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Abstract
With the broader introduction of genomic medicine in research and clinical care, an increasing number of persons are offered genetic testing. Many factors, including genetic
literacy, may impact the utilization of genetic results by patients and their families.
We developed a rapid, self-administered measure of genetic literacy, called Genetic
Literacy Fast Test (GeneLiFT). We next evaluated the association of GeneLiFT scores
with the comprehension of limitations of genomic medicine in participants undergoing
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in 74 actionable genes associated with adult-onset disorders. A diverse cohort of 724
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Medical Center, New York. All participants underwent genetic screening for variants
participants completed the survey (60% women, 45% less than 40 years old, and 53%
self-reported White non-Hispanic ancestry). The GeneLiFT was validated using known
group differences based on education, health literacy, and numeracy, and with questions assessing genetic knowledge. GeneLiFT identified multiple standard genetics
terms, that is, jargon, not recognized by more than 50% of participants (including actionability and pathogenicity). Low genetic literacy, identified in 210 participants (29%),
was significantly associated with poor understanding of the limitations of genetic testing (p-values < 10–9). This association was independent of education, health literacy,
and numeracy levels, highlighting the importance of directly measuring genetic literacy.
Low genetic literacy was also associated with low satisfaction with the informed consent process. GeneLiFT is a practical tool for rapid assessment of genetic literacy in
large studies or clinical care. GeneLiFT will allow future research to efficiently assess
the role of genetic literacy on the clinical impact of genetic testing.
KEYWORDS

assessment, communication, genetic knowledge, genetic literacy, risk perception, screening,
test
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1 | I NTRO D U C TI O N
For decades genetic counselors have ensured that patients' decisions to undergo genetic testing are informed and autonomous
(American Society of Human Genetics Ad Hoc Committee on
Genetic Counselling, 1975). The pre-test genetic counseling session
ensures comprehension and a personalized informed consent process (Committee on Genetics, 2017). Within these conversations,
genetic counselors are regularly checking clients' understanding of
the genetic terminology (Butow & Lobb, 2004; Roter, Erby, Larson,
& Ellington, 2007, 2009). This ability to recognize terms related to
genetics is defined as genetic literacy (Abrams et al., 2015; Erby
et al., 2008) and is one of the pillars of comprehension. Although
recognition cannot imply understanding, lack thereof indicates ignorance of the concept or at minimum of the specific term.
Discussion of the risks and benefits of the proposed genetic
test, including its limitations, enhances informed decision-making (Kaphingst et al., 2012). In other fields, it has been shown that

What is known about this topic
The ClinGen Consent and Disclosure Recommendations
(CADRe) Workgroup advocated for adjusting the communication approach to patients' genetic literacy (Ormond
et al., 2019). There is no current consensus on a genetic
literacy test that can easily screen the population for low
genetic literacy.

What this paper adds to the topic
This paper describes a novel, rapid, self-administered genetic literacy test that has been validated in a large heterogeneous group of individuals who underwent genetic
screening. The test also confirms the association between
low genetic literacy and lower satisfaction from the inform
consent process and poor understanding of the limitations
of genetic testing.

when patients are involved in the discussion, and both understand and support the clinical plan, they are more likely to adhere
(Drew et al., 2001). Different literacies have been associated with

longer to complete (Hooker et al., 2014). These formats are a barrier

the effectiveness of clinical care. Numeracy, health, health insur-

to large-scale implementation of genetic literacy assessments. The

ance, and eHeath literacies have been independently associated

evaluation of the association between genetic literacy and factors

with better understanding of the benefits of testing and acting on

influencing the clinical impact of genetic testing is thus limited by

medical instructions (Dewalt et al., 2004; Levitt, 2015; Norman &

low utilization of those tests.

Skinner, 2006; Schillinger et al., 2002; Schwartz et al., 1997). Even

We therefore developed a brief, self-administered ‘Genetic

though education, health literacy, and numeracy were reported

Literacy Fast Test’ (GeneLiFT), formatted as a vocabulary recogni-

to correlate with genetic knowledge, they each have limitations,

tion test. Contrary to current test formats, GeneLiFT can be eas-

especially when used separately, and are not reliable surrogates

ily implemented in different settings as it enables high-throughput

of genetic comprehension, highlighting the importance of testing

self-screening for genetic literacy with instantaneous results. As it

genetic literacy (Kaphingst et al., 2016; Lea et al., 2011; Syurina

generates a list of words the testee does not recognize, GeneLiFT

et al., 2011).

can help reduce the utilization of jargon in conversations and online

As increasing genetic testing in research and clinical care has led

platforms.

to a shortage of genetic counselors (Kurian et al., 2017; Rehm, 2017),

Utilization of medical jargon has been shown to inhibit dialogue

the ClinGen Consent and Disclosure Recommendations (CADRe)

and reduce patients' satisfaction (Pitt & Hendrickson, 2020; Roter

Workgroup advocated for adjusting the communication approach

et al., 2007), and the limitations of genomic medicine are generally

to patients' genetic literacy (Ormond et al., 2019). A lower level of

poorly understood (Bernhardt et al., 2015). We therefore hypothe-

genetic literacy would require a longer, more traditional genetic

sized that low genetic literacy would be associated with lower satis-

counseling approach, while patients with higher genetic literacy can

faction with the informed consent process and poorer understanding

be seen by other professionals. Like other forms of literacy, higher

of the limitations of genomic testing. We tested those hypotheses in

genetic literacy is expected to enhance informed decision-making

a cohort of individuals who underwent preventive genetic screening

in genetic testing. Conversely, low genetic literacy is expected to

as part of the Electronic Medical Records and Genomics (eMERGE)

negatively impact understanding of the genetic test, leading to in-

consortium Phase III project (Milo Rasouly et al., 2019). eMERGE III

appropriate follow-up or noncompliance with recommended care,

offered all participants' genetic screening using a targeted panel of

such as additional testing and preventive clinical screenings (Schleit

genes with return of both positive and negative results (eMERGE

et al., 2019). It is therefore vital to have a test that can rapidly and

Consortium, 2019). This research study therefore mimics preven-

easily assess the level of genetic literacy. However, due to limita-

tive clinical genetic screening to identify people at risk of develop-

tions of previously developed tests, there is no consensus on which

ing adult-onset disorders with effective intervention or treatment

instrument to use to measure genetic literacy (Abrams et al., 2015;

available (Fossey et al., 2018; Halverson et al., 2020). Participants

Ostergren et al., 2015). Two genetic literacy tests have been devel-

were not asked hypothetical questions but were rather asked to

oped. The Real-G requires in-person interaction (Erby et al., 2008);

share their comprehension and expectations from the genetic test

the other, the GLAC, includes multiple-choice questions and takes

to which they consented.
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2.1 | Participants
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numeracy, and previous encounters with genetic counselors. Since
we assessed familiarity with genetic vocabulary, we also asked participants whether they were born in the United States, as reduced
familiarity with English was a potential confounder. Further details

Participants were enrolled at Columbia University Irving Medical

are provided below.

Center (CUIMC) as part of the eMERGE III consortium. One of
the goals of the eMERGE III study at CUIMC was to enroll a diverse cohort of participants naïve to genetic testing (Milo Rasouly

2.2.1 | Demographics

et al., 2019). Adult participants able to give written informed consent and willing to provide a blood sample were enrolled using three

The intake form included questions about date of birth, race, ethnic-

recruitment methods: clinics, flyers, and staff network; the last con-

ity, and address. Using the participants' electronic medical record,

sisted of friends, family members, and colleagues of the study staff

we retrieved information on Medicaid status. We chose not to col-

(Milo Rasouly et al., 2019).

lect participant income information as this question is often viewed

The consent process was conducted by clinical research coordi-

as intrusive. However, in an effort to evaluate the socioeconomic

nators (CRCs) who were specifically trained for the eMERGE study

status of our participants, we used geo-income. Geo-income was

by a genetic counselor and used a script (Supplemental Online File

taken from the census information on median household income of

1). During the consent process, CRCs described how genes may con-

neighborhoods using participants' addresses, which has been shown

tribute to disease risk, and how this knowledge can potentially trans-

to be a relatively good approximation of individual household in-

form routine preventive medicine. Participants were informed that

come (Brokamp et al., 2017). In the survey, participants were asked

eMERGE III primarily screened for a set of actionable genes linked

to self-report their education level.

to highly penetrant conditions for which preventive measures and/
or treatment are available, such as breast, ovarian and colon cancer, severe cardiovascular diseases, and sudden death. CRCs took

2.2.2 | Health literacy and numeracy measures

special care to explain that negative results do not mean a ‘clean
bill of health’. They also explained that identification of a pathogenic

Health literacy is defined as the degree to which individuals have the

variant meant that, while there is a high likelihood of developing

capacity to obtain, process, and understand basic health informa-

the disease, not all those carrying such variants will develop the

tion needed to make appropriate health decisions (Health Resources

disease. CRCs were instructed to interrupt the consent process in-

and Services Administration). To detect inadequate health literacy,

termittently to ask the potential participant whether he/she needed

participants were asked ‘How confident are you filling out medical

a clearer explanation and proceed only whether he/she verbalized

forms by yourself?’ (Chew et al., 2008).

understanding.

Numeracy, the level at which people are comfortable with num-

All samples underwent genetic screening in a Clinical Laboratory

bers, is associated with health risk perception. It was tested with a

Improvement Amendments (CLIA)-certified laboratory. At CUIMC,

question regarding understanding of risk and ratios (i.e., ‘Which of

results were returned for 74 genes and 24 variants and placed in

the following numbers represents the biggest risk of getting a dis-

the electronic medical record (eMERGE Consortium, 2019). The

ease? 1 in 100, 1 in 1,000, or 1 in 10’. (Lipkus et al., 2001).

study was approved by the Columbia University Institutional Review
Board (IRB-AAAQ9205).

2.2 | Measures

2.2.3 | Genetic knowledge
Genetic knowledge measures comprehension of genetic principles
(Erby et al., 2008; Haga et al., 2013; Hurle et al., 2013). In keeping

At time of enrollment, participants completed an intake form for de-

with previously published procedures, we asked participants to self-

mographic information, and personal and familial history of several

rate their genetic knowledge (Sweet et al., 2017). To assess partici-

diseases. A blood sample was collected, and participants were then

pants' understanding of genetic concepts, four previously utilized

asked whether they preferred to complete the pre-result survey on-

items were used (Fitzgerald-Butt et al., 2016; Kaphingst et al., 2012;

line or on paper, in English or in Spanish. Participants independently

Molster et al., 2009; Ostergren et al., 2015; Sweet et al., 2017). These

completed the survey after enrolling in the study. For those who

four sentences describe different components of genetics: heritabil-

chose the paper version, the survey was provided to them at time

ity, inheritance, genetic risk, and penetrance (Table S1). Participants

of consent together with a pre-stamped return envelope to send it

were asked to indicate how correct they thought these statements

back at their earliest convenience. A link to the survey was sent via

were on a five-point Likert scale ranging from definitely correct to

email to participants who chose the online option. Upon comple-

definitely incorrect. As the level of certainty may reflect general self-

tion of the survey, participants received a $25 gift card. The sur-

confidence, for each question, participants received 1 point if they

vey included questions related to education, health literacy, health

chose the correct answers (‘definitely’ or ‘probably’) and 0 points if

|
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they answered ‘don't know’ or the incorrect answers (‘definitely’ or

identified real words not recognized by everybody and non-words

‘probably’). The sum of the points given for those four items was

mistaken as real by some respondents (Table S2).

then used to create a genetic knowledge variable. Since the concepts

GeneLiFT (Figure S1) comprises 51 words: 31 real words and 20

were relatively basic, this variable was then dichotomized, with low

non-words (Table S3). Amongst the 31 real words, seven were in-

genetic knowledge assigned to individuals who did not know at least

cluded in the informed consent form for the study (Supplemental

two of the concepts (score ≤ 2).

Online File 2), five in the genetic literacy test Real-G (Erby
et al., 2008), eleven in the NHGRI glossary (NHGRI Glossary, 2015),

2.2.4 | Satisfaction with the informed
consent process

four in the ‘subjective genomic knowledge test’ (Ishiyama
et al., 2008), and the remaining words were used during informed
consent discussions.
The scoring of the GeneLiFT was based on previous vocabu-

Participants were asked ‘How satisfied were you with the expla-

lary recognition tests (Meara & Buxton, 1987; Rawson et al., 2010;

nation of the study's goals when you were first invited to partici-

Zimmerman et al., 1977). Responses identifying the 20 non-words

pate?’ and given four response options. We categorized those who

as real words were scored as −1. To differentiate between health

answered ‘extremely satisfied’ and ‘quite satisfied’ as satisfied, and

literacy and genetic literacy, the real words were divided into ‘ge-

those who answered ‘slightly satisfied’ or ‘not satisfied at all’ as not

netic-related words’ and ‘genetic-specific words’. Genetic-related

satisfied.

words were defined as words that have definitions in the genetics realm but also in other fields. Genetic-specific words were

2.2.5 | Understanding limitations of genetic testing

defined as words that only have genetic-based definitions. Of the
31 words, 16 are genetic-related words and 15 are genetic-specific (Table S3). The ‘genetic-specific words’ were given a higher

The participants were asked to rate the veracity of an additional set

weight than the ‘genetic-related words’. Correct responses for the

of four previously utilized statements to assess understanding of ge-

16 genetic-related words were scored +1, and for the 15 genet-

netic testing limitations (Bernhardt et al., 2015; Facio et al., 2011;

ic-specific words as +2. Therefore, the range of GeneLiFT is −20

Kaphingst et al., 2012; Sanderson, Linderman, et al., 2016). The top-

to +46 (Figure S2). To simplify the scoring system and provide a

ics covered included prevention/curability of genetic conditions, im-

rapid response for potential users, we dichotomized the outcome

plications of a report in which no genetic variants were identified

variable into ‘low genetic literacy’ and ‘other’. As we did not want

(i.e., negative result), status of current scientific knowledge, and the

the specific cohort analyzed to bias our analysis, we arbitrarily de-

predictive value of genetic testing.

cided that scoring 50% of the maximum number of points or less (a
score of 23 or less) would be considered ‘low genetic literacy’, but

2.3 | Development of a novel genetic literacy test

replication studies should further establish the adequacy of this
cutoff point.
GeneLiFT was administered at the end of the survey. To as-

The vocabulary recognition test (Zimmerman et al., 1977), which

sess GeneLiFT validity, we analyzed its association with measures

was validated as highly associated with vocabulary knowledge

known to be associated with genetic knowledge and/or genetic lit-

(Meara & Buxton, 1987), was used as a conceptual framework for

eracy: education (Erby et al., 2008; Kaphingst et al., 2012; Molster

GeneLiFT. This test format has also been widely used to determine

et al., 2009; Vassy et al., 2012), health literacy (Erby et al., 2008;

more complex cognitive functions (Craik et al., 2015; Harrington

Kaphingst et al., 2016), and numeracy (Langer et al., 2017; Lea

& Carey, 2009; Lemhöfer & Broersma, 2012; Rawson et al., 2010;

et al., 2011; Ostergren et al., 2015). GeneLiFT's construct validity

Stanovich et al., 1995; Zhang et al., 2019). Vocabulary recognition

was assessed with the known groups differences method:

tests require testees to mark words they recognize as real, having
been told that some of the words are not real. These are rapid tests

• For education levels, the mean GeneLiFT score was compared

estimated to take about 1 min for 30 words and non-words (2 min

between participants with a high school diploma, a GED or less,

for a test comprising 60 words and non-words) and are self-admin-

and those with any level of post-high-school education or training

istered, so a large number of people can be tested easily (Pellicer-

(vocational, technical, academic, etc…).

Sánchez, 2012). The METER test is a health literacy test that uses the

• For health literacy, the mean GeneLiFT score was compared

same format, and that highly correlates with the widely used REALM

between participants who answered ‘Not at all’ or ‘A little bit’

oral health literacy test (Davis et al., 2006; Rawson et al., 2010), jus-

confident and those who answered ‘Extremely’, ‘Quite a bit’, or

tifying our decision for selecting this design.

‘Somewhat’ confident (Chew et al., 2008).

Content validity was established using experts in genetics (ge-

• For numeracy, the mean GeneLiFT score was compared between

neticists and genetic counselors) who approved a list of real words.

participants who answered correctly and those who did not an-

Using a group of 227 non-experts (friends and colleagues), we

swer correctly (Lipkus et al., 2001).
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TA B L E 1 Characteristics of the participants who completed the
survey (n = 724)

chotomized genetic knowledge variable:
• For self-reported low genetic literacy, the mean GeneLiFT score
was compared between participants who answered ‘Low’ and
those who answered ‘High’, ‘Average,’ or ‘Moderate’.
• For genetic knowledge, the mean GeneLiFT score of participants
with low genetic knowledge, as calculated by the dichotomized
score, was compared to the others.

2.4 | Data analysis

Completed the
survey no. (%)
Gender
Female

435 (60)

Male

289 (40)

Age
Less than 40 years

323 (45)

40−65 years

260 (36)

65 years+

141 (19)

Self-reported race and ethnicity
White, non-Hispanic
a

381 (53)
140 (19)

Data were analyzed using Rstudio software (RStudio Team, 2016).

Hispanic

Ordinal and categorical variables are reported as percentages.

Asian, non-Hispanic

72 (10)

Differences between groups were calculated using an independent

Black, non-Hispanic

118 (16)

2-group t-test. Logistic regression was used to validate GeneLiFT

Other, non-Hispanic (including multiple
races)b

and to test the association between genetic literacy (GeneLiFT)
(predictor) and understanding of the limitations of genetic testing, as

13 (2)

Disease status

well as satisfaction with the informed consent process (outcomes).

Self-reported healthy

332 (46)

Logistic regression included adjustment for covariates. Covariates

Sick

316 (44)

were dichotomized to empower the comparisons. The cutoffs for the
dichotomizations were chosen a priori to differentiate between ‘low’
and ‘other’ for each measurement. The following covariates were
analyzed based on prior literature: education (divided into 3 levels:
low as described above, medium for those with some college, associate degree, or other post-high-school training, and high for those
with a college degree and more), gender, numeracy (low vs. other),

Missing

9 (<1)

Health Insurance
Medicaid

32 (4)

Medicare

19 (3)

Missing

673 (93)

Recruitment method

health literacy (low vs. other), dichotomized genetic knowledge (low

Flyers or staff network

286 (40)

vs. other), self-reported genetic knowledge (low vs. other), previous

Clinics

438 (60)

encounter with a genetic counselor (yes vs. no), place of birth (United

Geo-income

States vs. other), Medicaid health coverage (Medicaid vs. other), and

Less than $33,948

73 (10)

recruitment modality (clinic vs. flyers or network).

$33,948–$74,999

270 (37)

75,000–$99,999

163 (23)

$100,000+

194 (27)

3 | R E S U LT S
3.1 | Diverse participants
A total of 1,132 individuals were recruited, with 1,016 (90%) requesting a survey in English. Spanish consent forms and study material were made available for the remaining 116 participants, but
due to small sample size these were not included in this report
(Figure S3). The survey was completed by 724 of the 1,016 participants (71%). Participants had a mean (SD) age of 46.5 (17.3) years,
ranging from 18 to 94 years (Table 1). They were of diverse racial and
ethnic ancestry, with 140 (19%) self-identified as Hispanic, 118 (16%)
as Black non-Hispanic, 70 (10%) as Asian, and 253 (35%) not born
in the United States. The participants' socio-economic background
included 84 (12%) participants with a high school degree or less, 145

Missing

24 (3)

Questionnaire format
Paper
Electronic

49 (7)
675 (93)

Education
Some school but did not graduate high
school

16 (2)

High school graduate or GED

68 (9)

Some college, associate degree, or other
post-high school training (vocational,
technical, etc.)

139 (19)

College graduate

244 (34)

Master's degree/some graduate degree

186 (26)

Doctoral degree

71 (10)

(20%) with low numeracy, 40 (6%) with low health literacy, 32 (4%)
with Medicaid insurance, and 73 (10%) living in neighborhoods with

(Continues)
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TA B L E 1

(Continued)

747

children’ (Table S1). Overall, 275 (38%) did not know the concept corCompleted the
survey no. (%)

responding to at least one of those four statements, and 112 (15%)
participants did not know at least two concepts (flagged as having
low genetic knowledge using the dichotomized variable).

Health Literacy
Low

40 (6)

Other

684 (94)

Numeracy
Low

145 (20)

Other

575 (79)

Missing

4 (1)

3.3 | Distribution of GeneLiFT scores
GeneLiFT scores ranged from −3 to 46 (mean = 28.3, SD = 11, median = 28). The correlation between the number of genetic-specific
words and genetic-related words recognized was statistically significant but relatively weak (r = 0.39, p-value < 10–16, Figure S4). The

Self-reported genetic knowledge
Low

126 (17)

GeneLiFT score reflected the proportion of genetic-specific words

Other

598 (83)

recognized by participants, with all participants scoring > 40 recognizing more than 75% of the genetic-specific words (Figure 1). Less

Place of birth
Born in the USA

471 (65)

Not born in the USA

253 (35)

Experience with genetic counseling
No previous contact with genetic
counseling

588 (81)

Previous contact with genetic
counseling

110 (15)

than half of the 724 participants (244, 44.6%) recognized more than
a third of the 15 genetic-specific words. Ten genetic words were not
recognized as real by more than half of the participants (Table S3).

3.4 | GeneLiFT validity

26 (4)

We observed significantly lower GeneLiFT scores for persons with

Low

210 (29)

acy (all p-value < 10–4; Figure 2) supporting its construct validity.

Other

514 (71)

Not sure
Genetic literacy

a

Including 64 White, 16 Black, 4 American Indian or Alaskan Native, 2
Native Hawaiian or other Pacific Islander, and 1 Asian.

b

Including 2 American Indian or Alaskan Native and 1 Native Hawaiian
or other Pacific Islander.

lower education levels, lower health literacy, and lower numerParticipants who self-reported low genetic knowledge and those
with low genetic knowledge based on the four questions had significantly lower GeneLiFT scores (both p-value < 10–15, Figure 2) supporting concurrent validity of GeneLiFT with other measures.

3.5 | Genetic literacy
average annual household income under $33,948 (Medicaid eligibility in New York State for a family of 4 in 2017, when the study took

Of the 724 participants, 210 (29%) were categorized as having low

place). Most participants (588, 81%) had never met a geneticist or a

genetic literacy based on their GeneLiFT score (score ≤ 23 points),

genetic counselor.

with 196 (93%) recognizing fewer than 8 of 15 (≤50%) genetic-

Overall, the characteristics of those who completed the survey

specific words (Figure 1). The remaining 7% were penalized for en-

were similar to the total sample (Table S4), but a lower proportion

dorsing non-words. Of those with low genetic literacy, 86% did not

of individuals reporting a disease at time of enrollment completed

recognize ‘actionability,’ 76% did not recognize ‘pathogenicity,’ and

the survey (p-value = 2 × 10−5), and individuals enrolled through

97% did not recognize ‘penetrance’ as real words. Low genetic lit-

flyers or the staff network were more likely to answer the survey

eracy was significantly associated with genetic knowledge (based on

−4

(p-value = 2 × 10 ).

3.2 | Genetic knowledge

the dichotomized variable), independently of education, health literacy, numeracy (p-value = 5.3 × 10−6, Table 2). Health literacy was not
associated with genetic knowledge. After adjustments to the other
covariates, education was still associated with genetic knowledge
(p-value = 0.01, Table 2).

Of the 724 participants, 162 (22%) did not know that ‘some people
with a genetic mutation may not develop the genetic condition’, 110
(15%) did not know that ‘genetic testing may find genetic mutations
that increase a person's chance of developing a genetic condition’,

3.6 | Association of genetic literacy with
satisfaction with the informed consent process

104 (14%) did not know that ‘healthy parents can have a child with
a genetic condition’, and 67 (9%) did not know that ‘genetic test-

Only 60 (4%) participants indicated that they were ‘slightly or not

ing may find genetic variants that a person can pass on to his/her

satisfied at all’ with the informed consent process. Low genetic
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F I G U R E 1 Distribution of the GeneLiFT score. Black represents those who recognized less than 50% of the genetic-specific words, dark
grey represents those who recognized 50%–75% of the genetic-specific words, and light grey those who recognized more than 75% of the
genetic-specific words. Low genetic literacy was assigned to those with a score of 23 points or less. The mean score in this cohort was 28.3
points and the median was 28 points
7.8x10-13

20.2

28.8

3.4x10-16

29.7

Health Literacy

29.8

21.3

Numeracy
Low

2.8x10-18

29.8

22.5

19.9

Educaon

1.5x10-11

4.4x10-5

29.3

20.0

Self-reported Genec
Knowledge

Dichomized Genec
Knowledge

F I G U R E 2 Validation of GeneLiFT.
Difference between the GeneLiFT score
of participants with different levels of
education, health literacy, numeracy,
self-reported genetic literacy, and genetic
knowledge. The mean GeneLiFT scores
are reported above each bar and the
differences are significant (independent
t-test, p-values are shown on the top of
the bars)

Other

Low genetic knowledge score
Unadjusted OR
(95% CI)

p value

Adjusted OR
(95% CI)

p value

4.4 (2.9–6.7)

2.8 × 10 −12

2.9 (1.8–4.7)

5.3 × 10 −6

High school or less

2.0 (1.1–3.6)

0.02

2.2 (1.2–4.1)

0.01

College or more

0.3 (0.2–0.5)

2.3 × 10 −6

0.5 (0.3–0.8)

0.01

0.6 (0.3–1.3)

0.21

1.4 (0.6–3.2)

0.45

2.4 (1.6–3.8)

9.1 × 10 −5

1.5 (0.9–2.4)

0.13

TA B L E 2 Association of GeneLiFT
scores with genetic knowledge score,
controlling for education, health literacy,
and numeracy

GeneLiFT
Low
Education

a

Health literacy
Low
Numeracy
Low

Abbreviations: 95% CI, 95% Confidence Interval; OR, Odds Ratio. Adjusted OR: adjusted to all
other variables in the table.
a

Reference group: Some college, associate degree, or other post-high school training (vocational,
technical, etc…).

literacy was associated with lower satisfaction with the informed
consent process (OR, 2.6; 95% CI, 1.2–5.3; p-value = 0.01).

3.7 | Association of genetic literacy with
comprehension of the limitations of genetic testing

Additional covariates tested including age, gender, education, selfreported genetic knowledge, recruitment method, previous en-

The limitations of genomic medicine were poorly understood by 381

counter with a genetic counselor, and Medicaid coverage were not

of the 724 participants (53%) based on at least one of their answers

statistically significant.

to the four related questions. Low genetic literacy was significantly
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associated with higher likelihood of believing that ‘all genetic con-

comparable to previous reports about low genetic knowledge in the

ditions can be prevented or cured’ (OR, 5.6; 95% CI, 3.8–8.2; p-

population (Chapman et al., 2019). Not understanding potential ge-

value = 6 × 10−19, Table 3), that ‘if nothing is identified, it means a

netic risk in the absence of personal or familial history of disease (i.e.,

“clean bill of health” (no risk for genetic diseases)’ (OR, 4.4; 95% CI

‘Healthy parents can have a child with a genetic condition’, 14%) was

3.1–6.2; p-value = 3 × 10−16), that ‘scientists know how all variants in

particularly concerning as all participants had completed informed

genes will affect a person's chance of developing a genetic condition’

consent for preventive genetic screening for adult-onset genetic dis-

(OR, 4.1; 95% CI, 2.6–6.4; p-value = 5 × 10−10), and that ‘the exact

orders, all of which have incomplete penetrance and/or can occur de

chance of developing a genetic condition can be determined through

novo. Despite explanations regarding the panel of genes tested and

genetic testing’ (OR, 3.4; 95% CI, 2.4–4.8; p-value = 8 × 10−13). Low

their variable penetrance, many participants believed in the determin-

genetic literacy was associated with those misconceptions indepen-

istic impact of genetic mutations and did not understand that ‘some

dently of low genetic knowledge (all p-values < 10–8, Table 3), and

people with a genetic mutation may not develop the genetic condition’

independently of other potential confounding variables, including

(22%). It was also worrisome that some participants did not under-

education, health literacy, numeracy, age, gender, Medicaid coverage,

stand that the test may identify genetic risk (i.e., ‘Genetic testing may

generation living in the United States, and genetic knowledge, self-

find genetic mutations that increase a person's chance of developing

reported genetic knowledge, recruitment method, and previous en-

a genetic condition’, 9%). As genetic results should lead to cascade

counter with a genetic counselor (all p-values < 0.001, Tables S5–S8).

screening, it was also disquieting that the concept of heritability was
not understood by all (i.e., ‘Genetic testing may find genetic variants
that a person can pass on to his/her children’, 15%). To validate our

4 | D I S CU S S I O N

novel genetic literacy test, we demonstrated that low genetic literacy as measured by GeneLiFT was significantly associated with lower

We report here a novel, rapid, self-administered genetic literacy

comprehension of those genetic concepts. As low genetic knowledge

test, GeneLiFT. This test was developed and validated on a sam-

is one of the factors impeding the ability to grasp genetic-based risk

ple of research participants who consented to undergo genetic

and implement necessary behavioral changes (Haga et al., 2013),

screening with return of results. The heterogeneous cohort uti-

those participants are at high risk to have difficulties in understanding

lized to validate GeneLiFT, and in particular the low number of

the implications of their genetic results. Although studies have not

participants with prior interactions with genetic counseling, em-

conclusively shown a negative psychological impact of genetic test re-

phasizes its applicability to the general population. Importantly,

sults on patients with a genetic risk (Oliveri et al., 2018; Wade, 2019),

we identified an association between low genetic literacy and

those studies may be biased by a high level of genetic literacy amongst

reduced comprehension of the limitations of the genetic test to

those asked or by previously known high-risk for genetic disease.

which these participants consented.

GeneLiFT can help analyze the association between genetic literacy

Demonstrating a high prevalence of poor genetic knowledge in

and psychological impact of genetic testing.

participants who just underwent genetic screening, more than a third

Supporting the difference between general and genetic liter-

of the cohort did not understand all the genetic concepts tested,

acies, we observed limited correlation between the recognition of

TA B L E 3

Association between genetic literacy and probability of misunderstanding the limitations of genetic testing
Individuals who did
not answer correctly

Genetic literacya

Dichotomized 5-Likert scale questions

No. (%)

Unadjusted OR
(95% CI)

‘If nothing is identified, it means a "clean bill of
health" (no risk for genetic diseases)’

191 (26)

4.4
(3.1–6.2)

3.1 × 10 −16

3.3
(2.3–4.9)

2.9 × 10 −10

‘The exact chance of developing a genetic condition
can be determined through genetic testing’

319 (44)

3.4
(2.4–4.8)

7.8 × 10 −13

2.8
(2.0–4.1)

5.0 × 10 −9

‘All genetic conditions can be prevented or cured’

155 (21)

5.6
(3.8–8.2)

6.3 × 10 −19

4.4
(2.9–6.5)

2.7 × 10 −13

‘Scientists know how all variants in genes will
affect a person's chance of developing a genetic
condition’

96 (13)

4.1
(2.6–6.4)

4.6 × 10 −10

4.2
(2.7–6.7)

8.2 × 10 −10

p value

Adjusted OR
(95% CI)b

p value

Note: Odds Ratio 95% Confidence Interval Lower and Upper (OR 95% CI L or U). (%) Proportion from the 724 participant. The sentences are
presented as provided to the participants, including underlines.
a

GeneLiFT-based low genetic literacy as a predictor to give the wrong answer.

b

GeneLiFT-based low genetic literacy as a predictor to give the wrong answer, adjusted to genetic knowledge. Adjusted odds ratio to additional
variables can be found in Tables S4–S7.
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genetic-specific words and genetic-related words. We showed that

GeneLiFT also has the advantage of rapidly flagging the words

GeneLiFT's association with genetic knowledge is independent of

the participant, client, or patient does not recognize. Those words

health literacy, numeracy and education, and also explains most of the

may be part of the written information provided to the individual as

unadjusted associations between genetic knowledge and education

part of research, clinical care, or direct-to-consumer genetic testing.

or numeracy. These results emphasize the importance of measuring

In clinical care, asking patients to take GeneLiFT prior to a counsel-

genetic literacy as opposed to education, health literacy, or numer-

ing session may help providers tailor the conversation to the clients.

acy when analyzing the impact of an intervention on genetic knowl-

If some of those words are present in the clinical report, the provider

edge. Thus, as recommended by the CADRe Workgroup (Ormond

may want to spend more time defining them or simply avoid them

et al., 2019), it is crucial to account for genetic literacy level prior to

all together. For instance, our study revealed that only 33% of par-

genetic testing, to ensure that proper consent is obtained from partici-

ticipants recognized the word ‘actionability’ as real, highlighting the

pants undergoing clinical testing and participating in genomic research.

relevance of a recent paper on the importance of defining the word

In accord with observations in other fields where utilization

‘actionable’ to patients and clinicians (Gornick et al., 2019). On the

of jargon decreases satisfaction (Pitt & Hendrickson, 2020; Roter

other hand, some jargon may be avoided altogether, as words like

et al., 2007), low genetic literacy was associated with lower satisfaction

‘penetrance’ and ‘pathogenicity’ were recognized by less than 50%

with the informed consent process. The uniform format of informed

of participants. Such tailoring is imperative, as the utilization of med-

consent in this study and the complexity of the information provided

ical jargon can negatively impact the session by inhibiting dialogue

may have frustrated those with low genetic literacy. On the other hand,

and reducing patients' satisfaction (Pitt & Hendrickson, 2020; Roter

the overwhelming satisfaction with the informed consent process may

et al., 2007). Even though universal utilization of plain language may

be explained by completion bias, as only a subset of the participants

be the most strategic solution to address the genetic literacy chal-

completed the survey. Overall, these results suggest that genetic liter-

lenge (Stableford & Mettger, 2007), plain language communication

acy is a potential confounding variable for user satisfaction. GeneLiFT

is not a part of standard education for health care providers and

can easily be incorporated in any survey on users' satisfaction when

can be harder to achieve than targeted recommendations (Warde

evaluating novel formats for the informed consent process. Analyzing a

et al., 2018). Nevertheless, the written communication, including the

mixed population of individuals with low and higher genetic literacy may

informed consent, should strive to use plain language and carefully

prevent the identification of preferred educational tools. Stratification

define terms deemed essential for patients' or participants' under-

may reveal that some tools are superior for individuals with low genetic

standing. Future studies are needed to assess the impact of genetic

literacy, while others are preferred by those with higher genetic liter-

literacy testing prior to genetic counseling.

acy. Implementation of the GeneLiFT prior to online education could
personalize the tool presented to the user.

Importantly, GeneLiFT has the advantage of being self-administered and amenable to use in many contexts. Interestingly, the

As hypothesized, low genetic literacy was also associated with

proportion of participants identified as having low genetic literacy

poorer understanding of genetic testing limitations. Misjudgment

was similar to the proportion reported using the REAL-G test on an-

was highly associated with low genetic literacy. A large propor-

other population (Erby et al., 2008). As genetic testing is increasingly

tion of participants overestimated the capabilities of science.

offered as part of clinical care, research and through direct-to-con-

Disappointingly, more than a quarter of participants did not under-

sumer companies, new communication formats and new models

stand that a negative result would not provide them with a ‘clean

of informed consent, including tele-genetics and e-consent, have

bill of health’, despite the emphasis on this during the informed

been introduced (Biesecker et al., 2018; Cadigan et al., 2017; Green

consent process. This underlines the importance of developing

et al., 2004; Sanderson, Suckiel, et al., 2016; Vrečar et al., 2017). These

educational tools for the pre-test consent/counseling process to

formats have become more prevalent given the current shortage in

ensure that all participants, patients, and customers understand

genetic counselors (Cichon & Feldman, 2014; Stephenson, 1997).

the limitations of a ‘negative’ result. As previously shown in co-

Self-administered education tools are being developed to enhance

horts with relatively high socio-economic backgrounds (Bernhardt

individual understanding of genetic testing (Cadigan et al., 2017;

et al., 2015), the limitations of genomic medicine were poorly

McBride et al., 2009). As these new approaches are introduced into

understood even after adjusting for education level, highlight-

medicine and through direct-to-consumer companies, little is known

ing the risk associated with socio-economic based predictions.

about the factors impacting their efficacy (Biesecker et al., 2018;

Surprisingly, the associations between low genetic literacy and

Green et al., 2004). Implementation of the GeneLiFT prior to online

misconceptions regarding genetic testing were not completely

consent and education could personalize the tool presented to the

explained by low genetic knowledge. Our results reinforced the

user.

importance of measuring genetic literacy as an independent variable associated with understanding of genetic test limitations
(Kaphingst et al., 2016; Lea et al., 2011; Syurina et al., 2011). As

4.1 | Study limitations

low genetic literacy was significantly associated with lower understanding of test limitations, GeneLiFT could help stratify cohorts

This study should be interpreted in the context of its limitations.

to test such educational tools.

First, although the sample was heterogeneous, it only included
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participants who consented to a genetic screening study and com-

A. Fasel helped with the analysis of the data. Julia Wynn, Wendy

pleted the survey. It was not designed as a representative study. The

K. Chung, and Paul Appelbaum helped with the design of the

low rate of patients approached who declined participation reduces

questionnaire and critically reviewed the manuscript. Debanjana

the bias associated with the consent to undergo genetic screening

Chatterjee helped with participants' enrollment, study design, and

(Milo Rasouly et al., 2019); however, the reasons for not completing

critically reviewed the manuscript. Suzanne Bakken helped with the

the survey could be associated with genetic literacy, as participants

statistical analysis, GeneLiFT validation, and critically reviewed the

with low health literacy are underrepresented in this cohort. For in-

manuscript. Chunhua Weng and Ali G. Gharavi supervised the work,

stance, healthy individuals who actively volunteered for the study

provided funding, and critically reviewed the manuscript.

were more likely to fill out the survey, potentially because of the

Author Hila Milo Rasouly confirms that she has full access to

financial incentive or because of higher genetic literacy. Therefore,

all the data in the study and takes responsibility for the integrity of

the proportion of individuals with low genetic literacy in the over-

the data and the accuracy of the data analysis. All of the authors

all patient population may be significantly higher. The cohort also

gave final approval of this version to be published and agree to be

underrepresents participants on Medicaid, those under the pov-

accountable for all aspects of the work in ensuring that questions

erty line and individuals from minorities like Native Americans, who

related to the accuracy or integrity of any part of the work are ap-

may also experience lower genetic literacy. Secondly, the analysis

propriately investigated and resolved.

of the association of genetic literacy with expectations from genetic testing was performed on the same sample used to validate

AC K N OW L E D G E M E N T S

GeneLiFT. Therefore, replication studies using diverse populations

We would like to thank all the participants in the study and the clinical

and in different settings are needed to assess the robustness of the

research coordinators who enrolled them. We also thank Dr Victoria

findings. As the GeneLiFT threshold for low genetic literacy was set

Kolupaeva for her comments on the manuscript. The research was

independently of the cohort, we expect to observe similar results

supported by the eMERGE (grant U01HG008680), an investigator

in other cohorts; however, future studies may help identify a more

award from the Renal Research Institute and the Columbia Precision

sensitive and specific threshold. Utilization of GeneLiFT as a con-

Medicine Initiative.

tinuous co-variate could also be tested. In this study, GeneLiFT was
placed at the end of a survey that contained some of the real words

C O M P L I A N C E W I T H E T H I C A L S TA N DA R D S

tested. Exposure to those words may have inflated the numbers of
real words recognized and again reduced the number of participants

C O N FL I C T O F I N T E R E S T

identified as having low genetic literacy. Replication studies should

Author Hila Milo Rasouly, Author Nicole Cuneo, Author Maddalena

administer GeneLiFT at different time points to test the impact of

Marasa, Author Natalia DeMaria, Author Debanjana Chatterjee,

exposure to those technical terms. Finally, GeneLiFT tests genetic

Author Jacqueline J. Thompson, Author David A. Fasel, Author Julia

literacy and not genetic knowledge; it should not therefore replace

Wynn, Author Wendy K. Chung, Author Paul Appelbaum, Author

testing of genetic knowledge when appropriate.

Chunhua Weng, Author Suzanne Bakken, and Author Ali G. Gharavi
declare that they have no conflict of interest.

4.2 | Future research and practice implications

H U M A N S T U D I E S A N D I N FO R M E D C O N S E N T
Approval to conduct this human subjects research was obtained

To our knowledge, this study represents the first evidence of an as-

from the Columbia University Institutional Review Board (IRB-

sociation between genetic literacy and expectations from genetic

AAAQ9205). All procedures followed were in accordance with

testing in a cohort undergoing genetic testing with return of results.

the ethical standards of the responsible committee on human ex-

As GeneLiFT is a rapid, self-administered test that can be scored au-

perimentation (institutional and national) and with the Helsinki

tomatically in real time, it could be incorporated in different settings,

Declaration of 1975, as revised in 2000. Informed consent was ob-

including clinical care, research, and online tools. Incorporation of

tained from all participants before being included in the study.

GeneLiFT may enable future studies to develop evidence-based
guidelines to personalize formats of education, informed consent,

ANIMAL STUDIES

and return of results.

No non-human animal studies were carried out by the authors for
this article.

AU T H O R C O N T R I B U T I O N S
Hila Milo Rasouly designed the study, collected, analyzed and inter-

DATA S H A R I N G A N D DATA AC C E S S I B I L I T Y

preted the data, and wrote the manuscript. Maddalena Marasa was

The GeneLiFT test copyright, authored by Drs Rasouly and

responsible of the participants enrollment, helped with the ques-

Gharavi, is owned by Columbia University. The data that support

tionnaire design and the revision of the manuscript. Nicole Cuneo

the findings of this study are available on request from the corre-

helped with the development of GeneLiFT and the revision of the

sponding author. The data are not publicly available due to privacy

manuscript. Jacqueline J. Thompson, Natalia DeMaria, and David

restrictions.
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