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Summary

We investigated the awareness, perceived usefulness, and use of genetic testing among Hispanic and Latino individuals. Annual follow-
up surveys for the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) from 2019 to April 2020 assessed participants’ level
of awareness and use of genetic tests to determine disease risks, likelihood of passing disease to children, disease treatment, or drug se-
lection. They also were asked to rate the usefulness of the tests for managing a person’s health on a 1 (not at all useful) to 10 (extremely
useful) scale. There were 5,769 HCHS/SOL participants who completed at least one survey question. Of the target population, 55.2% was
aware of at least one type of genetic test. Awareness varied between HCHS/SOL enrollment sites and was higher among individuals who
had higher educational attainment and had higher incomes. Only 3.3% of the target population reported receiving one or more of the
tests described. HCHS/SOL individuals rated the usefulness as 8.4, on average, with lower scores observed among U.S.-born individuals
compared to individuals born outside the United States, with differences by HCHS/SOL enrollment sites. In conclusion, while awareness
of genetic testing among Hispanic and Latino individuals varies by location, education, and income, perceptions about its usefulness are
high while experiences with testing are rare. Results identify groups and locations that may benefit from greater outreach about the ca-
pabilities of genetic testing and precision medicine.

Introduction Latino populations.’'~'* Many factors contribute to these

disparities, including access to services, how often health-

The roles of genomic testing in all aspects of medicine are
expanding rapidly. Already, genomic testing is accelerating
diagnoses and identifying individuals with genetic predis-
positions for highly actionable conditions.'* Pharmacoge-
nomic (PGx) testing allows healthcare providers to tailor
treatment decisions and medication dosing according to
individuals’ genomic profiles.”~” Preconception and prena-
tal genomic testing assists potential parents with reproduc-
tive decisions by informing them about their carrier status
for genetic disorders.>'” These examples, among others,
demonstrate the increasing usefulness and breadth of
genomic testing applications in healthcare.

Analyses of genomic testing show uneven uptake be-
tween racial and ethnic groups, including Hispanic and

care providers recommend testing, and logistical barriers.
Awareness about genomic tests may be particularly impor-
tant. Racial and ethnic minority populations typically
report lower awareness and knowledge about genetic
testing.'"'? Hispanic and Latino populations merit special
attention. Comprising more than 18% of the population,
Hispanic and Latino populations are the largest racial
and ethnic minority group in the United States. Numerous
studies report that awareness and use of genetic testing
among U.S. Hispanics and Latinos is low compared with
non-Hispanics/Latinos.'*?! In contrast, a survey conduct-
ed in 2017 showed no statistical differences by race and
ethnicity in terms of knowledge about genetic testing.
Studies that address characteristics associated with genetic
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testing awareness among Hispanic and Latino individuals
are lacking.

Attitudes toward genomic testing, including perceived
usefulness, may also influence the use of genetic tests.
Perceived usefulness is a key component of numerous
health behavior theories, including the health belief
model, protection motivation theory, and adaptations of
self-regulation theory to address genetic service use”” >*
and has consistently been shown to influence genomic
testing uptake.”>?° A number of studies suggest that, while
most communities have positive attitudes toward genomic
testing,” racial and ethnic minority communities tend to
perceive less usefulness to genomic testing than non-His-
panic White populations. Limited research has examined
factors that may influence the perceived usefulness of
genomic testing specifically among Hispanics and Latinos.

We addressed this lack of data by surveying participants
of the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL).?” We expanded the annual follow-up survey
administered by this large multi-center epidemiologic
study in Hispanic and Latino populations to gather data
about participants’ awareness and use of different genetic
tests. The goal of our study was to provide population-
based insights about factors that may influence awareness,
perceived usefulness, and genomic testing uptake.

Materials and methods

The HCHS/SOL

The HCHS/SOL is a population-based longitudinal cohort study
established to study risk and protective factors in cardiovascular
disease development among Hispanic and Latino individuals in
the United States. Details of the HCHS/SOL study design and
cohort have been reported previously.?” Briefly, the study follows
16,415 Hispanic and Latino participants aged 18-74 years re-
cruited in field centers from four metropolitan areas: The Bronx,
New York; Miami, Florida; Chicago, Illinois; and San Diego, Cali-
fornia. Individuals were recruited via probability sampling from
pre-defined census block units chosen to provide diversity with
respect to socioeconomic status as well as national origin or His-
panic or Latino background.”® To recruit Spanish- or English-
speaking individuals into the HCHS/SOL who self-identity as hav-
ing a Hispanic or Latino background, research staff asked potential
participants the following question during screening: “Do you
consider yourself to be Hispanic or Latino?” If the question was
not clear to the potential participant, the interviewer clarified
with the statement, “We consider Hispanic/Latino individuals to
be people from Latin America, South American, Central American,
and the Caribbean.” A baseline clinic visit took place from 2008 to
2011, and individuals participated in a second clinic visit 6 years
later, on average. Participants were asked during their interview
to self-identify with specific Hispanic or Latino background,
“Which of the following best describes your Hispanic/Latino her-
itage?”, with potential responses being Dominican or Dominican
descent, Central American or Central American descent, Cuban or
Cuban descent, Mexican or Mexican descent, Puerto Rican or Pu-
erto Rican descent, South American or South American descent,
more than one heritage, or other. Thus, individuals are identified
with the following Hispanic or Latino backgrounds: Mexican,

Central American, Cuban, Dominican, Puerto-Rican, South Amer-
ican, and other or multiple backgrounds. All study participants
provided written informed consent at their recruitment center
during their clinical exam. The informed consent form included
the statement “I (agree/do not agree) to allow HCHS/SOL staff to
contact me once a year to ask questions about my health and
where I live.” All enrolled individuals agreed to this condition
and were asked to participate in a series of annual follow-up
(AFU) phone calls. Protocols were approved by the institutional re-
view boards at each institution of enrollment.

Measures of genetic testing awareness, use, and
perceived benefits
Between April 2019 and April 2020, the HCHS/SOL AFU survey
included items about genetic testing awareness, use, and perceived
benefits (Figures S1 and S2). Awareness questions were adapted
from items in the 2017 National Cancer Institute’s Health Infor-
mation National Trends Survey (HINTS),?’ asking respondents,
“Have you heard of a genetic test to determine” each of the
following: (1) “the risk or likelihood of getting a particular dis-
ease,” (2) “the likelihood of passing an inherited disease to your
children,” (3) “to determine how a disease should be treated after
diagnosis,” and (4) “to determine which drug(s) may or may not
work for an individual.” Survey administrators classified responses
as yes, no, or refuse to answer, with instructions to classify don’t
know and not sure responses as refusals. Don’t know/not sure
was omitted as a formal response option to mirror the design of
the HINTS survey and facilitate data comparisons. All individuals
who answered an item were asked, “If offered to you, would you be
interested in receiving this kind of test?” with responses classified
as yes, no, not sure/it depends, and refuse to answer. Individuals
who responded yes about hearing about a type of genetic test
were also asked if they had ever been offered such a test, and, if
so, whether they had received the test. Response options on these
types of questions were classified as yes, no, don’t know, and refuse
to answer. All survey participants were also asked to rate the useful-
ness they perceived in genetic testing. The question was presented
as, “On a scale of 1-10, where 1 is ‘not at all’ and 10 is ‘extremely,’
how useful do you think genetic testing is for managing a person'’s
health?”, with response options ranging from 1 (not at all useful)
to 10 (extremely useful). This item was adapted from a pilot clin-
ical trial of genomic sequencing.*®

The survey was administered in either English or Spanish, de-
pending on participant preference. Survey items are presented in
the Appendix.

Covariates

We extracted fixed and time varying covariates from the data
collected at the most recent HCHS/SOL examination available
for each individual. Covariates included age at the time of survey
completion (categorized as 25-40, 41-60, or >61 years), gender,
study center (Bronx, Chicago, Miami, or San Diego), self-reported
Hispanic or Latino background (Dominican, Mexican, Central
American, Cuban, Puerto Rican, South American, or more than
one/other), educational attainment (less than high school degree,
high school degree, associate, bachelor, or vocational degree, or
masters, doctoral or professional degree), household income level
(<$10,000, $10,001-20,000, $20,001-40,000, $40,001-75,000, or
>$75,000), current health insurance status, number of doctor
visits within the prior year at the baseline visit (categorized to
no visits, 1-2 visits, or >3), employment status (retired/not
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currently employed, not retired but not currently employed, em-
ployed part time [<35 h a week], or employed full time [>35 h a
week]), nativity (born in the 50 U.S. states or not), and marital sta-
tus (single, married or living with a partner, separated, divorced or
widowed). Marital status was available only from the baseline
exam and second AFU year (7-9 years before the genetic testing
survey items were administered). Although a question about self-
identified race was administered to HCHS/SOL participants, it
was not used in the analyses because the majority of HCHS/SOL
participants refused to answer the question or reported other. In
computation of the inverse probability weights (described below)
we also used sampling strata as a covariate.

Computation of inverse probability weights for
population-representative estimates

To obtain estimates that were applicable to the target population
represented by the HCHS/SOL, we applied inverse probability
weighting (IPW) to respondents’ data. Weights were estimated as
7 r\\lAm PA}U " ﬁ, where Py, was the probability of a person
from the target population participating in HCHS/SOL, Pryso
was the probability of an HCHS/SOL subject participating in the
relevant AFU survey, and Py 45y Was the probability of AFU survey
participants responding with a yes or no response to at least one of
the genetic testing awareness items (e.g., if an individual was clas-
sified as refuse to answer to all four testing awareness questions,
they were considered as non-respondent). We estimated Pyryisor
and Py 4py using logistic regression. Logistic regression used all co-
variates described above. For time-varying covariates, we used the
measured values from visit 1 to compute Pypyjs, and, when
possible, values from visit 2 to compute Pyapy. Missing data in
these models were imputed via fully conditional specification us-
ing the mice R package (version 3.13.0) with five iterations to
create each of five imputed datasets. For each imputed dataset,
we obtained estimates of  logit(Paryjsar) = XTEAFU and

logit(Pytsiary) = xTﬁg,s, and then averaged them. The final esti-
mates IA’AFU‘W, and ﬁgmAFU are based on these averages, e.g.,

Papuer = logit=' (X Bpy) where logit='(+) is the inverse of the
logistic function and XTEAFU is the average of the estimates across
the five imputed datasets. While we used imputation to generate
IPW weights, in association analyses when adjusting to covariates,
we performed a complete case analysis. In secondary analyses, we
also computed the IPW for participation in the AFU as 1 1

Parulsol Pt

Data analyses

All analyses, including computations of percentages and associa-
tion analyses, accounted for the stratified sampling strategy and
clustering of HCHS/SOL participants by applying functions from
the survey R package (version 4.0).

Primary analyses of genetic test awareness used a composite
measure, where individuals were assigned value of 1 (aware) if
they reported awareness of any of the four types of genetic tests
described and O (unaware) if they were not aware of any test and
answered at least one item about genetic test awareness. Individ-
uals with no data on any genetic test awareness items because of
refusals and missing data were considered non-respondent and
omitted from analyses (although they were taken into account
in the IPW computation). A similar approach was used to classify
whether participants were interested in these genetic tests, as well
as to classify whether they had ever been offered or used them (in-
dividuals who were unaware of these tests were classified as never
being offered them, and individuals who were never offered these

tests were classified as never using them, in agreement with the
survey’s skip pattern). Participants who were classified as don't
know/not sure on items about being offered or using genetic
were included in analyses as not being offered or using those tests.

We identified demographic and healthcare-related factors asso-
ciated with genetic testing awareness using logistic regression.
We identified demographic and healthcare-related factors associ-
ated with perceived usefulness using Poisson regression, because
of the highly skewed distribution of the responses. We used con-
trasts to compare awareness and perceived usefulness of genetic
tests between extreme levels of variables associated with awareness
and perceived usefulness.

Because of the small numbers of participants reporting being
offered or using genetic tests, we performed unadjusted analyses re-
porting overall numbers of individuals and percentages for these out-
comes, without performing association analysis. Findings were re-
ported as statistically significant if p values were less than 0.01.

In secondary analyses, we compared the characteristics of partic-
ipants who participated in the AFU but did not respond to the ge-
netic testing survey to those who responded (unadjusted analysis),
and repeated (fully adjusted) regression analyses of genetic testing
awareness and perceived usefulness stratified by gender and by
HCHS/SOL study center. Also, in supplemental analyses, we
repeated the main analyses stratified by study center, because
there could be systematic differences between regions with respect
to genetic testing.

Results

Of 16,415 HCHS/SOL visit 1 participants, 9,408 partici-
pated in the study’s 2019-2020 AFU phone survey and
5,769 completed at least one item about genetic testing
for an overall participation rate of 35.1% (unweighted),
or 32.6% of the target population (weighted estimate). In-
dividuals who participated in the AFU but did not com-
plete any genetic testing awareness items tended to be
less educated, had lower household incomes, were more
likely to be single and retired, and were more likely to be
enrolled at the Bronx site and less likely to be enrolled at
the Chicago and San Diego sites than individuals who
completed at least one awareness item (all p < 0.001)
(Table S1). Characteristics of HCHS/SOL participants who
were analyzed and the target population their represent
are summarized in Table 1. Visualization of missingness
patterns in the dataset across all HCHS/SOL individuals,
participants in the AFU, and genetic testing questionnaire
responders are provided in the dedicated GitHub reposi-
tory. Overall, the highest missingness was in the income
level variable, followed by reported doctor visits.

Overall, 2,891 survey responders, or 55.3% (weighted
percentage) of individuals in the target population re-
ported awareness of at least one of the four types of genetic
tests. These included tests to determine risks for particular
diseases, tests to determine the likelihood of passing in-
herited risks to children, tests to inform disease treatment,
and tests to determine medication selection. Individuals
were most likely to report awareness of genetic tests to
determine risks of getting disease (2,089 participants,
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Table 1. Demographic characteristics, reported as unweighted n and weighted %, representative of the HCHS/SOL target population

Site
Overall Bronx Chicago Miami San Diego % Missing

Total N 5,769 1.030 1.950 1.065 1.724

Age, years 0
25-40 1,000 (30.7) 198 (33.4) 377 (37.6) 137 (21.6) 288 (32.9)

41-60 2,674 (43.1) 442 (40.6) 916 (42.7) 508 (45.5) 808 (43.6)
61 or older 2,095 (26.2) 390 (26.0) 657 (19.7) 420 (32.9) 628 (23.5)

Gender 0
Female 3,701 (52.4) 679 (54.5) 1,163 (48.1) 713 (52.9) 1,146 (52.1)

Male 2,068 (47.6) 351 (45.5) 787 (51.9) 352 (47.1) 578 (47.9)

Education 0.4
Less than high school degree 2,004 (31.6) 381 (39.8) 894 (42.9) 203 (20.6) 526 (27.1)

High school degree 1,458 (27.4) 258 (25.6) 494 (30.0) 282 (28.4) 424 (26.8)
Associate, bachelor, or vocational degree 2,078 (37.5) 345 (31.8) 516 (25.1) 521 (46.1) 696 (42.2)
Masters, doctoral, professional degree 206 (3.5) 41 (2.8) 38 (1.9) 57 (4.8) 70 (3.9)

Household income 2.5
Less than $10,000 613 (10.9) 188 (16.5) 150 (6.8) 135 (11.4) 140 (6.9)
$10,001-$20,000 1,532 (27.3) 316 (33.4) 497 (24.1) 334 (30.0) 385 (19.6)
$20,001-$40,000 1,999 (33.7) 261 (28.3) 757 (38.6) 360 (36.1) 621 (34.5)
$40,001-$75,000 1,039 (18.6) 146 (15.0) 369 (22.3) 150 (15.6) 374 (23.4)

More than $75,000 441 (9.6) 81 (6.9) 130 (8.2) 56 (6.9) 174 (15.7)

Health insurance status 0.3
Uninsured 1,686 (31.6) 121 (17.4) 738 (43.9) 395 (38.5) 432 (32.4)

Has health insurance 4,068 (68.4) 899 (82.6) 1,212 (56.1) 669 (61.5) 1,288 (67.6)

Doctor visit in last 12 months 1.3
No 1,521 (32.2) 133 (20.0) 531 (33.4) 441 (44.6) 416 (31.2)

Yes, one or two times 1,820 (29.9) 309 (32.4) 635 (31.4) 276 (22.8) 600 (33.7)
Yes, at least three times 2,352 (38.0) 544 (47.6) 778 (35.3) 332 (32.7) 698 (35.1)

Hispanic or Latino background 0.3

Dominican 413 (9.8) 380 (31.9) 15 (0.5) 17 (1.3) 1(0.1)
Mexican 2,753 (38.3) 46 (10.3) 1,093 (62.3) 8(0.9) 1,606 (92.7)
Central American 575 (6.9) 56 (4.2) 226 (7.2) 271 (15.2) 22 (0.8)
Cuban 593 (19.4) 8(1.2) 17 (1.5) 565 (67.8) 3(0.4)
Puerto Rican 820 (16.8) 442 (43.7) 342 (18.5) 19 (2.3) 17 (1.5)
South American 424 (5.1) 44 (3.9) 201 (6.9) 157 (9.5) 22 (0.8)

More than one/other 172 (3.7) 48 (4.8) 53 (3.1) 26 (2.9) 45 (3.6)

Language preference 0
Spanish 4,731 (74.7) 679 (58.8) 1,676 (79.8) 1,030 (94.3) 1,346 (68.8)

English 1,038 (25.3) 351 (41.2) 274 (20.2) 35(5.7) 378 (31.2)

Marital status 0.1
Single 1,234 (30.3) 363 (42.4) 336 (25.1) 234 (26.6) 301 (23.8)

Married or living with partner 3,288 (52.3) 421 (40.6) 1,265 (61.7) 532 (49.7) 1,070 (62.0)

(Continued on next page)
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Table 1. Continued
Site
Overall Bronx Chicago Miami San Diego % Missing

Total N 5,769 1.030 1.950 1.065 1.724

Separated, divorced or widowed 1,240 (17.4) 244 (17.1) 349 (13.2) 298 (23.7) 349 (14.2)
Employment status 0.3

Retired/not currently employed 2,362 (39.3) 507 (46.8) 714 (30.3) 427 (40.6) 714 (36.0)

Employed part time (<35 h/week) 1,318 (21.2) 210 (18.9) 443 (22.8) 251 (20.8) 414 (22.8)

Employed full time (>35 h/week) 2,071 (39.5) 298 (34.3) 793 (46.9) 387 (38.6) 593 (41.3)
Nativity 0.3

Not U.S. born 4,835 (77.2) 786 (70.1) 1,684 (77.7) ,1017 (92.2) 1,348 (69.5)

U.S. born 918 (22.8) 239 (29.9) 263 (22.3) 46 (7.8) 370 (30.5)

target population weighted percentage 40.3%) and the
likelihood of passing disease to children (2,059 partici-
pants, weighted percentage 42.1%), and least likely to
know about genetic tests providing information about
how diseases should be treated (874 participants, weighted
percentage 16.6%) or determining medication selection
(885 individuals, weighted percentage 16.4%). Few indi-
viduals reported ever being offered or receiving the types
of genetic tests described in the survey (Figure 1). Only
362 respondents (weighted percentage 6.5%) reported be-
ing offered any of the four types of tests described, and
190 respondents (weighted percentage 3.3%) reported
receiving at least one of the tests described. When
restricted to individuals who reported an awareness of at
least one type of genetic test, analyses showed that
11.7% of the target population (362 respondents) reported
being offered at least one of the tests described, while 6.0%
of the target population (190 respondents) reported
receiving at least one of the tests (Figure S3). Findings
were consistent in analyses that were stratified by gender
(Figure S4).

60% —oo
Test Type
5O% —- | e O Any Type of Test
B Disease Risk
40% —-1 HEE O Risks to Children
s B Personalized Treatment
z O Drug Efficacy
8 30% 1 B
o
o
20% O | |
1 0% O B | I |
0,
0% Aware Offered Used
Figure 1. Percentages of the HCHS/SOL target population who

report awareness of specific types of genetic tests. Proportions
and 95% confidence intervals, represented as bars in the figure,
were computed in a weighted analysis to be representative of the
HCHS/SOL target population. Proportions were multiplied by
100 to obtain percentages.

Few demographic or medical care factors that were exam-
ined by logistic regression analyses were associated with
overall awareness of genetic testing (Table 2). Some of the
greatest differences were observed between HCHS/SOL field
centers (Figure S5). Awareness was greatest among individ-
uals enrolled at the Miami site (weighted percentage
67.2%), and lowest among individuals enrolled at the Chi-
cago site (weighted percentage 36.2%) (odds ratio [OR],
3.39; 95% confidence interval [CI], 2.44-4.71, p < 0.001).
Income was also associated with genetic testing awareness:
73.3% (weighted percentage) of individuals with household
incomes of more than $75,000 reported awareness,
compared with 46.3% (weighted percentage) with incomes
of less than $10,000 (OR, 2.53; 95% CI, 1.60-3.99;
p < 0.001). Finally, we observed differences by educational
attainment: 66.2% of individuals with associate, bachelor,
or vocational degree reported awareness, compared with
45.0% of individuals with less than a high school degree
(OR, 1.65; 95% CI, 1.33-2.05; p < 0.001).

Stratified analyses showed that some of the above-
mentioned patterns were stronger at specific sites
(Table S2). Differences by educational attainment only
emerged for individuals enrolled at the Chicago site, while
differences by income only for individuals enrolled at the
San Diego site. Differences by gender were not observed
overall, and gender-specific analyses (Table S3) generally
showed similar differences by educational attainment. Dif-
ferences by site were driven mainly by men, while differ-
ences by income were driven mainly by women.

Analyses about specific genetic tests showed similar trends
(Table S4). Differences by education were observed on each
of the items asking about awareness of specific tests (OR be-
tween more than high school degree vs less than high school
degree >1.70; p < 0.001 for all tests). Differences by income
were observed for knowledge of tests for disease risk and risks
to children (OR between >$75,000 vs <$10,000 > 1.84;
p < 0.01 for both tests). Differences in awareness by study
site were observed only in analyses of genetic testing for risks
of getting disease (OR of individuals at Miami vs Bronx site,
3.02; 95% CI, 2.11-4.31; p < 0.001). Finally, 11.6% of
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Table 2. Summary of logistic regression models that examine associations between participant characteristics and awareness of at least

one of the four types of genetic testing (n = 5,768)

Term

N aware in stratum

Weighted proportion

OR (95% Cl)

Age, years (ref: 40 and younger)
41-60
61 or older

Gender (ref: female)
Male

Education, years (ref: less than high school
degree)

High school degree
Associate, bachelor, or vocational degree
Masters, doctoral, professional degree
Center (ref: Bronx)
Chicago
Miami
San Diego
Income (ref: Less than $10,000)
$10,001-$20,000
$20,001-$40,000
$40,001-$75,000
More than $75,000
Health Insurance Status (ref: uninsured)
Has health insurance
Doctor Visit in Last 12 Months (ref: none)
Yes, one or two times
At least three times

Hispanic or Latino Background (ref:
Dominican)

Mexican
Central American
Cuban
Puerto Rican
South American
More than one/other

Language Preference (ref: Spanish)
English

Marital Status (ref: Single)
Married or living with partner
Separated, divorced or widowed

Employment Status (ref: Retired/not
currently employed)

Employed part time (<35 h/week)

Employed full time (>35 h/week)

538
1,355
998
1,901
990
798

690
1,258
137
540
697
692
962
282
711
986
558
290
790
2,093
762
925
1,165
222

300
392

1,269

207
112
2,273
618
673
1,627
586

1,128

694

1,058

0.58
0.55
0.52
0.56
0.55

0.45

0.51
0.66
0.65
0.52
0.36
0.67
0.58
0.46
0.51
0.53
0.62
0.73
0.53
0.56
0.56
0.55
0.55
0.51

0.57
0.68
0.51
0.53
0.71
0.51
0.53
0.62
0.6

0.55
0.49

0.53

0.57

0.57

1.02 (0.82-1.27)

0.95 (0.70-1.28)

0.88 (0.73-1.06)

1.04 (0.83-1.30)
1.65 (1.33-2.05)**

1.48 (0.88-2.50)

0.54 (0.39-0.75)**
1.80 (1.25-2.60)*

1.17 (0.78-1.76)

1.14 (0.84-1.55)
1.24 (0.91-1.69)
1.77 (1.24-2.52)*
2.53 (1.60-3.99)*

1.02 (0.81-1.27)

0.98 (0.77-1.24)

1.00 (0.77-1.29)

0.98 (0.63-1.54)
1.07 (0.67-1.73)
1.21 (0.74-1.97)
0.98 (0.67-1.43)
0.95 (0.60-1.51)
1.47 (0.80-2.72)

1.18 (0.91-1.54)

0.84 (0.68-1.05)

0.69 (0.52-0.93)

1.08 (0.84-1.39)
0.97 (0.77-1.21)

(Continued on next page)
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Table 2. Continued

Weighted proportion OR (95% CI)

Term N aware in stratum
Nativity (ref: Not U.S. born) 2,339
U.S. born 545

0.53

0.62 1.14 (0.86-1.52)

Analyses included all covariates jointly, and were weighted to generate estimates representative of the HCHS/SOL target population. N aware in stratum further
provide the raw number of individuals aware of at least one type of test, and their proportion in the strata, weighted to represent the HCHS/SOL target population,

is provide in the column weighted proportion.
*p < 0.01.
**p < 0.001.

individuals who were separated, divorced, or widowed re-
ported awareness of drug efficacy genetic tests, compared
to 17.5% of individuals who were married or living with a
partner (OR, 0.66; 95% CI, 0.48-0.89; p = 0.007). We did
not run models to examine factors associated with being
offered or using specific tests because the numbers of partic-
ipants were small, but unadjusted, weighted percentages are
summarized in Figure 1.

Overall, participants rated the usefulness of genetic
testing for managing a person’s health 8.4 (standard
error = 0.05), on average, on a 1 (not at all useful) to 10
(extremely useful) scale. Few demographic factors were
associated with usefulness scores in Poisson regression
models (Table 3). Analyses showed that individuals
enrolled at the Miami site rated the usefulness of genetic
testing 7% higher than participants enrolled at the Bronx
site, on average (95% CI, 2%-12% higher; p = 0.004).
Conversely, mean perceived usefulness scores were 6%
lower among U.S.-born individuals than individuals born
outside the United States (95% CI, 4%-9% lower;
p < 0.001). Site-specific analyses (Table S5) were generally
consistent with these findings, although some differences
by Hispanic or Latino background were observed. No de-
mographic factors were associated with perceived useful-
ness in gender-specific analyses (Table S6).

Discussion

We leveraged one of the largest, population-based cohort
studies of U.S. Hispanic and Latino individuals to provide
novel insights about demographic factors associated with
genetic testing awareness in this growing population.
Our findings showed that approximately 55% of this pop-
ulation was aware of genetic tests for health. This propor-
tion was only slightly higher than findings from the
2017 HINTS, where just under one-half of Hispanic and
Latino respondents and 57% of respondents overall re-
ported awareness of health-related genetic testing.’'
Similar to prior work that included all population groups,
awareness of PGx applications, including tailored treat-
ment, was much lower than awareness about personal dis-
ease risks or risks to children in our population.®' The rates
that individuals reported being offered genetic testing were
low, and only 3% reported ever using these tests.

Our findings highlight concerns about the potential for
important segments of Hispanic and Latino populations to
miss opportunities to benefit from improvements in genetic
testing. Tremendous advances have occurred in medical ge-
netics in recent years. These include the refinement of ap-
proaches to assess genetic risk, such as polygenic risk predic-
tions,***? evolutions in the use of sequencing for expanded
carrier screening,®” successes in tumor sequencing to guide
cancer treatments, and continued development of best prac-
tices for PGx applications.”** The potential for genomics to
revolutionize population health will not be realized without
substantial efforts toimprove how often Hispanic and Latino
individuals are offered genetic services and facilitating access
to testing and counseling.’>*® HCHS/SOL’s enrollment of
more than 16,000 Hispanic and Latino individuals to date
provides an instructive model for other cohort studies to
consider to address awareness limitations in populations
that are traditionally under-represented in biomedical
research. Our study found that few Hispanic and Latino par-
ticipants had even been offered services, a finding that has
been observed in clinical settings.'® Efforts need to be
improved to ensure Hispanic and Latino individuals who
meet the criteria for a genetics referral are informed of such
services and their potential benefits. Such efforts may need
tobe complemented with policies that address access barriers
if we hope to achieve improvements in clinical settings.

A number of differences observed in prior work were not
observed in our analyses. Specifically, differences in His-
panic and Latino populations by gender, Hispanic or
Latino background, and birth location reported from the
2005 HINTS data were not statistically significant in our
analyses. Only a few demographic factors were associated
with genetic testing awareness in our study population.
Specifically, we observed differences in awareness between
centers of enrollment and by income and education. A
greater awareness of genetic testing among individuals
with higher educational status and income was consistent
with previous findings.>”*® Geographic differences were
unexpected and large. We found the least awareness
among Hispanic and Latino individuals at the Chicago
site and the greatest awareness among Hispanic and Latino
individuals at Miami, findings that that persisted after ad-
justments for demographic characteristics such as socio-
economic status and language preferences. In contrast,
prior reports of HINTS data had shown the greatest aware-
ness in 2005 among respondents from the Midwest and
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Table 3. Summary of a Poisson regression model that examines associations between participant characteristics and the perceived
usefulness of genetic testing, rated on a 1 (not at all useful) to 10 (extremely useful) scale

Term Estimate (95% Cl)

Age, years (ref: 40 and younger)
41-60
61 or older

Male gender (ref: female)

Education, years (ref: less than high school degree)

High school degree
Associate, bachelor, or vocational degree
Masters, doctoral, professional degree
Center (ref: Bronx)
Chicago
Miami
San Diego
Income (ref: Less than $10,000)
$10,001-$20,000
$20,001-$40,000
$40,001-$75,000

More than $75,000

1.03 (1.00-1.06)
0.98 (0.95-1.02)
0.98 (0.96-1.00)

1.01 (0.98-1.04)
1.03 (1.00-1.06)

0.97 (0.92-1.02)

1.01 (0.96-1.06)
1.07 (1.02-1.12)*

1.03 (0.97-1.09)

1.01 (0.96-1.06)
1.01 (0.96-1.06)
1.03 (0.98-1.08)
0.98 (0.93-1.04)

Has health insurance status (ref: uninsured) 1.00 (0.98-1.02)
Doctor visit (ref: none)
Yes, one or two times 1.00 (0.98-1.03)
More than three times 1.01 (0.98-1.03)

Hispanic or Latino background (ref: Dominican)

Mexican 0.99 (0.93-1.06)
Central American 1.00 (0.95-1.05)
Cuban 1.03 (0.97-1.09)
Puerto Rican 1.00 (0.95-1.05)
South American 0.99 (0.94-1.05)
More than one/other 1.00 (0.94-1.07)
English language preference (ref: Spanish) 0.95 (0.92-0.98)*

Marital status (ref: single)
Separated, divorced or widowed 1.02 (0.98-1.05)
Married or living with partner 1.02 (0.99-1.06)

Employment status (ref: retired/not currently employed)

Employed part time (<35 h/week) 1.02 (1.00-1.05)
Employed full time (>35 h/week) 1.00 (0.97-1.02)
U.S. born (ref: Not U.S. born) 0.96 (0.93-0.99)*

Estimates represent exponentiated coefficients, and show the relative increase in perceived efficacy scores relative to the reference category. Analyses included all
covariates jointly, and were weighted to generate estimates valid for the HCHS/SOL target population.

*p < 0.01.

**p < 0.001.

the lowest awareness among respondents from the South, ences we observed reflect current differences by location,
although regional differences in HINTS data were not such as differences in the way genetic testing services are
observed in 2010 data.*”*? It is possible that the differ- advertised by city and target audience or the way genetic
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testing is regulated. Lower awareness about direct-to-con-
sumer tests have also been observed previously among in-
dividuals living in rural areas compared with urban areas,*’
suggesting that the geographic breadth of enrollment at
particular HCHS/SOL centers may have also affected
awareness. Regardless, the large variation by geography
likely reflects the wide diversity of experiences and atti-
tudes within the Hispanic and Latino community.*'*? Ed-
ucation and outreach efforts that are targeted to the beliefs,
needs, and concerns of Hispanic and Latino residents of
specific communities are likely to yield the greatest im-
provements in awareness of genetic services.

Our study also showed that very few Hispanic and
Latino participants remembered being offered or receiving
genetic testing. HINTS data across populations from 2017
showed that 12% of respondents overall reporting ever
having undergone a genetic test.>! In contrast, only 3%
of respondents in our study reported ever receiving a ge-
netic test. Differences in survey administration may
explain some of these differences, as the 2017 HINTS in-
strument asked about a more expansive set of tests,
including ancestry testing, paternity testing, and DNA
fingerprinting.®' Additional work may be beneficial to pro-
vide insight about potential disparities by ethnicity in ge-
netic testing use.

Our work also showed relatively high perceptions
among Hispanic and Latino participants about the useful-
ness of genetic testing. Interestingly, we observed greater
perceived usefulness of genetic testing among individuals
who were not U.S. born, which is contrasts with prior
work with Hispanic and Latinos populations, which has
found a lower awareness among individuals of lower accul-
turation and those who have resided in the United States
for shorter times.**** Studies have also found that Hispan-
ic and Latino individuals with lower acculturation cite
more barriers and perceived harms from genetic testing
as well. Moreover, in previous findings from HCHS/SOL,
we found that individuals with lower acculturation (not
born within the 50 U.S. states, prefer Spanish over English)
refused to share their genetic data with for-profit organiza-
tions at higher rates compared with those with higher
acculturation.*” Our findings also highlight challenges to
addressing existing disparities in the epidemiological evi-
dence about genomics**~*® and efforts to enrich the partic-
ipation of Hispanic and Latino individuals in precision
medicine initiatives such as the All of Us Research Pro-
gram.”®*’ It is possible that attitudes about genetic testing
differ in the countries of birth of our survey respondents;
more positive attitudes and greater rates of perceived use-
fulness have been reported in studies conducted outside
the United States, although such studies were not conduct-
ed in countries with primarily Hispanic and Latino popula-
tions.”" 7

The strengths of our study include the large sample size
of an understudied population and post hoc adjustment
to provide population-based estimates. Our analytic sam-
ple not only focused on Hispanics and Latino individuals,

but also included large numbers of respondents with lower
educational attainment and income. Limitations to our an-
alyses included moderate completion rates for the genetic
awareness questions and the use of brief questions that pro-
vide limited insight about the barriers to awareness and test
use or why participants felt genetic testing was useful or
not useful. We did not study psychosocial and cultural fac-
tors, such as religiosity, medical distrust, and acculturation,
which may vary within the Hispanic and Latino popula-
tion and may be associated with outcomes of interest,
which remains a topic of future work. Participants were
enrolled at four centers with limited representation from
rural areas. Our descriptions of genetic tests were adapted
from items used previously in the national HINTS instru-
ment and do not reflect the range of health-related applica-
tions that currently exist. Furthermore, response rates to
the HCHS/SOL AFU survey were moderate, and numerous
individuals who started the survey did not provide data for
the genetic testing section. Don’t know responses were
analyzed as no throughout, and the findings may underes-
timate the proportion of respondents with genetic test
awareness, as well as the proportion of respondents who
had been offered and used genetic tests.

Nevertheless, our work adds weight to evidence that use
of genetic testing is limited in Hispanic and Latino individ-
uals, although attitudes toward these applications are
largely positive. These findings highlight the need to tailor
genetic testing education and outreach to account for the
wide variation in perception, needs, and potentially, be-
lieves, among Hispanic and Latino individuals. Education
and outreach that accounts for the large diversity of His-
panic and Latino communities are likely to yield the great-
est improvements in genetic test awareness and better
ensure all individuals are able to capitalize on improve-
ments in genomic medicine.

Data availability

HCHS/SOL data are available via a data use agreement with
the HCHS/SOL Data Coordinating Center. See https://sites.
cscc.unc.edu/hchs/ for study procedures. HCHS/SOL data
are also available on the National Heart Lung and Blood In-
stitute’s BioLINCC (Biologic Specimen and Data Reposi-
tory Information Coordinating Center) repository under
accession number HLB01141422a.

Code availability
Code is publicly available on the GitHub repository: https://
github.com/tamartsi/Genetic_testing awareness_SOL.

Ethics declaration

The HCHS/SOL was approved by the institutional review
boards at each field center, where all participants gave
written informed consent during their clinical exam,
and by the Non-Biomedical IRB at the University of
North Carolina at Chapel Hill, to the HCHS/SOL Data
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