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INTRODUCTION
Although historically concerned with the identification and 
diagnosis of rare diseases, the field of medical genetics has 
expanded its scope in the past decade to include the identifica-
tion of patients at risk for genetically based conditions and the 
provision of preventive health interventions. Because the prac-
tice of preventive medicine for common conditions is the main-
stay of primary care, primary-care providers (PCPs) are critical 
to the success of this expansion of medical genetics. PCPs are 
responsible for gathering family history (FH), performing risk 
assessments, ordering tests, and specialist referrals. Yet barriers 
may interfere with PCPs’ willingness to embrace and perform 
these tasks, which are vital to the integration of genetics into 
primary-care practice. In fact, shortly after the completion of 
the Human Genome Project (HGP),1 Suther and Goodson2 
conducted a systematic review of the literature and identified 
numerous barriers to the successful integration of genetics into 
primary-care medicine practice, including inadequate PCP 
knowledge of basic genetics, lack of detailed or updated FHs, 
lack of PCP confidence, and lack of referral guidelines.

More than a decade after the completion of the HGP, our 
understanding of the relationship between genetics and com-
mon disease, as well as our technological capabilities to iden-
tify genetic abnormalities, has advanced significantly. Yet our 
understanding of the barriers to the integration of genetics 

into primary-care medicine has not been revisited. Therefore, 
we sought to reassess our understanding of the barriers to the 
integration of genetics services into primary care by conduct-
ing a systematic review of the medical literature.

MATERIALS AND METHODS
Study selection criteria
We conducted a systematic review of research studies in which 
new data were gathered and that examined PCP-identified bar-
riers to the integration of genetics services into primary care. 
We chose a priori to include studies that addressed barriers 
related to the following areas of genetics services: genetic test-
ing and screening, pharmacogenomics, and the evaluation, 
diagnosis, and management of genetic conditions.

For this review, we used the definition of primary care pro-
vided by the Institute of Medicine Committee on the Future of 
Primary Care, which defines primary care as “the provision of 
integrated, accessible health care services by clinicians who are 
accountable for addressing a large majority of personal health 
care needs, developing a sustained partnership with patients, and 
practicing in the context of family and community.”3 Therefore, 
we included the following types of nonstudent/nonresident cli-
nicians in our definition of PCPs: pediatricians, family physi-
cians or general practitioners, obstetricians and gynecologists, 
and primary-care advanced-practice registered nurses and 
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Purpose: We aimed to systematically review the literature to iden-
tify primary-care providers’ perceived barriers against provision of 
genetics services.

Methods: We systematically searched PubMed and ERIC using key 
and Boolean term combinations for articles published from 2001 
to 2012 that met inclusion/exclusion criteria. Specific barriers were 
identified and aggregated into categories based on topic similarity. 
These categories were then grouped into themes.

Results: Of the 4,174 citations identified by the search, 38 publica-
tions met inclusion criteria. There were 311 unique barriers that were 
classified into 38 categories across 4 themes: knowledge and skills; 
ethical, legal, and social implications; health-care systems; and scien-
tific evidence. Barriers most frequently mentioned by primary-care 

providers included a lack of knowledge about genetics and genetic 
risk assessment, concern for patient anxiety, a lack of access to genet-
ics, and a lack of time.

Conclusion: Although studies reported that primary-care providers 
perceive genetics as being important, barriers to the integration of 
genetics medicine into routine patient care were identified. The pro-
motion of practical guidelines, point-of-care risk assessment tools, 
tailored educational tools, and other systems-level strategies will 
assist primary-care providers in providing genetics services for their 
patients.
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physician assistants. Finally, we selected published research 
studies in which the subjects of the study were PCPs and bar-
riers were explicitly identified by the PCPs. We did so to avoid 
identifying barriers based on assumptions made by non-PCPs.

Literature search
We queried PubMed and ERIC using key terms to identify articles 
published from 2001 through 2012. We chose 2001 as the begin-
ning of our time period because this was the last publication year 
for articles included in the review by Suther and Goodson.2 We 
searched using key terms “genetics,” “genetic testing,” or “genetic 
screening” combined (through the Boolean term “and”) with 
“primary care providers,” “primary care physicians,” “primary 
care,” “physicians,” “family practice,” “general practitioners,” 
“pediatricians,” “pediatric providers,” or “pediatric practitioners.” 
This search generated 4,174 citations, which were reviewed inde-
pendently by three reviewers. Articles were excluded if review of 
title indicated that they did not meet selection criteria. Review of 
remaining abstracts (n = 350) identified 98 articles that required 
a full review to determine whether they met inclusion/exclusion 
criteria. Of these, 60 were excluded based on the above exclu-
sion criteria, yielding a final sample of 38 studies for analysis 
(Figure 1). At every step in the review process, any disagreement 
regarding exclusion was discussed among the three reviewers.

Data abstraction and analysis
The first step in analysis of the studies was to extract data on 
PCPs’ self-reported barriers to delivering genetics services. 
Each study was reviewed by two authors (one of whom was 
the lead author), and specific barriers within each study were 
identified. Of note, an individual study could contain data 
on more than one barrier. We recorded the number of times 
a specific barrier appeared across studies. Next, the barriers 
from all studies were aggregated into categories based on simi-
larity of topic. For example, a lack of genetic knowledge was 
one barrier category. Within this category we grouped general 
genetic knowledge barriers as well as more specific knowledge 

barriers. Finally, we organized the barrier categories into the 
following themes: (i) knowledge/skills (i.e., described self-
reported deficiencies in understanding concepts or perform-
ing tasks); (ii) ethical, legal, and social implications (ELSI) 
(also included barriers that addressed psychosocial aspects 
of genetics); (iii) health-care systems (i.e., related to practical 
challenges, procedures, and policies); and (iv) scientific evi-
dence (i.e., professional guidelines and strength of scientific 
evidence related to genetic evaluation and testing). The bar-
riers were organized through an iterative process, and we did 
not use a previously published framework. Rather, we consid-
ered the context in which the barrier could be targeted (i.e., 
a competency deficit versus a clinic workflow issue) to orga-
nize the results. Additional data extracted from the studies 
included sample size, country of study, study methodology, 
subject demographics and response rate, study objective, and 
additional conclusions, such as overall attitudes and percep-
tions regarding the integration of genetics into primary-care 
practice (Supplementary Table S1 online). 

We also assessed the quality of the studies. We were unaware 
of any validated tools that assess the quality of cross-sectional 
surveys or qualitative studies for systematic reviews. Therefore, 
we created our own metric for assessing the quality of a quanti-
tative survey, which was the study design for all but one of the 
quantitative studies (Hindorff et al.4 was a case–control study). 
We used a checklist tool used in a previous systematic review 
for qualitative studies.5

In survey research, minimizing bias is critical to the collection 
of valid data. Therefore we constructed a simple assessment tool 
based on this concept. The most significant sources of bias dur-
ing data collection in survey research include sample bias due to 
the use of a nonrepresentative sample (e.g., a nonrandom sub-
sample of the population or a convenience sample) and attrition 
bias due to low response rates (we set a 50% cutoff). Because we 
have no evidence as to the relative contribution to or weight of 
each of these elements in the measure of bias, we assigned them 
equal weight. We calculated a bias risk score that gives 1 point 
for each source of bias (highest total score = 2). We feel that this 
addresses potential limitations regarding assessment of the rela-
tionship between the sample size of the study and the validity 
of the findings. Generalization of the findings depends more on 
the representativeness of a sample than its absolute size.

For qualitative studies, we used the nonvalidated, 28-item 
checklist tool used by Tong et al.5 in a recent systematic review 
of qualitative studies. Similarly, because we have no evidence as 
to the relative contribution to or weight of each of the individ-
ual elements in this checklist, we assigned them equal weight 
(highest total score = 28). 

RESULTS
A total of 38 published research studies met the criteria 
for inclusion in this review (Figure 1). Of these, 24 studies 
used  quantitative methods and 13 used qualitative methods 
(Table 1). We identified 311 barriers (nonunique) across all 38 
studies, which were aggregated into 38 unique categories within Figure 1  Study selection process. PCP,  primary-care provider.

350 Abstracts
reviewed

3,824 Citations excluded for the following reasons: 
no relevance to PCP, no mention of genetic services,
studies on treatment of genetic conditions, non-
research articles

98 Articles
reviewed

252 Abstracts excluded for the following reasons: no
relevance to PCP, studies of patient or specialist
perspectives, non-research articles, educational or
other interventions

38 Articles
included in review

60 Articles excluded for the following reasons: no
mention of barriers, unable to stratify results from
PCP and specialists/patients

4,174 Citations reviewed
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4 thematic areas, which are described below (Supplementary 
Table S2 online).

The majority of articles (n = 19) included in this review 
evaluated the perceptions of mixed cohorts of PCPs, whereas 
17 studies included only general practitioners or family phy-
sicians. One study assessed only pediatricians and another 
included only obstetrics/gynecology providers. Because of the 
inability to identify PCP types in the majority of studies, we did 
not attempt to stratify our results by provider type. Seventeen 
studies were from the United States, 6 were from the United 
Kingdom, 4 were from Canada, and 11 were from other coun-
tries. It was difficult to compare studies across countries because 
of the wide array of countries represented and the small num-
ber of studies (Supplementary Table S1 online).

We found a range of biases across the quantitative studies. 
Using our bias score, 9 studies had a score of 0, 9 had a score of 
1, and 6 had a score of 2 (the highest). The qualitative studies 
varied in quality, with a range in quality score between 9 and 
23 of 28 possible and an average score of 13. All 13 qualitative 
studies received points for describing methods of sampling and 
sample size, providing a description of the sample, using an 
interview guide, deriving themes in data analysis, and provid-
ing respondent quotations.

Knowledge and skills
In total, 22 different knowledge and skills barriers were cited 84 
times in the included studies; these barriers related to deficits 
in PCPs’ knowledge and skills, confidence, comfort, and abil-
ity to perform specific genetic tasks (Supplementary Figure S1 
online). The most commonly cited barrier category within this 
theme was a general lack of genetic knowledge (n = 24 cited 
in 20/38 studies); this included specific barriers around PCPs’ 
self-reported lack of confidence in their own knowledge about 
genetics in general (n = 7)6–12 and about clinical genetics,13 an 
interest in gaining insight regarding the genetic background of 
a disease,14 and a lack of confidence in their ability to perform 
core competencies such as taking an FH,15 including a lack of 
knowledge about what FH information to collect.16

Among the several skill-related barriers identified, the most 
commonly cited (n = 16 citations in 16/38 studies) was a lack 
of confidence their ability to counsel patients about genetic 
risk and to manage them. Specifically, providers expressed 
concerns about feeling unqualified to provide genetic counsel-
ing to patients and making the correct management decisions. 
Freedman and colleagues17 surveyed 1,763 US physicians and 
found that only 28.8% of PCPs felt qualified to provide genetic 
counseling to their patients. Several studies mentioned insuf-
ficient knowledge to counsel patients18 or a lack in confidence 
or comfort in doing so.9,13,19,20 In regard to FH, PCPs reported a 
lack of awareness of guidelines or recommendations for inter-
preting FH; some knew guidelines existed but did not know 
the content21 or what to do with the results.14 Iredale et al.22 
reported that PCPs were unsure how to address consanguinity 
with their patients.

Fourteen of the 38 studies described the barriers of a lack of 
confidence or ability to order a genetic test and the interpreta-
tion of genetic test results (Supplementary Table S2 online). 
Specifically, PCPs reported difficulty explaining the limitations 
of screening tests to patients, and issues with false-negative and 
false-positive test results, as well as with general interpretation 
of genetic tests results, which they often found ambiguous. For 
example, Bonter et al.11 surveyed 341 Canadian physicians; 
less than 10% of family physicians surveyed reported that they 
were sufficiently informed about genetic testing, and only 15% 
of respondents reported feeling able to interpret genetic test 
results.

Ten studies identified barriers related to providers’ ability to 
conduct genetic risk assessment. Specifically, PCPs cited a lack 
of knowledge and skills in assessing patient risk21 and testing 

Table 1   Study demographics
Category Studies, % (n)

Study type

  Quantitative 63.2% (24)

  Qualitative 34.2% (13)

  Other 2.6% (1)

  Total 100% (38)

Study population

  Mixed cohort 50% (19)

  General practitioners/family medicine 44.7% (17)

  Pediatricians 2.6% (1)

  Obstetricians/gynecologists 2.6% (1)

  Total 100% (38)

Nation

  United States 44.7% (17)

  Other countries 55.3% (21)

    United Kingdom 15.8% (6)

    Canada 10.5% (4)

    Australia 10.5% (4)

    Netherlands 7.9% (3)

    New Zealand 2.6% (1)

    Germany 2.6% (1)

    Switzerland 2.6% (1)

  Total 100% (38)

Study quality

  Qualitative

    Studies (n) 13

    Quality score (highest = 28) Average = 13 
(range: 9–23)

  Quantitative

    Studies (n) 24

    Average PCPs queried (n) Average = 371 
(range: 34–1,251)

  Sample randomness (0 = no; 1 = yes) Average = 0.42 
(range: 0–1)

  Response rate (>50%, 0 = no; 1 = yes) Average = 0.46 
(range: 0–1)

   Total bias score (sum of sample randomness and 
response rate; highest = 2)

Average = 0.88 
(range: 0–2)

PCP, primary-care provider.

GENETICS in MEDICINE  |  Volume 17  |  Number 3  |  March 2015



172

MIKAT-STEVENS et al  |  Barriers to integration of genetics services into primary careSyStematic Review

for cancer susceptibility,15,17 as well as citing a lack of overall 
confidence in assessing patient risk.7,23 In their assessment of 
860 US PCPs, Vig et al.24 found that 38.3% were uncomfortable 
with making screening and prevention recommendations and 
were uncertain about which patients are medically appropriate 
to refer.

PCPs reported that it was hard to keep up to date with evi-
dence, specifically updated and revised professional guidelines 
(n = 9, citations of barrier in 9/38 studies).16,21,25–30  A lack of 
access to current information about genetics and being unaware 
of existing educational resources were also identified as barri-
ers.10,12,25,31 When general practitioners in Australia were asked 
to nominate resources that would be valuable to them, they 
requested point-of-care resources to guide risk assessment.

Finally, barriers regarding the knowledge/skills for seeking 
referrals for medical genetics were cited on seven occasions. 
These encompassed a lack of understanding and confidence in 
how and when to make a referral to a genetic professional.14,24

Ethical, legal, and social implications
The majority of the studies reported at least one barrier related 
to the ELSI of genetics for both providers and patients. These 
were classified into 10 categories (Supplementary Figure S2 
online). The most frequently cited ELSI barrier (n = 18 cita-
tions in 16/38 studies) was the potential for patient anxiety 
and psychological distress around genetic risk.7,11,32 PCPs 
mentioned the potential for a patient to react with anxiety to 
genetic test results33 and that these results would put a burden 
on people who do not want to know about it, make carriers feel 
less healthy,34 and potentially make patients feel “inadequate.”35 
PCPs also mentioned that genetic testing may have unan-
ticipated findings that are secondary to the intent of ordering 
testing and that may cause distress among adults and minors 
regarding adult-onset disorders.35,36

The second most common ELSI barrier (n = 15 citations in 
15/38 studies) was the fear of social or insurance discrimina-
tion for their patients as a result of their genetic information.37 
Freedman et al.17 found that more than 80% of 1,251 US PCPs 
surveyed thought that patients with positive genetic testing 
results were at risk for insurance discrimination. Another sur-
vey identified 70% of PCPs with this concern.38 In addition, 
Lowstuter et al.38 found that 75% of a sample of 1,222 California 
physicians thought that patients will decline testing for fear 
of health insurance discrimination. Of note, both of these 
studies were conducted before the enactment of the Genetic 
Information Nondiscrimination Act in 2008.

The concern over lack of confidentiality of genetic informa-
tion, specifically the risk of harm resulting from a breach of 
privacy and disclosure of information, was cited as a barrier on 
10 occasions. Examples of disclosure concerns included revela-
tions of nonpaternity, as well as the implications of uncover-
ing genetic risk for family members of the primary patient. In 
a national survey, 53% of PCPs felt it difficult to ensure that 
patients’ test results will remain confidential.17 In another 
study, 61% of Swiss physicians feared that confidentiality could 

be breached because the breast cancer test result had impli-
cations for other family members.39 Several issues related to 
prenatal ethics arose, including the perception that prenatal 
genetic testing dampens the natural excitement of pregnancy 
or could medicalize pregnancy and a fear that prenatal and 
preconception genetic testing would motivate individuals to 
want to create a “perfect child,” which might create additional 
disparities in society regarding individuals with genetic condi-
tions or disabilities.26,39 The concept that genetics has the abil-
ity to cause “more harm than good” was also expressed as a 
concern.25,26,32,37,39

Systems
A total of 40 individual barriers related to health-care sys-
tems (Supplementary Figure S3 online). The largest category 
of systems barriers was lack of access to genetics services (n 
= 23 citations in 17/38 studies). This encompassed specific 
barriers related to lack of access to genetics services in gen-
eral9,15,19,33 and a specific lack of access to genetic counselors or 
geneticists.2,15,22,24,25,37,40,41 PCPs reported an inability to obtain 
a consultation with clinicians in four studies, noting that the 
location of the nearest genetics center was too inconvenient 
for patients to be able to access.22,24,29,40 Chen et al.29 found that 
24% of Alabama pediatricians surveyed were unable to obtain 
genetics consultations for their patients, 67% said it was dif-
ficult or not possible to obtain a face-to-face genetics evalua-
tion, and 58% reported it was difficult or impossible to obtain 
a remote genetics evaluation. Iredale et al.22 found that rural 
location played a major role in access issues because of isola-
tion, lack of social networks, poor transport, decreased acces-
sibility, and lack of referral patterns to secondary and tertiary 
facilities. In several studies, PCPs reported that genetic testing 
was not readily available to them.4,11,17,33,40

The second most frequently cited systems barriers related to 
time (n = 21 cited in 18/38 studies). This included time needed 
to collect detailed FHs as part of the primary-care visit22,27 and 
having insufficient time to explain the results of genetic tests to 
patients.11,21,29 In the case of genetic medicine in prenatal care, 
the time to obtain results was reported as being too long to 
inform any treatment decisions.11,15

PCPs also reported being unclear about their role in pro-
viding genetics services (n = 15 cited in 15/38 studies). In 
some instances, PCPs felt that it was not their role to deliver 
genetics services8,36,39 or they simply were unclear about their 
role.9,12–14,32,37 Additional studies described PCPs’ perceptions 
that “genetics is for specialists”19,27,29,40 and that the management 
of genetic conditions requires complex high-level knowledge 
available only from a specialist. Furthermore, the perception 
that genetics was less prevalent or significant than other issues 
was identified as a barrier in eight studies. This included the 
notion that genetics was not perceived to have an impact on 
primary-care practice.7,12,23,25,27,33,42

Cost to both patients and providers was expressed as a bar-
rier to integration of genetics services into primary care. This 
included a barrier in regard to the lack of insurance coverage for 
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genetic tests (n = 6 citations), as well as the cost to the patient 
(n = 10 citations). Costs for PCPs also were cited as a barrier, 
particularly regarding unreimbursed time spent counseling and 
ordering genetic tests.11,12,18,42

Several practical barriers regarding the integration of genet-
ics into the system of primary-care practice were mentioned. 
Among the most common was the notion that it is difficult to 
incorporate additional genetics tasks into practice/clinic flow 
(n = 8 cited in 5/38 studies).4,9,10,28,30 In addition, PCPs reported 
having insufficient tools to assess cancer risk and that it was 
difficult to enter FH information into the electronic health 
record.14,31 PCPs reported that their patients’ accuracy when 
providing FH information was a barrier,16,21,27,28 as were lan-
guage and culture barriers when discussing FH and genetics 
with patients.14,21,22,27

Evidence
A total of nine barriers related to current scientific evidence 
behind use of genetics services were identified in the studies 
(Supplementary Figure S4 online); the most commonly cited 
barrier was a perceived lack of therapeutic interventions avail-
able after the identification of increased risk (n = 11 cited in 
11/38 studies)24,27,28,36,39 and the notion that patient management 
would not change as a result of genetic assessment.4,7,11,23,25,27 
The second most frequently cited evidence barrier reported 
was the lack of guidelines and insufficient evidence to support 
risk assessment (n = 10 cited in 10/38 studies).

A lack of guidelines for when to order a genetic test was 
mentioned as a barrier (n = 6). Furthermore, PCPs reported 
that limitations of current genetic screening tests deterred 
them from utilizing them in practice (n = 10 cited in 7/38 
studies). Specific limitations of genetic tests were inaccurate 
or unambiguous results,9,17,29 a high rate of false positives 
(in cancer risk testing),17,33 and concern over the validity of 
genetic testing.9,33 In a study of more than 1,200 US physi-
cians, 45% believed patients’ risk of cancer is unclear after 
genetic testing.17

Most significant barriers
Among quantitative studies, sample size is likely to contribute 
to a more representative assessment of the study population. 
Because the barriers identified in each study were given equal 
weight, we also assessed the barriers from the largest studies 
(those that had a sample size of ≥400; n = 7) in an attempt to 
ascertain the relative priority of the barriers identified. We found 
that the barriers in the largest studies reflect the distribution of 
barriers across the four categories. Of the seven largest studies, 
four studies were conducted in the United States and discussed a 
lack of genetic knowledge and challenges with access to genetics 
services; three studies discussed a perceived lack of therapeutic 
interventions and fear of insurance discrimination; two stud-
ies mentioned lack of clear or accessible guidelines to support 
risk assessment, lack of confidence in genetic referrals, lack of 
confidence and ability to order genetic tests, and a lack of time. 

Thirteen other barriers were mentioned once across the largest 
studies.

DISCUSSION
This systematic review found that numerous challenges to the 
integration of genetics services into the routine provision of 
primary care remain a decade after completion of the HGP. 
Although four major barrier themes (knowledge/skills, sys-
tems, ELSI, and evidence) were identified, barriers related to 
insufficient knowledge and skills were the most frequently cited 
across the literature. A similar systematic review by Suther and 
Goodson2 conducted 12 years ago reached the same conclusion.

Why does knowledge still loom larger as a barrier? What 
does it mean for the successful integration of genetics into pri-
mary care? One reason may be that before PCPs even set foot 
in the clinic, they are already behind. Time has not stood still 
for the field of genetics since the completion of the HGP. On 
the contrary, advances in genetic technology and the discov-
ery of new genetic mechanisms seem to occur almost daily. 
Meanwhile, PCPs’ genetics training is likely decades old and 
rusty from lack of use. Until only recently, the field of genetics 
has focused on rare diseases that are not frequently seen in a 
primary-care clinic. Yet the real challenge for providers is when 
and how to apply this information in their practice. A “train-
the-trainer” model might be a helpful practical approach to 
addressing knowledge and competency barriers to the integra-
tion of genetics into primary care.

Although a lack of professional guidelines was cited as a bar-
rier, we were unable to determine from the data whether this 
was because of an actual lack or the lack of awareness of the 
same. For example, Vig et al.24 found that 16.7% of physicians 
use professional guidelines to guide referral for cancer genet-
ics evaluation. It is possible that dissemination and uptake of 
guidelines is incomplete given their recent development at 
the time of data collection. In the past 10 years, professional 
societies such as the American Academy of Pediatrics,43,44 the 
American College of Obstetricians and Gynecologists,45 the 
American Society of Clinical Oncology,46 and the American 
College of Medical Genetics and Genomics47,48 have published 
numerous guidelines on topics that could potentially be useful 
for PCPs.

Systems-level barriers collectively were noted as the most 
significant impediment to PCPs integrating genetics into 
their practice, particularly time constraints and lack of access 
to services. A solution might be the use of quality improve-
ment strategies and process mapping to examine patient and 
clinician workflow in order to facilitate the integration of FH 
collection and genetic assessment. Barriers related to health 
information technology were largely not addressed in the stud-
ies reviewed, likely because the use of electronic health records 
in the primary-care setting over the past decade has increased 
significantly.49,50 Recent interventions aimed at improving the 
integration of genetics medicine into primary care have dem-
onstrated significant barriers toward collecting and updating 
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FH information in electronic health records. Patient-entered 
FH data, including the use of electronic risk assessment models, 
has been demonstrated to reduce the time required by health-
care professionals to collect information and has not resulted 
in poorer quality of data.51,52 Point-of-care FH tools provide 
actionable clinical decision support for PCPs and have been 
developed for prenatal care,53,54 family medicine,55 and pediat-
rics. The exponential increase of genetic and genomic informa-
tion is quickly exceeding the ability of humans to remember and 
process. PCPs in particular should be equipped to use existing 
resources, as opposed to learning endless facts.63 This model has 
been effective for pharmacogenomics.64 Finally, medical deci-
sion support systems must continue to be designed—current 
applications in progress relate to pharmacogenomics56—so 
that health professionals can access up-to-the-minute relevant 
information and respond appropriately to the concerns they 
hear when interacting with their patients.57

With the advancement of genetic technologies and contin-
ued workforce shortages of geneticists and genetic counselors,58 
PCPs will need to assume a greater responsibility in genet-
ics medicine related to the anticipatory guidance and disease 
prevention that lie within their purview. In the endeavor to 
improve systems to access genetic providers, alternative options 
for sharing and maximizing resources should be considered, 
particularly the use of telehealth and virtual consults. Moreover, 
streamlining activities among PCPs may result in an overall 
improvement in access to genetics. As care and management of 
patients with genetic conditions, as well as the initial evaluation 
and ordering of genetic tests, becomes integrated into primary 
care, the specialist’s role can be reserved for interpreting genetic 
test results. As genetic medicine becomes a mainstay of pri-
mary care, ensuring an equitable allocation of genetics services 
is necessary to avoid increased health disparities.

Not surprisingly, there were a number of ELSI barriers iden-
tified in the studies reviewed. The two most significant bar-
riers related to the concern for patient anxiety and a fear of 
health insurance or social discrimination. Additional research 
regarding the burden and impact of patient anxiety is needed. 
As for discrimination, in 2008, the Genetic Information 
Nondiscrimination Act was passed to ensure that a person’s 
genetic information could not be used against him or her in 
health insurance and employment decisions. Interestingly, 12 
of the 14 studies that reported the insurance concerns were 
published before the enactment of the legislation. However, 
there remains a gap in awareness of the Genetic Information 
Nondiscrimination Act,59 and in some cases PCPs remain skep-
tical about the potential of personal genetic information to 
affect negatively patients’ insurability or future coverage. There 
is a need to educate physicians further about the existence of 
the Genetic Information Nondiscrimination Act and the pro-
tections it offers, as well as the ever-changing legislation regard-
ing genetic medicine.

One of the barriers identified in this study concerned the 
potential for loss of privacy in the breach of confidentiality for 
other family members. However, because one of the benefits of 

genetic medicine is the ability to identify other family members 
at risk for disease and assist in disease prevention, this barrier 
should be targeted as part of an effort to deconstruct myths 
about genetics. Although Acheson et al.37 found that 18% of 
PCPs surveyed reported social or ethical dilemmas such as the 
potential to disclose nonpaternity as a barrier, only 1% reported 
that their patients refused to disclose the risk of a serious condi-
tion to relatives.

This study reinforces findings from previous research that 
was conducted before the completion of the HGP regarding the 
hesitations, knowledge gaps, and systems-level challenges in 
the adoption of genetic medicine into primary-care practice.2 
The review conducted by Suther and Goodson2 assessed PCPs’ 
perceived barriers as well as the quality of 18 studies from an 
original pool of 68 studies. In addition to identifying similar 
barriers, Suther and Goodson reported that PCPs cited a need 
for educational programs in genetics, informational resources, 
and referral guidelines, which is reflective of our findings as well. 
This review differs from Suther and Goodson’s in that we spe-
cifically chose to include only those barriers that were directly 
reported by PCPs, rather than those based on knowledge mod-
els, as a way to evaluate perceptions and attitudes. A major shift 
in the perceptions regarding genetics medicine in primary care 
over the past decade is reflected in Supplementary Table S1 
online; the majority of studies reviewed concluded that PCPs 
have positive views of genetics medicine and feel an increas-
ing need to integrate genetic risk assessment and services into 
routine primary care.

This study’s main strength lies in assessing research articles 
that were primarily designed to assess the available empirical 
evidence regarding PCPs’ perceived barriers to genetic medi-
cine. However, this review contains limitations that should be 
acknowledged. Barriers in this study were grouped according to 
the type of barrier as opposed to the theme of the study to which 
they related, thereby combining barriers that were noted under 
different contexts (e.g., oncology versus prenatal). However, the 
assessment of barriers in this manner allows the development 
of interventions that encompass needs across various settings of 
genetics in primary care and is not limited to only FH or genetic 
testing. Another limitation is that this review contains studies 
of variable quality, size, and type. Qualitative data contributed 
to the richness of data, but the comment of one focus group 
participant holds the same weight as the majority of a national 
sample reporting another barrier. Also, as with any research, 
the issues addressed in the published medical literature may be 
biased toward those of interest to and pursued by the research-
ers and not the PCPs.

Interventions to address perceived barriers—practical bar-
riers as well as misperceptions and knowledge deficits—must 
be tailored according to the patient population served and be 
adapted to the role and identity of the PCP. PCPs who care 
for patients prenatally, in childhood, and across the life span 
must understand the implications of genetics medicine for the 
patients and families they care for as well as their role in pro-
viding the services incumbent to them. Advances in genetics, 
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genomics, pharmacogenomics, and other “genomic” sciences 
continue at a rapid rate; to stay abreast of ever-changing guide-
lines and tests, PCPs must have access to relevant information 
at the point of care.

Examples of recent efforts to enhance PCP knowledge 
regarding genetics include the American Academy of Pediatrics 
Genetics in Primary Care Institute website,60 the National 
Institutes of Health Genetic/Genomic Competency Center,61 
and the Jackson Laboratory cancer risk assessment tools.62 
However, development of educational resources alone is 
unlikely to effect widespread change in attitudes and behavior 
of PCPs. Existing resources should be promoted and marketing 
strategies should be aimed at making genetics less intimidating 
and integrating it into the accepted role of generalists. Payment 
models must support the integration of new genetic technolo-
gies into routine preventive and health supervision models of 
care. Professional societies should continue to develop spe-
cific guidelines, communicate messages to members that dis-
pel existing myths regarding genetics, and provide direction 
regarding their respective roles in genetic medicine.

PCPs have varying levels of comfort regarding the application 
of genetics in primary care. Whether they chose to order genetic 
tests themselves or refer their patients to genetics services, they 
need to be able to tier patient risk and be prepared to counsel 
their patients on the implications of test results. Increasingly, 
PCPs will need to assume a greater responsibility in genetics 
medicine for the anticipatory guidance and disease prevention 
that lie within their purview. Addressing the barriers discussed 
herein is a first step toward realizing this goal.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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