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Anecdotal reports suggest that disease-advocacy groups (DAOs)

participate in multiple aspects of clinical research. No systemic

analysis of the extent of DAO involvement in clinical genetics

research has been conducted to date. We conducted a systematic

review of journal articles published in 2004 and 2005 reporting

clinical research on 50 genetic diseases to assess the extent to

which DAOs financed the studies reported, assisted in subject

recruitment, or participated in other aspects of research. Of 513

articles, 350 (68%) included a statement regarding research

support. Of these articles, 114 (33%) acknowledged DAO fund-

ing. The proportion of articles reporting financial support from a

DAO varied greatly by disease. Articles reporting financial

support from a DAO often identified at least one additional

source of support (73%). Of the articles examined, 19 (4%)

acknowledged DAO assistance with subject recruitment and

11 (2%) included an author affiliated with a DAO. DAOs provide

financial support for numerous clinical research studies in

genetics, often in partnership with government agencies and for

-profit corporations. DAOs also participate in other aspects of

clinical research, including subject recruitment. Future studies

should seek to characterize these research partnerships more

fully. � 2010 Wiley-Liss, Inc.
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INTRODUCTION

Disease-advocacy organizations (DAOs) seem poised to occupy a

more prominent role in clinical research [Penissi, 2000; Uitto, 2001;

Zonno and Terry, 2009]. In clinical trials, for example, some

investigators have begun to work closely with patient-centered

organizations to recruit research volunteers and advertise new

studies [Tunis et al., 2003; Hampton, 2006]. Government funding

agencies increasingly consult with DAOs in setting research priori-

ties and evaluating controversial types of research, such as the use

of human embryonic stem cells [Dresser, 1998; Kington, 2009].

The National Institutes of Health (NIH) has also encouraged

partnerships between DAOs and clinical investigators by requiring

that certain research grant applications include a DAO partner,

such as applications to the Collaboration, Education, and Test

Translation program which is designed to facilitate the translation

of genetic tests from research to clinical laboratories [Faucett

et al., 2008]. To facilitate these partnerships, several disease-specific

DAOs have created research registries and biological repositories

to enable research studies in areas of particular interest to these

organizations [Terry and Boyd, 2001; Gladman and Menter, 2005;

Leslie, 2006; Terry et al., 2007].

DAOs may play an especially important role in the study

of genetic disorders, where research funding is more scarce

and investigators often struggle to identify sufficient numbers of

research volunteers [Cody, 2006; Venance et al., 2007]. DAOs

dedicated to promoting research on genetic diseases are often in

a position to act as an intermediary between researchers and

relatively large numbers of patients with a disease of mutual

interest. DAOs can also help researchers identify potential barriers
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to the completion of a clinical study and serve as key sources of

insight into patient experiences [Bennett et al., 2002; Collyar, 2005].

Little information is available on the frequency and extent to

which DAOs are involved in various aspects of clinical research.

Current knowledge comes from personal experiences with DAOs,

media reports announcing new research partnerships, and a limited

number of articles in the scientific literature [Dresser, 2001; Kent,

2002; W€astfelt et al., 2006; Ledbetter, 2008]. As patient-centered

organizations expand their involvement in biomedical research, it is

critical that we understand the scope of their participation in

clinical studies. Only then, will patients, health policymakers,

philanthropists, and researchers be able to assess the full impact

of these organizations on the conduct of clinical research [Tunis

et al., 2003].

As an initial step in assessing the extent to which DAOs

participate in clinical research, we performed a literature review

of clinical trials in genetics and examined funding disclosures and

other forms of DAO involvement in research. The primary aim of

our study was to characterize the extent to which DAOs provide

financial support to researchers conducting clinical research in

genetics. Since most biomedical journals require authors to disclose

sources of research funding, we reasoned that a systematic review of

published research articles would capture a diverse and broadly

representative set of financial sources of support for research. We

also sought to describe the extent to which DAOs participate in

other aspects of clinical research, such as subject recruitment, data

analysis, and publication of research reports. As partnerships

between clinical researchers and DAOs continue to evolve, it will

be critical to characterize the many forms of collaboration that exist

and to develop research practices that maximize the productivity of

DAO involvement in research while simultaneously minimizing

any potential harms to patients and research volunteers.

MATERIALS AND METHODS

Our approach involved the delineation of a manageably sized

sample of research articles (approximately 500 total) that could

be obtained and reviewed in their entirety by a pair of data analysts.

An initial list of 53 genetic conditions was developed in consultation

with a board-certified clinical geneticist (J.B.). The initial list of

genetic conditions was not meant to be exhaustive but was con-

structed to be broadly representative of the genetic conditions for

which a clinical geneticist might be actively involved in either

patient management or ongoing clinical research. Disorders asso-

ciated with a single-gene disruption, chromosomal abnormality, or

an error of genetic imprinting were included. Multigene disorders,

conditions associated with complex genetic origins, and genetic

susceptibilities to multifactorial diseases were not included. In

developing this list, no consideration was given to whether a DAO

had been established for the genetic condition.

A search of the U.S. National Library of Medicine’s Medical

Subject Heading (MeSH) database was performed to identify

appropriate MeSH terms for all 53 genetic conditions on the initial

list. Three conditions lacked a corresponding MeSH term and were

excluded to maximize the sensitivity of PubMed searches, resulting

in a final list of 50 genetic conditions (Appendix). To identify

published research studies on these 50 genetic conditions, a series of

individual queries of the PubMed database were conducted using

the appropriate MeSH term. The following limits were applied to

these queries: (1) human studies, (2) clinical trials, (3) written in

English, and (4) published between 2004 and 2005. The complete

text of each article identified through this process was then obtained

and reviewed in its entirety by two independent data analysts.

Articles were examined with regard to disclosures of (1) sources

of financial support, and (2) any form of DAO involvement in

research, such as assistance with subject recruitment or data

collection. For the purpose of this study, an organization was

classified as a DAO if it met the criteria described by the Interna-

tional Association of Patients’ Organizations [2010]. A code sheet

was used to collect data in each primary field. Articles were reviewed

in duplicate by two analysts (D.L. and J.V.), who then compared

code sheets and discussed any discrepancies until consensus was

reached. The two analysts agreed completely on the coding of all

fields for 97.5% of the articles reviewed. The complete text of each

article was examined to identify sources of financial support,

including, but not limited to the ‘‘Acknowledgments’’ section of

each article.

Data from the article code sheets were used to construct a

database that was analyzed using StataCorp LP (College Station,

TX). Descriptive statistics were used to examine the frequency of

research funding types by individual conditions. The association

between the country of the corresponding author and the acknowl-

edgment of DAO funding was tested using the chi-squared test

with P-values reported. A P-value of <0.05 was considered

significant.

RESULTS

We identified 513 unique articles reporting research results from

clinical studies on one or more of the 50 genetic diseases in our

sample (Table I). Complete copies of all 513 articles published

from 2004 to 2005 were obtained and reviewed (100% ascertain-

ment rate). The most common genetic disorders represented in

this sample were cystic fibrosis (26%), down syndrome (10%),

sickle-cell anemia (9%), hemophilia A (8%), and Huntington

disease (6%). No other genetic disorder accounted for more than

5% of the sample.

Of the articles examined, 350 (68%) identified at least one

source of financial support for the research performed or explicitly

stated that the authors had received no financial support for the

work described (Table II). Government agencies were the most

frequently cited sources of research funding and were acknowl-

edged in 208 articles (59%). DAOs were the second most commonly

cited sources of research funding and were acknowledged in

114 articles (33%). For-profit corporations were another frequently

cited source of research funding and were acknowledged in

94 articles (27%). Other common sources of research support

included academic institutions and private foundations. The NIH

(USA) was the single most frequently cited source of financial

support and was acknowledged in 100 articles (29%).

Of the 114 articles that acknowledged financial support from

a DAO, 83 articles (73%) reported funding from at least one

additional source (Table III). Of the 350 articles that described

research support, just 31 identified a DAO as the only source of
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research funding (7%). Government agencies were the most

common co-sponsors of research studies financed in part by a

DAO and were acknowledged in 64 of the articles that cited

DAO support (56%). Other common co-sponsors of research

financed in part by a DAO included for-profit corporations,

academic institutions, and private foundations. Articles identifying

a corresponding author in the U.S. were more likely to acknowledge

support from a DAO in comparison to articles with a corresponding

author outside the U.S. (40% vs. 27%, P< 0.01).

The proportion of articles that acknowledged support from a

DAO varied greatly across genetic diseases (Fig. 1). For example,

over half of the articles describing studies of Duchenne muscular

dystrophy and cystic fibrosis acknowledged financial support from

a DAO. By contrast, fewer than 10% of the articles describing

studies of sickle-cell anemia, Turner syndrome, osteogenesis

imperfecta, and phenylketonuria reported financial support from

a DAO. Despite this variation in DAO support across genetic

diseases, we identified at least one article reporting financial

support from a DAO for 21 (42%) of the 50 diseases in our sample.

Of interest is that no articles were identified for nine of the diseases

on our initial list. Thus, of the 41 genetic diseases for which at least

one article was identified in our search, 51% had at least one

article which acknowledged financial support from a DAO.

The articles we reviewed also noted several additional ways in

which DAOs participated in the research described. In 19 of the

articles (4%), a DAO was reported to have provided assistance with

subject recruitment. In 11 of the articles (2%), an individual who

was formally affiliated with a DAO was included as a co-author. In

an additional 13 of the articles (3%), a DAO was acknowledged as

having provided some other type of research assistance, such as help

with study design.

DISCUSSION

To the best of our knowledge, this study is the first systematic

attempt to examine the extent and forms of DAO involvement in

clinical genetics research. Our results provide empirical confirma-

tion of the extensive and often active participation of DAOs in

clinical genetics research. Nearly one-third of published clinical

research studies in genetics, in which any information about

research funding was provided, acknowledged financial support

from a DAO. Interestingly, research support from DAOs was cited

more often than funding from for-profit organizations, academic

institutions, private research foundations, and the NIH. Research

support from DAOs was also reported across geographic

regions, suggesting that this phenomenon is of international

interest. Additionally, a significant number of articles reported

that DAOs were involved in data analysis and recruitment of

research volunteers. These results highlight the extent to which

TABLE I. Characteristics of Biomedical Journal Articles Reporting

Clinical Genetics Research (n¼ 513)

Characteristic n (%)
Disease of interest

Cystic fibrosis 135 (26)
Down syndrome 50 (10)
Sickle-cell anemia 46 (9)
Hemophilia A 39 (8)
Huntington disease 30 (6)
Turner syndrome 20 (4)
Hereditary nonpolyposis colon cancer 20 (4)
Duchenne muscular dystrophy 16 (3)
Adenomatous polyposis coli 16 (3)
Osteogenesis imperfecta 15 (3)
Prader–Willi syndrome 13 (3)
Hemochromatosis 12 (2)
Phenylketonuria 10 (2)
Other 91 (18)

Corresponding author from
Europe 235 (46)
U.S. 176 (34)
Canada/Australia 45 (9)
Asia 19 (4)
Middle East 18 (4)
Africa/S. America/Other 20 (4)

Includes an author listing a DAO affiliation 11 (2)
Includes a statement about research support 350 (68)

TABLE II. Funding Sources Acknowledged in Biomedical Journal

Articles Describing Clinical Genetics Research (n¼ 350)

Funding source n (%)a

Governmental agency 208 (59)
National Institutes of Health, USA 100 (29)

Disease-advocacy organization 114 (33)
For-profit organizations 94 (27)
Academic institutions 76 (22)
Private research foundations 43 (12)
Professional organizations 7 (2)
Other 12 (3)
Specifically acknowledged no support 6 (2)

aBecause 196 articles (56%) reported multiple funding sources, the column sum does not
equal the total number of articles.

TABLE III. Research Co-Sponsors Acknowledged in Biomedical Journal

Articles Reporting DAO Support for Clinical Genetics Research

(n¼ 114)

Co-funding source n (%)
At least one additional source of

financial support acknowledged in the article
83 (73)

Governmental agency 64 (56)
National Institutes of Health, USA 39 (34)

For-profit organizations 26 (23)
Academic institutions 25 (22)
Foundations 14 (12)
Professional organizations 6 (5)
Other 6 (5)
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DAOs are involved in genetics research, a finding that has not been

widely recognized to date.

Several major findings from our study are noteworthy and

have important implications for future research. First, our results

suggest that DAOs support research studies on a wide range of

genetic diseases. For over half of the genetic diseases in our sample,

for which we were able to find at least one published research study,

we identified one or more articles in which funding from a DAO

was acknowledged. There was, however, considerable variation in

the proportion of articles that reported DAO funding across genetic

diseases, with some diseases having no articles reporting financial

support from a DAO and other diseases for which the majority of

articles acknowledged support from a DAO. It may be the case that

DAO involvement in certain areas of genetic research is explained

by broader social considerations, such as the extent to

which unaffected individuals identify with illness experiences, or

a comparative lack of research funding from governmental agencies

and pharmaceutical companies. Future research should seek to

describe why DAOs appear to be much more active in some areas of

clinical research than others.

Second, our results suggest that DAOs tend to co-sponsor

clinical research in partnership with others, not independently.

This finding may not be surprising in light of budgetary constraints

and the costs of conducting clinical research. By co-funding

research with other organizations, DAOs may serve as catalysts

for new approaches to clinical research. In addition, the impact of

DAOs on clinical research may be amplified through co-sponsorship

arrangements. For example, financial support from a DAO may

increase the likelihood that an investigator will obtain additional

research support from other funding sources, such as governmental

agencies. Future research should seek to assess the impact of DAO

support on more traditional sources of research funding.

Third, although we identified a significant number of articles in

which DAOs were reported to have actively participated in clinical

research, DAO involvement in subject recruitment or study

advertising may not be acknowledged routinely in published

journal articles. As a result, non-financial forms of DAO involve-

ment in clinical research may be much more extensive than our

data suggest. Future research should examine non-financial forms

of participation in clinical research by DAOs, especially the role of

patient-centered organizations in subject recruitment and data

collection. Although expanded participation in clinical research is

generally of much benefit to both researchers and patients, more

active DAO involvement may introduce new challenges with regard to

research protections that should be more fully examined [Landy and

Sharp, 2010; Simon and Mosavel, 2010]. Future research should

seek to characterize the many roles that DAOs are playing in clinical

research, their impact on patients’ perceptions of the potential

benefits and risks of research participation, and identify best

practices for ensuring adequate protection of research volunteers.

Finally, the expansion of DAO involvement in the financing and

conduct of clinical research also raises a number of important

ethical questions that have not been adequately considered to date

[Dresser, 2001]. As DAO involvement in research expands, clinical

researchers and others who partner with these organizations

should not assume that DAOs represent all individuals with a

specific disease. Some patients choose not to affiliate with these

organizations, for a variety of reasons. As a result, the research

agendas advanced by DAOs may fail to reflect the full range of

patient perspectives on clinical research [Sharp et al., 2008a].

Individuals who choose to participate in DAOs may also view

clinical research more favorably than others, raising an additional

concern that the work of these organizations may foster an unwar-

ranted level of optimism about the potential benefits of research

participation. Lastly, since many DAOs receive financial support

from drug and device manufacturers, it will be important to

examine how patient-centered organizations manage potential

conflicts of interest that may be associated with their expanding

roles in clinical research [Landy and Sharp, 2008; Sharp et al.,

2008b].

FIG. 1. The proportion of biomedical journal articles acknowledging DAO support, by genetic disease. Diseases are arranged in descending order along

the vertical axis by the total number of articles in our sample, from diseases with the largest number of published articles to the least. Results shown

include only genetic diseases for which there were 10 or more articles in our sample of articles published in 2004 and 2005. Articles on all other

diseases in the sample were combined to create the Other group.
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LIMITATIONS

There are several limitations to the findings we report. One limita-

tion is that we could not assess what proportion of the articles in

which no research support was acknowledged genuinely lacked

such support or simply failed to report it. Over two-thirds of the

articles in our sample, however, did discuss sources of financial

support. This number is consistent with prior studies that have

examined disclosures of research funding in other areas of biomed-

ical research [Birkhahn et al., 2006; Gelfman and Morrison, 2008].

Another limitation of our approach is that we were unable to assess

the amount of research funding provided by DAOs in the studies we

reviewed. Examining the total amount of funding provided by

various sponsors of clinical genetics research would provide a more

complete account of the respective influence of various funding

sources. Possibilities of coder error and inaccurate disclosures of

research funding in published reports also cannot be dismissed.

In addition to these limitations, the sample we selected for this

initial analysis may have introduced important biases. It is possible,

for example, that the genetic conditions we selected are more well

known among geneticists in part because they are more likely to be

associated with a DAO. Our focus on published reports in 2004 and

2005, also may underestimate DAO involvement in clinical genetics

research if that involvement is increasing with time. Perhaps most

important among these limitations, because we chose to restrict our

analysis to clinical genetics research, it may not be possible to

generalize our findings to other areas of research.

CONCLUSIONS

Our data demonstrate that in clinical studies of genetic conditions,

DAOs co-sponsor a significant proportion of published research

studies. The extent of DAO involvement in the financing of clinical

genetics research is remarkable, and especially evident when one

considers that in the period we examined DAOs co-funded roughly

the same number of published research studies as several traditional

sources of research funding such as the NIH and the pharmaceutical

industry. Financial support from DAOs is not limited to a few select

disorders and appears to extend across a diverse range of genetic

conditions. The financing of clinical genetics research by DAOs

does not appear to be limited to any geographical region either,

although their influence does appear to be more pronounced in

the U.S.

Our findings highlight the need for future research that

more fully describes the manner in which DAOs are influencing

the conduct of clinical research. Rigorous study of the complex

partnerships that are emerging among DAOs and clinical researchers

will enable a more complete understanding of these activities and

provide a starting point from which to begin thinking more critically

about how best to maximize the benefits of these collaborations

while simultaneously minimizing any potential harms.
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APPENDIX. LIST OF 50 GENETIC DISEASES
EXAMINED, WITH CORRESPONDING MeSH TERMS

TABLE

Disease MeSH term
Achondroplasia ‘‘Achondroplasia’’[MeSH]

Alpha-1 antitrypsin deficiency ‘‘alpha 1-Antitrypsin Deficiency’’[MeSH]

Alport syndrome ‘‘Nephritis, Hereditary’’[MeSH]

Angelman syndrome ‘‘Angelman Syndrome’’[MeSH]

Ataxia-telangiectasia ‘‘Ataxia Telangiectasia’’[MeSH]

Beckwith–Wiedemann syndrome ‘‘Beckwith–Wiedemann Syndrome’’[MeSH]

Charcot–Marie–Tooth disease ‘‘Charcot–Marie–Tooth Disease’’[MeSH]

Coffin–Lowry syndrome ‘‘Coffin–Lowry Syndrome’’[MeSH]

Cystic fibrosis ‘‘Cystic Fibrosis’’[MeSH]

DiGeorge syndrome ‘‘DiGeorge Syndrome’’[MeSH]

Down syndrome ‘‘Down Syndrome’’[MeSH]

Ehlers–Danlos syndrome ‘‘Ehlers–Danlos Syndrome’’[MeSH]

Adenomatous polyposis coli ‘‘Adenomatous Polyposis Coli’’[MeSH]

Fragile X syndrome ‘‘Fragile X Syndrome’’[MeSH]

Galactosemias ‘‘Galactosemias’’[MeSH]

Gaucher disease ‘‘Gaucher Disease’’[MeSH]

Hemochromatosis ‘‘Hemochromatosis’’[MeSH]

Hemophilia A ‘‘Hemophilia A’’[MeSH]

Hemophilia B ‘‘Hemophilia B’’[MeSH]

Factor XI deficiency ‘‘Factor XI Deficiency’’[MeSH]

Hereditary haemorrhagic

telangiectasia

‘‘Telangiectasia, Hereditary

Hemorrhagic’’[MeSH]

Hereditary non-polyposis

colorectal cancer

‘‘Colorectal Neoplasms,

Hereditary Nonpolyposis’’[MeSH]

Hirschsprung disease ‘‘Hirschsprung Disease’’[MeSH]

Huntington disease ‘‘Huntington Disease’’[MeSH]

Hurler syndrome ‘‘Mucopolysaccharidosis I’’[MeSH]

Sanfilippo syndrome ‘‘Mucopolysaccharidosis III’’[MeSH]

Klinefelter syndrome ‘‘Klinefelter Syndrome’’[MeSH]

Lesch–Nyhan syndrome ‘‘Lesch–Nyhan Syndrome’’[MeSH]

Li–Fraumeni syndrome ‘‘Li–Fraumeni Syndrome’’[MeSH]

Marfan syndrome ‘‘Marfan Syndrome’’[MeSH]

Duchenne muscular dystrophy ‘‘Muscular Dystrophy, Duchenne’’[MeSH]

Myotonic dystrophy ‘‘Myotonic Dystrophy’’[MeSH]

Neurofibromatosis, type 1 ‘‘Neurofibromatosis 1’’[MeSH]

Noonan syndrome ‘‘Noonan Syndrome’’[MeSH]

Osteogenesis imperfecta ‘‘Osteogenesis Imperfecta’’[MeSH]

Maternal phenylketonuria ‘‘Phenylketonuria, Maternal’’[MeSH]

Prader–Willi syndrome ‘‘Prader–Willi Syndrome’’[MeSH]

Retinitis pigmentosa ‘‘Retinitis Pigmentosa’’[MeSH]

Rett syndrome ‘‘Rett Syndrome’’[MeSH]

Sickle cell anemia ‘‘Anemia, Sickle Cell’’[MeSH]

Smith–Lemli–Opitz ‘‘Smith–Lemli–Opitz Syndrome’’[MeSH]

Tay–Sachs disease ‘‘Tay–Sachs Disease’’[MeSH]

Treacher collins/

Franceschetti’s syndrome

‘‘Mandibulofacial Dysostosis’’[MeSH]

Turner syndrome ‘‘Turner Syndrome’’[MeSH]

Hippel–Lindau disease ‘‘Hippel–Lindau Disease’’[MeSH]

Xeroderma pigmentosum ‘‘Xeroderma Pigmentosum’’[MeSH]

Werner syndrome ‘‘Werner Syndrome’’[MeSH]

Glucosephosphate

dehydrogenase deficiency

‘‘Glucosephosphate

Dehydrogenase Deficiency’’[MeSH]

Usher syndrome ‘‘Usher Syndromes’’[MeSH]

Maple syrup urine disease ‘‘Maple Syrup Urine Disease’’[MeSH]
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