 (1.25, 1.75 (1.34,
2.22) 2.30)
Marital status
Married or member of an unmarried Reference Reference

couple
Divorced, separated, widowed
Never married

Global self-rated health

0.87 (0.68, 1.13)
0.90 (0.71, 1.13)

0.78 (0.62, 1.00)
1.10 (0.89, 1.36)

Excellent 1.31 (0.96, 1.78) 1.12(0.80, 1.58)
Very good 0.89 (0.67,1.19)  0.77 (0.58, 1.01)
Good 0.93 (0.71, 1.21) 0.87 (0.68, 1.11)
Fair/Poor Reference Reference
Limited access to healthcare
No Reference Reference
Yes 0.77 (0.62, 0.82 (0.67, 1.00)
0.96)

lUnweighted sample size, results weighted for sampling and non-response; 2
Model 1 includes the indicated variable as the only independent variable; Model
2 includes indicated variable and all sociodemographic and health variables; >
Comparison for 10-year difference in age; * Comparison for 4-unit difference in
perceived stress; PR = prevalence ratio; CI = confidence interval; PTSD = post-
traumatic stress disorder; AUDIT-C = alcohol use disorders identification test.
Boldface indicates statistical significance (p < 0.05).

Kessler distress, perceived stress, AUDIT-C, and PTSD screens, none
were significantly associated with testing, in both univariate and final
adjusted models.

Psychological resilience effect modification: Higher resilience was
commonly reported in the cohort, with only 20 % beneath the threshold
score of 3, which we define as low resilience. In subgroups with lower
resilience, screening positive for PTSD was associated with lower
prevalence of COVID-19 testing, PR 0.81 (0.67, 0.99) (Table 4). In the
high resiliency subgroup there was less evidence of an association, PR
1.00 (0.89, 1.13), effect modification by resilience p = 0.07. In both
subgroups with lower and higher resilience, perceived stress was asso-
ciated with lower prevalence of COVID-19 vaccination, again without
evidence of effect modification, PR 0.71 (0.53, 0.97) and PR 0.85 (0.73,
0.97), respectively, p = 0.30. In the high resiliency subgroup, a positive
PTSD screen was associated with lower vaccination prevalence, PR 0.76
(0.60, 0.95), with wide confidence intervals in the low resilience group,
PR 1.18 (0.72, 1.94), difference p = 0.11. The association of Kessler
distress and AUDIT-C alcohol misuse with COVID-19 testing and
vaccination were comparable between subgroups.
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Table 3
Association of mental health measures with COVID-19 testing, assessed among
urban American Indians and Alaska Native people Jan-May 2021 (N=619").

Model 2*
PR (95% CI)

Model 12
PR (95% CI)

Mental health

Perceived stress scale* 1.02 (0.96, 1.01 (0.95,
1.08) 1.07)
Kessler psychological distress scale > 13 0.97 (0.85, 0.95 (0.83,
1.11) 1.08)
PTSD screener > 3 items endorsed 1.00 (0.90, 0.96 (0.87,
1.10) 1.06)
AUDIT-C indicator of problematic drinking 1.08 (0.97, 1.07 (0.97,
1.19) 1.19)
Sociodemographic and health
Age in years3 0.97 (0.93, 0.98 (0.94,
1.00) 1.02)
Sex
Male Reference Reference
Female 1.01 (0.91, 1.02 (0.92,
1.13) 1.13)
Education
Less than high school 0.97 (0.75, 0.97 (0.75,
1.25) 1.26)
High school graduate or GED Reference Reference
Some college 1.11 (0.95, 1.10 (0.94,
1.30) 1.29)
Associate, occupational, technical, 1.10 (0.92, 1.09 (0.91,
or vocational degree 1.30) 1.30)
College degree or higher 1.09 (0.94, 1.09 (0.93,
1.28) 1.28)
Marital status
Married or member of an unmarried Reference Reference
couple
Divorced, separated, widowed 0.96 (0.83, 0.98 (0.84,
1.11) 1.14)
Never married 1.08 (0.96, 1.06 (0.95,
1.21) 1.19)
Global self-rated health
Excellent 1.10 (0.88, 1.03 (0.82,
1.37) 1.30)
Very good 1.03 (0.87, 1.01 (0.85,
1.21) 1.20)
Good 1.10 (0.95, 1.08 (0.93,
1.27) 1.26)
Fair/Poor Reference Reference
Limited access to healthcare
No Reference Reference
Yes 1.06 (0.95, 1.06 (0.95,
1.17) 1.17)

! Unweighted sample size, results weighted for sampling and non-response;

Model 1 includes the indicated variable as the only independent variable; Model
2 includes indicated variable and all sociodemographic and health variables; >
Comparison for 10-year difference in age; * Comparison for 4-unit difference in
perceived stress; PR = prevalence ratio; CI = confidence interval; PTSD = post-
traumatic stress disorder; AUDIT-C = alcohol use disorders identification test.

Table 4
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Discussion

In this cross-sectional survey of urban AI/AN people seen at five
tribal health organizations, we describe self-reported mental health
symptoms during the COVID-19 pandemic and associations with COVID-
19 testing and vaccination. Over three-quarters of participants were
tested for COVID-19 at least once and nearly half were vaccinated. The
rate of vaccination in 2021 is consistent with the literature for AI/AN
people, suggesting excellent distribution and utilization of vaccines in
AI/AN communities [7,2,8]. While other studies have described detri-
mental effects of mental health on COVID-19 vaccination rates [11], to
our knowledge this report is the first to describe this phenomenon
among urban AI/AN people, a population with known elevated preva-
lence of mental health concerns and poor COVID-19 outcomes [3,4,15].
Worse scores on the perceived stress scale and PTSD screen were asso-
ciated with lower prevalence of vaccination; these relationships
remained significant in adjusted models. We previously identified
pandemic related stressors and fear of cultural harms were associated
with poor pandemic emotional health in urban AI/AN people, suggest-
ing complex health disparities and a critical need for improved mental
health services [18].

Perceived stress was associated with reduced vaccination preva-
lence. Supporting the results, a sensitivity analysis model adjusting for
all exposures simultaneously had similar results (Appendix 1 and 2). The
perceived stress scale examines factors such as ability to control
important things, confidence in handling problems, and difficulties not
being overcome. The Kessler-6 scale evaluates symptoms often present
in depression such as hopelessness, restlessness, low mood, worthless-
ness, and feeling everything is an effort [21]. However, this screening
tool may only adequately capture frequency but not severity of symp-
toms. The perceived stress scale may better approximate limited func-
tioning and thus barriers to care. The importance of last-month stress
suggests managing mental health symptoms holds promise to improve
likelihood of vaccine receipt.

The AUDIT-C alcohol misuse screen was not significantly associated
with COVID-19 testing or vaccination. Other publications report co-
occurring substance misuse and mental disorders cumulatively
contributing to worse symptoms and general functional outcomes [29].
Individuals experiencing both depression and substance use disorders
are more likely than those with depression alone to report more
impairment; earlier depression onset, more episodes, inpatient care, and
reported “self-medication” with substances [30]. Despite the potential
for alcohol misuse to worsen mental health, such behaviors may not be
directly associated with vaccine hesitancy [31]. Several reasons may
explain the lack of findings. The AUDIT-C is a year-long snapshot of
reported alcohol misuse that may not translate to clinically significant
impairment; false positive screens for misuse can occur despite alcohol
use within US recommended limits [32]. Alcohol misuse and related
impacts change over time [33], difficult to capture in cross-sectional
data. Finally, this screening tool does not assess other substances.

Association of mental health measures with COVID-19 vaccination and testing stratified by resilience, assessed among urban American Indians and Alaska Native

people Jan-May 2021 (N = 619").

COVID-19 vaccination

COVID-19 testing

Resilience? Resilience®

Low High Low High

PR (95 % CI) PR (95 % CI) p-value PR (95 % CI) PR (95 % CI) p-value
Perceived stress scale 0.71 (0.53, 0.97) 0.85 (0.73, 0.97) 0.30 0.98 (0.84, 1.14) 1.02 (0.96, 1.09) 0.60
Kessler psychological distress scale > 13 0.86 (0.53, 1.40) 0.84 (0.59, 1.20) 0.94 0.89 (0.70, 1.13) 0.97 (0.83, 1.14) 0.53
PTSD screener > 3 items endorsed 1.18 (0.72, 1.94) 0.76 (0.60, 0.95) 0.11 0.81 (0.67, 0.99) 1.00 (0.89, 1.13) 0.07
AUDIT-C indicator of problematic drinking 1.11 (0.65, 1.87) 0.89 (0.71, 1.12) 0.47 1.19 (0.96, 1.49) 1.05 (0.93, 1.18) 0.30

Unweighted sample size, results weighted for sampling and non-response; 2 Resilience defined by Brief Resilience Scale:
Low = scores < 3, High = scores > 3; Models adjusted for age, sex, education, marital status, self-rated health, healthcare access; PR = prevalence ratio; CI = con-
fidence interval; PTSD = post-traumatic stress disorder; AUDIT-C = alcohol use disorders identification test. Boldface indicates statistical significance (p < 0.05),

overall effect modification statistical significance listed in corresponding column.
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The underlying relationship between mental health and COVID-19
testing and vaccination is a complex dynamic between symptoms, ac-
cess to care, and actual use of testing and vaccination. Univariate models
suggested access to care improved rates of vaccination, but this was no
longer significant in adjusted models. This is consistent with previous
reports that people with anxiety and depressive symptoms may be less
likely to receive COVID-19 vaccination, despite access and intent [11].
Reported access to care may approximate actual use, but we did not
assess real-world use of mental health services that may modify the
impact of mental health barriers to care. Additionally, there may be
discrepancies between formally diagnosed mental disorders and survey-
reported screening for mental health symptoms.

There was no consistent association of any mental health measure
with COVID-19 testing. Exploratory analyses of resilience effect modi-
fication lend further insight into these relationships. In the adjusted
model, screening positive for PTSD was not associated with COVID-19
testing, and resilience effect modification analyses provided limited
evidence of differential effects between subgroups. These results are
surprising as individuals with symptoms screening positive for PTSD and
limited psychological resilience may experience challenges navigating
testing resources during the pandemic. Also unexpected was the lack of
significant difference between resilience subgroups as it relates to
perceived stress and vaccination. We attribute these findings to the high
levels of reported psychological resilience in the sample, which may
limit the ability to detect differences between subgroups. Groups with
lower reported resilience may differ in unmeasured characteristics such
as psychiatric treatment history, other substance use disorders, social
support, or specific coping behaviors. In general, psychological resil-
ience is likely to benefit mental health and may be modified by in-
terventions such as therapy, medication, social support, healthy lifestyle
to enhance functioning and reduce the severity of PTSD symptoms [34].
Despite the complexity of these relationships, the data signal concern
that individuals with symptoms screening positive for PTSD and higher
perceived stress may experience suboptimal COVID-19 health behaviors
and warrant additional study.

This study has several limitations. The cross-sectional design con-
strained detailed examination of causality between exposures and out-
comes. Vaccine availability for participants in January 2021 may have
differed from those completing in May. The testing rate for COVID-19
was high but we lacked longitudinal data to elucidate timeliness of
testing. Mental disorders such as depression are episodic and symptoms
are likely to change over time [35]. Future studies should collect lon-
gitudinal data along with information from electronic medical records to
verify clinical information. Second, the mental health measures are
primarily screening tools that do not substitute for a full clinical ex-
amination; we may have lacked detail regarding severity of mental
health impairment. Ability to assess mental health history, diagnoses,
and treatment could lend insight into possible confounders. Third,
although we generally interpret lack of vaccination as a poor outcome, a
similarly definitive statement regarding testing is premature. We lack
the data to determine if the 20 % of patients who were not tested war-
ranted it, did not seek testing, or had insufficient access. Fourth, we
examined alcohol misuse and did not assess other substances that may
contribute to adverse mental health and receipt of COVID-19 testing and
vaccination. Fifth, results should be generalized cautiously as AI/AN
people are heterogeneous; in addition, patient populations at the
CONCERTS sites likely differed from those at IHS and other facilities
serving AI/AN people. Finally, the response rate to the survey was low
raising the possibility of selection bias, especially among individuals
with severe mental health concerns who may be underrepresented in a
cohort reporting relatively high rates of good global health.

In conclusion, this study revealed an association between mental
health symptoms of past-month perceived stress, positive PTSD
screening, and reduced prevalence of COVID-19 vaccination in urban
AI/AN people. Subgroups with limited resilience and screening positive
for PTSD also had lower prevalence of COVID-19 testing. Mental health
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is associated with COVID-19 testing and vaccination, warranting further
exploration of these complex relationships to identify strengths-based
interventions to improve these specific behaviors among urban AI/AN
people, a population with known disparities in both mental health and
COVID-19 outcomes.

CRediT authorship contribution statement

Cole Haskins: Writing — review & editing, Writing — original draft,
Validation, Supervision, Methodology, Investigation, Formal analysis,
Conceptualization. Carolyn Noonan: Writing — review & editing,
Writing — original draft, Validation, Supervision, Software, Resources,
Methodology, Investigation, Formal analysis, Data curation, Conceptu-
alization. Richard MacLehose: Writing — review & editing, Writing —
original draft, Validation, Supervision, Project administration, Meth-
odology, Investigation, Funding acquisition, Data curation, Conceptu-
alization. Dedra Buchwald: Writing — review & editing, Writing —
original draft, Validation, Supervision, Resources, Project administra-
tion, Methodology, Investigation, Funding acquisition, Conceptualiza-
tion. Spero M. Manson: Writing — review & editing, Writing — original
draft, Validation, Supervision, Resources, Project administration,
Methodology, Investigation, Funding acquisition, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
The data that has been used is confidential.
Acknowledgements

e Research reported in this Rapid Acceleration of Diagnostics — Un-
derserved Populations (RADx-UP) publication was supported by the
National Institutes of Health under Award Number 3U54MD011240-
06S1.

o Dr. Haskins is a member of the Pathways Resident Research Track,
Department of Psychiatry, University of Colorado School of Medicine,
which is supported by R25MH125758.

CONCERTS Community acknowledgement:

e Community Organizations for Natives: COVID-19 Epidemiology,
Research, Testing, and Services (CONCERTS) would not have been
possible without the extraordinary efforts of the clinic staff, adminis-
trators, providers, and patients from each of the partnering tribal health
organizations. We are extremely grateful for their hard work and
commitment to CONCERTS.

Banner authorship:

e CONCERTS Collaborative: Dedra Buchwald, Richard MacLehose,
Spero Manson, Odile Madesclaire, Katie Nelson, Austin Henderson,
Carolyn Noonan, Talia Quandelacey, Southcentral Foundation, Denver
Indian Health and Family Services, Indian Health Board of Minneapolis,
First Nations Community Healthsource, Hunter Health Clinic, and the
Urban Indian Center of Salt Lake.

Authorship contributions

e Authors Haskins, Noonan, MacLehose, Buchwald, and Manson all
made a substantial contribution to conception and design of the study,
data analysis and interpretation, writing/revision/approval of the
manuscript. All authors attest they meet the ICMJE criteria for
authorship.

Disclosures.

e Authors Haskins, Noonan, MacLehose, Buchwald, and Manson



C. Haskins et al.

have no competing interests to report. No financial disclosures were

Appendix A

Vaccine: X 19 (2024) 100520

reported by the authors of this paper.

Table 1. Association of mental health measures with COVID-19 vaccination, assessed among urban American Indians and Alaska Native people

Jan-May 2021 (N = 619%).

Model 3%

Mental health
Perceived stress scale*
Kessler psychological distress scale > 13
PTSD screener > 3 items endorsed
AUDIT-C indicator of problematic drinking
Sociodemographic and health
Age in years3
Sex
Male
Female
Education
Less than high school
High school graduate or GED
Some college
Associate, occupational, technical, or vocational degree
College degree or higher
Marital status
Married or member of an unmarried couple
Divorced, separated, widowed
Never married
Global self-rated health
Excellent
Very good
Good
Fair/Poor
Limited access to healthcare
No
Yes

PR (95 % CI)

0.84 (0.73, 0.96)
1.01 (0.75, 1.38)
0.89 (0.72, 1.09)
0.88 (0.72, 1.09)

1.20 (1.12, 1.28)

Reference
1.06 (0.87, 1.28)

0.92 (0.62, 1.36)
Reference

1.37 (1.04, 1.80)
1.04 (0.74, 1.47)
1.81 (1.39, 2.35)

Reference
0.79 (0.62, 1.01)
1.09 (0.89, 1.35)

0.93 (0.65, 1.33)
0.67 (0.51, 0.88)
0.81 (0.63, 1.03)
Reference

Reference
0.85 (0.70, 1.04)

Unweighted sample size, results weighted for sampling and non-response; 2 Model 3 includes all sociodemographic and health variables and all mental
health measures; 3 Comparison for 10-year difference in age; * Comparison for 4-unit difference in perceived stress; PR = prevalence ratio; CI =
confidence interval; PTSD = post-traumatic stress disorder; AUDIT-C = alcohol use disorders identification test. Boldface indicates statistical sig-

nificance (p < 0.05).

Appendix B

Table 2. Association of mental health measures with COVID-19 testing, assessed among urban American Indians and Alaska Native people Jan-May

2021 (N = 619%).

Model 3?

Mental health
Perceived stress scale*
Kessler psychological distress scale > 13
PTSD screener > 3 items endorsed
AUDIT-C indicator of problematic drinking
Sociodemographic and health
Age in years3
Sex
Male
Female
Education
Less than high school
High school graduate or GED
Some college
Associate, occupational, technical, or vocational degree
College degree or higher
Marital status
Married or member of an unmarried couple

PR (95 % CI)

1.04 (0.97,1.12)
0.93 (0.80, 1.08)
0.96 (0.86, 1.06)
1.07 (0.97, 1.20)

0.98 (0.94, 1.02)

Reference
1.03 (0.93, 1.15)

0.97 (0.75, 1.25)
Reference

1.10 (0.95, 1.28)
1.09 (0.92, 1.30)
1.08 (0.93, 1.25)

Reference

(continued on next page)
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(continued)
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Model 3*

Divorced, separated, widowed
Never married
Global self-rated health
Excellent
Very good
Good
Fair/Poor
Limited access to healthcare
No
Yes

0.97 (0.84, 1.13)
1.07 (0.95, 1.20)

1.07 (0.85, 1.35)
1.02 (0.86, 1.20)
1.09 (0.94, 1.26)
Reference

Reference
1.06 (0.95, 1.19)

lUnweighted sample size, results weighted for sampling and non-response; 2 Model 3 includes all sociodemographic and health variables and all
mental health measures; 3 Comparison for 10-year difference in age; * Comparison for 4-unit difference in perceived stress; PR = prevalence ratio; CI =
confidence interval; PTSD = post-traumatic stress disorder; AUDIT-C = alcohol use disorders identification test.
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