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ABSTRACT

Background: Uptake of COVID-19 vaccines has stalled in the U.S. Some studies suggest that medical mistrust may
be a barrier, but evidence is limited due to cross-sectional designs or convenience sampling.

Methods: We examined associations of medical mistrust with COVID-19 vaccine attitudes at baseline and
vaccination uptake at follow-up using a population-based sample of Michigan adults with PCR-confirmed SARS-
CoV-2 infection. We summed ratings for three items of the Medical Mistrust Index (MMI) to measure trust in
healthcare providers. For vaccine attitudes, we averaged ratings for two items on importance of getting the
COVID-19 vaccine. For vaccination uptake as ever receiving at least one dose of a COVID-19 vaccine. We con-
ducted (1) linear regression models to examine cross-sectional associations between MMI and vaccine attitudes
(n = 3865), (2) modified Poisson regression with robust standard errors to estimate prospective associations
between MMI and vaccination uptake (n = 3741), and (3) effect modification and stratified analyses by race and
ethnicity.

Results: The mean MMI score was 1.89. The mean of positive vaccine attitudes measure at baseline was 3.45 and
the prevalence of receiving a vaccine at follow-up was 75.3 %. Higher MMI was associated with worse vaccine
attitudes at baseline (coefficient = —0.64, 95 % confidence interval [CI]: —0.71, —0.56), and lower vaccine
uptake at follow-up (adjusted risk ratio: 0.83, 95 % CI: 0.80, 0.86). Both associations were pronounced among
non-Hispanic White and another non-Hispanic race and ethnicity individuals.

Conclusions: Understanding drivers of medical mistrust may help rebuild public trust in healthcare systems to
promote vaccine uptake and improve public health.

1. Introduction

above in April 2021 [2,3]. According to the most recent data from the
Centers for Disease Control and Prevention, as of May 10, 2023, 81 % of

The high morbidity and mortality of the coronavirus disease 2019
(COVID-19) pandemic led to considerable global efforts toward vaccine
development [1]. The first COVID-19 vaccine in the United States (U.S.)
became available to priority populations at highest risk for exposur-
e—such as healthcare workers, first responders, and long-term care
residents—in December 2020 and for populations aged 16 years and

U.S. population aged 18 and over have had at least one COVID-19
vaccine dose, while only 70 % have completed the primary vaccine se-
ries (2 doses of the Pfizer-BioNtech vaccine or 2 doses of the Moderna
vaccine or 2 doses of the Novavax vaccine or 1 dose of the Johnson &
Johnson’s Janssen vaccine) [4]. Moreover, only 34 % have received an
updated booster dose as of October 19, 2022 [4]. COVID-19 vaccination
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reduces the risk of SARS-CoV-2 infection, acute symptoms of COVID-19
illness, long COVID, and hospitalization and deaths due to COVID-19
[5,6].

Despite a high vaccination coverage, growing research has docu-
mented that medical mistrust is a barrier to COVID-19 vaccination for
many populations in the U.S. [2,7,8] Medical mistrust is a multifaceted
concept, defined as a lack of trust in healthcare providers (interpersonal
level) and healthcare systems (institutional level) [2,9-11]. Due to long-
standing racism and historical atrocities, medical mistrust has been
historically prevalent in the U.S., particularly among Black Americans
and American Indians [2,11]. For example, in the Tuskegee Syphilis
Study conducted between 1932 and 1972, researchers knowingly
deceived Black American men about the purpose of the study and
withheld effective treatment for syphilis, which increased medical
mistrust among these populations [2,11]. Many non-Hispanic [NH]
Whites also have a high level of medical mistrust because of their
mistrust in the healthcare industry and the U.S. government [2,12] and
their negative experiences of politics or policies [12-15].

The COVID-19 pandemic may have exacerbated medical mistrust in
the U.S. as discrimination against minoritized populations escalated,
health recommendations changed over time, and overall trust in gov-
ernments largely declined when the response to COVID-19 became
highly political [16-19]. It has been well documented that medical
mistrust is associated with adverse health behaviors, such as low
medication adherence [20], low rates of health screening behaviors
[21], low participation in care-seeking behaviors [22], and low vacci-
nation rates [23], which ultimately contribute to poorer health out-
comes [2]. Due to decreased trust in medical institutions and
governments during the pandemic [16,17], medical mistrust may be
worsened, leading to negative health attitudes or behaviors and
contributing to severe COVID-19 illness. Therefore, understanding the
role of medical mistrust in health attitudes and behaviors is essential in
the context of the COVID-19 pandemic.

Several recent studies have examined the relationship between
medical mistrust and COVID-19 vaccine-related behaviors in the U.S.
Greater medical mistrust was associated with COVID-19 vaccine hesi-
tancy among U.S. populations [2,7], including Black Americans [22,24].
Some studies also highlighted that medical mistrust mediated the asso-
ciation between race and ethnicity and COVID-19 vaccine hesitancy or
rejection of COVID-19 vaccine trial participation [25,26]. However,
these previous studies used cross-sectional research designs
[2,7,8,24,25] or non-random convenience sampling [8,24-26], which
limits an understanding of the relationship between medical mistrust
and vaccination behaviors during the pandemic.

To address the literature gaps, we examined associations of medical
mistrust with COVID-19 vaccine attitudes at baseline and uptake of
vaccination at follow-up using a population-based sample of adults in
Michigan with PCR-confirmed SARS-CoV-2 infection between March
2020 and May 2022. We also tested race and ethnicity as potential effect
modifiers for the associations of medical mistrust with COVID-19 vac-
cine attitudes and vaccine uptake given that racial and ethnic minori-
tized populations are more likely to have greater medical mistrust and
vaccine hesitancy due to historical and contemporary racism than NH
White populations [2,11]. First, we hypothesized that a higher level of
medical mistrust would be associated with poor attitudes toward the
COVID-19 vaccine at baseline. Second, we hypothesized that a higher
level of medical mistrust would be associated with lower vaccine uptake
at follow-up. Finally, we hypothesized that associations of medical
mistrust with COVID-19 vaccine attitudes and vaccine uptake would be
more pronounced among racial and ethnic minoritized individuals
compared to NH White individuals.
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2. Material and methods
2.1. Data

We used baseline and follow-up data from the Michigan COVID-19
Recovery Surveillance Study (MI CReSS), a statewide representative
survey of adults 18 years and older with a polymerase chain reaction
(PCR)-confirmed SARS-CoV-2 test. Eligibility criteria for participation in
the study included: (1) noninstitutionalized adults aged 18 or older, (2)
PCR-confirmed SARS-CoV-2 infection recorded in the Michigan Disease
Surveillance System (MDSS) between March 2020 and May 2022, (3)
valid phone number and geographic information (county/zip code), and
(4) alive at the time of the surveys. All respondents were invited to
participate in the study via mailed letters and completed the survey over
the phone with a trained interviewer in English, Spanish, or Arabic, or
online in English.

Inclusion of subjects in MI CReSS was based on a stratified proba-
bility sample of eligible adults, which was selected from 13 geographic
strata, including six public health emergency preparedness regions (1, 3,
5, 6, 7, and 8) [27], six counties in southeast Michigan (Macomb,
Oakland, Saint Clair, Monroe, Washtenaw, and Wayne [except Detroit]),
and one city (Detroit). Sixteen sequential cross-sectional samples were
drawn over time with a base number of 50-70 individuals from each
geographic region, while the remainders of the samples were drawn
proportionally based on overall reported case counts within each area.
Respondents completed baseline surveys between June 2020 and
December 2022, and follow-up surveys between January 2022 and
November 2023. To account for nonresponse, we applied sampling
weights to match the weighted distribution of our sample to the age and
sex distribution of the sampling frame in each geographic area. We used
longitudinal weighting for cohort data analysis, which accounted for
attrition and nonresponse [28]. To account for missingness in income,
we used the weighted sequential hot-deck method [29] and hot deck
propensity score imputation at baseline and weighted sequential hot-
deck method at follow-up under a missing at random assumption [30].
The median time from COVID-19 illness onset to baseline survey was
4.4 months (IQR = 3.4-5.7 months) and the median time from COVID-
19 illness onset to cohort survey was 18.4 months (IQR = 14.9-21.4
months). The response rate was 32.1 % for baseline survey and 80.7 %
for follow-up survey (American Association for Public Opinion Research
response rate #6) [31]. All respondents provided consent to participate.
The University of Michigan institutional review board deemed this study
exempt due to the use of secondary de-identified data.

2.2. Analytic samples

We have separate analytic samples for each outcome variable
because we asked questions for vaccination attitudes only at baseline.
For the vaccine attitudes outcome, the questions were only asked at
baseline after data collection had already started. Of the 5521 surveys
completed at baseline, we excluded surveys that did not ask questions
about vaccine attitudes (n = 1348), had missing information about
exposure or covariates (n = 293), or were completed by proxy re-
spondents because of mental capacity concerns (n = 7) or other reasons
(n = 8). Thus, the first analytic sample for the vaccine attitudes analysis
was n = 3865. For the vaccination uptake outcome, we used MI CReSS
follow-up data. Of the 4100 follow-up surveys completed, we excluded
surveys missing information about outcome, exposure, or covariates (n
= 346) or completed by proxy respondents due to mental capacity
concerns (n = 8) or other reasons (n = 5), leading to an analytic sample
of n = 3741.

2.3. Exposure variable

We measured medical mistrust at baseline using three items adapted
from the Medical Mistrust Index (MMI) [32,33]. The three items
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comprised of declarative statements regarding trust in healthcare pro-
viders: “I trust that healthcare providers are giving the best treatment
available,” “I trust that healthcare providers have my best interest in
mind when treating me,” and “I trust that healthcare providers will tell
me if a mistake is made about my medical treatment.” Each item was
answered on a 4-point Likert-type scale (1 = “strongly disagree,” 2 =
“disagree,” 3 = “agree,” and 4 = “strongly agree”). We reverse coded the
responses and averaged the items (Cronbach’s a = 0.84) to create a MMI
score ranging from 1 to 4 where a higher score indicated a higher level of
medical mistrust [33,34].

2.4. Outcome variables

We assessed (1) positive attitudes toward COVID-19 vaccines at
baseline and (2) uptake of COVID-19 vaccination at follow-up. To
evaluate positive vaccine attitudes at baseline, we used two questions:
“How important is it for individuals who have never had coronavirus to
get a government-approved COVID-19 vaccine?” and “How important is
it for individuals who have had coronavirus to get a government-
approved COVID-19 vaccine?” Both questions were answered using a
5-point Likert-type scale (1= “not important at all,” 2= “of little
importance,” 3= “of average importance,” 4 = “very important,” and 5
= “absolutely essential”). Since the two items were highly correlated
with high reliability (Cronbach’s a = 0.95), we averaged them into a
single continuous variable for positive vaccine attitudes, where scores
ranged from 1 to 5 and a higher score indicated a higher level of positive
vaccine attitudes [35,36]. For a sensitivity analysis, we also created
binary variables for each item (0 = not important at all, of little
importance, of average importance; 1 = very important, absolute
essential). For COVID-19 vaccination uptake, we coded a binary variable
(0 =“no”, 1 = “yes™) using the question, “Have you ever had the COVID-
19 vaccine?” that was asked at follow-up [2]. As the proportion of in-
dividuals who were partially vaccinated was only 1.4 %, we did not
disaggregate vaccination uptake further.

2.5. Potential effect modifiers

We used race and ethnicity as potential effect modifiers for the as-
sociations between medical mistrust and vaccine attitudes and behav-
iors. We used a 4-categorical race and ethnicity variable (Hispanic, NH
White, NH Black, another NH race and ethnicity). Another NH race and
ethnicity included Middle Eastern/North African, Asian, American In-
dian/Alaska Native, and multiracial. We tested race and ethnicity as
potential effect modifiers because the negative effect of medical mistrust
on COVID-19 vaccine attitudes or vaccination uptake could be pro-
nounced among racial and ethnic minoritized individuals given that (1)
they are more likely to have greater medical mistrust and vaccine hes-
itancy due to historical and contemporary racism than NH White in-
dividuals and (2) discrimination against minoritized populations
escalated during the pandemic [16-19].

2.6. Covariates

We included several sociodemographic and clinical factors and sur-
vey variables as covariates: age group (18-34, 35-54, 55-64, >65
years), sex at birth (male, female), race and ethnicity, marital status
(married/cohabitating, not currently married/cohabitating), educa-
tional attainment (high school or less, some college, college graduate),
household income in 2019 (<$35,000, $35,000 — 74,999, >$75,000),
health insurance (private insurance, Medicare/Medicaid/another type,
none), a binary indicator for any pre-existing diagnosed comorbidities
(presence of chronic obstructive pulmonary disease, asthma, diabetes,
cardiovascular disease, hypertension, liver disease, kidney disease, ce-
rebrovascular disease, cancer, immunosuppressive condition, autoim-
mune condition, physical disability, psychological or psychiatric
condition), self-reported COVID-19 symptom severity (asymptomatic/
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mild, moderate, severe, very severe), survey mode (phone or online),
and pandemic phase (January 2020-September 2020, October
2020-May 2021, June 2021-May 2022).

2.7. Statistical analyses

First, we calculated weighted descriptive statistics to characterize
each analytic sample. Next, we calculated weighted prevalence esti-
mates of medical mistrust overall and by sociodemographic and clinical
covariates. Then, we conducted unadjusted and adjusted linear regres-
sion models to examine the cross-sectional association between medical
mistrust and positive attitudes toward the COVID-19 vaccine. We also
conducted unadjusted and adjusted modified Poisson regression models
with robust standard errors to estimate risk ratios (RR) for the pro-
spective association between medical mistrust and COVID-19 vaccina-
tion uptake [37-39]. As some respondents received COVID-19 vaccines
before the baseline survey, we conducted an additional analysis by
restricting the analytic sample for vaccination uptake to (1) respondents
(n = 943) who were unvaccinated at the baseline when COVID-19
vaccines were unavailable (from June 2020 to April 4, 2021) and (2)
respondents (n = 800) who were unvaccinated at the baseline when
COVID-19 vaccines were available (from April 5, 2021 to December
2022). Additionally, we tested race and ethnicity as potential effect
modifiers using a Wald test for the cross-sectional association between
medical mistrust and vaccine attitudes and the prospective association
between medical mistrust and vaccine uptake. Based on methodological
literature, we included an interaction term between medical mistrust
and race and ethnicity for each outcome variable to conduct effect
modification analyses [40]. Finally, we conducted a sensitivity analyses
using two binary variables for positive vaccine attitudes as outcomes
using Poisson regression models with robust standard errors to confirm
the robustness of associations between medical mistrust and vaccine
attitudes. All statistical analyses were completed using Stata, version 17
and incorporated sampling strata and survey weights.

3. Results

The mean of MMI score at baseline was 1.89 (range: 1-4) with a
higher score indicating a higher level of medical mistrust (Table 1).
When examining each item of the MMI score, 9.2 % of respondents
agreed or strongly agreed that healthcare providers were not giving
them the best treatment available, 9.2 % agreed or strongly agreed that
healthcare providers did not have their best interest in mind when
treating them, and 28.8 % agreed or strongly agreed that healthcare
providers would not tell them if a mistake was made in their medical
treatment. The mean score of positive vaccine attitudes measure at
baseline was 3.45 (range: 1-5) and the prevalence of receiving a COVID-
19 vaccine at follow-up was 75.3 %.

In bivariate analyses, the mean MMI was higher among respondents
who did not have positive vaccine attitudes than respondents who had
positive vaccine attitudes (Table 2). The mean MMI was also higher
among respondents who did not receive the COVID-19 vaccine (mean:
2.13, standard error (SE): 0.03) than respondents who received the
COVID-19 vaccine (mean: 1.80, SE: 0.01). Compared to respondents
who were older, the mean MMI was greater among respondents who
were younger. Compared to respondents who were NH White, the mean
MMI was higher among respondents who were Hispanic, NH Black, or
from another NH race and ethnicity. Additionally, the mean MMI was
higher among respondents who had a lower education than respondents
who had a higher education.

In the regression models, higher medical mistrust was associated
with worse vaccine attitudes: a 1-point higher MMI score was associated
with a — 0.71 lower score of positive vaccine attitudes in the unadjusted
model (95 % confidence interval [CI]: —0.78, —0.63) (Table 3). After
adjusting for covariates, the magnitude of this association was slightly
attenuated to —0.64 but remained statistically significant (95 % CI:
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Table 1
Characteristics of study participants, Michigan COVID-19 Recovery Surveillance
Study, 2020-2023.

Weighted mean or percentage

Baseline Follow-Up (n
(n = 3865) = 3741)
Medical Mistrust Index (range: 1-4), mean 1.89 (0.01, 2,
(SE, median, IQR) 1.33-2.33)
Medical Mistrust Index item, ? %
Healthcare providers don’t give the best 9.2
treatment available
Healthcare providers don’t have my best 9.2
interest in mind for treatment
Healthcare providers will not tell me about ~ 28.8
mistake in medical treatment
Positive vaccine attitudes (range: 1-5) mean 3.45 (0.02, 4,
(SE, median, IQR) 2.5-5)
Vaccination uptake, %
Yes 75.3
No 24.7
Age, %
18-34 38.8 33.0
35-54 33.8 36.0
55-64 14.8 16.4
>65 12.6 14.6
Sex, %
Male 45.3 45.2
Female 54.7 54.8
Race and ethnicity, %
Hispanic 6.6 6.6
NH White 73.8 70.8
NH Black 8.2 10.5
Another NH race and ethnicity 11.5 12.1
Marital status, %
Married/cohabiting 62.4 63.2
Not married/cohabiting 37.6 36.9
Education, %
High school or less 23.0 23.6
Some college 33.9 32.7
College graduate 43.1 43.8
Household income, %
<$35,000 29.1 27.3
$35,000-74,999 30.1 29.9
>$75,000 40.8 42.8
Health insurance, %
Private insurance 69.8 69.7
Medicare/Medicaid/others 21.6 23.8
None 8.6 6.5
Pre-existing diagnosed comorbidities, %
Yes 53.7 51.7
No 46.3 48.3
COVID-19 symptom severity, %
Asymptomatic/mild 32.0 33.9
Moderate 37.4 35.5
Severe 22.1 21.4
Very severe 8.5 9.2

COVID-19 = Coronavirus disease 2019; SE = Standard error; NH = non-His-
panic.

a. This presents the percentage reporting agree and strongly agree for each
medical mistrust index item.

—0.71, —0.56). Higher medical mistrust was also associated with lower
COVID-19 vaccination uptake. In the unadjusted model, a 1-point higher
MMI score was associated with a 0.81 times lower risk of receiving a
COVID-19 vaccine after 1-year follow-up (95 % CI: 0.78, 0.84). In the
adjusted model, the magnitude of the association was similar (aRR: 0.83;
95 % CI: 0.80, 0.86).

We conducted an additional analysis on vaccination uptake for re-
spondents who were unvaccinated at the baseline survey (Table 4). For
respondents who were surveyed when baseline vaccines were unavai-
lable, a 1-point higher MMI score was associated with a 0.93 times lower
risk of receiving a COVID-19 vaccine (95 % CI: 0.87, 0.99), which was
attenuated after adjustment for covariates (aRR: 0.94; 95 % CI: 0.89,
1.00). For respondents who were not vaccinated at the baseline survey
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Table 2

Weighted mean of Medical Mistrust Index at baseline by sociodemographic and
clinical factors at baseline or follow-up, Michigan COVID-19 Recovery Surveil-
lance Study, 2020-2023.

Medical Mistrust Index
(range = 1-4)

Baseline (n = 3865) Follow-Up (n = 3741)

Weighted p-value Weighted p-value
mean (SE) a mean (SE) a

Positive vaccine attitudes

Importance of vaccination

for people who have not had <0.001

COVID-19
Yes 1.74 (0.01)

No 2.10 (0.02)

Importance of vaccination

for people who have had <0.001

COVID-19
Yes 1.73 (0.01)

No 2.07 (0.02)

Vaccination uptake <0.001
Yes 1.80 (0.01)

No 2.13 (0.03)

Age <0.001 <0.001

18-34 1.92 (0.02) 1.91 (0.02)
35-54 1.93 (0.02) 1.92 (0.02)
55-64 1.86 (0.03) 1.86 (0.03)

>65 1.72 (0.02) 1.73 (0.02)

Sex 0.930 0.339
Male 1.89 (0.02) 1.87 (0.02)

Female 1.89 (0.01) 1.89 (0.01)

Race and ethnicity 0.004 0.005
Hispanic 1.94 (0.04) 1.89 (0.05)

NH White 1.86 (0.01) 1.86 (0.01)
NH Black 1.95 (0.04) 1.99 (0.04)
Another NH race and 1.97 (0.03) 1.92 (0.03)

ethnicity

Marital status 0.835 0.969
Married/cohabiting 1.89 (0.01) 1.88 (0.01)

Not married/cohabiting 1.89 (0.02) 1.88 (0.02)

Education <0.001 0.047
High school or less 1.94 (0.02) 1.91 (0.03)

Some college 1.92 (0.02) 1.90 (0.02)
College graduate 1.84 (0.02) 1.85 (0.02)

Household income <0.001 0.069
<$35,000 1.93 (0.02) 1.87 (0.02)
$35,000-74,999 1.92 (0.02) 1.92 (0.02)
>$75,000 1.83 (0.02) 1.86 (0.02)

Health insurance <0.001 0.509
Private insurance 1.86 (0.01) 1.87 (0.01)
Medicare/Medicaid/ 1.95 (0.02) 1.90 (0.02)

others
None 1.97 (0.04) 1.91 (0.04)

Pre—ex1s'tu'1g' diagnosed 0.069 0.035

comorbidities
Yes 1.87 (0.01) 1.85 (0.02)
No 1.91 (0.02) 1.90 (0.02)

COVID-19 symptom severity 0.001 0.097
Asymptomatic/mild 1.84 (0.02) 1.85 (0.02)

Moderate 1.88 (0.02) 1.88 (0.02)
Severe 1.94 (0.02) 1.93 (0.03)
Very severe 1.98 (0.04) 1.89 (0.04)

COVID-19 = Coronavirus disease 2019; SE = Standard error; NH = non-His-
panic.

a. We conducted t-tests to test the null hypothesis that the means of subgroups
are equal at baseline or follow-up.

when COVID-19 vaccines were available, a 1-point higher MMI score
was associated with a 0.55 times lower risk of receiving a COVID-19
vaccine (95 % CI: 0.44, 0.70), which remained similar after adjust-
ment for covariates (aRR: 0.52; 95 % CI: 0.41, 0.67).

We also tested race and ethnicity as potential effect modifiers for
associations of medical mistrust with vaccine attitudes and uptake, by
examining interaction terms between MMI score and race and ethnicity
(Supplementary Table S1). Race and ethnicity were statistically
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Table 3

Associations of medical mistrust with positive COVID-19 vaccine attitudes and
vaccination uptake, Michigan COVID-19 Recovery Surveillance Study,
2020-2023.

Positive vaccine Vaccination uptake ®

attitudes * (n = 3741)
(n = 3865)
Unadjusted Adjusted Unadjusted Adjusted
Coef. (95 % Coef. (95 RR (95 % RR (95 %
(@] % CI) CDh (@)]
Medical Mistrust Index —0.71%%* —0.64*** 0.81%** 0.83%**
(range: 1-4)
(-0.78, (-0.71, (0.78, (0.80,
—0.63) —0.56) 0.84) 0.86)
Age (ref: >65)
18-34 —0.49%** 0.83%**
(-0.62, (0.78,
—0.35) 0.88)
35-54 —0.57% % 0.80%**
(-0.70, (0.76,
—0.44) 0.84)
55-64 —0.30** 0.90%**
(—0.45, (0.85,
-0.14) 0.95)
Sex (ref: male)
Female 0.14%* 1.02
(0.05, (0.98,
0.22) 1.06)
Race and ethnicity (ref:
NH White)
Hispanic 0.41%** 1.10%
(0.23, (1.00,
0.60) 1.22)
NH Black 0.28%** 1.00
(0.12, (0.93,
0.44) 1.08)
Another NH race and
ethnicity 0.23** 1.05
(0.09, (0.98,
0.37) 1.13)
Marital status (ref: Not
married/cohabiting)
Married/cohabiting -0.13* 0.96
(-0.23, (0.92,
—0.03) 1.01)
Education (ref: college
graduate)
High school or less —0.54%** 0.77%%*
(—0.66, (0.72,
—0.42) 0.83)
Some college —0.37%** 0.88%**
(—0.47, (0.84,
—0.27) 0.92)
Household income (ref:
>$75,000)
<$35,000 —0.15* 0.93*
(-0.27, (0.87,
—0.02) 1.00)
$35,000-74,999 —0.13* 0.95¢1
(—0.24, (0.91,
—0.03) 1.00)
Health insurance (ref:
private insurance)
Medicare/Medicaid/
others —0.24%** 0.95
(-0.36, (0.86,
—0.13) 1.06)
None -0.14 0.85%**
(—0.30, (0.80,
0.03) 0.90)
Pre-existing diagnosed
comorbidities
Yes 0.11* 1.08***
(0.02, (1.04,
0.20) 1.13)
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Table 3 (continued)

Positive vaccine Vaccination uptake ®

attitudes ? (n = 3741)
(n = 3865)
Unadjusted Adjusted Unadjusted Adjusted
COVID-19 symptom
severity (ref:
asymptomatic/mild)
Moderate 0.12* 1.01
(0.02, (0.96,
0.22) 1.05)
Severe 0.09 1.00
(-0.03, (0.95,
0.21) 1.06)
Very severe 0.14 0.98
(-0.03, (0.91,
0.31) 1.07)

COVID-19 = Coronavirus disease 2019; Coef. = Coefficient; RR = Risk Ratio; CI
= Confidence Interval; NH = non-Hispanic.

a. Vaccine attitudes variable was determined by calculating the average of two
items to get a continuous score ranging from 1 to 5, with a higher score indi-
cating a higher level of positive vaccine attitudes.

b. Vaccination uptake variable was determined at follow-up by asking re-
spondents if they had ever had the COVID-19 vaccine (yes or no).

Notes: Coefficients for positive vaccine attitudes are from linear regression
models. Adjusted models include survey mode and pandemic phase.
tp<0.1,*p<0.05 **p <0.01, *** p < 0.001.

significant effect modifiers for the association between medical mistrust
and vaccine attitudes (p = 0.027) or vaccine uptake (p = 0.004). The
stratified analysis showed that the association between medical mistrust
and vaccine attitudes was the most pronounced among another NH race
and ethnicity individuals (coefficient = —0.71; 95 % CI: —0.91, —0.51),
followed by NH White individuals (coefficient = —0.67; 95 % CI: —0.76,
—0.59) (Table 5). Moreover, the magnitude and statistical significance
of the association between medical mistrust and vaccination uptake
were the most pronounced among NH White individuals (aRR: 0.80; 95
% CI: 0.77, 0.83), followed by another NH race and ethnicity individuals
(aRR: 0.88; 95 % CI: 0.79, 0.98).

In the sensitivity analysis, we examined associations between the
MMI and two binary variables of vaccine attitudes that asked about the
importance of getting vaccination among people who had not had
COVID-19 and people who had had COVID-19 (Supplementary
Table S2). In the adjusted model, a 1-point higher score in the MMI was
associated with a 0.69 times lower prevalence of respondents who re-
ported vaccination was very important or absolutely essential for people
who have not had COVID-19 (95 % CI: 0.66, 0.73), while the MMI was
associated with a 0.66 times lower prevalence of respondents who re-
ported vaccination was very important or absolutely essential for people
who have had COVID-19 (95 % CI: 0.62, 0.70).

4. Discussion

In this paper we examined cross-sectional associations between
medical mistrust and COVID-19 vaccine attitudes and prospective as-
sociations between medical mistrust and vaccine uptake using a
population-based sample of adults in Michigan with PCR-confirmed
SARS-CoV-2. We found among those who had COVID-19 infection in
Michigan, greater medical mistrust was associated with worse attitudes
toward COVID-19 vaccine at baseline and a lower risk of COVID-19
vaccine uptake at follow-up, supporting our first and second hypothe-
ses. We also confirmed the prospective association between medical
mistrust and vaccination uptake by restricting the analytic sample to
respondents who were not vaccinated at the baseline survey.

These findings are consistent with previous studies that documented
an association between higher levels of medical mistrust and COVID-19
vaccine hesitancy among U.S. adults [2,7,8,24]. For example, using a
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Table 4

Associations of medical mistrust with vaccination uptake, respondents who were
unvaccinated at baseline when vaccines were unavailable and respondents who
were unvaccinated at baseline when vaccines were available, Michigan COVID-
19 Recovery Surveillance Study, 2020-2023.
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Table 4 (continued)

Vaccination uptake

Baseline vaccines
available, but
unvaccinated at baseline

Baseline vaccines
unavailable (n = 943)

Vaccination uptake (n = 800)
Baseline vaccines Baseline vaccines (0.95, (0.79,
unavailable (n = 943) available, but 1.11) 1.51)
unvaccinated at baseline COVID-19 symptom
(n = 800) severity (ref:
Unadjusted Adjusted Unadjusted Adjusted asymptomatic/mild) B
RR(95%  RR(95% RR(95%  RR(95% Moderate 069856 11'506?;
an cn D o)) (1 04) ; 35)
Medical Mistrust Index 0.93* 0.941 0.55%** 0.52%** . o
Severe 1.04 1.66*
(range: 1-4) (0.95, (1.05,
(0.87,0.99) (0.89, (0.44,0.70) (0.41, 1 i3)’ 5 .61),
1.00) 0-67) Vi 0.97 2.07**
Age (ref: >65) ery severe - -
(0.86, (1.20,
18-34 0.86** 3.13%* 1.08) 3.56)
(0.77, (1.50, . .
0.96) 6.52) COVID-19 = Coronavirus disease 2019; RR = Risk Ratio; CI = Confidence In-
35-54 0.86** 184 terval; NH = non-Hispanic.
E)O;S’ (30.888, Notes: Adjusted models include survey mode.
5564 0:95) 2:22 $p<0.1*p<0.05 * p< 0.01, **p < 0.001.
(0.86, (1.02,
1.03) 4.80)
Sex (ref: male) Table 5
Female 1.02 1.06 Stratified analyses by race and ethnicity: Associations of medical mistrust with
(0.95, (0.77, positive COVID-19 vaccine attitudes and vaccination uptake, Michigan COVID-
1.10) 1.47) 19 Recovery Surveillance Study, 2020-2023.
Race and ethnicity (ref:
NH White) Stratified Positive vaccine attitudes #
Hispanic 1.07 1.14 analysis (n = 3865)
(0.92, (0.56, Hispanic NH White NH Black Another NH race
1.25) 2.31) (n=221) (1=2936) (n=303)  and ethnicity
NH Black 1.00 1.19 Coef. (95%  Coef. (95%  Coef. (95  (n=405)
(0.90, (0.73, o)) o)) % CI) Coef. (95 % CI)
1.10) 1.92)
Another NH race and 1.02 0.96 Medical —0.37%* —0.67*** —0.33** —0.71%%*
ethnicity Mistrust
(0.91, (0.55, Index
1.14) 1.69) (—0.65, (—0.76, (—0.58, (-0.91, —0.51)
Marital status (ref: Not —-0.09) —-0.59) —0.08)
married/cohabiting) Vaccination uptake b
Married/cohabiting 0.89%* 1.33 (n = 3741)
(0.82, (0.93, Stratified Hispanic NH White NH Black Another NH race
0.96) 1.90) analysis (n=184) (n = 2807) (n = 369) and ethnicity
Education (ref: college aRR (95 % aRR (95 % aRR (95 % (n =381)
graduate) CD CD CD aRR (95 % CI)
High school or less 0.81%** 0.49%* Medical
(0.72, (0.32, Mistrust 0.95 0.80* 0.99 0.88*
0.91) 0.76) Index
Some college 0.82%** 0.83 (0.80, (0.89,
8 .75, (0.58, 1.11) (0.77, 0.83) 1.10) (0.79, 0.98)
0.89) 1.19) . . . . . .
. COVID-19 = Coronavirus disease 2019; Coef. = Coefficient; RR = Risk Ratio; CI
Household income (ref: . N N
>$75,000) = Confidence Interval; NH = non-Hispanic.
<$35,000 0.88% 0.92 a. Vaccine attitudes variable was determined by calculating the average of two
(0.78, (0.60, items to get a continuous score ranging from 1 to 5, with a higher score indi-
0.98) 1.42) cating a higher level of positive vaccine attitudes.
$35,000-74,999 1.01 0.691 b. Vaccination uptake variable was determined at follow-up by asking re-
0.92, (0.46, spondents if they had ever had the COVID-19 vaccine (yes or no).
. 1.09) 1.03) Notes: Coefficients for positive vaccine attitudes are from linear regression
He4a1ﬂ1 insurance (ref: models. Covariates are age, sex, marital status, education, household income,
Pr;\‘/lli:iei;]rssifl?d?cai 4 0.86 0.83 healtljl insurance, pre-existing diag.nosed comorbidities, COVID-19 symptoms
others severity, survey mode and pandemic phase.
(0.71, (0.47, *p < 0.05, ** p < 0.01, *** p < 0.001.
1.05) 1.47)
None 1(')0;)1 0(')6:; cross-sectional, nationally representative sample of U.S. adults collected
g.il), (1.(')0)’ between April and May 2021, Allen and colleagues found that medical
Pre-existing diagnosed mistrust was associated with a 16 % lower odds of COVID-19 vaccina-
comorbidities tion [2]. Lamuda and colleagues also documented that individuals who
Yes 1.03 1.09

had high medical mistrust were 24 percentage points less likely to plan
to get COVID-19 vaccine compared to individuals with high medical
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trust among a cross-sectional nationally representative household sur-
vey collected in October 2020 [7]. As previous studies used cross-
sectional designs [2,7,8,24] or non-random convenience sampling
[8,24], we contribute to the literature by documenting the evidence for
medical mistrust and both COVID-19 vaccine attitudes and uptake using
a population-based cohort study.

Additionally, we found that race and ethnicity were statistically
significant effect modifiers of the association between medical mistrust
and COVID-19 vaccine attitudes and vaccination uptake. The stratified
analysis suggests that these associations were more pronounced among
another NH race and ethnicity and NH White individuals compared to
Hispanic or NH Black individuals. The underlying reasons for these
differential associations are not clear given that Black Americans have
historically reported a higher level of medical mistrust and negative
attitudes toward vaccination than other racial and ethnic groups
[25,26]. Our results may be because other factors, including political
leaning and trust in the scientific community or public health
messaging, are also important drivers of COVID-19 vaccine hesitancy in
addition to race and ethnicity [41,42]. For example, Tram and col-
leagues found that political partisanship was an important driver of
COVID-19 vaccine hesitancy among White Americans but less so among
Black Americans [41]. As the response to COVID-19 has been uniquely
politicized, vaccine hesitancy may indicate a political stance or doubt
about science-related populism [39]. Moreover, public health recom-
mendations for COVID-19 have been evolving and inconsistent—such as
social distancing and mask-mandatory policy— which may lead to
mistrust in the scientific community [16-19,41]. Therefore, anti-
COVID-19 vaccine attitudes and behaviors may be complex phenome-
non and expression of diverse underlying perspectives, including polit-
ical stance, mistrust in governments, and reduced credibility in science
and science-based policy in general [41,43].

Our findings suggest that medical professionals, healthcare workers,
and government officers could see improvements in vaccine uptake if
there are efforts to reduce medical mistrust and improve trust in other
areas of public health. Public health authorities and governments need
to acknowledge the problems and develop initiatives to improve
communication and build public trust in healthcare systems, public
health institutions, and governments. Communication strategies to
rebuild public trust should be sensitive to the concerns of different au-
diences [2]. For example, there is a need to improve communication and
credibility in public health messaging, recommendations, and policies
for overall populations, while efforts should start from addressing long-
standing racism for racial and ethnic minoritized populations [2,44].
Additionally, community engagement and partnerships should be pro-
moted in improving both medical mistrust and vaccine attitudes or be-
haviors because the involvement of trusted community groups in public
health campaigns was found to be important in building public trust
[45].

While our study presents novel findings on the association of medical
mistrust with COVID-19 vaccine attitudes and uptake in the U.S., there
are limitations to highlight. First, our probability-based sample includes
only individuals who received a positive PCR test for SARS-CoV-2, were
recorded in the MDSS with valid contact and geographic information,
and were alive when the survey was conducted. The sample may suffer
from selection bias because individuals who had COVID-19 but did not
get a PCR test or were not recorded in the MDSS may have different
levels of medical mistrust or vaccine attitudes and behaviors. Moreover,
the sample does not include individuals who have not been infected with
COVID-19, which may limit generalizability of our findings. Second, we
used self-reported assessments of COVID-19 vaccination uptake and
symptoms of COVID-19 illness. In particular, it is possible that self-
reported vaccination uptake was overestimated [46], which may lead
to an underestimated association between medical mistrust and COVID-
19 vaccination behavior. Finally, although we adjusted for a range of
covariates, the possibility of unmeasured confounding exists. For
example, ones’ social network, political partisanship, or trust in the
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scientific community may affect both medical mistrust and individuals’
vaccine attitudes and uptake, but we were not able to include them as
they were not available in our survey tool [17,41,43,47]. Despite these
limitations, the main strength of our study is studying differential re-
lationships between medical mistrust and vaccine outcomes by race and
ethnicity using MI CReSS data, which is unique, timely, and state-
representative population-based cohort data on Michigan adults with
COVID-19.

5. Conclusions

This study identified associations of medical mistrust with COVID-19
vaccine attitudes and behaviors using a population-based cohort study.
Medical mistrust was associated with less positive attitudes toward
COVID-19 vaccine and lower likelihood of getting a COVID-19 vaccine
uptake among Michigan adults with SARS-CoV-2 infection. We also
found that these associations were more pronounced among another NH
race and ethnicity and NH White individuals compared to Hispanic or
NH Black individuals. As medical mistrust is associated with negative
health attitudes and behaviors, future studies should identify the reasons
for mistrust in healthcare providers and healthcare systems for different
racial and ethnic groups and provide strategies to reduce medical
mistrust and promote preventive health behaviors among U.S. pop-
ulations. This will improve our responsiveness and resilience for future
public health emergencies, beyond the COVID-19 pandemic.
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