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Abstract

College students are often reluctant to follow U.S. preventive guidelines to lower their risk of COVID-19 infection,
despite an increased risk of transmission in college settings. Prior research suggested that college students who
perceived greater COVID-19 severity and susceptibility (i.e., COVID-19 threat) were more likely to engage in COVID-
19 preventive behaviors, yet there is limited research examining whether perceived COVID-19 threat, perceived U.S.
healthcare system inequities, and personal experiences of healthcare discrimination collectively influence college
students' COVID-19 preventive behaviors. This study identified latent classes of perceived COVID-19 threat, perceived
U.S. healthcare system inequities, and personal experiences of healthcare discrimination, examined whether latent
classes were associated with COVID-19 preventive behavioral intentions, and assessed whether latent class member-
ship varied across racial/ethnic groups.

Students from the University of Maryland, College Park (N=432) completed the Weighing Factors in COVID-19 Health
Decisions survey (December 2020-December 2021). Latent class analysis identified latent classes based on perceived
COVID-19 threat, perceived U.S. healthcare system inequities, and personal experiences of healthcare discrimination.
Regression analyses examined associations between the latent classes and COVID-19 preventive behavioral intentions
(i.e., social distancing, mask-wearing, COVID-19 vaccination) and whether latent class membership varied across racial/
ethnic groups.

Students in Latent Class 1 (27.3% of the sample) had high perceived COVID-19 threat and U.S. healthcare system
inequities and medium probability of experiencing personal healthcare discrimination. Students in Latent Class 1
had higher social distancing, mask-wearing, and vaccination intentions compared to other latent classes. Compared
to Latent Class 4 (reference group), students in Latent Class 1 had higher odds of identifying as Hispanic or Latino,
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White.

Non-Hispanic Asian, Non-Hispanic Black or African American, and Non-Hispanic Multiracial versus Non-Hispanic

Latent classes of higher perceived COVID-19 threat, perceived U.S. healthcare system inequities, and personal experi-
ences of healthcare discrimination were associated with higher COVID-19 preventive behavioral intentions and latent
class membership varied across racial/ethnic groups. Interventions should emphasize the importance of COVID-19
preventive behaviors among students who perceive lower COVID-19 threat.

Keywords: College/university students, COVID-19 prevention, COVID-19 threat, Healthcare discrimination, Latent
class, Perceived U.S. healthcare system inequities, Race/ethnicity

In the early months of 2020, U.S. public health officials
began recommending the use of face masks and social
distancing to provide protection against the highly trans-
missible COVID-19 virus followed by an unprecedented
production of multiple vaccines [1]. Despite these efforts,
public reluctance to follow guidelines on social distanc-
ing, mask-wearing, and COVID-19 vaccination slowed
the containment of the COVID-19 virus [2, 3] and the
COVID-19 pandemic resulted in over 900,000 deaths
in the U.S. between March 2020 and March 2022 [4]. A
simulation study of 10.5 million adults in North Carolina
found that lack of adherence to COVID-19 preventive
behaviors resulted in 8,000 preventable deaths, [5] which
suggests that hundreds of thousands of U.S. deaths may
have been prevented with greater adherence to public
health guidelines.

The reluctance to adhere to COVID-19 countermeas-
ures was particularly evident in younger populations [6],
including college students who were often reluctant to
follow guidelines on mask-wearing and social distancing
[7]. Moreover, widespread transmission of the COVID-
19 virus among large clusters of people, such as those
on college campuses, posed health concerns throughout
the U.S. [8]. A simulation model of a U.S. college cam-
pus conducted prior to the fall 2020 semester revealed
that a lack of recommended mask adoption and social
distancing on campus resulted in considerable spread of
COVID-19 infection and increased risk of death from
COVID-19 among college students [9]. These simulated
risks were consistent with observed COVID-19 case
rates and COVID-19-related deaths among college stu-
dents during the 2020-2021 academic year (i.e., COVID-
19 case rates among college students in the U.S. rose
to over 700,000 by the end of the 2020-2021 academic
year and over 100 COVID-19-related deaths occurred
on campuses throughout the country [10]). In addition,
COVID-19-related deaths doubled in counties with large
college populations [2]. Together, these findings suggest
the importance of college students following COVID-19
preventive guidelines to lower case rates and the risk of
death on college campuses and surrounding communi-
ties. Consequently, cases of low prevalence of preventive

behaviors among college students and the potential for
college campuses to become hot spots for rapid viral
transmission highlight the urgent need to better under-
stand the factors influencing COVID-19 preventive
behaviors among populations in college settings [11].

Various underlying health-related perceptions that are
broadly characterized as drivers and barriers have been
posited to influence preventive behaviors [12]. Specifically,
previous studies found that perceptions of higher disease
severity and susceptibility to infection can serve as drivers
of preventive health behaviors [13], whereas perceptions
of healthcare inequities (e.g., perceptions of fairness in
the healthcare system) and experiences of healthcare dis-
crimination [14] can serve as barriers to preventive health
behaviors. Recent studies found that perceived COVID-19
severity and susceptibility [15], perceived U.S. healthcare
system inequities [16], and personal experiences of health-
care discrimination [17] varied in the general population.

There is also emerging evidence that these health-
related perceptions vary among college students, with
a growing number of studies focused on perceived
COVID-109 severity and susceptibility [18, 19]. However,
while there is some research on college students’ percep-
tions of the U.S. healthcare system [20, 21] and personal
experiences of healthcare discrimination [22], the stud-
ies on these topics are limited. Specifically, studies have
yet to examine additional factors related to the health-
care system, including college students’ perceptions of
treatment, access, and/or distribution of COVID-19
health services and racial/ethnic differences in these
perceptions.

Recent studies revealed associations between col-
lege students’ perceptions of COVID-19 severity and
susceptibility and certain COVID-19 preventive health
behaviors such as mask-wearing, social distancing, and/
or COVID-19 vaccination, which were policies adopted
by most U.S. colleges at the time of each study [7, 18].
Despite findings showing associations between per-
ceptions of the healthcare system and personal expe-
riences of healthcare discrimination with COVID-19
preventive behaviors in the general population [23, 24],
there is a lack of research examining these associations
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among college students. Furthermore, preventive
behaviors such as mask-wearing, social distancing, and
COVID-19 vaccination may vary in their protection
against the COVID-19 virus [25], perceived behavio-
ral effort [26], and the extent to which the preventive
behaviors involve the healthcare system. Therefore, it is
possible that health perceptions at the individual level
(i.e., perceived COVID-19 severity and susceptibility)
and system level (i.e., perceived U.S. healthcare sys-
tem inequities and personal experiences of healthcare
discrimination) may have differential impacts on these
behaviors.

To date, no studies have examined whether individual
risk perceptions, perceptions of the healthcare system,
and personal experiences of healthcare discrimination
(“complex health-related perceptions”) collectively influ-
ence various COVID-19 behaviors. One approach to
studying the collective influence of these perceptions
includes latent class analyses, a modeling technique used
to identify patterns of responses to a set of observed
measures [27]. In the context of complex health-related
perceptions, these patterns could represent subgroups or
“latent classes” of individuals who respond similarly to
each of the health-related perceptions and certain pat-
terns of responses might influence COVID-19 preven-
tive behavioral intentions. One class, for example, could
include high perceived COVID-19 threat, low perceived
healthcare system inequity, and low personal experiences
of healthcare discrimination, which might result in high
preventive health behavioral intentions due to lower per-
ceived barriers to healthcare (e.g., lower anticipated dis-
crimination) and greater trust in the healthcare system.

Moreover, there is limited research examining racial/
ethnic differences in college students’ health-related
perceptions, even though individuals from minoritized
racial/ethnic groups have been most affected by the
COVID-19 pandemic (e.g., higher rates of death among
African American, Native American, and Latinx Ameri-
can individuals compared to Non-Hispanic White Amer-
ican individuals [28]). In addition, given that students
from minoritized racial/ethnic groups are more likely to
have prior experiences of healthcare discrimination and
could be more attuned to racial/ethnic disparities in the
U.S. healthcare system, it is possible that these patterns
of complex health-related perceptions could partially
explain disparities in COVID-19 outcomes among col-
lege students.

The present study sought to address these gaps
in the literature by conducting a latent class analy-
sis among a sample of college students in the U.S. to
identify latent classes using indicators of perceived
COVID-19 threat, perceived U.S. healthcare sys-
tem inequities, and personal experiences of healthcare
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discrimination, examine whether these latent classes
were associated with COVID-19 preventive behavio-
ral intentions, and assess racial/ethnic differences in
latent class membership.

Methods

Data source

Data for this study was collected from the Weighing Fac-
tors in COVID-19 Health Decisions survey conducted
from December 2020 to December 2021 at the Univer-
sity of Maryland, College Park (UMD). The survey period
was conducted over three semesters to meet a target
sample size of 400 participants. Themes within the sur-
vey included COVID-19 preventive behavioral intentions
(25 items), perceptions of COVID-19 (10 items), attitudes
about antibiotics, vaccines, and general trust in other peo-
ple and the government (8 items), personal experiences
with racism and discrimination (42 items), use of health
care (18 items), health history (3 items), and demographic
information (18 items). The survey was self-administered
using Qualtrics software and participants were eligible if
they were UMD college students and 18 years of age and
older. Informed consent was obtained from all partici-
pants prior to participation using an electronic consent
form, and study procedures were approved by the UMD
Institutional Review Board. Four hundred and ninety-one
participants consented, completed at least a portion of the
survey, and received university credit for their anonymous
participation. Survey responses were excluded from the
analysis if they were incomplete (n=38) or included small
samples for specific sociodemographic categories (n=21).
The final sample included 432 participants.

Measures
Latent class indicators
Six items were used as indicators to generate the latent
classes (i.e., referred to as latent class health-related per-
ceptions in the present study) (Table S1). The indicators
captured perceived COVID-19 severity and susceptibility
(i.e., collectively labeled “perceived COVID-19 threat”),
perceived U.S. healthcare system inequities, and per-
sonal experiences of healthcare discrimination. Consist-
ent with terms from prior Health Belief Model studies
[29, 30], perceived severity of COVID-19 was measured
using the item “You believe COVID-19 is serious and life
threatening” and perceived susceptibility to COVID-19
was measured with the item “You are concerned about
contracting COVID-19” Response options for both items
included “Very true;” “Somewhat true,” and “Not true”
Responses were dichotomized with “Somewhat true” and
“Not true” coded as 0 and “Very true” coded as 1.
Perceived U.S. healthcare system inequities included
three items on the perceived treatment of COVID-19
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patients from minoritized racial/ethnic groups, access
to COVID-19 testing for minoritized racial/ethnic
groups compared to White individuals, and distribution
of the COVID-19 vaccine across racial/ethnic groups
[31]. Perceived treatment of COVID-19 patients from
minoritized racial/ethnic groups was measured using
the item “How often have racial and ethnic minority
patients with COVID-19 been treated unfairly by the
U.S. healthcare system because of their race or ethnic-
ity?” Response options included “Very often,” “Somewhat
often’; and “Never’; and were dichotomized for the analy-
sis with “Never” coded as 0 and “Somewhat often” and
“Very often” coded as 1. Perceived access to COVID-19
testing for minoritized racial/ethnic groups was meas-
ured using the item “How true is it that racial and ethnic
minority groups have less access to COVID-19 testing
compared to Whites?”. Response options included “Very
true;” “Somewhat true,” and “Not true” and were dichot-
omized for the analysis with “Not true” coded as 0 and
“Somewhat true” and “Very true” coded as 1. Perceived
distribution of the COVID-19 vaccine across racial/eth-
nic groups was measured using the item “How confident
are you that the COVID-19 vaccine will be distributed
fairly across racial and ethnic groups?”. Response options
included “Very confident’, “Somewhat confident’, and
“Not confident” and were dichotomized for the analysis
with “Very confident” coded as 0 and “Somewhat confi-
dent” and “Not confident” coded as 1.

Personal experiences of healthcare discrimination were
measured using a 7-item modified version of the Every-
day Discrimination Scale for healthcare settings (i.e., how
often participants encountered various situations when
receiving health care such as “Treated with less respect
than other people” or “Felt like a doctor or nurse was not
listening to what you were saying”) [32, 33]. The response
options were averaged (i.e., “Never”=0, “Once” =1, “2-3
times” =2, “4 times or more” =3) and used to dichotomize
the personal experiences of healthcare discrimination
item, with mean scores of 0 representing no experiences of
healthcare discrimination and mean scores greater than 0
representing experiences of healthcare discrimination.

COVID-19 preventive behavioral intentions

Three items were used to capture COVID-19 preventive
behavioral intentions. Participants were asked to review
three separate scenarios (presented in random order)
assessing how likely they would be to social distance,
wear a mask in public, and receive the COVID-19 vac-
cine (Table S2). Response options for each behavior were
measured on a 6-point scale from “Extremely unlikely,” to
“Extremely likely” All three items were treated as sepa-
rate continuous outcomes in the analysis.
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Race/ethnicity and sociodemographic covariates

Participants self-identified their race/ethnicity in two sepa-
rate items. Participants were asked to self-identify their
race by selecting all that applied from the U.S. Census
categories of “American Indian or Alaska Native’, “Asian’,
“Native Hawaiian or Other Pacific Islander’, “Black or
African American’;, “White’; and “Other” (with the option
to specify another race). Participants were asked to self-
identify their Hispanic ethnicity by selecting “Hispanic or
Latino” or “Not Hispanic or Latino” The race/ethnicity
items were combined into the following categories for use

9«

in the analysis: “Hispanic or Latino’;, “Non-Hispanic Asian’,
“Non-Hispanic Black or African American’, “Non-Hispanic
Multiracial” and “Non-Hispanic White” Participants who
self-identified as Non-Hispanic Other Race (n=12) were
not included in the analysis due to the small sample size.
No participants identified as Non-Hispanic Native Hawai-
ian or Other Pacific Islander or Non-Hispanic American
Indian or Alaska Native. Participants were asked to self-
identify their gender as male, female, transgender male,
transgender female, gender non-conforming, or gender
“not listed” Participants’ gender identity of male versus
female was included as a categorical covariate (participants
who identified as transgender (n=1), gender non-conform-
ing (n=6), or indicated their gender was “not listed” (n=3)
were not included in the analysis due to small sample sizes).
Participants’ household income (i.e., $0-49,999, $50,000—
99,999, > $100,000) and age in years were included as cat-
egorical and continuous covariates, respectively.

Analyses

Descriptive statistics were calculated to assess the soci-
odemographic characteristics of the study population.
Chi-square and Analysis of Variance tests were used to
examine group differences in the sociodemographic char-
acteristics of the study population across race/ethnicity.
These analyses were conducted using R version 4.1.2. A
latent class analysis was conducted in Mplus Version 8.6
[34] to identify students’ latent classes from perceived
COVID-19 threat, perceived U.S. healthcare system ineq-
uities, and personal experiences of healthcare discrimi-
nation, examine whether latent classes were associated
with COVID-19 preventive behavioral intentions, and
assess racial/ethnic differences in latent class member-
ship (adjusting for age, gender, and household income).

Identification of latent class health-related perceptions

Latent class models were estimated using the six health
perception indicators and robust maximum likeli-
hood (MLR) estimation. A stepwise model comparison
approach (1-class, 2-class, 3-class) was applied to select
the best fitting solution based on the sample-size adjusted



Sherchan et al. BMC Public Health (2022) 22:2458

Bayesian Information Criterion (SA-BIC), entropy, and
likelihood ratio tests. In the final step of model selec-
tion, direct effects of the sociodemographic covariates
on the latent class indicators were assessed using model
comparisons to test for any potential sociodemographic
differences in interpreting the latent class indicators (i.e.,
measurement invariance) [35].

Associations between latent class health-related perceptions
and COVID-19 preventive behavioral intentions

Linear regression was used to examine the association
between the latent class health-related perceptions and
intention to carry out each of the three COVID-19 pre-
ventive behaviors (i.e., social distancing, mask-wearing,
COVID-19 vaccination). Each of the COVID-19 pre-
ventive behavioral intentions was regressed on latent
class membership using the Bolck, Croons, & Hage-
naars (BCH) method to assign latent class member-
ship while accounting for classification uncertainty (i.e.,
individuals’ fractional probabilities of membership in
more than one class) [36-38]. Each regression model
was also adjusted for sociodemographic covariates on
the COVID-19 preventive behavioral intentions as well
as the survey completion date (i.e., the month in which
participants completed the study), which was included
as a continuous variable. Pairwise comparisons using
Wald tests were used to assess differences in the pre-
dicted intercept value of each of the COVID-19 preven-
tive behavioral intentions across the latent classes.

Racial/ethnic differences in latent class membership

Multinomial logistic regression was used to examine
racial/ethnic differences in latent class membership.
Latent class membership was regressed on race/ethnicity,
adjusting for age, gender, household income and survey
completion date. Odds ratios (OR) with 95% confidence
intervals (CI) were used to assess the conditional prob-
abilities of racial/ethnic group membership within each
latent class (compared to the reference group of Non-
Hispanic White) with all other covariates present.

Results

Most students self-identified as Non-Hispanic White
(49.5%), were on average 19.3 years of age, were female
(75.0%), and had more than $100,000 (53.9%) in house-
hold income (Table 1). Significant differences in gender
(p<0.01) and household income (p<0.01) were observed
across race/ethnicity. Students who identified as Non-
Hispanic White and Hispanic or Latino had the highest
proportions of females (81.8% and 78.0%, respectively)
and students who identified as Non-Hispanic Multi-
racial had the lowest proportion of females (46.7%).
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Students who identified as Non-Hispanic Multiracial
and Non-Hispanic White had the highest proportion of
students with a household income of>$100,000 (70.0%
and 64.0%, respectively), whereas students who identi-
fied as Non-Hispanic Black or African American and
Hispanic or Latino had the lowest proportion of students
with a household income of > $100,000 (26.5% and 38.0%,
respectively).

Identification of latent class health-related perceptions
The four-class solution was selected as the best fitting
model of latent classes based on model fit indices (i.e.,
lower SA-BIC, higher entropy, and the likelihood ratio
tests) (Table S3). Model comparisons revealed a lower
SA-BIC for the model without direct effects of the soci-
odemographic covariates on the latent class indicators,
and therefore the final model did not include these direct
effects. The four latent classes were labeled according to
the estimated probabilities of each of the six latent class
indicators (Table 2, Figure S1).

Students in Latent Class 1 (27.3% of the sample) had
high probabilities of perceiving COVID-19 threat, high
probabilities of perceiving U.S. healthcare system inequi-
ties, and a medium probability of experiencing personal
healthcare discrimination. Students in Latent Class 2
(16.9% of the sample) had low to medium probabilities
of perceiving COVID-19 threat, medium probabilities of
perceiving U.S. healthcare system inequities, and a low
probability of experiencing personal healthcare discrim-
ination. Students in Latent Class 3 (5.0% of the sample)
had low to medium probabilities of perceiving COVID-19
threat, low to high probabilities of perceiving U.S. health-
care system inequities, and a high probability of expe-
riencing personal healthcare discrimination. Students
in Latent Class 4 (50.8% of the sample) had low to high
probabilities of perceiving COVID-19 threat, high prob-
abilities of perceiving U.S. healthcare system inequities,
and a Jow probability of experiencing personal healthcare
discrimination.

Associations between latent class health-related
perceptions and COVID-19 preventive behavioral
intentions

Students’ intentions to social distance in public (SD),
wear a mask (MSK), and receive the COVID-19 vac-
cine (VAX) varied across the latent class health-related
perceptions (Table 3, Figure S2A-C). Latent Class 1
included students with the highest COVID-19 preven-
tive behavioral intentions (i.e., the predicted value of the
intercept) (SD: OR 5.58 [95% CI: 4.79-6.36], MSK: OR
5.74 [95% CI: 5.39-6.09], VAX: OR 5.49 [95% CI: 4.99—
5.99]), followed by Latent Class 4 (SD: OR 4.83 [95% CI:



Page 6 of 13

(2022) 22:2458

Sherchan et al. BMC Public Health

0 0 0 L 0 L Buissiy
(Sse@22e SS3))
(98) L8l (€'€8) 5T (9171) 8¢ (0'52) 99 (0'88) (1'78) ¥Se a1 AIaA 03 Jleymawos
(ssedoe Ul
(rsh) g€ (Lons (Feo Ll (050) tC oz1)9 (6'£1) L4 32Udidyip OU) SNI1ION
10 S$S9JJY Sso7
z 0 0 l 0 € Buissi
(1'06) 161 (€'€8) 5T (8'16) S (@58) 5L (006) S (8'88) LS JIBJUN O1 IR} 1BYM3WOS
(66) 1T (L91) s @) v @8rl) €L ©oons (Tl sy lie4
/50 juswijeal] Jlejun
L 0 0 L 0 4 Buissiy
(1'€1) 8T (€€0) L (€59) ¢e (r'og) ze (0ov) 0T (LLoe6ll uopeuwLdsIa
(6'98) 581 (L91) €C (Lve) L1 (9°€9) 95 (009) 0¢ €zn11e uoneuIWLDSIP ON
100> uolnjeuiwindsiqg aJedyyjesH
L 0 0 0 0 l Buissi
(T'82) 09 (€€9 9l (061) ¥T (F6t) v (099) 8T (66€) CLL s|qudadsns A1op
9|qndadsns 1eymaulos
8'12) €51 (L9 ¥l (019 sz (909) St ) e (1'09) 65¢ 01 9|qndadsns 10N
100> Aungndadsns 61-aINOD
S 0 0 L 0 9 KDuissiy
(€'€8) ST (918 o (¥'84) 69 (0'88) ¥ (9°82) s¢¢ a1anas A1
SI9A3S
(L91) s 816 @106l oz 9 (V'17) 16 1BYMBUIOS 0} 319ASS 10N
LE0 An12n95 61-AINOD
O19) L£1 (004 1T (§90) €L (€'8h) €F (089 61 (6€9) €€¢ 000001$<
(0'82) 09 (€€0) ¢ (61h) 7T (1'80) 5¢ 1) £L (€0¢) L€l 666'66-000'05%
(08) L1 (L9)e (980 7L (9€0) 1T (080 7L (8'51) 89 000'05>$
100> 2wodu| pjoyasnoH
@18 s/1 (Lov) €C (€19) €€ (£:09) ¥S (0'82) 6¢ (0§ vee Slewa
(T8l) 6¢ (€€0) ¢ (LTe) 9l (€6¢) S¢ 0T 1L (062) 801 S
100> i9puan
1781 lz-8L €781 y-8l €781 178l XeN-UIN
050 FLFPrel 60F) 6l FLPrel FLFPrel C1P o6l (€L1F) €6l K 'aby
(asF) ueapy (as¥) ueapy (as ¥) ueany (@s¥) ueay (as ) ueay (asF) ueapy
10 ?\ov u 10 AQ& u 10 Aﬁ_v u 10 ?\ov u 10 Aﬁ_v u 10 Ao&w u
(og=u) (ev=u)
(bLz=u) lepeinny ueduBWY uedLY (68=u) (0s=u) (zeb=N)
anjea-d 9UYM diuedsiH-uoN JluedsiH-UoN 10 yoe|g diuedsiH-uoN uelsy diuedsiH-uoN oupneT Jo duedsiy uone|ndod |erof

(zet=N) uonendod Apnis sy Jo so1sIIeIDeIRYD Dlydelbowspoldos | aqeL



Page 7 of 13

(2022) 22:2458

Sherchan et al. BMC Public Health

$101eDIpUl $SBJ2 JUS1| 3y} UO BIep BUISSILI 10} PaMO]|e SISAeue U Ul pasn J03ewWIISa POOYI[aYi| WNUWIXeWw 3y 310N

Kd1uyra/adel ssode saduasaylp dnoib Jo s1591 YAONY pue zX uo paseq sanjen-d

uollelInag piepueis=as

9-1 9-¢ 9-¢C o-1 9-1 9-1 XeIN-UIN
850 (L'LF) oS (90F) 8¢ €1F)¥S (L'LF)9s 01F)9s (L1F)os uolijeuddep 6L-AINOD
9-1 v 9-1 9-1 9-1 91 XeN-UIN
100> CLF|cs (90F) 8¢ (60F)9S (OLF) 99 (60F)9S ((NESRA Bunieap-ysey
9-1 9-1 9-¢C 9-1 9-1 9-1 XeN-UIN
100> SLP vy (€LF) 8 ((NESRES (I'LF)0s (CLF)0s WLF) LYy Bupuessiqg |epos
JUSpYUod
(9€9) 6.1 ('98) 9t (6'€6) 9 (8'89) 6/ (088) v (998) v/ 10U 01 1BYM3WOS
r91) 5¢ €€y (o) € @Lyol oz19 ('el) 8s W3pYUod AI3A
LED uonnqulsiq Areyun
(@s F) uesy (@sF) uesiy (@sF) ueapy (@s F) uesy (@sF) ueapy (@sF) uesy
10 (%) u 10 (%) u 10 (%) u 10 (%) u 10 (%) u 10 (%) u
(og=u) (6 =u)
(rlz=u) |eeniniy uesLIswy uesiyy (68=u) (os=u) (ZEV=N)
anjea-d 3UYM dtuedsiH-uoN Sluedsiq-uoN 40 de|g dluedsiH-uoN uelsy diuedsiH-uoN ouneT Jo djuedsiH uonejndod |e3og

(panunuod) | sjqel



Sherchan et al. BMC Public Health (2022) 22:2458 Page 8 of 13
Table 2 Estimated probabilities of agreement with latent class indicators

Class 1 Class 2 Class 3 Class 4

High PCT Low-Medium PCT Low-Medium PCT Low-High PCT

High PHSI Medium PHSI Low-High PHSI High PHSI

Medium PEHD Low PEHD High PEHD Low PEHD

n=118(27.3%)

n=73(16.9%)

n=22(5.0%)

n=219(50.8%)

Perceived COVID-19 Threat

COVID-19 Severity 1.00 0.61 047 0.76
COVID-19 Susceptibility 1.00 0.24 0.29 0.14

Perceived U.S. Healthcare System

Inequities
Treatment of COVID-19 Patients 0.95 049 0.75 1.00
Access to COVID-19 Testing 0.97 0.37 0.00 0.98
COVID-19 Vaccine 1.00 044 0.73 0.95
Distribution

Personal Experiences of Health-

care Discrimination
Healthcare Discrimination 0.39 0.00 1.00 0.24

Estimated probabilities of selecting 1 versus 0 for each dichotomously coded latent class indicator. The classes were labeled using the estimated probabilities of
perceived COVID-19 threat (PCT), perceived healthcare system inequities (PHSI), and personal experiences of healthcare discrimination (PEHD) (categorized as low:

< 33%, medium: 33-66%, high:>66%)

4.42-5.24], MSK: OR 5.50 [95% CI: 5.26-5.74], VAX:
OR 5.39 [95% CI: 5.04—5.74]), Latent Class 2 (SD: OR
4.49 [95% CI: 3.86-5.12], MSK: OR 4.87 [95% CI: 4.43—
5.31], VAX: OR 4.91 [95% CI: 4.41-5.42]), and Latent
Class 3 (SD: OR 3.92 [95% CI: 3.14—4.70], MSK: OR 4.79
[95% CI: 4.20-5.38], VAX: OR 3.74 [95% CI: 3.22-5.16]).
Pairwise comparisons revealed statistically signifi-
cant differences (p<0.05) in the predicted COVID-19
preventive behavioral intentions across latent classes.
Students in Latent Class 1 had significantly higher
intentions to social distance in public compared
to students in Latent Classes 2, 3, and 4 (Wald x2
[df=1]=13.98, p<0.01, Wald x2 [df=1]=9.20, p<0.01,
Wald x2 [df=1]=6.39, p=0.01, respectively). Students
in Latent Class 4 had significantly higher intentions to
social distance in public compared to students in Latent
Class 3 (Wald x2 [df=1]=5.20, p=0.02). The patterns for
wearing a mask and receiving the COVID-19 vaccine
were similar. Students in Latent Class 1 had significantly

higher intentions to wear a mask in public and receive
a COVID-19 vaccine compared to students in Latent
Class 2 (Wald x2 [df=1]=12.16, p<0.01, Wald x2
[df=1]=7.86, p<0.01, respectively) and Latent Class 3
(Wald x2 [df=1] =6.83, p<0.01, Wald x2 [df=1] =6.79,
p<0.01, respectively). Students in Latent Class 4 also
had significantly higher intentions to wear a mask in
public and receive a COVID-19 vaccine compared
to students in Latent Class 2 (Wald x2 [df=1] = 7.32,
p < 0.01, Wald x2 [df=1] = 5.62, p = 0.02, respectively)
and Latent Class 3 (Wald x2 [df=1] = 5.91, p = 0.02, Wald
X2 [df=1] = 6.48, p = 0.01, respectively).

Racial/ethnic differences in latent class membership

Compared to students in the Latent Class 4 reference
group, students in Latent Class 1 had higher odds of self-
identifying as Hispanic or Latino, Non-Hispanic Asian,
Non-Hispanic Black or African American, and Non-
Hispanic Multiracial compared to self-identifying as

Table 3 Likelihood of COVID-19 preventive behavioral intentions by latent classes

Class 1 Class 2 Class 3 Class 4

High PCT Low-Medium PCT Low-Medium PCT Low-High PCT
High PHSI Medium PHSI Low-High PHSI High PHSI
Medium PEHD Low PEHD High PEHD Low PEHD

Preventive Behavioral Intentions
Social Distancing 5.58 [4.79-6.36]
5.74[539-6.09]

549 [4.99-5.99]

Mask-Wearing
COVID-19 Vaccination

449 [3.86-5.12]
4.87[443-531]
491 [441-542]

3.92[3.14-4.70]
4.79[4.20-5.38]
3.74[3.22-5.16]

4.83 [4.42-5.24]
5.50 [5.26-5.74]
5.39[5.04-5.74]

Likelihood of COVID-19 preventive behavioral intentions represents predicted value of intercept, adjusting for age, gender, household income, and survey completion
date. The classes were labeled using the estimated probabilities of perceived COVID-19 threat (PCT), perceived healthcare system inequities (PHSI), and personal
experiences of healthcare discrimination (PEHD) (categorized as low: < 33%, medium: 33-66%, high: > 66%). 95% Confidence Intervals presented in brackets
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Non-Hispanic White (OR: 7.51 [95% CI: 2.83-19.90], OR:
4.29 [95% CI: 1.90-9.66], OR: 4.51 [95% CI: 1.74-11.68],
OR: 3.85 [95% CI: 1.37-10.82], respectively) (Table 4).
Students’ race/ethnicity did not significantly vary between
Latent Classes 2 and 3 compared to the Latent Class 4 ref-
erence group.

Discussion

This study was conducted to better understand the
COVID-19 preventive behavioral intentions of college
students given the high risk of COVID-19 transmission
on college campuses in the U.S. Although previous stud-
ies examined college students’ preventive behavioral
intentions related to perceived COVID-19 threat, the
present study expanded on these studies by identify-
ing four distinct latent class health-related perceptions
among college students related to perceived COVID-19
threat, perceived U.S. healthcare system inequities, and
personal experiences of healthcare discrimination. The
present study also examined the associations between
these latent class health-related perceptions and COVID-
19 preventive behavioral intentions and assessed racial/
ethnic differences in latent class membership.

Most students reported higher perceived COVID-19
severity compared to COVID-19 susceptibility, suggest-
ing that most students had low concerns about contract-
ing the virus despite understanding that COVID-19 is
a serious illness. These findings may reflect health per-
ceptions that are specifically related to the age of col-
lege students, whereby adolescent and young adults
may have higher perceptions of invincibility [39] and
lower risk perceptions due to lower rates of COVID-19
deaths among younger age groups [5]. In addition, most
students perceived racial/ethnic inequities in the U.S.
healthcare system which is higher than recent nationally

Table 4 Racial/ethnic differences in latent classes
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representative studies in the general adult population
[16]. These perceptions may be partially attributed to
discussions of structural racism on university and col-
lege campuses, which increased on campuses across
the country in 2020 [40] and may suggest perceptions
of racial/ethnic inequities in the healthcare system are
higher among college students compared to the general
adult population. Lastly, students’ probability of experi-
encing personal healthcare discrimination varied across
latent classes which reflects the literature on health-
care discrimination in the general adult population [41].
Responses to the latent class indicators suggest that col-
lege students may vary in their individual risk percep-
tions (i.e., perceived severity and susceptibility to illness)
as well as perceptions of the healthcare system. Such
findings are particularly important for public health,
given that health behaviors are driven by multiple levels
of influence [42] and college students’ perceptions of the
healthcare system are understudied in the literature [18, 22].

Health-related perceptions across latent classes

Students in Latent Class 1 reported higher perceived
COVID-19 threat (specifically, perceived COVID-19
susceptibility) compared to students in all other latent
classes, possibly because they were more likely to iden-
tify as Hispanic or Latino, Non-Hispanic Asian, Non-
Hispanic Black or African American, and Non-Hispanic
Multiracial compared to Non-Hispanic White. Given
the racial/ethnic disparities in COVID-19 infection and
clinical consequences (i.e., minoritized racial/ethnic pop-
ulations remain more likely to contract COVID-19 and
experience severe infection [43]), perceived COVID-19
severity and susceptibility among Latent Class 1 members
may reflect higher perceived COVID-19 threat because of
these national-level health disparities. Higher perceived

Class 1 Class 2 Class 3
High PCT Low-Medium PCT Low-Medium PCT
High PHSI Medium PHSI Low-High PHSI
Medium PEHD Low PEHD High PEHD

Race/ethnicity Odds Ratio [95% Cl] Odds Ratio [95% Cl] 0Odds Ratio [95% Cl]
Hispanic or Latino 7.51 1.69 1.18

[2.83-19.90] [0.48-5.96] [0.22-6.37]
Non-Hispanic Asian 429 2.05 048

[1.90-9.66] [0.87-4.82] [0.06-3.75]
Non-Hispanic Black 451 0.52 2.20

[1.74-11.68] [0.12-2.29] [0.44-11.14]
Non-Hispanic Multiracial 3.85 1.21 1.05

[1.37-10.82] [0.31-4.76] [0.08-13.96]

Non-Hispanic White (reference) -

Multinomial logistic regression model using the four-class solution (with Class 4 as the reference class). The classes were labeled using the estimated probabilities of
perceived COVID-19 threat (PCT), perceived healthcare system inequities (PHSI), and personal experiences of healthcare discrimination (PEHD) (categorized as low: <
339%, medium: 33-66%, high: >66%). Model adjusted for age, gender, household income, and survey completion date
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COVID-19 threat among college students of minoritized
racial/ethnic backgrounds is also consistent with previ-
ous literature [44]. These findings are important to the
well-being of college students, given that increased per-
ceived COVID-19 threat could exacerbate daily stress-
ors already experienced by college students, therefore
contributing to racial/ethnic differences in COVID-19
related stress [45, 46].

COVID-19 preventive behavioral intentions across latent
classes

Students in Latent Class 1 had higher intentions to
social distance compared to students in all other latent
classes and higher intentions to wear a mask and receive
the COVID-19 vaccine compared to students in Latent
Classes 2 and 3. Given that students in Latent Class 1
were more likely to belong to one of the minoritized
racial/ethnic groups compared to the Non-Hispanic
White group, their intentions to engage in COVID-19
preventive behaviors are partially reflective of recent
national surveys of U.S. adults (i.e., Black and Latinx
adults were more likely to social distance [41] and Black
and Latinx males and females and Asian males were more
likely to wear masks than White respondents [47]).

Consistent with prior explanations from these national
surveys [41, 47], the racial/ethnic differences in Latent
Class 1 membership and higher intentions for Latent
Class 1 to engage in COVID-19 preventive behaviors
may be partially explained by higher perceived COVID-
19 threat among students from minoritized racial/ethnic
groups and lower perceived threat among Non-Hispanic
White students. As noted in previous literature, one key
takeaway from these findings may be a need to empha-
size the importance of COVID-19 preventive behaviors
among those with lower perceived COVID-19 threat. In
many cases, this emphasis may be particularly impor-
tant for Non-Hispanic White students who may perceive
lower COVID-19 threat due to lower national rates of
COVID-19 infection, hospitalization, and mortality.

In addition, compared to the reference group, there
were higher intentions to social distance among stu-
dents in Latent Class 1, but non-significant differences
for mask-wearing and vaccination. Perhaps students in
Latent Class 1, who had a higher probability of experi-
encing personal healthcare discrimination, may have
been more likely to social distance because social dis-
tancing offered protection from COVID-19 with few
costs (e.g., money, time) and did not require interaction
with the healthcare system. Alternatively, differences in
social distancing based on latent classes may have been
easier to observe than the other COVID-19 preventive
behaviors given that there were UMD campus mandates
to wear a mask and receive the COVID-19 vaccine (i.e.,
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students may have answered relatively high on the inten-
tion to wear a mask and receive the COVID-19 vaccine,
potentially concealing some of the expected differences
between latent classes).

Moreover, the lack of a difference in vaccination inten-
tions for students in Latent Class 1 compared to the
reference group was distinct from much of the existing
literature on racial/ethnic differences in vaccine hesi-
tancy in the general population [48] as well as college stu-
dents [49]. These findings were also somewhat contrary
to the a priori expectations that perceived U.S. healthcare
system inequities and personal experiences of health-
care discrimination would be associated with lower
preventive health behaviors, especially COVID-19 vac-
cination which requires interaction with the healthcare
system. It is possible, however, that the campus setting
reduced disparities in healthcare access that otherwise
exist in the national population, as COVID-19 vaccines
were easily accessible on UMD’s campus. In addition, it
is also possible that higher COVID-19 threat observed
among members of Latent Class 1 may have outweighed
their concerns about U.S. healthcare system inequities
and anticipated healthcare discrimination. Furthermore,
despite study findings that students from Latent Class
1 had high intentions to engage in COVID-19 preven-
tive behaviors, racial/ethnic disparities in COVID-19
outcomes persist among college students in the broader
population. This may suggest that behavioral intentions
cannot fully mitigate structural factors that influence stu-
dents’ ability to engage in COVID-19 preventive behav-
iors. There may be cases, for example, in which students
adhere to COVID-19 preventive measures, but are still
at high risk of COVID-19 infection (e.g., close living or
working conditions when social distancing is more diffi-
cult and/or mask-wearing is less effective).

Limitations

Several limitations in the present study should be con-
sidered when interpreting the study findings. Given that
participants were recruited from one university and the
relatively small sample size (N=432), the study findings
may not be representative of all college students in the U.S.
(e.g., limited representation across all racial/ethnic groups
and gender identities). Participants who selected their race
as “Other” and those who identified their gender identity
as transgender, gender non-conforming, or who selected
gender as “not listed” were excluded from the study due to
small sample sizes. Further, the high proportion of female
participants (75.0%) in the study population could have
affected responses to the COVID-19 preventive behavio-
ral intentions given prior evidence that females reported
engaging in more COVID-19 preventive measures than
males due to greater fear of the COVID-19 pandemic
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[50]. Moreover, in the present study, no students identi-
fied as Native Hawaiian or Pacific Islander, or American
Indian or Alaska Native and a larger proportion of stu-
dents identified as Non-Hispanic Asian (20.6%) compared
to those who identified as Asian (6.7%) among all under-
graduate college students in the U.S [51]. In addition, the
smaller sample size also limited the ability to interpret
findings related to Latent Class 3, which only included a
subgroup of 22 participants. Furthermore, given that this
study did not include random selection and participants
self-selected into the study, students who participated in
the study may have been more interested in health topics
than the general student population (e.g., students who
majored in public health may have been overrepresented
in the study sample as students were not asked to identify
their major in the survey). This type of recruitment may
have introduced selection bias and could have contrib-
uted to the relatively high perceived U.S. healthcare system
inequities in most of the study sample. The study sam-
ple, however, was representative of the larger university’s
undergraduate population by race/ethnicity [52] (i.e., Non-
Hispanic White (49.5% in the present study versus 45.0% in
the university), Non-Hispanic Asian (20.6% versus 20.3%),
Hispanic or Latino (11.6% versus 10.2%), Non-Hispanic
Black or African American (11.3% versus 11.8%), Non-
Hispanic Multiracial (6.9% versus 4.7%)). While the study
focused on college students, it should be noted that college
students, regardless of race/ethnicity, often have greater
access to resources (e.g., disease prevention education,
easier access to COVID-19 testing) than their non-student
peers. This could therefore affect the generalizability of
the study results to young adults who do not attend col-
lege. Further, given that fewer preventive behaviors were
observed among individuals with less education [53], soci-
oeconomic factors may impact COVID-19 related percep-
tions, creating potential interactions between these factors
and their association with students’ preventive behavioral
intentions. Lastly, the study was conducted over a rela-
tively long period of time (i.e., December 2020-December
2021). Survey completion date was included as a covariate
to help mitigate this potential limitation, yet few partici-
pants completed the survey during the middle stages (i.e.,
months 5-8) of data collection. This limited the ability to
capture health-related perceptions and COVID-19 preven-
tive behavioral intentions during this period and potential
fluctuating patterns in these relationships.

Strengths

Despite these limitations, the study has several strengths.
The analysis was particularly well-suited for identify-
ing subgroups of individuals given the ability of latent
class analyses to perform well in sample sizes of 300 par-
ticipants or more [54]. The analysis also included three
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different measures of COVID-19 preventive behavioral
intentions, which allowed for examining whether the
influence of latent class health-related perceptions on
COVID-19 behavioral intentions varied across the three
different measures. In addition, the use of latent class
indicators related to perceived U.S. healthcare system
inequities and personal experiences of healthcare dis-
crimination extends previous health belief models that
only focused on perceived COVID-19 threat [55]. This
extension suggests an interconnected nature of complex
health-related perceptions across domains of individual
risk and the healthcare system and presents opportuni-
ties to further explore potential interactions between
these domains. It is possible, for example, that perceived
U.S. healthcare system inequities and personally expe-
rienced healthcare discrimination may moderate the
relationship between perceived COVID-19 threat and
COVID-19 preventive behavioral intentions. Future studies
could consider investigating these relationships.

Implications and conclusions

The present study has implications for messaging cam-
paigns to increase adherence to COVID-19 preven-
tive behavioral interventions among college students
in the U.S., particularly for students who perceive
lower COVID-19 threat. These campaigns may need
to emphasize the importance of COVID-19 prevention
regardless of whether a student feels they are person-
ally at risk. Participating in these preventive behaviors
contributes to a safe student community, thus, framing
these behaviors as a social responsibility may increase
preventive behavioral intentions even if the low percep-
tion of susceptibility remains, which consequently could
improve the pandemic response. Additionally, this study
has implications for interventions targeting racial/
ethnic disparities in COVID-19 outcomes. Given that
intentions to engage in COVID-19 preventive behav-
iors may already be high among students from minor-
itized racial/ethnic groups, interventions could consider
focusing efforts on increasing access to COVID-19
vaccines and/or masks and helping to address envi-
ronmental factors that increase COVID-19 risk despite
adherence to COVID-19 preventive behaviors (e.g.,
addressing structural factors and exposure related to
living or work conditions). Lastly, future studies could
examine whether higher concerns over COVID-19
paired with low confidence in equitable treatment from
the healthcare system compromises college students’
mental and physical health, particularly for students
from minoritized racial/ethnic backgrounds. This study
has lasting implications even as COVID-19 preven-
tive guidelines continue to evolve. Understanding col-
lege students’ perceptions of recommended preventive
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behaviors and their experiences and/or perceptions of
the U.S. healthcare system can inform efforts to improve
the health of college students and may inform responses
to future pandemics. The present study findings and
implications for COVID-19 messaging campaigns,
interventions to reduce COVID-19 risk, and future
research on racial/ethnic differences in college students’
mental and physical health related to COVID-19 con-
cerns can continue to inform responses to the COVID-
19 outbreak as well as potential future pandemics.
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