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Abstract

This study aimed to examine how trust in institutions and changes in household
finances were associated with healthcare utilization and preventive behaviors

during and immediately after the COVID-19 pandemic. The COVID-19 pandemic
worsened health disparities, ignited distrust in healthcare systems, and contributed
to household economic shifts for many United States (US) residents. To examine
these issues, we surveyed a nationally representative sample of US residents in July
2020 (n=1,085) and May 2023 (n=2,189). These repeated cross-sectional surveys
enabled investigation of how trust in key stakeholders (e.g., federal government, the
healthcare system) and household finances were linked with various types of health-
care utilization (e.g., annual preventive visits, receipt of pharmacy-based healthcare),
preventive health care (e.g., influenza vaccination), and preventive behaviors (e.g.,
exercise, healthy eating). In 2023, the likelihoods of using some types of healthcare
(annual health check and pharmacy-based healthcare) and engaging in preventive
health behaviors increased relative to 2020. Improved household finances were
associated with greater odds of healthy eating, exercising, and receiving annual
preventive visits. Trust in the healthcare system was positively associated with all
healthcare use types examined including preventive care such as influenza immu-
nization and the individual prevention behavior of healthy eating but not exercise.
Findings highlight the important role healthcare systems can have as trusted entities
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in potentially supporting healthcare utilization and prevention in the post-pandemic
environment. Policy implications of these findings include increased efforts by payers
and healthcare systems to facilitate positive health behaviors for US residents via
specific strategies, such as making annual preventive health checks more accessible.
At the same time, it is critical to support maintaining and building trust in healthcare
systems to promote appropriate healthcare utilization.

Introduction

The COVID-19 pandemic brought a shock both to individual lives and broader sys-
tems in the United States (US) and across the globe [1]. Societal shifts have occurred
since the pandemic’s onset (e.g., increase in remote work, masking during times

of high viral transmission). There were also major impacts on household finances
through COVID-19-related morbidity and mortality, labor market shifts (e.g., layoffs),
and stimulus payments [2—4]. Given the environment of risk and uncertainty inher-
ent in a pandemic, trust in institutions responsible for managing pandemic response
is likely to play an important role in individuals’ behaviors during and immediately
post-pandemic [5-8].

The COVID-19 pandemic rapidly changed individuals’ interactions with health
systems, including through shifts in public health policy, pandemic-related impacts to
healthcare service availability, and socio-behavioral factors (e.g., changes in atti-
tudes, perceptions, and behaviors). Restrictions on in-person services, including both
preventive and elective care, resulted in reductions in healthcare use overall [9], even
with waivers for telehealth services and increased telehealth use in general [10].
Also, uptake of pharmacy-based care increased, particularly for COVID-19 testing
and vaccination, due to regulatory and reimbursement changes [11]. After the pan-
demic, some shifts appear to have lasted. There is enhanced capacity for telehealth
[12] as well as reimbursement changes [13,14] to finance such care delivery.

There is also evidence that people’s likelihood of engaging in health-related
behaviors changed during the COVID-19 pandemic. The COVID-19 pandemic is gen-
erally considered to have had negative impacts on healthy eating [15] and exercise
[16]. Influenza vaccination rates also may have had spillover effects from COVID-19
vaccination rates such that during the period September 2021- January 2022, states
with higher COVID-19 vaccine uptake also experienced higher flu vaccine uptake,
and similarly, states with lower COVID-19 vaccine uptake saw lower flu vaccine
uptake in comparison to the flu vaccination season before the COVID-19 pandemic
(September 2019 to January 2020) [17].

The role of trust in using healthcare and uptake of preventive behaviors

Trust in healthcare systems constitutes an integral element of determining how
individuals use and interact with those systems, as well as participate in recom-
mended health behaviors such as heathy eating and vaccination. Trust is key to
positive health outcomes [18] and has been shown to predict health behaviors, such
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as childhood [19] and COVID-19 vaccinations [20—22]. Moreover, trust is associated with following advice from healthcare
professionals [23,24] and accepting differing care modalities such as telehealth [25] and mobile health (mHealth) [26].
These issues have been brought to the forefront by the pandemic [8], particularly regarding whether people trust in and
follow advice from healthcare professionals.

Changes in household finances and healthcare use and health-related behaviors. Shifts in household finances
during and immediately after the COVID-19 pandemic also likely influenced interactions with healthcare systems and
health-related behaviors. Some patients with COVID-19 experienced a significant economic burden due to increased
medical costs [27,28]. As emergency benefits ended, some US residents experienced a post-pandemic healthcare
affordability crisis [29]. Moreover, the pandemic brought economic burdens related to job loss, inflation, and shifts in
childcare responsibilities resulting in changing workforce involvement [4,30,31].

Individual and household finances also play a key role in health behaviors. Healthy eating, diet quality, and income are
linked, such that those with lower income are more likely to have poorer diet quality partly due to the cost of nutrient-
dense foods relative to less nutritious alternatives [32], with variation in this finding by race and ethnicity [33]. Exercise has
also been shown to be associated with income [34,35] though this relationship is complex [36]. For instance, individuals
with lower incomes have lower rates of sedentary behavior, and those with higher income undertake less frequent but
more intense exercise and are more likely to meet daily physical activity guidelines [36]. Therefore, we expect that exer-
cise and healthy eating may be less likely to occur in households experiencing financial difficulty during and immediately
post-COVID-19.

Conceptual framework

Health care utilization behaviors are considered to be driven both by individual and systems-level factors. For
instance, Andersen and Newman’s model of determinants of healthcare utilization provides a useful framework to
examine these relationships. Briefly, this model conceptualizes healthcare utilization as determined by health service
delivery components (e.g., resources and their organization), medical technology and patterns of care (e.g., hospital
vs outpatient setting), and individual-level determinants (predisposing — e.g., age, gender, beliefs; enabling — e.g.,
income, insurance status, urban/rural; iliness level — e.g., diagnoses, symptoms) (37). Our focus on trust in healthcare
systems aligns with predisposing factors while changes in household finances is an enabling factor [37]. Our study
brings a dynamism to this theoretical model by examining likelihood of healthcare utilization during and immediately
after the COVID-19 pandemic (i.e., 2020 and 2023, respectively). While this model does not specifically conceptualize
preventive health behaviors examined in this study, its depiction of predisposing and enabling factors is relevant for
health behaviors.

Novel contributions of this study

To our knowledge, no existing analysis has examined the roles of changes in trust in key stakeholders and household
finances, both of which were affected by the COVID-19 pandemic, in shaping a variety of healthcare utilization and
preventive health behaviors. Understanding how shocks from the pandemic (e.g., loss of economic security, reduced
confidence in institutions) may have impacted key health-related behaviors is critical for shaping public policy, specifically
encouraging healthcare access and utilization and health promoting behaviors post-pandemic. Therefore, this study aimed
to address three questions: (1) How did healthcare utilization and preventive health behaviors change over the COVID-19
pandemic for US residents? (2) How has trust in key institutional stakeholders changed during and immediately after the
COVID-19 pandemic? (3) Are changes in trust in key stakeholders and household finances since the COVID-19 pandemic
associated with shifts in healthcare utilization and preventive health behaviors?

To answer these questions, we conducted a repeated cross-sectional nationally representative survey of US residents
in July 2020 and May 2023. Participants reported on numerous healthcare behaviors, including utilization of healthcare
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modalities that expanded during the pandemic (e.g., telehealth, pharmacy-based healthcare services). We controlled for
household income separately from changes in household finances over the pandemic period, which allowed for isolation
of the pandemic’s specific effects on household budgets regardless of income.

Methods
Data

We ran two surveys (repeated cross-sections) with a total sample size of 3,274 using the Ipsos Global Online Omnibus.
The surveys included individuals 18-75 years of age residing in the US. The first survey (n=1,085) was conducted from
July 10-14, 2020, when COVID-19 cases were generally trending down after the initial surge [38], stay-at-home orders
(e.g., lockdowns) and other restrictions were beginning to loosen, and the COVID-19 vaccine was not yet available. The
second survey ran from May 24-29, 2023 (n=2,189). This was after both the World Health Organization (WHO) [39] and
the US Department of Health and Human Services [40] ended the global and federal public health emergencies (i.e., May
5, 2023 and May 11, 2023, respectively) and COVID-19 vaccines had been widely available for over two years.

Ipsos surveyed a nationally representative quota (non-probability) sample from their existing Ipsos panel with quotas
set for age, gender, US region, and working status. Representativeness was also achieved on the quota dimensions using
survey weights. Weights supplied by Ipsos accounted for proportions of the population who are not online and thus ineli-
gible for this survey by gender within age and working status, household income and region. Panel members were vetted
by Ipsos with quality checks to ensure that participants were unique and had the characteristics they stated in the survey.
These included fraud checks, verification of location of internet protocol (IP) address and validation via CAPTCHA security
code [41]. Ipsos sets sampling targets through extensive efforts that include matching with census data and a proprietary
process that balances respondents asked to participate based on the target population.

Invitations to participate were sent via email or an app until sample quotas were met. Once a quota was met, individ-
uals in that quota could no longer respond but additional surveys might be sent to specific quota groups to meet sample
requirements. Non-respondents received one reminder about survey completion. Continued non-response resulted in
replacement from that quota sample based on a ‘first come first complete’ basis in which the survey would close for indi-
viduals from the panel once quota samples were reached. The survey response rate was 75%.

Surveys were self-administered using respondents’ preferred method (e.g., smartphone, computer). Protocols to
detect and remove respondents who completed the survey too quickly (i.e., > 3 times faster than median) and straight-
line responses (i.e., repeated same responses) were employed by Ipsos for quality control. Questions common to both
surveys appear in S1 File, and respondents’ demographic information (e.g., gender, age) was supplied by Ipsos. Ipsos
administered financial incentives using a point system for survey completion as part of their standard procedures (41).
Other findings from these surveys have been published previously [42—44]. The study protocol was approved by the Uni-
versity of South Carolina Institutional Review Board for Human Research as exempt. Participants provided consent to be
part of the overall Ipsos panel, and the IRB did not require additional consent since it was conducted through an existing
global online omnibus panel.

Survey items

Survey items were developed by the study team and/or informed by existing measures with adaptation to the COVID-19
context. As part of our process in developing the surveys, we examined existing COVID-19 surveys, some of which had
validated or previously existing measures, including the PhenX Toolkit for COVID-19 [45]. We also reviewed the broader
literature outside of COVID-19 studies for relevant measures or question structures. Where possible we adapted existing
questions to the study context and always used standard response scales. Questions were also reviewed and commented
upon by Ipsos’ survey design experts for responsiveness and clarity.
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We had four items for self-reported changes in healthcare utilization (annual health check, telephone-based healthcare
consultation, virtual/remote healthcare consultation such as an ‘e-visit’, telehealth virtual doctor visit or remote diagnosis
and treatment, pharmacy-based healthcare such as for vaccination or testing services) and three items for preventive
health behavior (healthy eating, exercise, seasonal influenza vaccination).

Participants were asked about healthcare utilization and preventive health behaviors with the prompt, ‘Since the
outbreak of COVID-19, are you more or less likely to do each of the following or is there no difference?’ with Likert scale
responses of ‘much more likely’, ‘somewhat more likely’, ‘no difference’, ‘somewhat less likely’, ‘much less likely’, ‘not
applicable’, ‘don’t know’, and ‘prefer not to say’.

These questions are framed as ‘since the outbreak of COVID-19’ to focus on pandemic-related changes and rely on
the pandemic’s salience to respondents. Available survey measures at the time of our first survey development in May-
June 2020 were designed to focus on health behaviors during the COVID-19 pandemic. A question from the NIH Common
Data Elements repository that came from a draft question bank of the CDC’s COVID-19 Community Survey via the All of
Us Research Program [46] provided a foundation to guide our question development. This question prompt began, ‘To
cope with the social distancing and isolation, are you doing any of the following?’ and included three items with yes/no
responses: ‘eating more food than usual, ‘eating less food than usual’ and ‘contacting a healthcare provider’. We wanted
to be precise in terms of COVID-19 impacts and not assume social distancing and isolation in our sample, so we reframed
the question prompt. In addition, the standard Likert scale used in the present study provided the nuance desired for our
study’s objectives. Prompts for our question included a selection of healthcare utilization types motivated by the goal to
examine more novel modalities of healthcare increasingly common during the pandemic (i.e., telephone, virtual/remote
and pharmacy) and key types of preventive health actions that might be affected by the pandemic (i.e., healthy eating,
exercise, seasonal influenza vaccination).

Trust in stakeholders was elicited via the following question — ‘To what extent do you trust or not trust the way the follow-
ing are dealing with the COVID-19 pandemic?’. This question is similar to a ‘trust in government’ question used by Gallup
since the 1970s [47] but includes stakeholders relevant to this specific study. Stakeholders listed include ‘your national [fed-
eral] government officials,” ‘your local government officials, ‘the healthcare system’ and the ‘World Health Care Organization
(WHO).” Respondents could select ‘trust a great deal, trust a fair amount, do not trust very much, do not trust at all or don’t
know’, responses used by Gallup [47] except we used ‘don’t know’ rather than ‘no opinion’ to be similar to other survey
questions. These stakeholders were chosen because of their critical roles in COVID-19 response. For example, local gov-
ernments were often at the forefront of responses affecting people’s daily lives (e.g., business and school closures).

For household finances, at the time of our first survey development in May-June 2020, we found several questions that
used percentages to ask respondents the likelihood of negative economic outcomes (e.g., running out of money because
of the coronavirus) [48]. To move away from asking respondents for percentage responses, we developed a question with
standard Likert responses to ask respondents to describe their household finances at the time of the survey compared
to before the pandemic; ‘Which, if any, of the following would you say best describes your household finances?’ Possible
responses were ‘Our household finances now are much better than before the COVID-19 pandemic,’ ‘...a little better...,’
‘...a little worse..., ‘...much worse...,” *...no difference...,” ‘don’t know’ and ‘prefer not to say.’ Like available questions at
the time, it focused on the financial effects of the COVID-19 pandemic but with a standard response scale.

We also elicited self-reported physical and mental health status based on questions from the Patient-Reported Out-
comes Measurement Information System (PROMIS) but with examples specific to study goals [49]. For physical health,
we asked ‘How is your physical health (e.g., pain, disease) in general?’, and for mental health, ‘How is your mental health
(e.g., anxiety, depression, stress, eating disorders)?’. At wave two, participants were asked again, “How would you say
[your physical health, your mental health] is now?’. Responses were ‘very good,” ‘good,’ ‘fair,’ ‘poor,’ ‘very poor,’ ‘don’t
know,” ‘prefer not to say.” Control variables supplied by Ipsos were gender, age, household income, education, marital
status, children in household (i.e., <18 years of age), residence rurality (i.e., urban/rural) and region).
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Statistical analysis

Our empirical strategy assumed that changes in healthcare utilization and preventive health behaviors are dependent

on observed and unobserved factors. Let , stand for likelihood of behavior since the pandemic (annual health check,
telephone-based healthcare consultation, virtual/remote healthcare consultation, pharmacy-based care, healthy eating,
exercise, seasonal influenza vaccination) with specification at the individual level (). Our main interest is the effect of trust
in key stakeholders (p) as a vector of trust in each stakeholder (federal government, local government, healthcare system,
WHO), and household finances (A\) on likelihood of behavior (y,). Models also include study year (v), a vector of self-
reported health status to include physical and mental health (p) and controls (x,) (gender, age, household income, educa-
tion, marital status, children in household, residence rurality, and region). The error term (€) accounts for unobservables
not specified. Our specification contains many observed individual-level determinants and some patterns of care (e.g.,
rural residence) as in Andersen and Newman [37]; however, many variables are left unobserved due to survey length

limitations. The full estimation is as below.

Vi = Bo + pif1 + AiP2 + ViBs + piBa + XiBs + €

We estimated differences in responses for dependent and key independent variables between survey years (2020 and
2023) using the lincom command in STATA [50] to account for the complex survey weights. Several regression speci-
fication types were tested to ensure model fit. Ordered logit specifications failed parallel regression assumptions, likely
because responses tended to be right-tailed and have a high middle of the distribution (response of — no difference). We
tested the multinomial logit, which loses the ordering inherent in our response variable and the generalized ordered logit
to relax the parallel regression assumption, but our preferred specifications use ordinary least squares (OLS) with boot-
strapped standard errors (100 iterations) to permit within sample correlation (e.g., individuals within regions might have
experienced similar COVID-19 regulations). OLS estimators allowed us to keep the ordered nature of dependent variables
and bootstrap standard errors as well as run selection bias tests in a straightforward way.

‘Don’t know,” ‘prefer not to say’ and ‘no answer’ responses were dropped from response variables in model specifica-
tions. We tested a set of Heckman selection models [51] for these three responses for each dependent variable to test
whether bias was introduced by dropping these responses. Tests confirmed no bias. Therefore, we did not include a sam-
ple selection estimator in specifications.

Model goodness of fit was assessed using Wald chi-square values and variance inflation factors (VIF <10) to ensure
lack of multicollinearity. We report stepwise regressions adding explanatory variables in S1-S7 Tables to demonstrate key
parameter stability. Additional regressions (not shown here) removing variables (e.g., household income) that could poten-
tially have a recursive relationship with dependent variables were also tested to ensure finding robustness.

Results
Study sample characteristics

Table 1 provides descriptive statistics of the weighted sample for each survey year (2020 and 2023) and the total sample. Any
significant differences across survey years are denoted with *’ and ** as appropriate. For the total sample (2020 and 2023), most
respondents were from the South Atlantic region of the US (20.0%) followed by Pacific (16.5%) and East North Central (14.5%). A
total of 48.6% of participants were men and 51.0% were women. Mean age of participants was 45.3 years. In line with representa-
tive quota procedures, there were no statistically significant differences across 2020 and 2023 for region, gender, and age group.
The most common household income group was $75,000-$99,999 (21.5%) with $100,000-$149,999 (19.2%) and $25,000-
$49,999 (18.2%) the next most common. Three brackets were statistically different in 2023 versus 2020: $25,000-$49,999,
$75,000-$99,999, and $100,000-$149,999. Most participants had at least an associate (AS) degree or higher (60.3%). Education
levels only differed between 2020 and 2023 for categories of ‘GED or HS diploma’ (13.4% in 2020, 17.4% in 2023) and ‘BA/BS
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Table 1. Study sample descriptive statistics, weighted sample.

2020 2023 Total
Observations 1,085 2,189 3,274
Mean (SD) Mean (SD) Mean (SD)
Region
New England 0.047 (0.211) 0.046 (0.209) 0.046 (0.210)
Middle Atlantic 0.131 (0.338) 0.126 (0.332) 0.128 (0.334)

East North Central

0.146 (0.354)

0.144 (0.351)

0.145 (0.352)

West North Central 0.065 (0.246) 0.064 (0.245) 0.064 (0.245)
South Atlantic 0.198 (0.398) 0.201 (0.401) 0.200 (0.400)
East South Central 0.059 (0.235) 0.058 (0.233) 0.058 (0.234)
West South Central 0.118 (0.323) 0.122 (0.327) 0.120 (0.326)
Mountain 0.072 (0.258) 0.075 (0.264) 0.074 (0.262)
Pacific 0.164 (0.371) 0.165 (0.371) 0.165 (0.371)
Gender
Female 0.512 (0.500) 0.508 (0.500) 0.510 (0.500)
Male 0.488 (0.500) 0.485 (0.500) 0.486 (0.500)
Other gender 0.000 (0.000) 0.003** (0.056) 0.002 (0.046)
Prefer not to say 0.000 (0.000) 0.004** (0.060) 0.002 (0.049)
Age/ Age group
Age 44.88 (15.515) 45.55 (16.096) 45.328 (15.907)
18-24 0.128 (0.334) 0.119 (0.324) 0.122 (0.327)
25-34 0.191 (0.394) 0.196 (0.397) 0.194 (0.396)
35-44 0.182 (0.386) 0.180 (0.384) 0.181 (0.385)
45-54 0.193 (0.395) 0.176 (0.381) 0.182 (0.386)
55-64 0.178 (0.383) 0.171 (0.377) 0.174 (0.379)
65-75 0.127 (0.334) 0.158* (0.365) 0.148 (0.355)
Household income
$0-$24,999 0.109 (0.312) 0.111 (0.314) 0.111 (0.314)

$25,000-$49,999

0.216 (0.412)

0.166* (0.372)

0.182 (0.386)

$50,000-$74,999

0.185 (0.388)

0.163 (0.370)

0.170 (0.376)

$75,000-$99,999 0.191 (0.393) 0.227% (0.419) 0.215 (0.411)
$100,000-$149,999 0.169 (0.375) 0.203* (0.402) 0.192 (0.394)
$150,000-$249,999 0.070 (0.254) 0.069 (0.254) 0.069 (0.254)
$250,000+ 0.013 (0.111) 0.020 (0.141) 0.018 (0.132)
Prefer not to say 0.048 (0.213) 0.041 (0.197) 0.043 (0.203)
Education
Below HS 0.017 (0.128) 0.020 (0.141) 0.019 (0.137)
GED or HS diploma 0.134 (0.341) 0.174** (0.379) 0.161 (0.367)
Some college 0.217 (0.412) 0.218 (0.413) 0.217 (0.412)
AS degree 0.121 (0.326) 0.112 (0.315) 0.115 (0.319)
BS degree 0.318 (0.466) 0.280* (0.449) 0.293 (0.455)
MS degree 0.153 (0.360) 0.160 (0.367) 0.158 (0.365)

Professional or Doctorate
degree

0.041 (0.198)

0.036 (0.186)

0.037 (0.190)

Marital status

Single, never married 0.289 (0.453) 0.278 (0.448) 0.282 (0.450)
Living with partner 0.073 (0.261) 0.092 (0.289) 0.086 (0.280)
(Continued)
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Table 1. (Continued)

2020 2023 Total
Observations 1,085 2,189 3,274
Mean (SD) Mean (SD) Mean (SD)
Married 0.506 (0.500) 0.505 (0.500) 0.506 (0.500)
Widowed 0.031 (0.174) 0.030 (0.171) 0.030 (0.172)
Divorced or separated 0.100 (0.301) 0.095 (0.293) 0.097 (0.296)
Children in household
Has children 0.294 (0.456) 0.339* (0.473) 0.324 (0.468)
Does not have children 0.706 (0.456) 0.661* (0.473) 0.676 (0.468)
Residence rurality*
Rural 0.127 (0.333) 0.119 (0.324) 0.121 (0.327)
Urban 0.873 (0.333) 0.881 (0.324) 0.879 (0.327)

Notes: + Ipsos supplied core-based statistical area (CBSA) population values for where respondents
lived in intervals (nonCBSA, 10,000-99,999, 100,000—249,999; 250,000—-499,999; 500,000-999,999;
1,000,000-2,499,999; 2,500,000—4,999,999, 5,000,000+). We defined rural as ‘nonCBSA’ and ‘10,000-
99,999’ CBSA population. This may be a slight overestimate as according to Office of Management
and Budget and the US Census, ‘rural’ should be below 50,000, however, we were limited by the
residence rurality breakdown as supplied.

#p<0.05, *p<0.01.

https://doi.org/10.1371/journal.pone.0331600.t001

degree’ (31.8% in 2020 and 28.0% in 2023). Most of the sample was ‘married’ (50.6%) with no statistically significant difference
in marital status between 2020 and 2023. In 2023, more people had children <18 years of age in the household than in 2020

(29.4% in 2020, 33.9% in 2023). In the total sample, 67.6% of participants reported no children currently in the household. Most
respondents were also from areas designated as urban (87.9%) versus rural (12.1%) with no difference between survey years.

Changes in healthcare use and health behaviors during and immediately post-COVID-19 pandemic

Fig 1 displays healthcare utilization likelihood in July 2020 and May 2023 (see S8 Table for weighted descriptive statistics).
Compared to 2020, respondents in 2023 were more likely to have an annual preventive visit (24.9% in 2020 vs. 41.3% in 2023,
16.4%, 95% CIl 12.2% to 20.5%; p<0.001) and to have sought pharmacy-based healthcare services (20.5% in 2020 vs. 34.7% in
2023, 14.3%, 95% CI 10.4%-18.2%; P<0.001). Respondents in 2023 versus 2020 also had a higher rate of reporting that they
were less likely (5.3% in 2020 vs. 7.8% in 2023, 2.5%, 95% CI 0.7% to 4.3%; P=0.007) or had no difference (33.7% in 2020 vs.
38.4% in 2023, 4.7%, 95% CI 0.4% to 9.1%; P=0.032) in likelihood of having a phone consultation with a doctor since the pan-
demic. Similarly, more respondents in 2023 versus in 2020 expressed no change in likelihood of having a virtual/remote consulta-
tion with a healthcare provider since the pandemic (25.9% in 2020 and 31.9% in 2023; 6.0%, 95% CI 2.2% to 9.8%; P=0.002).

For preventive health behaviors, there was an increase in 2023 from 2020 in respondents who reported either being
likely (29.0% in 2020 vs. 36.3% in 2023,7.3%, 95% CI 3.1% to 11.5%; P=0.001) or less likely (4.7% in 2020 vs. 9.6% in
2023, 4.9%, 95% CIl 3.1% to 6.7%; P<0.001) to get the seasonal influenza vaccine since the pandemic. Respondents’
likelihood to eat healthily increased from 2020 to 2023 since the pandemic (39.8% vs. 50.8%, 11.0%, 95% CI 6.7% to
15.3%; P<0.001). Moreover, there was a sustained increase in participants reporting likelihood of more exercise from
2020 to 2023 compared to before the pandemic (38.9% vs. 46.2%, 7.3%, 95% CIl 3.0% to 11.6%; P=0.001).

Trust in key actors during and immediately post-COVID-19 pandemic

The healthcare system was the most trusted among all stakeholders in 2020 (63.3%) and 2023 (65.1%) (S9 Table). Fig
2 displays these results graphically. The federal government was the least trusted entity at both time points, although
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Fig 1. Weighted t-tests of changes in healthcare utilization likelihood since the COVID-19 pandemic, 2020 and 2023.

https://doi.org/10.1371/journal.pone.0331600.9001

mistrust declined from 2020 to 2023 (63.8% versus 50.2%, —13.5%, 95% CI| -17.8% to —9.3%; P<0.001). Related, trust
in the federal government increased from 2020 to 2023 (32.8% versus 44.7%; 11.9%, 95% CI 7.7% to 16.1%; P<0.001).
However, trust in local government decreased from 2020 to 2023 (60.9% vs. 56.3%, —4.6%, 95% CI| —8.8% to 0.3%;
P=0.04). There were no significant differences between the two time periods for trust in the WHO (56.7% in 2020, 57.7%
in 2023, 1.0%, 95% CI -3.3% to 5.3%; P=0.65).

Household finances during and immediately post-COVID-19 pandemic

Household finances had significant changes from 2020 to 2023 (S9 Table). In 2023, the response with the highest percentage
of respondents was household financial status being much worse or a little worse than before the pandemic (33.3% in 2020
vs. 41.5% in 2023, 8.2%, 95% Cl 4.3% to 12.1%; P<0.001). This was a significant increase from 2020. However, also, there
was an increase in respondents reporting that their finances were much better or a little better than before the pandemic in
2023 versus 2020 (16.4% in 2020 vs. 24.7% in 2023, 8.3%, 95% CI 4.2% to 12.4%; P<0.001). This increase from 2020 was
also significant. Therefore, more respondents reporting moving to either a better or worse household financial position in 2023
than in 2020. Related, in 2020, the most common response was ‘no difference’ in household finances than before the pan-
demic (45.7%) but this number significantly declined (28.0%) in 2023 (-17.7%, 95% Cl —21.9% to -13.5%; P<0.001).
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Trust, household finances and healthcare use

Table 2 presents regression results for associations between trust, household finances, and healthcare use likelihood.
Models shown are our preferred specifications after stepwise selection (stepwise results in S1-S7 Tables).

Trust in the healthcare system was positively related to healthcare utilization. Of all stakeholders elicited in the sur-
vey, trust in the healthcare system had the greatest effect sizes on outcomes. For example, extreme mistrust in the US
healthcare system was associated with lower likelihood of utilization of all queried healthcare services since the pandemic
(—47.7% [annual health check], —49.1% [phone consultation], —42.3% [virtual/remote consultation] and —45.3% [pharmacy-
based healthcare]).

In addition, mistrust in the WHO was associated with lower likelihood of using all four healthcare services (see Table 2).
Mistrust in the federal government was strongly negatively associated with individuals’ use of pharmacy-based care, with
a marked decrease in use when participants felt less than ‘great trust in the national [federal] government’ (ranging from-
17.7% with ‘trust a fair amount’ to —32.1% with ‘do not trust at all’).

Worse finances (‘a little worse’, =16.9%; ‘much worse’ —21.5%) and ‘no difference’ (-33.8%) were associated with
lower likelihood of an annual health check when compared to individuals who described their finances as ‘much better.’
‘No difference’ in household finances (versus finances being ‘much better’) was associated with lower likelihood of virtual/
remote consultation (-15.5%) and pharmacy-based services (-27.7%). Changes in household finances had no associa-
tion with phone consultation likelihood and a non-linear association with use of pharmacy-based services.
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Table 2. Ordinary least squares regressions or healthcare utilization likelihood since the COVID-19 pandemic.

VARIABLES Annual Phone Consultation with Virtual/ Remote Consultation | Pharmacy-Based
Health Check Doctor with Doctor Healthcare
Coef. Coef. Coef. Coef.
(Std. Err.) (Std. Err.) (Std. Err.) (Std. Err.)
Trust in federal government
(ref=Trust a great deal)
Trust a fair amount -0.099 -0.054 0.071 -0.177*
(0.080) (0.075) (0.083) (0.073)
Do not trust very much -0.147 -0.053 -0.020 —0.304***
(0.086) (0.077) (0.097) (0.076)
Do not trust at all —0.247** 0.013 0.104 —0.321***
(0.085) (0.084) (0.099) (0.074)
Trust in local government
(ref=Trust a great deal)
Trust a fair amount -0.028 -0.028 -0.079 -0.031
(0.060) (0.067) (0.065) (0.060)
Do not trust very much -0.035 -0.100 -0.008 -0.001
(0.067) (0.080) (0.076) (0.071)
Do not trust at all 0.039 -0.222* -0.203* -0.106
(0.079) (0.093) (0.097) (0.083)
Trust in the healthcare system
(ref=Trust a great deal)
Trust a fair amount -0.131* -0.236*** -0.267*** —0.184***
(0.052) (0.052) (0.055) (0.052)
Do not trust very much —-0.277%** -0.265%** —0.274*** -0.272%**
(0.067) (0.068) (0.073) (0.062)
Do not trust at all —0.477%%* —0.491*x* —0.423*** —0.453***
(0.090) (0.092) (0.098) (0.083)
Trust in the World Health Organization
(ref=Trust a great deal)
Trust a fair amount -0.083 -0.108* -0.069 -0.057
(0.056) (0.054) (0.061) (0.055)
Do not trust very much -0.207** —0.221%** -0.227** -0.186**
(0.067) (0.059) (0.072) (0.061)
Do not trust at all —-0.144* —0.249%** —-0.283*** -0.208**
(0.073) (0.071) (0.081) (0.072)
Household finances (ref=Much better)
A little better -0.144 -0.057 -0.025 -0.082
(0.092) (0.103) (0.097) (0.092)
A little worse -0.169* -0.072 -0.051 -0.185*
(0.081) (0.088) (0.085) (0.085)
Much worse -0.215% 0.010 -0.060 -0.127
(0.085) (0.097) (0.097) (0.085)
No difference —0.338*** -0.168 -0.155* -0.277**
(0.088) (0.095) (0.076) (0.089)
Year (ref=2020)
2023 0.283** -0.125%* -0.094* 0.138***
(0.035) (0.040) (0.044) (0.040)

(Continued)
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Table 2. (Continued)

VARIABLES Annual Phone Consultation with Virtual/ Remote Consultation  Pharmacy-Based
Health Check Doctor with Doctor Healthcare
Self-reported physical health
(ref=Very good or good)
Fair 0.026 0.073 0.045 0.0143
(0.049) (0.048) (0.059) (0.051)
Poor or very poor 0.005 0.166 0.126 -0.016
(0.097) (0.091) (0.095) (0.081)
Self-reported mental health
(ref=Very good or good)
Fair -0.033 0.074 0.065 -0.018
(0.044) (0.043) (0.052) (0.044)
Poor or very poor -0.048 0.043 0.063 0.045
(0.071) (0.065) (0.077) (0.060)
Constant 3.675%** 4 451 %x 3.965%** 3.795%**
(0.183) (0.181) (0.168) (0.172)
Wald x2 (p-value) 1705.11 (0.000) 562.34 (0.000) 893.12 (0.000) 1463.06 (0.000)
Mean VIF 2.69 2.69 2.70 2.72
R? 0.119 0.093 0.088 0.126
Observations 3039 2757 2670 2681

Standard errors in parentheses.

*p<0.05, *¥p<0.01, ***p<0.001.
Models include gender, age, household income, education, marital status, children in household, region, residence rurality.

https://doi.org/10.1371/journal.pone.0331600.t002

Trust, household finances and preventive behaviors

Mistrust in the healthcare system and WHO were major contributing factors for reduced likelihood of getting a seasonal
influenza vaccine since the pandemic (Table 3). Changes in household finances and self-reported mental health were not
associated with likelihood of getting a seasonal influenza vaccination. However, being in ‘fair’ physical health relative to
‘very good’ or ‘good’ was positively associated (12.5%) with likelihood of vaccination.

Mistrust in the federal government (-15.4% ‘do not trust very much’ versus ‘trust a great deal’) and the WHO (-17.4%
‘do not trust at all’ versus ‘trust a great deal’) were associated with lower likelihood of eating healthily. Mistrust in health-
care systems was also associated with lower likelihood of eating healthily (-25.1% ‘do not trust very much’ and —18.9%
‘do not trust at all versus ‘trust a great deal’).

Reporting household finances as being ‘much better’ since the pandemic was associated with higher likelihood of
eating healthy (-16.4% ‘little worse,” —=16.4% ‘much worse’ and -18.1% ‘a little better’ versus ‘much better’). Responding
to the survey in 2023 versus 2020 was also associated with higher likelihood of eating healthily (14.7%). Mental health but
not physical health was associated with likelihood of eating healthily with respondents describing their mental health as
‘poor or very poor’ relative to ‘very good or good’ being less likely to eat healthily (-21.7%).

As with eating healthily, likelihood of exercising was greater if respondents trusted the federal government (-28.2%

‘do not trust at all’ vs. ‘trust a great deal’) or the WHO (-13.8% “do not trust at all’ vs. ‘trust a great deal’), had improved
finances over the pandemic (-23.3%, ‘a little worse’ and —20.6%, ‘much worse’ vs. ‘much better’), were responding to the
survey in 2023 versus 2020 (13.5%) and self-reported ‘good’ or ‘very good’ mental health (-17.4% for both ‘poor’ or ‘very
poor’). Self-reported physical health status was important for exercise but not eating healthily.
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Table 3. Ordinary least squares regression for preventive health behaviors likelihood since the COVID-19 pandemic.

VARIABLES Seasonal Influenza Vaccination Eat Healthily Exercise
Coef. Coef. Coef.
(Std. Err.) (Std. Err.) (Std. Err.)
Trust in federal government (ref=Trust a great deal)
Trust a fair amount -0.066 -0.063 —-0.222%*
(0.082) (0.067) (0.075)
Do not trust very much -0.145 —-0.154* -0.306%**
(0.096) (0.070) (0.084)
Do not trust at all -0.174 -0.096 -0.282**
(0.100) (0.082) (0.089)
Trust in local government (ref=Trust a great deal)
Trust a fair amount -0.039 -0.036 -0.013
(0.062) (0.054) (0.055)
Do not trust very much -0.109 -0.032 -0.048
(0.074) (0.064) (0.066)
Do not trust at all -0.046 0.004 -0.066
(0.099) (0.067) (0.080)
Trust in the healthcare system (ref=Trust a great deal)
Trust a fair amount -0.166** -0.093 -0.026
(0.055) (0.051) (0.050)
Do not trust very much =0.271%** —0.251%** -0.077
(0.071) (0.061) (0.064)
Do not trust at all -0.510%** -0.189* 0.097
(0.108) (0.074) (0.089)
Trust in the World Health Organization
(ref=Trust a great deal)
Trust a fair amount -0.122* -0.116* -0.086
(0.059) (0.051) (0.052)
Do not trust very much —0.374*** -0.163* -0.143*
(0.077) (0.065) (0.063)
Do not trust at all -0.515%** =0.174%* -0.138*
(0.080) (0.067) (0.066)
Household finances
(ref=Much better)
A little better -0.078 -0.181* -0.163
(0.096) (0.088) (0.086)
A little worse -0.060 -0.164* -0.233**
(0.106) (0.082) (0.076)
Much worse -0.134 -0.164* -0.206**
(0.112) (0.082) (0.070)
No difference -0.194 -0.318*** -0.307***
(0.102) (0.078) (0.072)
Year (ref=2020)
2023 0.012 0.147%* 0.135%**
(0.042) (0.032) (0.036)
Self-reported physical health (ref=Very good or good)
Fair 0.125%* -0.086 -0.167***
(Continued)
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Table 3. (Continued)

VARIABLES Seasonal Influenza Vaccination Eat Healthily Exercise
(0.047) (0.048) (0.044)
Poor or very poor 0.005 -0.086 -0.174*
(0.098) (0.090) (0.088)
Self-reported mental health
(ref=Very good or good)
Fair -0.007 -0.076 -0.092*%
(0.052) (0.043) (0.046)
Poor or very poor -0.061 —0.217*** =-0.174**
(0.075) (0.065) (0.060)
_cons 3.905%** 3.886%** 3.640%**
(0.204) (0.180) (0.188)
Wald x2 (p-value) 1207.26 (0.000) 778.57 (0.000) 868.69 (0.000)
Mean VIF 2.66 2.70 2.69
R? 0.119 0.094 0.099
Observations 2781 3125 3025

Standard errors in parentheses.
*p<0.05, **p<0.01, **p<0.001.
Models include gender, age, household income, education, marital status, children in household, region, residence rurality.

https://doi.org/10.1371/journal.pone.0331600.t003

Discussion

This study employed two nationally representative surveys of US residents to investigate associations between trust in
key stakeholders, changes in household finances, and healthcare utilization and preventive health behaviors during and
immediately post-COVID-19 pandemic. Overall, US residents reported greater likelihoods of engaging in several types of
healthcare and preventive behaviors post-pandemic, with both trust and household finances being associated with behav-
iors in unique ways.

Participants showed increased engagement in annual health checks and in pharmacy-based healthcare from 2020 to
2023. Both pharmacy-based care and annual health checks are in-person options, suggesting a desire post-pandemic to
engage in in-person services alongside of new care modalities. Coupled with evidence that adherence to recommended
screenings/tests and referrals may be lower in telehealth visits versus in-person [52], these results highlight the impor-
tance of offering patients both in-person and virtual modalities based on patient preference, visit reason and access
barriers. Existing research demonstrates that patients in the US find pharmacy-based care for activities such as colorec-
tal cancer screening [53] and vaccination [54] acceptable, thus supporting findings that this newly expanded modality of
care shows promise for future preventive care and chronic disease management in community-based settings.

Vaccine hesitancy related to COVID-19 vaccines may very well spillover into seasonal influenza vaccination [17,55] and
intentions to vaccinate for either virus may have similar underlying reasons [44]. The current study’s findings support that
uptake of seasonal influenza vaccination have become more bifurcated from 2020 to 2023.

While research from early in the pandemic suggested that the pandemic had negative impacts on healthy eating [15]
and exercise [16] our findings provide evidence of a ‘bounce-back’ in terms of growth in the percentage of individuals
reporting eating more healthily in 2023. These changes may reflect easier attainment of healthy foods compared to early
in the pandemic due to factors such as supply chain shortages. Previous research has documented increased unhealthy
food and beverage consumption in early pandemic waves for US residents, particularly during periods of home confine-
ment [56,57].
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When considering trust in key institutions, trust among US residents continued to be high in the healthcare system
relative to other institutional actors. This supports previous findings that trust in the healthcare system was high during
COVID-19 and is consistent with evidence from Europe that the pandemic drove trust in healthcare institutions [58]. Trust
also increased over time in the federal government which could be related to how changes in Presidential and US House
of Representatives leadership over our study period affected our sample’s trust in the federal government.

Upon examining the relationship between trust and healthcare utilization and preventive health behaviors, two key
findings stand out. First, trust in the healthcare system was associated with all healthcare use types, as well as uptake
of seasonal influenza immunization, supporting previous evidence about the critical role of trust in delivery of healthcare
services [59] including vaccination [60]. Second and interestingly, trust in the WHO was found to be associated with all
types of healthcare utilization and preventive behaviors. The WHO was the only stakeholder of those tested (healthcare
system, local government, federal government) where this was the case. This is particularly notable in a US sample where
the WHO'’s handling of the pandemic has been scrutinized. However, according to social media data, many US residents
relied on the WHO as an information source about the COVID-19 pandemic, along with the CDC, news outlets and the
White House [61]. Our sample was only slightly lower in trusting the WHO'’s ability to handle the pandemic (35.0% in
2020) than another nationally representative survey in 2020 (38.5%) [62].

As for changes in household finances, among healthcare utilization and health behaviors examined, they were most
strongly associated with self-reports of eating healthily and exercising, as well as receiving annual health checks. As
eating healthily costs more than eating less nutrient-dense and more processed food, this finding has implications for
how economic shocks may impact health behaviors. Notably, inflation, particularly food-related inflation, may have direct
impacts on healthy eating intentions and how people perceive their household financial status is an important component
of understanding inflation’s impact on consumption behaviors. This is an important area for future research given annual
inflation rates since the COVID-19 pandemic. Similarly, and likely also related to inflationary effects, getting exercise was
also associated with changes in household finances. Exercise has opportunity costs in terms of time and other aspects
(e.g., gym membership, travel to exercise). Household finances may be a key barrier to residents realizing desires to eat
healthily and exercise. These results are underlined by the fact that models control for household income, which isolates
the specific effect of changes in household finance during the pandemic period.

Finally, self-reported health status was important for healthier eating and increased exercise amongst respondents.
Individuals who reported poorer mental health were shown to be at greater risk of not eating healthy or exercising more
since the pandemic. This is a worrying recursive cycle given the known mental health benefits of good diet and exercise.

Limitations

These findings must be interpreted within existing limitations. Our study is limited by the repeated cross-sectional survey
design. This precludes following the same individuals over time. However, the nationally representative nature of the
survey attenuates some of this by offering responses reflective of the US population according to dimensions used for rep-
resentativeness. The sample is, however, limited to individuals with internet access (either computer or via smartphone)
as Ipsos does not provide devices for this panel to complete surveys. According to Pew Research, 95% of Americans
used the internet in 2023 with 80% reporting home broadband and an additional 15% relying solely on a smartphone or
internet access [63]. This high percentage of internet access supports the generalizability of our findings. While individuals
with lower education and income were more likely to not have internet access [63], Ipsos provided weights to account for
the non-online portion of the US population that specifically account for, amongst other characteristics, working status and
household income.

Related, non-responders who were replaced by other individuals from their quota sample may introduce some bias in
the results. Since they were replaced with individuals from their quota sample, this limited any bias in demographics but
if individuals chose not to take the survey because of the questions or topics covered, this could create bias for reasons
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such as not wanting to report or reflect on negative experiences or lack of healthcare use. This would result in over-
reporting survey responses such as having the same or more healthcare utilization or preventive health behaviors,
increased trust in stakeholders and stable or improved household finances. However, individuals may have chosen not to
respond for other reasons such as being busy at the time the prompt arrived. If employment or childcare responsibilities
were the reasons for being busy, we were able to mitigate any bias caused by this through controlling for whether there
were children in the household. Income only partially controlled for being busy through employment since income may not
necessarily be associated with employment status (e.g., retirement).

Participants were asked to consider their health behaviors and healthcare utilization since the pandemic started. Recall
effects may be a threat to response validity, namely for the second survey as participants were asked to consider a time
approximately three years prior. The salience of the COVID-19 pandemic and how it fundamentally changed people’s
lives somewhat attenuates recall bias concerns. Related, respondents self-reported healthcare use (e.g., preventive visits,
vaccination) that could not be confirmed by clinical data. This study attempted to mitigate this risk by not asking specific
questions about how many visits and referencing a salient period of time, the COVID-19 pandemic to help with recall time
frame [64].

Also, responses were subject to social desirability bias. Social desirability bias would cause underreporting of
responses that individuals perceived as less positive about themselves and overreporting of responses perceived to be
more positive. Questions asking about healthy eating and physical activity would be particularly prone to such a bias,
leading to overestimates of healthy behaviors. Our survey aimed to mitigate this risk through question design by offering
respondents the option of ‘no change’ so that their state (health or unhealthy eating, more or less exercise) would not
be revealed. Respondents also could select ‘don’t know and ‘prefer not to say’ options. Similarly, respondents may have
underreported negative changes in household finances and/or overreported household finances being better. Again,
respondents had neutral and ‘don’t know’ and ‘prefer not to say’ options to attempt to mitigate this bias.

Finally, this study only included variables where we had responses for both survey years (2020, 2023), therefore our
models might not incorporate all factors potentially associated with likelihood of healthcare use and preventive behavior.
The number of survey questions asked was also limited by study budget and scope. Thus, not all parameters that we
might include in specifications were asked or available for both years or at all (e.g., partisanship/ party affiliation, presiden-
tial voting record in the 2016 and 2020 elections, perceptions about the US economy, insurance status, having a regular
doctor, other preventive behaviors). In addition, while respondents were asked generally about their trust in the federal
government in both survey years, they were not specifically queried about entities of the government such as the presi-
dential administration (only asked in 2023) or the Centers for Disease Control and Prevention (CDC) (not asked in either
year). Future studies that investigate attitudes and perceptions of specific federal entities and their relationship with health
behaviors, including COVID-19 vaccination is warranted.

Implications for practice and policy

We observed that the COVID-19 pandemic brought more intentions to engage in several health seeking behaviors. More-
over, in-person opportunities for healthcare in the form of annual health checks and pharmacy-based service continued
to see increases in those who planned to utilize those services since the pandemic. This has important implications both
in terms of continuing to help individuals re-engage in their healthcare post-pandemic and identify ways to optimize care
via in-person and virtual services. We also observed increased intentions to engage in healthy behaviors in the forms of
healthy eating and exercise that continued to grow in the post-pandemic period. The picture with influenza vaccination is
more complicated with US residents appearing increasingly polarized since the COVID-19 pandemic in their vaccination
intentions for this annual vaccine.

Taken together, we see evidence that COVID-19 yielded shifts in US residents’ beliefs about various health behav-
iors. Insurers, employers, federal and state payers and healthcare systems can use these results to spur engagement in
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helping US residents realize these intentions into behaviors. Making annual preventive health checks easier to access,
reimbursing or providing gym memberships or population-specific exercise classes or walking groups, offering healthy
eating and cooking classes as well as options to do so in the workplace and community are all ways these actors can
facilitate health behavior change for US residents emerging from the pandemic with positive health goals. With household
finances as a barrier, specifically to exercise and healthy eating, these actors can help, and all will benefit.

Trust continues to be high in healthcare systems during the immediate post-COVID-19 pandemic period. Still, those
lacking trust in healthcare systems had limited uptake of healthcare services and seasonal influenza immunization. Main-
taining trust in healthcare systems through ensuring patient privacy [65], collaborating with community-based partners and
trusted members of the community [66] and strengthening patient-provider relationships along with patient trust in care
teams [67] are key to next steps. These activities to support trust in the health system are key to promoting positive health
behaviors and adequate healthcare utilization that will help address the wide-ranging health and mental health needs
existing in the current post-pandemic era or in future public health emergencies. Efforts to maintain and increase individu-
als’ trust in healthcare providers and systems are critical—particularly within the context of a global pandemic when use of
certain healthcare services such as vaccination may play a fundamental role in protecting individual and public health, as
well as ending outbreaks. Trust in healthcare systems is also likely to be important for promoting re-engagement in care
following periods of care disengagement or disruptions in health services due to external factors (e.g., pandemics, natural
disasters).
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