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Abstract

Background Rare diseases (defined as affecting < 1 in 2000 Europeans) may collectively affect up to approximately 8% of
the population. The low prevalence of individual diseases limits patient studies and data collection is a key challenge; inter-
national rare disease patient registries are essential for optimal data collection and research. Registry data achieves value
when research conducted on them are published—this is termed evidence generation.

Objective The aim of this study was to examine selected factors and their association with evidence generation, via scientific
publication, from international rare disease patient registry data.

Methods All international rare disease patient registries listed in the Orphanet 2018 report were analysed. Rates of scientific
publications were compared by funding stream, disease area and registry size using multivariable regression analyses. Publication
characteristics, such as novelty of findings, were also compared by registry funding stream, disease area and duration of operation.
Results Privately funded registries had approximately two to four times higher rates of scientific publication compared with
publically funded registries, with adjusted rate ratios of 1.85 (95% confidence interval [CI] 1.07-3.22) and 4.18 (95% CI
2.54-6.87) for private not-for-profit and private for-profit funding, respectively. The inclusion of outcomes, use of pharma-
ceutical medicines, novel findings and citation rate for publications generated from patient registries with any private funding
was not significantly different from those attributed to only publicly funded registries.

Conclusion The results of this study indicate that privately funded international rare disease patient registries produce sig-
nificantly more evidence than their publicly funded counterparts. Examination of the quality indicators of these publications
showed they were of the same high quality as those generated from publicly funded patient registry data.

1 Introduction
Key Points

Individually, rare diseases affect fewer than 1 in 2000 Euro-
Privately funded international rare disease patient regis-

) ; ATk T peans, yet collectively they have been thought to affect as
tries generate more evidence (via scientific publications) much as 8% of the population [1]. However, more recent
than their publicly funded counterparts.

estimates place the total burden of rare disease at only
Privately funded registry publications are of the same approximately 5.9% of the worldwide population; this cor-
quality as those from publicly funded registries. relates to around 446 million patients worldwide and 30 mil-
lion patients across Europe [2].

Rare diseases can be difficult to study since the low
prevalence of each disease often restricts studies of disease
course and treatment response, and may also limit fundrais-
ing efforts for the study of these conditions. However, these
challenges can be overcome with well-designed and sup-
ported rare disease patient registries (RDRs).

A patient registry is a prospective and/or retrospective
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D4 Ravi Jandhyala observational, or ‘non-interventional’, cohort clinical study
ravi@medialis.co.uk that can be local or international in scale [3, 4]. The col-
lected data can include patient demographics, medical and
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biochemical/radiological tests [5]. International RDRs pro-
mote collaboration, facilitate standardisation of information
and allow more powerful studies to be conducted on the
acquired data than smaller, local registries [6, 7].

International RDRs are important and cost-effective
resources for rare disease communities, collecting data and
generating publications that complement the results of clini-
cal trials and reflect actual clinical practice [1, 8]. These
publications help regulators further evaluate the safety and
efficacy of therapies, support continued reimbursement by
payors, and contribute to the development of novel thera-
peutic approaches, collectively improving patients’ quality
of life [8, 9]. Furthermore, the publication of studies aris-
ing from an RDR raises awareness of the condition, which
can contribute to future fundraising efforts that support all
aspects of the disease community [5].

Patient registries can be publicly or privately funded,
either on a for-profit or not-for-profit basis. Public patient reg-
istries are funded by government bodies, such as the Medical
Research Council (MRC) in the UK, the European Research
Council (ERC) in Europe, and the National Institutes of
Health (NIH) in America, while private patient registries are
funded by non-government sources, including philanthropic
organisations, independently wealthy individuals and phar-
maceutical companies. A recent review of patient registries
described nine different funding models and concluded that
the choice of funding model should be dictated by the needs
of the registry [10], yet the relative benefits of different fund-
ing models for patient registries have only recently been stud-
ied; RDRs have not been specifically assessed [4].

The design of future registries could be guided by
assessing and comparing the effects of funding model on
the impact of existing registries. The transition from sim-
ple ‘data’ held in an RDR into ‘evidence’ that can inform
clinical management decisions relies on the publication of
good-quality research conducted on the registry population.
Cumulative publication count is therefore a good indicator
of the impact of a rare disease registry and can be used to
compare the influence of public and private funding streams
on the overall impact of RDRs. This study explores the tran-
sition of simple data entered in RDRs into published evi-
dence via the analysis of publication count (as a marker of
evidence generation) alongside publication quality, meas-
ured via inclusion of outcomes, pharmaceutical medicine
inclusion, novelty of findings and citation rate.

2 Methods
2.1 Study Design and Data Sources

All international RDRs listed in the Orphanet ‘Rare Disease
Registries in Europe’ report (May 2018) were included in
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this study [11]. Patient registries were excluded from sub-
sequent analyses if the duration of operation (start and end
dates) could not be confirmed. Data were collected for all
included patient registries up to December 2018. Further
data were collected from other primary sources, specifically
the registry owner, ClinicalTrials.gov and the registry’s own
website.

Registry-related publications were identified and quanti-
fied by searching for the included patient registry names in
MEDLINE via PubMed (31 December 2018), before being
analysed via full-text reviews to assess whether the results
reported were unique or confirmed previously reported data.
Publications were excluded from the analysis if they did not
report on findings of studies conducted either wholly or in
part on data contained directly within their respective patient
registry.

2.2 Study Variables

The number of publications reporting data from the patient
registry population was defined as an indicator of evidence
generation. As both registry size and duration of registry
operation are intrinsic factors influencing the amount of
data accumulated, these were incorporated into the analyses.
Duration of operation was defined as the duration between
the registry start and end dates. For the registries that have
ongoing operations, all information was censored on 31
December 2018. The main outcome of interest was the pub-
lication rate, or rate of evidence generation, defined as the
number of publications over the period of registry operation.

To investigate the influence of funding stream on patient
registry publication count, the main covariate was the type
of funding for the operation of the registry (public, private
for-profit, private not-for-profit, and mixed). Additional
covariates of interest were disease/therapeutic area (genetic,
congenital, oncology, other) and the target size of the regis-
try (<500, 500-1500, 1500-2500,>2500); the distinction
between genetic and congenital disease/therapeutic areas
was made based on whether there was a hereditary compo-
nent to the disease/therapeutic area.

For publication-level analysis, several outcome variables
were used in order to assess publication quality. In addi-
tion to the citation rate, which was calculated as the citation
count from the date of publication to 31 December 2018,
other factors were chosen for their informative nature for
numerous stakeholders. Indeed, from empirical experience,
the inclusion of patient outcomes provides important infor-
mation about disease progression, both on and off treatment;
this is a particularly relevant outcome for payor authorities.
The inclusion of pharmaceutical medicines provides rel-
evant information for regulatory bodies, and the reporting
of new findings in the publication is valuable to both the
prescriber and patients. The covariates were registry-level
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characteristics, including funding, disease/therapeutic area
and duration of operation.

2.3 Statistical Analyses
2.3.1 Registry-Level Analyses

The response variable was publication rate (number of pub-
lications containing data from a given patient registry) over
the duration of operation of the patient registry. For the
covariates hypothesised to be associated with the response,
multivariable regression analysis was performed.

The excessive number of zeroes in the publication with
registry data field gave rise to overdispersion. To account
for this, in addition to fitting a Poisson regression, zero-
inflated Poisson, negative binomial and zero-inflated nega-
tive binomial regression models were also fitted. Results
are presented with data summaries (number and percent-
age of registries in each category, total number of publi-
cations and total duration of registry operation for each
covariate category). The adjusted rate ratios (RRs) and
their corresponding 95% confidence intervals (CIs) are
also presented.

For the zero-inflated models, the model for the compo-
nents (mixing model for zero inflation) does not include
any covariates due to an inadequate number of registries
for estimating the effect of the covariates in the mixing
model. Mediation by an intermediate variable was empiri-
cally checked by specific models defining the pathways of
supposed associations. A proportional odds logistic regres-
sion was used to assess the association between registry size
and funding stream.

2.3.2 Publication-Level Analyses

Generalised linear mixed models were fitted with registries
as random effects and covariates as fixed effects. Logistic
mixed-effects models were used for the presence of out-
comes, pharmaceutical medicines and new findings in pub-
lications; adjusted odds ratios are presented along with their
95% CI. A Poisson mixed-effects model was used for cita-
tion rate; adjusted rate ratios are presented along with their
95% CI.

2.3.3 Implementation of Statistical Methods

All statistical analyses were performed using R version
3.5.2 (The R Foundation for Statistical Computing, Vienna,
Austria). Zero-inflated regressions were performed using
the pscl library routines, while the proportional odds logis-
tic regression was performed using the MASS library rou-
tines. The generalised linear mixed models were fitted using
Ime4 library routines.

3 Results
3.1 Registry-Level Analyses

A total of 83 international RDRs from the Orphanet report
were examined [11]. Table 1 provides the attrition in the data
used for statistical analysis due to missing information in the
collected variables. The number of publications reporting
results on studies conducted on a patient’s registry data was
positively skewed with a large number of zeroes (Fig. 1). Of
the 83 international RDRs included in this study, 26 (31%)
were completely publicly funded, while of the 51 (61%)
RDRs that had some form of private funding, 19 (23%) had
private for-profit funding, 18 (22%) had private not-for-profit
funding and 14 (17%) had mixed funding. For 6 (7%) RDRs,
the correct funding stream could not be ascertained. Of all
83 RDRs, 33 (40%) did not have any publications, indicating
that these RDRs have not contributed towards the evidence
base.

Table 2 presents the adjusted rate ratios for the covariates
(funding and disease area of the registry) using Poisson,
zero-inflated Poisson, negative binomial and zero-inflated
negative binomial regressions. When compared with regis-
tries with public funding, registries with private for-profit
funding have an approximately four times higher rate of
publication (RR 4.18, 95% CI 2.54-6.87 from the Pois-
son model), which was consistent across all four models
used. Registries with private not-for-profit funding have an
approximately two times higher rate of publication, however
this effect was neither consistent nor statistically significant
across the four models.

The disease/therapeutic area (genetic, congenital, oncol-
ogy and other) did not have any significant association
with the publication rate; however, this could be due to the
small number of registries in the congenital and oncology
categories.

In addition to funding and disease area, Table 3
includes the target registry size as a covariate, and details
their adjusted rate ratios across all four described mod-
els. In this model, increased registry size (500-1500,
1500-2500, > 2500 vs < 500) is significantly associated with
higher publication rates (RR 2.41, 95% CI 1.15-5.07; RR

Table 1 Attrition due to missing variable information

Attrition Dataset Sensitivity
dataset

Total number of registries 83 83

Valid duration of operation 58 67

Valid number of publications 58 67

Valid therapeutic area 54 63

Valid registry size 36 41
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Fig. 1 Forest plots displaying the adjusted log-rate ratios of selected
covariates. Estimates were obtained using Poisson and zero-inflated
Poisson models. The symbols represent the adjusted log-rate ratios
and the horizontal lines represent their corresponding 95% confi-

Table 2 Adjusted rate ratios and their 95% confidence intervals for
variables associated with number of publications with registry data
using Poisson, zero-inflated Poisson, negative binomial and zero-
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dence intervals. a, b Model estimates with funding and disease area
as covariates. ¢, d Model estimates with funding, disease area and
registry as covariates. The vertical dashed line is at value 0, which
represents the null value for log-rate ratios

inflated negative binomial regression models. Covariates include
funding and disease area

Covariates Categories Summary Adjusted rate ratio (95% CI)
N (%) Events (p-y) Poisson ZIP Negative ZINB
Binomial
Funding Public 17 (32.08) 31(146.96) Reference Reference Reference Reference
Mixed 7(13.21) 16 (86.87) 0.88 (0.45-1.74) 1.23(0.59-2.58) 0.74 (0.20-2.75)  0.81 (0.23-2.83)
Private for-profit 16 (30.19) 187 (283.52) 4.18 (2.54-6.87) 3.43 (1.90-6.18) 4.50 (1.65-12.27) 4.39 (1.66-11.63)
Private not-for-profit 13 (24.53) 41 (128.26) 1.85(1.07-3.22) 1.65(0.88-3.09) 2.77(0.97-7.89)  2.69 (1.00-7.24)
Disease area  Genetic 32 (60.38) 201 (417.92) Reference Reference Reference Reference
Congenital 3 (5.66) 12 (41.92) 1.86(0.88-3.91) 2.28 (1.01-5.12) 2.93 (0.59-14.58) 3.25 (0.65-16.34)
Oncology 6 (11.32) 24 (61.87) 1.13(0.73-1.75) 1.11(0.70-1.74) 0.69 (0.20-2.32)  0.71 (0.25-2.01)
Other 12 (22.64) 38 (123.90) 1.51(0.99-2.29) 1.12(0.72-1.74) 2.11(0.82-5.45)  1.89 (0.73-4.90)
Total 53 (100.00) 275 (645.61)

ClI confidence interval, ZIP zero-inflated Poisson, ZINB zero-inflated negative binomial, p-y person-years

3.60, 95% CI 1.70-762; and RR 4.25, 95% CI 2.11-8.55,
respectively); these values are based on the Poisson regres-
sion model. However, the association with funding stream
is reduced in this model. The estimates and 95% CI of the
adjusted rate ratios from Tables 2 and 3 are presented on a
log scale using the forest plots seen in Fig. 1.

Electronic supplementary Tables 1 and 2 present the same
analysis performed on the data found in Tables 2 and 3,
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however the analysis has been conducted for the sensitivity
dataset (registries with missing end dates of operation are
assumed to be ongoing). Overall, the estimates from elec-
tronic supplementary Tables 1 and 2 are similar in direction
and size to their corresponding estimates from Tables 2 and
3; a larger number of observations in the sensitivity dataset
may have led to small changes in the estimates and/or widths
of the 95% CI.
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Table 3 Adjusted rate ratios and their 95% confidence interval for
variables associated with number of publications with registry data
using Poisson, zero-inflated Poisson, negative binomial and zero-

inflated negative binomial regression models. Covariates include
funding, disease area and registry size

Covariates Categories Summary Adjusted rate ratio (95% CI)
N (%) Events (p-y) Poisson ZIP Negative ZINB
Binomial
Funding Public 10 (27.78) 25 (81.13) Reference Reference Reference Reference
Mixed 3(8.33) 13 (47.71) 0.53 (0.21-1.34) 0.73 (0.30-1.78)  0.44 (0.06-3.00)  0.60 (0.11-3.23)
Private for-profit 14 (38.89) 170 (264.62) 1.51(0.79-2.87) 0.82(0.36-1.89) 1.40(0.41-4.74)  1.15(0.30-4.43)
Private not-for-profit 9 (25.00) 36 (89.05) 1.09 (0.56-2.14) 0.56 (0.26-1.21) 1.29 (0.36-4.61) 0.97 (0.27-3.51)
Disease area  Genetic 24 (66.67) 180 (347.85) Reference Reference Reference Reference
Congenital 2 (5.56) 12 (22.42) 1.67 (0.72-3.90) 0.83 (0.32-2.12)  1.35(0.21-8.88)  1.00 (0.18-5.42)
Oncology 1(2.78) 19 (17.08) 1.87 (1.07-3.27) 1.66 (0.95-2.89) 1.67 (0.19-14.59) 1.44 (0.26-7.98)
Other 9 (25.00) 33 (95.16) 1.45(0.84-2.51) 1.05(0.59-1.89) 1.89 (0.62-5.79)  1.65 (0.62-4.40)
Registry size < 500 9 (25.00) 10 (68.98) Reference Reference Reference Reference
500-1500 8(22.22) 35(102.85) 2.41(1.15-5.07) 2.52(1.11-5.72)  3.41(0.95-12.20) 3.01 (0.97-9.31)
1500-2500 10 (27.78) 70 (122.78)  3.60 (1.70-7.62) 3.92 (1.71-8.98)  5.02 (1.33-19.01) 5.34 (1.64-17.44)
> 2500 9 (25.00) 129 (187.90) 4.25 (2.11-8.55) 5.64 (2.53-12.56) 4.54 (1.30-15.88) 5.15 (1.52-17.43)
Total 36 (100.00) 244 (482.51)

CI confidence interval, ZIP zero-inflated Poisson, ZINB zero-inflated negative binomial, p-y person-years

In order to fully understand the process of associations
from Tables 2 and 3, an empirical check was performed to
determine whether the effect of funding on publication rate
is mediated by target registry size as an intermediate vari-
able; the results from this mediation analysis are presented in
Table 4. Three models were fitted to the data with non-miss-
ing values for all variables involved (36 data points): Model
1 (publication ~ funding), Model 2 (publication ~ fund-
ing +registry size) and Model 3 (registry size ~ funding).
The estimates from the three models suggest a mediation
effect according to the causal effect criteria [12]. Due to an
inadequate number of data points and the non-Gaussian dis-
tributional assumptions of the variables involved, no formal
methods were further employed to quantify the mediation
effects.

3.2 Publication-Level Analyses

Publication data from included patient registries with
at least one publication were assessed, and a total of 276
publications from 50 registries were included in the sta-
tistical analyses. The number of publications per registry
utilising registry data ranged from 1 to 62, with a median
of three publications. Table 5 presents the adjusted risk
ratios for the covariates funding, disease/therapeutic area
and duration of operation of the registry on publications to
include outcomes, pharmaceutical drugs and new findings,
along with their citation rate. The odds for publications to
include outcomes are between two and four times higher
for registries with any private funding (private for-profit,

Table 4 Mediation analysis

Covariates Categories Risk ratio  95% CI
Model 1: Funding Publications ~ funding
Public Reference Reference
Mixed 0.67 0.35-1.25
Private for-profit 2.62 1.75-4.08
Private not-for-profit 1.65 0.99-2.77
Model 2: Funding Publications ~ fund-
ing +registry size
Public Reference Reference
Mixed 0.56 0.29-1.05
Private for-profit 1.28 0.82-2.08
Private not-for-profit 0.96 0.57-1.65
Registry size <500 Reference Reference
500-1500 3.14 1.68-6.24
1500-2500 5.29 2.93-10.28
> 2500 5.23 2.89-10.22
Model 3: Funding Registry size ~ funding
Public Reference Reference
Mixed 1.80 0.25-12.60
Private for-profit 9.64 2.05-51.90
Private not-for-profit 4.29 0.84-24.00

CI confidence interval

private not-for-profit and mixed) in comparison with public
funding only; the adjusted odds ratios after adjusting for
disease area and duration of registry operation are 4.31 (95%
CI10.92-20.14), 2.44 (95% C1 0.63-9.38) and 4.43 (95% CI
0.60-32.50), respectively.
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The odds for publications to include pharmaceutical
drugs is at least two times higher for registries with any
private funding (private for-profit, private not-for-profit
and mixed) in comparison with public funding only. The
adjusted odds ratios after adjusting for disease area and
duration of registry operation are 6.76 (95% CI 0.55-83.44),
2.23 (95% C10.17-28.51) and 17.04 (95% CI 1.24-233.38),
respectively.

The odds for publications to include new findings are not
significantly different for registries with private funding (pri-
vate for-profit, private not-for-profit and mixed) in compari-
son with public funding only. The adjusted odds ratios after
adjusting for disease area and duration of registry operation
are 1.50 (95% CI 0.19-11.90), 2.23 (95% CI 0.41-12.23)
and 1.14 (95% C1 0.12-10.58), respectively.

The citation rate is not significantly different for regis-
tries with private funding (private for-profit, private not-for-
profit and mixed) in comparison with public funding only.
The adjusted rate ratios after adjusting for disease area and
duration of registry operation are 0.78 (95% CI 0.39-1.55),
0.67 (95% CI 0.35-1.28) and 0.78 (95% CI 0.34-1.80),
respectively.

The estimates and 95% CI of the adjusted risk ratios from
Table 5 for funding stream on the described quality indicators
are presented on a log scale using the forest plots in Fig. 2.

4 Discussion

RDRs play an important role in monitoring disease pro-
gression and outcomes of therapeutic interventions in a
‘real-world’ population. The impact of international RDRs

Table5 Adjusted odds ratios and their 95% confidence interval for
variables associated with use of outcomes, use of pharmaceutical
drugs, new findings in publications and citation counts using gener-

is driven by the amount of evidence generated and subse-
quently published in academic journals. Once in the public
domain, a range of stakeholders are able to benefit from this
knowledge, including payor authorities, regulatory bodies,
patient groups and clinicians. In turn, this value increases
the profiles of both the initial registry and the disease area
[5, 13].

In order to account for the large number of RDRs with
no publication results, zero-inflated models were applied.
These are mixture models and are specified in two parts: a
binary model for whether an RDR is amenable to generat-
ing evidence from data entered in it, and a count model for
the research output in terms of number of publications. Due
to the small number of RDRs included in the analysis, the
binary model did not include any covariates.

The results show that, in general, privately funded RDRs
have a higher rate of scientific publication and consequent
evidence generation in comparison with publicly funded
RDRs. In particular, private for-profit funding is associated
with about a four times higher rate of publication in com-
parison with publicly funded international RDRs.

Additionally, the results show that the effect of funding on
publication rate is mediated through the size of the registry.
Private funding leads to larger-sized registries that can accu-
mulate a greater volume of patient data, which, in turn, ena-
bles a threshold quality of research to be conducted on them,
transitioning those data into evidence. From the descriptive
summaries of the data analysed, it seems that publication rates
may also be influenced by disease area (genetic, congenital,
oncological and other). However, due to the small number
of registries with non-missing data for these variables, this
association cannot be appropriately assessed in this study.

alized linear mixed models. Fixed-effects covariates include funding,
disease area and duration of operation

Covariates Categories Outcomes (194/275)  Pharmaceutical drugs (106/275)  New findings (231/275)  Citations (276)
Funding Public Reference Reference Reference Reference
Mixed 4.43 (0.60-32.50) 17.04 (1.24-233.38) 1.14 (0.12-10.58) 0.78 (0.34-1.80)

Private for-profit

Private not-for-profit
Disease area  Genetic

Congenital

Oncology

Other

Operation <7
duration,
years

7-10
10-16
> 16

4.31(0.92-20.14)
2.44 (0.63-9.38)
Reference

1.00 (0.13-7.57)
1.09 (0.32-3.73)
3.93 (1.06-14.59)
Reference

4.37 (0.83-22.99)
1.49 (0.42-5.35)
1.65 (0.36-7.54)

6.76 (0.55-83.44)
2.23(0.17-28.51)
Reference

3.37 (0.16-69.61)
1.41 (0.52-3.79)
0.20 (0.02-2.16)
Reference

NE
NE
NE

1.50 (0.19-11.90)
2.23(0.41-12.23)
Reference

0.53 (0.02-15.62)
0.30 (0.04-2.09)
2.28 (0.47-11.12)
Reference

55.55 (2.70-1141.85)

3.60 (0.72-18.00)
7.63 (0.84-69.62)

0.78 (0.39-1.55)
0.67 (0.35-1.28)
Reference

2.12 (0.73-6.12)
0.68 (0.28-1.66)
1.14 (0.64-2.05)
Reference

0.99 (0.46-2.13)
0.88 (0.46-1.71)
1.15 (0.52-2.55)

CI confidence interval, NE not estimated
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Fig.2 Forest plots displaying the adjusted log-risk ratios for three
private funding streams against only public funding for registries
against four selected characteristics of registry publications. The
estimates were obtained using generalised linear mixed models. The
symbols represent the adjusted log-risk ratios and the horizontal lines

From the publication-level analyses, the results showed
that patient registries with any private funding (private
for-profit, private not-for-profit and mixed) appeared more
likely to include outcomes, pharmaceutical medicine data
and new findings in associated publications than registries
with only public funding, albeit no statistical significance
was observed. This indicates that the quality of publications
from registries with any private funding is at least as good
as those from only publicly funded registries. In conjunction
with the registry-level results, registries with private-funding
had higher publication rates and the publication quality was
found to be as good as, if not better than, publicly funded
registries. The citation rates for publications from registries
with any private funding were not significantly different
from those attributed to only publicly funded registries.

The results of this study indicate that private for-profit
registries may produce significantly more publications,
and therefore evidence, than their publicly funded coun-
terparts. However, industry funding of research projects
has been recognised as a potential conflict of interest, and
private for-profit registries are often viewed cautiously due
to their dual obligations [14]; debate continues over the
risk of industry-sponsored studies including market-driven
research practices to promote therapeutic interventions ver-
sus the benefit of them being more rigorous due to higher

(b) Pharmaceutical Drugs

o Mixed
—_—— m  Private-For-Profit

Private-Not-For-Profit

T T T T T 1
-6 -4 -2 0 2 4 6

log Rate Ratio

(d) Citation Rate

! o Mixed
—Oi— = Private-For-Profit

E Private-Not-For-Profit
—

6 -4 2 0 2 4 6
log Rate Ratio

represent their corresponding 95% confidence intervals. a—c Log odds
ratios for publications to include outcomes, pharmaceutical drugs and
new findings. d Presents the log-rate ratios for citation rates. The ver-
tical dashed line is at value 0, which represents the null value for log-
risk ratios

levels of resource and scrutiny [15]. However, a number of
the concerns surrounding industry-sponsored research are
being addressed, by increased clarity in financial sponsor-
ship, improved reporting of conflicts of interest, increased
publication of negative results and the running of larger and
better-designed clinical trials [16]; compliance with trans-
parency requirements for pharmaceutical industry-sponsored
studies are also mandated by pharmaceutical industry codes
of practice [17, 18]. Furthermore, it has also been shown that
government-funded studies are significantly more likely to
be missing data about study design and intervention, sug-
gesting that the concerns around industry-sponsored studies
may also be attributable to publicly funded research [19].
The interests of sponsors are also often aligned with those
of the patients. For example, increased disease awareness
generated by a registry may increase diagnosis rates, allow-
ing more patients to receive appropriate treatment, which
will also increase the market share of an industry partner
distributing effective medicines. A ‘diversity of purpose’ in
private for-profit registries has also recently been proposed
to demonstrate the importance of their contribution to the
real-world safety profile of therapeutic approaches [4].
There are some potential limitations of this study. This
analysis utilised the Orphanet report to generate the list of
patient registries of interest. The rationale for this was based
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on the assumption that the report provided a complete listing
of RDRs; should this not be the case, the results of this study
may be skewed, particularly if a particular funding stream
is found to be inappropriately under- or overrepresented.
Furthermore, the assessment of publication findings was
limited in scope solely to ascertain the uniqueness of each
publication in relation to previous literature, not the level to
which the findings have/will inform clinical decision mak-
ing. This assessment would require clinicians with detailed
experience of the management of patients and a degree of
consensus among them, determined by existing practices,
putting it beyond the scope of the current research project.

5 Conclusion

This study has highlighted a number of potential benefits,
both to the rare disease evidence base and the scientific com-
munity, of private-funding streams, realised through facili-
tating the generation of a greater volume of evidence with-
out compromising in quality when compared with publicly
funded registries.
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