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Abstract
Demographic and clinical information from de-identified individuals utilizing a single DNA banking service over a 22-year 
period was assessed using descriptive statistics. The socioeconomic characteristics of the study population were estimated 
using a zip code–level analysis of US Census data and compared to national US Metrics for 2016. Samples from 4,874 indi-
viduals were deposited to a single commercial DNA bank from 1997 to 2019. Samples originated from 31 countries across 6 
continents, with the majority of samples originating from the United States (US; 97.37%; n = 4,746). A higher proportion of 
individuals identifying as females (55.58%; n = 2,709) utilized the service compared to males (41.18%; n = 2,007). The age 
distribution was bimodal, peaking around 5 years of age and again around 65 years of age. Whole blood was the preferred 
specimen for submission. Sample deposits peaked in 2015 with 559 annual deposits. Clinical genetic counselors were the 
most common referral source (41.73%; n = 2,034). Individuals utilizing DNA banking services are estimated to reside in 
wealthier, more educated and less racially diverse zip codes compared to national metrics. Although direct to consumer DNA 
banking is being utilized by the general public and clinical genetic counselors in the US, it is not widespread.
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Introduction

DNA banking describes the long-term storage and preserva-
tion of genetic material from an individual for future clinical 
or research testing. This service is typically voluntary and 
performed at the request of a consented individual or their 
legal representative(s) for a fee. Unlike clinical and research 
biorepositories, the individual or their legal representative 
has control over how, when, and why the genetic material is 
used. Comparably, biobanks for human subjects accept, pro-
cess, store, and distribute de-identified biological specimens 

and associated data for use in research and clinical settings 
with appropriate consent and oversight (De Souza and 
Greenspan. 2013). Typically, the participant may request 
specimen and record destruction, but cannot withdraw the 
information for personal use, and will not receive individual 
results generated by research. Draft societal guidelines for 
DNA banking were first published in 1989 in response to 
emerging clinical molecular test availability for heritable 
disorders (Yates et al. 1989). At a time when molecular 
testing was in its infancy, preservation of genetic material 
was advocated in the hope that at some point testing may 
become available for molecular confirmation of the medical 
diagnosis, presymptomatic diagnosis, carrier detection, and 
prenatal diagnosis.

DNA banking may be performed at any point in one’s 
life, but is frequently utilized in the perimortem and post-
mortem periods, especially in the context of a personal or 
family history of a heritable condition (Quillin et al. 2010, 
2018; Cléophat et al. 2020). Banking may be the last chance 
to retain a DNA sample for future interpretation when cur-
rent testing is unclear, not readily available or accessible, 
or is not desired at the time. For severe adult onset neuro-
logical disorders, some individuals may not want to know 
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their molecular status, but choose to bequest testing rights to 
extended family members (Smith et al. 2014). In cases where 
genetic testing is unavailable or inconclusive, DNA banking 
ensures sufficient relevant genetic material is available for 
testing as technologies advance, become more affordable 
and accessible (Overwater et al 2014).

For certain high-risk professions, DNA banking may be 
a requirement of employment. For instance, the US mili-
tary maintains a biobank of DNA reference specimens, the 
Armed Services Repository of Specimen Samples for the 
Identification of Remains (AFRSSIR), for all active duty and 
reserve service members (Mehlman and Li. 2014; De Castro 
et al. 2016). Every member of the military is required to sub-
mit a blood sample upon enlistment, which can be retained 
for up to 50 years. Samples may be destroyed at the request 
of the depositor after the conclusion of military service (De 
Castro et al. 2016).

As with all biobanks for human subjects, there are poten-
tial ethical and legal considerations surrounding usage of 
commercial DNA banks (Coppola et al. 2019). This includes 
informed consent, specimen ownership, specimen and data 
storage, duration of storage, and ensuring dignity, privacy, 
and confidentiality. DNA banks are narrower in scope 
than traditional biobanks, as the individual or their legal 
representative has complete ownership over the biological 
specimen. After providing appropriate informed consent, 
the owner may request for the specimen to be withdrawn, 
transferred, tested, or destroyed at any point in time. It is 
important for DNA banks to consider specimen ownership 
in a broader context as specimens may be received from 
deceased individuals (postmortem) or from individuals 
whose life expectancy is limited or whose capacity to pro-
vide informed consent is limited. In such situations, owner-
ship of the specimen may be appointed to a designated legal 
representative.

Although the utility of DNA banking has been described 
in the military setting, palliative care setting, isolated cases 
of rare disease, and in professional societal guidelines, to 
date, no studies exist of utilization in general populations. 
Here, we describe a cohort that has contributed to a single 
commercial DNA banking service over a 22-year period and 
explore general socioeconomic trends in utilization.

Materials and methods

This cross-sectional, descriptive study included individu-
als who utilized a single commercial DNA service (Preven-
tionGenetics, Marshfield, WI, USA) between January 1997 
and December 2019. The DNA banking service required an 
individual or their legal representative to complete a DNA 
banking requisition form, pay a service fee, and arrange 
specimen collection and transport to the facility for secure 

DNA storage over a period of at least 50 years from the date 
of deposit. All data was stored in a secure database, which 
was accessed in accordance with Institutional Review Board 
approval for this study. All individuals or their legal rep-
resentatives provided consent for DNA banking. No infor-
mation was obtained from the individual or provider for 
research purposes. All data was de-identified prior to com-
mencement of this study. Cohort demographics and clinical 
information were summarized using descriptive statistics 
based on participant- or representative-completed requisi-
tion forms. This included information on year of deposit, 
age at deposit, sex, specimen type, source of referral for the 
service, and number of withdrawals. For participants resid-
ing in the US at the time of banking, location was limited to 
their state and zip code. For participants residing in a US ter-
ritory or other country at the time of banking, location was 
limited to the country of origin. All participant-related data 
was de-identified for analysis. All analyses were conducted 
using R version 3.5.3. Graphics were created using the R 
packages US Map and ggplot2.

To broadly compare the socioeconomic characteristics 
of the study population to the overall adult US population, 
5-digit zip code–level US Census data for economic status, 
race, ethnicity, and educational level were estimated for each 
study participant. Estimates for the DNA banking cohort 
were compared to the overall national metrics. Participants 
from US territories or non-US countries were excluded from 
this analysis.

The analysis was limited to the 2016 American Com-
munity Survey (ACS) 5-year estimates, which represents 
60 months of data collected between 2012 and 2016 (data.
census.gov, accessed July 2020). ACS 5-year datasets are 
released annually, have large sample sizes, and provide data 
for all areas of the US regardless of population size (census.
gov, accessed July 2020). During this ASC 5-year interval, 
50.19% (2,378/4,738) of the DNA banking cohort with valid 
US zip codes banked DNA. A total of 23.17% (N = 1,098) 
samples with valid US zip codes were banked from 1997 to 
2011, and 26.64% (n = 1,262) were banked between 2017 
and 2019. The 2012 to 2016 interval represents the midpoint 
for service volumes.

Results

Cohort demographics

Between 1997 and 2019, DNA banking was performed for 
4,874 individuals. Overall, 55.58% (n = 2,709) of individu-
als identified as female, 41.18% (n = 2,007) of individuals 
identified as male, and 3.24% (n = 158) did not disclose sex. 
Deposits for fetal-derived samples comprised 6.50% of the 
cohort (n = 317). Of these samples, 22.08% (n = 70) were 
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reported as female and 29.34% (n = 93) were reported as 
male. However, for the majority of fetal-derived samples 
(48.58%; n = 154), sex was not specified. Excluding known 
fetal-derived samples, 9.90% (n = 451/4,557) of individuals 
were confirmed as deceased at the time of deposit.

Samples originated from 31 countries across 6 continents 
(Fig. 1). However, the majority of samples originated from 
the US (97.37%; n = 4,746). Samples were received from all 
of the 50 US states. Wisconsin (14.38%; n = 701), California 
(11.49%; n = 560), and Minnesota (7.22%; n = 352) were the 
largest single states providing deposits (Fig. 1).

The vast majority of participants submitted a single speci-
men type for DNA banking (96.68%; n = 4,557; Fig. 2a). 
However, 3.32% (n = 162) of participants submitted two 
or more specimen types. A total of 5,403 specimens were 
submitted for DNA banking. Whole blood was the most 
frequently submitted specimen type (83.11%; n = 4,191). 
The second most frequent specimen type was extracted 
DNA (6.62%; n = 334), followed by biopsied tissue (4.38%; 
n = 221), cultured cells (3.63%; n = 183), and saliva or buc-
cal swabs (2.20%; n = 111). Biopsied tissue sources were 
diverse and included liver, cardiac tissue, skin, skeletal mus-
cle, brain, placenta, and products of conception. A whole 
blood specimen was provided for every DNA banking partic-
ipant (sometimes with additional specimen types) between 
1997 and 2007 (Fig. 2b). However, the primary specimen 
type submitted increased in diversity between 2008 and 2019 
(Fig. 2b).

The median age of the cohort was 59.33 years (n = 4,523; 
range = 0–106.47  years). However, the median age for 
females (61.74 years; range = 0–104.11) was higher than 
that for males (54.53 years; range = 0–106.47). The cohort 
age had a bimodal distribution, peaking at 0 to 5 year of 
age and again at 60 to 70 years of age (Fig. 3). Males were 
the majority for the fetal, 0 to 20, and 20 to 25 years of age 
groupings. Females were the majority for the 20 to 25, and 
30 to 100 years of age groupings.

Sample deposits peaked in 2015 with 559 deposits, after 
10 years of steady growth (Fig. 4a). Since 2015, deposits 
have ranged from 421 to 527 samples per year (Fig. 4a). 
During the first decade of the banking service, samples were 
predominantly received from females. In the most recent 
decade of this service, the numbers of male samples have 
increased, as have fetal-derived samples.

During 2013, the DNA banking requisition form was 
updated to include questions regarding the source of referral 
for this service. As a result, source of referral is only avail-
able for 67.71% (n = 3,300) depositors (Table 1). Clinical 
genetic counselors were the most frequent source of referral 
(41.73%; n = 2,034). Other health care providers accounted 
for 8.86% (n = 432) of referrals. Referral by a relative or 
friend occurred for 7.16% (n = 349) of cases. Organiza-
tions such as the Sudden Arrhythmia Death Syndromes 

foundation and Sudden Unexplained Death in Childhood 
foundation accounted for 4.72% (n = 230) of referrals. The 
other category includes diverse sources such as autopsy 
facilities, funeral homes, conferences, health fairs, and the 
commercial laboratory’s website, and accounts for 3.75% 
(n = 183) of referrals for the service.

One or more DNA withdrawals for clinical testing, 
research testing, or other purpose has been made for 9.93% 
(n = 484) of the cohort (Fig. 4b). Of these, 90.50% (n = 438) 
had a single withdrawal, 8.06% had 2 withdrawals, and 
1.45% (n = 7) had 3 withdrawals. Currently, samples banked 
in 2017 have the highest volume of withdrawals (N = 83).

Socioeconomic trends in utilization

A valid 5-digit US zip code was available for 97.21% 
(n = 4,738) of depositors. Socioeconomic features were esti-
mated for each of these individuals based on corresponding 
2016 ACS 5-year estimate values for their reported 5-digit 
US zip code. These values were summarized across the DNA 
banking cohort and compared to national metrics (Table 2).

Overall, individuals utilizing this DNA banking service 
are estimated to reside in zip codes with higher incomes and 
higher levels of educational attainments than the national 
metrics. These individuals are also estimated to reside in zip 
codes with lower rates of individuals below the poverty line, 
lower levels of food stamps or the supplemental nutrition 
assistance program (SNAP) usage, and less reliance on Med-
icaid or other means-tested public coverage than the national 
metrics. In terms of race and ethnicity, individuals utilizing 
the DNA banking service are estimated to reside in zip codes 
with a larger percent of their population identifying as white, 
and a lower percent identifying as African American or His-
panic or Latino compared to the national metrics.

As the commercial laboratory offering the DNA bank-
ing service is based in the state of Wisconsin and markets 
locally, the socioeconomic trend analysis was repeated 
excluding samples originating from this state (n = 701). 
Trends in income, socioeconomic features, Hispanic or 
Latino ancestry, and general race and ethnicity were similar 
between the entire DNA banking cohort and sub-cohort with 
the state of Wisconsin excluded (Supplementary Table1).

Discussion

Historically, a human biobank or biorepository describes a 
professional collection of preserved, anonymized biological 
specimens from consented individuals, which may be linked 
to medical and epidemiological data (Henderson et al. 2013; 
Paskal et al. 2018). Once the specimen and associated data 
are collected and stored, the donor typically has limited con-
trol over access and utilization, but may request destruction. 
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Commercial DNA banks are a distinct and non-traditional 
type of biorepository that provides this service directly to 
the consumer. This study investigates a single commercial 

DNA banking service that has acquired samples for 4,874 
individuals over a 22-year period.
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Fig. 1  Geographical distribution of DNA banking samples. a DNA 
banking samples have been received from 31 countries. DNA bank-
ing samples have been received from all US states. b A heat map of 
sample origin within the US. The darker the state color, the larger 
the total number of samples received from that state. A total of 4,746 

(97.38%) samples originated from the US (zip codes were available 
for 4,738 of these samples). Samples were received from all 50 states 
(range 0.04 to 14.38%). Of the non-US samples, 81 (1.66%) were of 
international origin and 47 (0.96%) did not specify origin
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Overall, participation rates were higher for female indi-
viduals particularly as age increased. This may be a reflec-
tion of current societal trends where females are the pri-
mary health care decision maker for their families in the 
US (Matoff-Stepp et al. 2014). Higher volumes of male 
samples were observed in age ranges corresponding to pre-
natal, neonatal, infancy, and early childhood periods. This 
is consistent with trends in pediatric mortality in the US 
and may partially reflect male susceptibility to X-linked 
recessive disorders (Balsara et al. 2013). The number of 

samples deposited for fetal-derived specimens is not sur-
prising given current estimates of monogenic disease and 
fetal loss (Smith et al. 2015). For individuals referred to 
the service by health care providers, the volume of fetal 
and postmortem specimens in our cohort may also reflect 
the National Association of Medical Examiners (NAME) 
recommendation for retaining appropriate postmortem 
samples for DNA banking and genetic testing (Middleton 
et al. 2013). Preservation of DNA is particularly impor-
tant for cases with a suspected genetic etiology, as well 

Fig. 2  Biological specimen source. a A total of 5,043 Specimen 
types were provided for 4,874 individuals. b Whole blood was the 
most common specimen type provided DNA banking (83.72%; 
n = 4,222/5,043). From 1997 to 2007, a whole blood specimen was 

provided for every DNA banking request, sometimes with additional 
specimen types. Between 2008 and 2019, whole blood submissions 
varied from 72.85 to 98.54% per year
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as sudden and/or unexplained deaths where a cause is not 
clear at autopsy. Postmortem genetic testing has the poten-
tial to identify cause of death and identify relatives at risk 
for a genetic disorder or sudden death. In cases of recurrent 
fetal loss, retaining perimortem and postmortem DNA may 
aide future reproductive planning. Furthermore, in cases 
where individuals decline traditional autopsy due to per-
sonal beliefs, DNA banking may offer an alternate means 
to elucidate cause of death.

In this study, whole blood was the preferred specimen 
type submitted for genomic DNA extraction and banking, 
with the majority of individuals submitting a single speci-
men type (96.68%) at a single time point. Although genomic 
DNA is currently the preferred specimen type for most clini-
cal and research-based molecular tests, preserving additional 
tissue types and biomolecules at multiple time points could 
enable future identification and interpretation of germline 
and somatic mosaicism, RNA analysis, and even facilitate 
epigenetic testing (Spinner and Conlin. 2014; Cavalli and 
Heard. 2019; Marco-Puche et al. 2019). Preservation of 
additional biomolecules may also enable molecular test-
ing for infectious agents such as severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) RNA (Chan et al. 
2020). Such approaches have proved invaluable for DNA-
based testing of dried blood spots from newborns to confirm 
suspected congenital cytomegalovirus infection, and may 
thus also prove useful for RNA virus detection provided 
RNA is preserved (Koontz et al 2019).

Clinical genetic testing and DNA banking have existed 
in the US for over 30 years (Yates et al. 1989; Amos and 

Patnaik. 2002). Although the DNA bank in this study has 
operated for over 22 years, substantial growth in the service 
did not occur until after 2005. This trend in growth likely 
reflects the rapid expansion of the field of human genom-
ics that was catalyzed by the completion of the Human 
Genome Project (HGP) (Collins et al. 2003). Since com-
pletion of the HGP, clinical genetic testing and direct to 
consumer genetic testing volumes in the US have rapidly 
grown due to increased access, health spending, marketing, 
and media coverage, as well as technological advancements 
and decreasing costs (Amos and Patnaik. 2002; Collins et al. 
2003; Lynch et al. 2011; Phillips et al. 2018).

The increase in DNA banking sample volume over time may 
also reflect the growth of the genetic counseling profession 
(Abacan et al. 2019). For individuals in this study providing a 
valid source of referral, 62.45% (n = 2,034/3,257) indicated they 
were referred by a clinical genetic counselor. By comparison, 
only 13.36% (n = 432/3,257) of individuals indicated referral by 
an alternate health care provider. The low rate of non-clinical 
genetic counselor health provider referrals may reflect a gap in 
medical practice. Prior studies suggest palliative oncologists 
do not feel qualified to recommend DNA banking and genetic 
counseling to patients (Quillin et al. 2011).

Individuals utilizing DNA banking services were esti-
mated to reside in US zip codes with a higher percent-
age of non-Hispanic white residents, higher incomes, and 
less indicators of poverty compared to national metrics. 
These findings are consistent with prior studies, which 
have reported lower utilization of clinical genetic services 
in racial and ethnic minorities within the US (Underhill 

Fig. 3  The study population distribution by age (5-year intervals) and sex
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Fig. 4  DNA banking deposits and withdrawals from 1997 to 2019. a The number of participants depositing specimens per year by sex. b The 
number of DNA withdrawals per year by sex

599Journal of Community Genetics (2021) 12:593–602



1 3

et al. 2016; Lynch et al. 2017; Carroll et al. 2020). Like-
wise, lack of insurance and/or reliance on Medicaid has 
also been reported to be a major barrier for genetic service 

access, particularly in racial and ethnic minorities in the 
US (Lynch et al. 2017; Rajpal et al. 2017). As the out-of-
pocket cost of DNA banking is typically lower than that 
of clinical genetic testing in the US, this service has the 
potential to be accessible to individuals from a broad range 
of socioeconomic and demographic backgrounds (Quillin 
et al. 2011). Although cost is a common barrier to genetic 
testing, lack of testing recommendation or lack of refer-
ral for genetic services is also cited as a major barrier to 
access, particularly in minority populations (Muller et al. 
2018; Cragun et al. 2019). In addition, lack of knowledge, 
lack of information, lack of communication, and distrust of 
the medical system may also limit participation in biobanks 
and utilization of precision medicine services among indi-
viduals from minority populations within the US (Heredia 
et al. 2017; Rosas et al. 2020). Interestingly, willingness to 
donate to research biobanks is correlated with increased 
knowledge and positive opinions of the service, which sug-
gests that providing public education be a key initiative to 
improve commercial DNA bank enrollments (Domaradzki 
and Pawlikowski. 2019). Collectively, promotion of genetic 
training programs for health professionals, community 
outreach programs for the general public, and partial or 
full coverage of DNA banking services by insurance may 
increase the accessibility and utilization of DNA banking 

Table 1  Referral  source for study population. For each referral 
source, the number of depositors and withdrawals per depositor is 
presented. The Not Assessed category indicates samples where the 
DNA banking requisition form did not request information regarding 
source of referral for the service (requisition forms completed prior 
to 2013)

Source of referral Number of 
depositors

Percent of 
depositors

Number of 
withdrawals 
per depositor

1 2 3

Clinical genetic counselor 2,034 41.73% 177 10 3
Health care provider 432 8.86% 27 3 0
Relative(s) and/or friend(s) 349 7.16% 17 2 0
Organization 230 4.72% 114 15 2
Other 183 3.75% 6 0 0
Multiple sources 29 0.59% 4 0 0
Not specified 43 0.88% 8 0 0
Not assessed 1,574 32.29% 85 9 2
Total 4,874 100% 438 39 7

Table 2  Zip code–based socioeconomic characteristics based on 
American community survey data. Approximate income, racial/ethnic 
background, and other socioeconomic features among study popu-
lation, using the zip code–based metrics reported in the American 

Community Survey (National Census). The study population’s mean, 
median, and standard deviation are presented, along with the national 
metrics reported in Census.gov reports for 2016

Socioeconomic characteristic Total US cohort (N = 4,738) National metrics 
(per Census 
report)

Average Median Standard deviation

Income ($) Average income (all households) 97,466.66 84,736.00 44,064.06 83,346.00
Median income (all households) 73,640.39 66,287.00 30,522.42 57,617.00

Socioeconomic features (%) At least high school graduate 91.63 93.10 6.31 87.50
At least bachelor’s degree 40.19 36.70 19.65 31.30
Below poverty level 10.73 9.00 7.34 14.00
Households with SNAP or food stamps 8.71 7.30 6.94 12.40
On Medicaid or other means-tested public cover-

age
9.71 8.40 6.92 15.60

Hispanic or Latino (%) Hispanic or Latino (of any race) 10.13 5.31 13.18 17.80
Not Hispanic or Latino 89.87 94.70 13.18 82.20

Race and ethnicity (%) White 80.61 85.55 17.00 61.10
African American 6.98 2.93 11.58 12.30
American Indian and Alaska Native 0.53 0.25 2.05 0.70
Asian 6.23 3.08 8.83 5.40
Native Hawaiian and other Pacific Islander 0.12 0.00 0.50 0.20
Some other race 2.69 1.05 4.75 0.20
Two or more races 2.84 2.45 2.13 2.40
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and other genomic services in the US (Quillin et al. 2011; 
Senier et al. 2019).

Limitations

This study has several limitations. Firstly, the study is 
observational and limited to a cohort for a single com-
mercial laboratory. Acceptable specimen types changed 
over the 22-year interval. For the first 14 years of the ser-
vice, the specimen type was almost exclusively restricted 
to whole blood. Although on rare instances, additional 
specimen types were banked along with whole blood. 
From 2011 onwards, the lab began formally accepting 
additional tissue types, as well as extracted DNA. This 
dataset is known to contain related individuals. The DNA 
banking service does not maintain genealogical informa-
tion for participants. Due to potential violation of random, 
independent sampling, data in this study was limited to 
descriptive statistics. Generalizations from this cohort may 
also be limited as there are known socioeconomic biases 
in access and knowledge of DNA banking and genetic test-
ing in the US (Quillin et al. 2018; Canedo et al. 2019). 
Lastly, the information presented in this study is based on 
zip codes as a proxy for demographic information, which 
was imputed based on ACS from a fixed 5-year interval. 
Although Census information provides a good overview of 
community characteristics, it is known to have limitations 
(McKenney and Bennett. 1994; Valles et al. 2015).

Conclusion

This study is the first to describe a cohort utilizing a direct 
to consumer DNA banking service in the US. This is being 
utilized by the general public and clinical genetic coun-
selors, but appears to be under-utilized by other health 
care providers. This study also suggests that there may 
be socioeconomic-related barriers to access that require 
further investigation.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12687- 021- 00533-4.

Acknowledgements The authors would like to thank Dr James Weber 
and the PreventionGenetics team for providing data for this study.

Author contribution Conceptualization: Joann N Bodurtha. Data cura-
tion: Hannah C Cox and Donna Dorshorst. Formal analysis: Joshua 
Prudent, Esthermarie Lopez, and Hannah C Cox. Supervision: Joann 
N Bodurtha. Writing—original draft: Joshua Prudent and Esthermarie 
Lopez. Writing—review and editing: All authors.

Funding Esthermarie Lopez was supported by the ACMG Founda-
tion’s 2018 Summer Genetics Scholars Program.

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Ethics approval This article does not contain any studies with human 
or animal subjects performed by any of the authors. The data included 
in this manuscript is secondary research. Information was recorded 
by the investigators in such a manner that the identity of the human 
subjects could not readily be ascertained directly or through identifiers 
linked to the subjects, the investigators did not contact the subjects, 
and the investigators will not re-identify subjects. The study proto-
col was approved by the Institutional Review Board at John Hopkins 
School of Medicine as non-human subjects research (IRB Number 
IRB00172603).

Conflict of interest Joshua Prudent, Esthermarie Lopez, and Joann N 
Bodurtha declare no conflicts of interest. Hannah C Cox was employed 
by PreventionGenetics LLC (Marshfield, WI) and received compensa-
tion in the form of salary at the time of this study. Donna Dorshorst 
was employed by PreventionGenetics LLC (Marshfield, WI) and re-
ceived compensation in the form of salary at the time of this study.

References

Abacan M, Alsubaie L, Barlow-Stewart K et al (2019) The global state 
of the genetic counseling profession. Eur J Hum Genet 27(2):183–
197. https:// doi. org/ 10. 1038/ s41431- 018- 0252-x

Amos J, Patnaik M (2002) Commercial molecular diagnostics in the 
U.S.: The Human Genome Project to the clinical laboratory. Hum 
Mutat 19(4):324–333. https:// doi. org/ 10. 1002/ humu. 10061

Balsara SL, Faerber JA, Spinner NB, Feudtner C (2013) Pediatric 
mortality in males versus females in the United States, 1999–
2008. Pediatrics 132(4):631–638. https:// doi. org/ 10. 1542/ peds. 
2013- 0339

Canedo JR, Miller ST, Myers HF, Sanderson M (2019) Racial and eth-
nic differences in knowledge and attitudes about genetic testing in 
the US: systematic review. J Genet Couns 28(3):587–601. https:// 
doi. org/ 10. 1002/ jgc4. 1078

Carroll NM, Blum-Barnett E, Madrid SD, Jonas C, Janes K, Alvarado 
M, Bedoy R, Paolino V, Aziz N, McGlynn EA, Burnett-Hartman 
AN (2020) Demographic differences in the utilization of clinical 
and direct-to-consumer genetic testing. J Genet Couns 29(4):634–
643. https:// doi. org/ 10. 1002/ jgc4. 1193

Cavalli G, Heard E (2019) Advances in epigenetics link genetics to the 
environment and disease. Nature 571(7766):489–499. https:// doi. 
org/ 10. 1038/ s41586- 019- 1411-0

Chan JF, Yip CC, To KK, Tang TH, Wong SC, Leung KH, Fung AY, 
Ng AC, Zou Z, Tsoi HW, Choi GK, Tam AR, Cheng VC, Chan 
KH, Tsang OT, Yuen KY (2020) Improved molecular diagno-
sis of COVID-19 by the novel, highly sensitive and specific 
COVID-19-RdRp/Hel real-time reverse transcription-PCR assay 
validated in vitro and with clinical specimens. J Clin Microbiol 
58(5):e00310-e320. https:// doi. org/ 10. 1128/ JCM. 00310- 20

Cléophat JE, Marin A, Pelletier S et al (2020) What do cancer patients’ 
relatives think about addressing cancer family history and 

601Journal of Community Genetics (2021) 12:593–602

https://doi.org/10.1007/s12687-021-00533-4
https://doi.org/10.1038/s41431-018-0252-x
https://doi.org/10.1002/humu.10061
https://doi.org/10.1542/peds.2013-0339
https://doi.org/10.1542/peds.2013-0339
https://doi.org/10.1002/jgc4.1078
https://doi.org/10.1002/jgc4.1078
https://doi.org/10.1002/jgc4.1193
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1128/JCM.00310-20


1 3

performing genetic testing in palliative care? Eur J Hum Genet 
28(2):213–221. https:// doi. org/ 10. 1038/ s41431- 019- 0505-3

Collins FS, Morgan M, Patrinos A (2003) The Human Genome Project: 
lessons from large-scale biology. Science 300(5617):286–290. 
https:// doi. org/ 10. 1126/ scien ce. 10845 64

Coppola L, Cianflone A, Grimaldi AM et al (2019) Biobanking in 
health care: evolution and future directions. J Transl Med 
17(1):172. https:// doi. org/ 10. 1186/ s12967- 019- 1922-3

Cragun D, Weidner A, Kechik J, Pal T (2019) Genetic testing across 
young Hispanic and non-Hispanic white breast cancer survivors: 
facilitators, barriers, and awareness of the genetic information 
nondiscrimination act. Genet Test Mol Biomarkers 23(2):75–83. 
https:// doi. org/ 10. 1089/ gtmb. 2018. 0253

De Castro M, Biesecker LG, Turner C, Brenner R, Witkop C, Mehl-
man M, Bradburne C, Green RC (2016) Genomic medicine in 
the military. NPJ Genom Med 1:15008. https:// doi. org/ 10. 1038/ 
npjge nmed. 2015.8

De Souza YG, Greenspan JS (2013) Biobanking past, present and 
future: responsibilities and benefits. AIDS 27(3):303–312. https:// 
doi. org/ 10. 1097/ QAD. 0b013 e3283 5c1244

Domaradzki J, Pawlikowski J (2019) Public attitudes toward biobank-
ing of human biological material for research purposes: a litera-
ture review. Int J Environ Res Public Health 16(12):2209. https:// 
doi. org/ 10. 3390/ ijerp h1612 2209

Henderson GE, Cadigan RJ, Edwards TP, Conlon I, Nelson AG, Evans 
JP, Davis AM, Zimmer C, Weiner BJ (2013) Characterizing 
biobank organizations in the U.S.: results from a national survey. 
Genome Med 5(1):3. https:// doi. org/ 10. 1186/ gm407

Heredia NI, Krasny S, Strong LL et al (2017) Community percep-
tions of biobanking participation: a qualitative study among Mex-
ican-Americans in three Texas cities. Public Health Genomics 
20(1):46–57. https:// doi. org/ 10. 1159/ 00045 2093

Koontz D, Dollard S, Cordovado S (2019) Evaluation of rapid and sen-
sitive DNA extraction methods for detection of cytomegalovirus 
in dried blood spots. J Virol Methods 265:117–120. https:// doi. 
org/ 10. 1016/j. jviro met. 2019. 01. 005

Lynch J, Parrott A, Hopkin RJ, Myers M (2011) Media coverage of 
direct-to-consumer genetic testing. J Genet Couns 20(5):486–494. 
https:// doi. org/ 10. 1007/ s10897- 011- 9374-9

Lynch JA, Berse B, Coomer N, Kautter J (2017) 21-Gene recurrence 
score testing among Medicare beneficiaries with breast cancer 
in 2010–2013. Genet Med 19(10):1134–1143. https:// doi. org/ 10. 
1038/ gim. 2017. 19

Marco-Puche G, Lois S, Benítez J, Trivino JC (2019) RNA-Seq per-
spectives to improve clinical diagnosis. Front Genet 10:1152. 
https:// doi. org/ 10. 3389/ fgene. 2019. 01152

Matoff-Stepp S, Applebaum B, Pooler J, Kavanagh E (2014) Women as 
health care decision-makers: implications for health care coverage 
in the United States. J Health Care Poor Underserved 25(4):1507–
1513. https:// doi. org/ 10. 1353/ hpu. 2014. 0154

McKenney NR, Bennett CE (1994) Issues regarding data on race and 
ethnicity: the Census Bureau experience. Public Health Rep 
109(1):16–25

Mehlman MJ, Li TY (2014) Ethical, legal, social, and policy issues in 
the use of genomic technology by the U.S. Military. J Law Biosci 
1(3):244–280. https:// doi. org/ 10. 1093/ jlb/ lsu021

Middleton O, Baxter S, Demo E et al (2013) National association of 
medical examiners position paper: retaining postmortem samples 
for genetic testing. Academic Forensic Pathology 3(2):191–194. 
https:// doi. org/ 10. 23907/ 2013. 024

Muller C, Lee SM, Barge W et al (2018) Low referral rate for genetic 
testing in racially and ethnically diverse patients despite uni-
versal colorectal cancer screening. Clin Gastroenterol Hepatol 
16(12):1911-1918.e2. https:// doi. org/ 10. 1016/j. cgh. 2018. 08. 038

Overwater E, Smulders Y, van der Burg M et al (2014) The value of 
DNA storage and pedigree analysis in rare diseases: a 17-year-old 
boy with X-linked lymphoproliferative disease (XLP) caused by 
a de novo SH2D1A mutation. Eur J Pediatr 173(12):1695–1698. 
https:// doi. org/ 10. 1007/ s00431- 014- 2313-7

Paskal W, Paskal AM, Dębski T, Gryziak M, Jaworowski J (2018) 
Aspects of modern biobank activity - comprehensive review. 
Pathol Oncol Res 24(4):771–785. https:// doi. org/ 10. 1007/ 
s12253- 018- 0418-4

Phillips KA, Deverka PA, Hooker GW, Douglas MP (2018) Genetic 
test availability and spending: where are we now? Where are we 
going? Health Aff (millwood) 37(5):710–716. https:// doi. org/ 10. 
1377/ hltha ff. 2017. 1427

Quillin JM, Bodurtha JN, Siminoff LA, Smith TJ (2010) Exploring 
hereditary cancer among dying cancer patients–a cross-sectional 
study of hereditary risk and perceived awareness of DNA testing 
and banking. J Genet Couns 19(5):497–525. https:// doi. org/ 10. 
1007/ s10897- 010- 9308-y

Quillin JM, Bodurtha JN, Siminoff LA, Smith TJ (2011) Physicians’ 
current practices and opportunities for DNA banking of dying 
patients with cancer. J Oncol Pract 7(3):183–187. https:// doi. org/ 
10. 1200/ JOP. 2010. 000190

Quillin JM, Emidio O, Ma B et al (2018) High-risk palliative care 
patients’ knowledge and attitudes about hereditary cancer testing 
and DNA banking. J Genet Couns 27(4):834–843. https:// doi. org/ 
10. 1007/ s10897- 017- 0181-9

Rajpal N, Muñoz J, Peshkin BN, Graves KD (2017) Insights into 
BRCA1/2 genetic counseling from ethnically diverse Latina breast 
cancer survivors. J Genet Couns 26(6):1221–1237. https:// doi. org/ 
10. 1007/ s10897- 017- 0096-5

Rosas LG, Nasrallah C, Park VT et al (2020) Perspectives on precision 
health among racial/ethnic minority communities and the physi-
cians that serve them. Ethn Dis 30(Suppl 1):137–148. https:// doi. 
org/ 10. 18865/ ed. 30. S1. 137

Senier L, Tan C, Smollin L, Lee R (2019) Understanding the poten-
tial of state-based public health genomics programs to mitigate 
disparities in access to clinical genetic services. Genet Med 
21(2):373–381. https:// doi. org/ 10. 1038/ s41436- 018- 0056-y

Smith AL, Teener JW, Callaghan BC, Harrington J, Uhlmann WR 
(2014) Amyotrophic lateral sclerosis in a patient with a fam-
ily history of Huntington disease: genetic counseling chal-
lenges. J Genet Couns 23(5):725–733. https:// doi. org/ 10. 1007/ 
s10897- 014- 9715-6

Smith LD, Willig LK, Kingsmore SF (2015) Whole-exome sequencing 
and whole-genome sequencing in critically ill neonates suspected 
to have single-gene disorders. Cold Spring Harb Perspect Med 
6(2):a023168. https:// doi. org/ 10. 1101/ cshpe rspect. a0231 68

Spinner NB, Conlin LK (2014) Mosaicism and clinical genetics. Am 
J Med Genet C Semin Med Genet 166C(4):397–405. https:// doi. 
org/ 10. 1002/ ajmg.c. 31421

Underhill ML, Jones T, Habin K (2016) Disparities in cancer genetic 
risk assessment and testing. Oncol Nurs Forum 43(4):519–523. 
https:// doi. org/ 10. 1188/ 16. ONF. 519- 523

Valles SA, Bhopal RS, Aspinall PJ (2015) Census categories for mixed 
race and mixed ethnicity: impacts on data collection and analysis 
in the US. UK and NZ Public Health 129(3):266–270. https:// doi. 
org/ 10. 1016/j. puhe. 2014. 12. 017

Yates JR, Malcolm S, Read AP (1989) Guidelines for DNA banking. 
Report of the Clinical Genetics Society working party on DNA 
banking. J Med Genet 26(4):245–250. https:// doi. org/ 10. 1136/ 
jmg. 26.4. 245

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

602 Journal of Community Genetics (2021) 12:593–602

https://doi.org/10.1038/s41431-019-0505-3
https://doi.org/10.1126/science.1084564
https://doi.org/10.1186/s12967-019-1922-3
https://doi.org/10.1089/gtmb.2018.0253
https://doi.org/10.1038/npjgenmed.2015.8
https://doi.org/10.1038/npjgenmed.2015.8
https://doi.org/10.1097/QAD.0b013e32835c1244
https://doi.org/10.1097/QAD.0b013e32835c1244
https://doi.org/10.3390/ijerph16122209
https://doi.org/10.3390/ijerph16122209
https://doi.org/10.1186/gm407
https://doi.org/10.1159/000452093
https://doi.org/10.1016/j.jviromet.2019.01.005
https://doi.org/10.1016/j.jviromet.2019.01.005
https://doi.org/10.1007/s10897-011-9374-9
https://doi.org/10.1038/gim.2017.19
https://doi.org/10.1038/gim.2017.19
https://doi.org/10.3389/fgene.2019.01152
https://doi.org/10.1353/hpu.2014.0154
https://doi.org/10.1093/jlb/lsu021
https://doi.org/10.23907/2013.024
https://doi.org/10.1016/j.cgh.2018.08.038
https://doi.org/10.1007/s00431-014-2313-7
https://doi.org/10.1007/s12253-018-0418-4
https://doi.org/10.1007/s12253-018-0418-4
https://doi.org/10.1377/hlthaff.2017.1427
https://doi.org/10.1377/hlthaff.2017.1427
https://doi.org/10.1007/s10897-010-9308-y
https://doi.org/10.1007/s10897-010-9308-y
https://doi.org/10.1200/JOP.2010.000190
https://doi.org/10.1200/JOP.2010.000190
https://doi.org/10.1007/s10897-017-0181-9
https://doi.org/10.1007/s10897-017-0181-9
https://doi.org/10.1007/s10897-017-0096-5
https://doi.org/10.1007/s10897-017-0096-5
https://doi.org/10.18865/ed.30.S1.137
https://doi.org/10.18865/ed.30.S1.137
https://doi.org/10.1038/s41436-018-0056-y
https://doi.org/10.1007/s10897-014-9715-6
https://doi.org/10.1007/s10897-014-9715-6
https://doi.org/10.1101/cshperspect.a023168
https://doi.org/10.1002/ajmg.c.31421
https://doi.org/10.1002/ajmg.c.31421
https://doi.org/10.1188/16.ONF.519-523
https://doi.org/10.1016/j.puhe.2014.12.017
https://doi.org/10.1016/j.puhe.2014.12.017
https://doi.org/10.1136/jmg.26.4.245
https://doi.org/10.1136/jmg.26.4.245

	Demographic and socioeconomic trends in DNA banking utilization in the USA
	Abstract
	Introduction
	Materials and methods
	Results
	Cohort demographics
	Socioeconomic trends in utilization

	Discussion
	Limitations
	Conclusion
	Acknowledgements 
	References


