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The identification of many hundreds of genetic variants associated with complex diseases
and their potential for interactions with environmental factors have increased the need for
prospective cohort studies involving several hundred thousand participants. [1,2]. Costs of
such studies under conventional funding models are high because typically they are
conducted by consortia of academic centers each responsible for recruitment, examination,
and follow-up of a subcohort of participants in its geographic area [3,4]. The costs and
inefficiencies in 100-fold expansion of these standard models can be prohibitive; large
studies should not be viewed simply as small studies made large. Rather, they require
fundamentally different approaches in which minimizing cost is a primary consideration,
and “process” proficiency to maximize efficiency is as important as scientific expertise.

UK Biobank is a large prospective study that relies on a centralized strategy for nearly all
aspects of its conduct. (5) This strategy, which UK Biobank adopted after rejecting a
decentralized approach due to excessive cost, has achieved exceptional efficiencies while
retaining scientific rigor. The main phase of recruitment started in April 2007 after a
successful integrated pilot of the recruitment and assessment processes. The recruitment
target of 500,000 individuals aged 40-69 years was achieved in July 2010, about 18 months
ahead of schedule and within budget. (5) The UK Medical Research Council and Wellcome
Trust charity are the chief funders (5), and the total cost of recruitment and baseline
assessments, along with establishing the sample and data storage infrastructure, was about
$100M. Annual costs for the subsequent phase of health outcome follow-up and
adjudication, as well as maintaining the sample store and developing the IT systems to
facilitate use by researchers, are estimated to be about $7M. The success of the UK Biobank
model may provide valuable lessons for the efficient operation of large prospective studies
in the US.

To Centralize or Not?
Centralized models of recruitment, data collection, sample processing, and follow-up can
increase efficiency while promoting standardization, thus meeting both process and
scientific imperatives. Rather than establishing and maintaining dozens or even hundreds of
individual assessment centers, each of which must become expert in all study aspects and
conduct them in (ideally) identical fashion throughout the study, participant recruitment can
be focused in specific locales for a set period and then shifted to other areas. Cost efficiency
can be achieved if assessment centers are inexpensive to establish and dismantle, temporary
staff can be rapidly hired and trained, sizeable numbers of interested participants can easily
reach the site, and economical space with good transport links is available for the period
needed to “exhaust” an area of willing participants.
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In UK Biobank, it was possible to meet all these conditions while maintaining good quality
data collection. About 6 assessment centers were in operation at any one time, each
recruiting about 100 participants per day for about 6 months, and a total of about 20 centers
were required to recruit the complete cohort. (5) By comparison with distributed models
typical of smaller studies, daily transmission of the data to the UK Biobank coordinating
center facilitated real-time monitoring based on stable estimates of expected means,
variances, missing rates, etc., allowing important aberrations to be detected and corrected
rapidly. Centralizing responsibility for such day-to-day operations in skilled project
managers has thus freed UK Biobank investigators to focus on science rather than miring
them in logistical details.

Centralized models may also have drawbacks. Experienced investigators may have well-
functioning recruitment and follow-up systems within their communities, as well as an
understanding of unique local conditions. Academic centers accustomed to operational
leadership in their geographic area may feel disenfranchised, risking the loss of their
scientific and logistical input. Encouraging such investigators to provide procedural insights
and advice for a centralized approach may make optimal use of their expertise, while
streamlining lines of operational responsibility. Collaborating investigators can also assume
primary responsibility for specific centralized aspects of study operations, such as enhancing
recruitment of under-represented groups, responding to participant or community concerns,
or developing systems for assessment of health outcomes.

Challenges in Event Ascertainment
Identifying disease events after the baseline assessment is as critical to the success of
prospective studies as recruiting the cohort in the first place. Ensuring effective follow-up
has been a major reason for establishing semi-permanent, localized study centers closely
associated with area hospital record systems. In settings with one or only a few major
sources of care and comprehensive medical records, follow-up may be possible with
minimal participant input through record surveillance alone. Regional or national health care
systems, such as the British National Health Service (NHS), can greatly simplify follow-up
for clinically-detected events, though this will miss asymptomatic outcomes and may
misclassify those with incorrect clinical diagnoses. UK Biobank will be relying on NHS
records for disease ascertainment with subsequent centralized adjudication, but US systems
are fragmentary, non-standardized, and challenging to access. If centralization is to work
optimally, remote ascertainment of disease outcomes without ongoing contact with
participants will almost certainly be necessary. This presents a considerable obstacle to large
cohort studies in areas without central health data systems, though email or internet re-
contact may become increasingly feasible. Studies in the US will be greatly facilitated by the
development of standardized electronic medical records nationwide [6]. Embedding
participant recruitment in an infrastructure for follow-up, as in studies conducted through
established health care systems in the US [7,8] necessarily constrains the population from
which a study can draw and may limit the diversity of the resulting cohort (but not its
generalizability).

High Response Rates or High Recruitment Rates?
A key consideration in limiting costs of large prospective studies is the vigor with which a
high participation rate is pursued. Nationally representative surveys such as the NHANES []
and disease-specific studies such as the Cardiovascular Health Study [3] provide valuable
population-based estimates of disease prevalence and incidence which require high response
rates. Prospective cohorts need not, however, be representative of a population to be
generalizable; for example, the British Doctors’ study provided valuable insights on the
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disease risks due to smoking for the general population [9] and the Framingham study has
provided information about blood pressure and cholesterol that go well beyond that one
small Massachusetts town [10]. If a cohort study focusing on disease risk associations has a
sufficiently large base population and captures a diversity of exposures and backgrounds, the
results can still be applicable to populations with different distributions of these exposures.
For these reasons, UK Biobank chose to emphasize diversity rather than participation rates,
and accepted yields of roughly 10%. (5) If enough potential invitees are available,
substantial savings can be realized by not attempting to persuade undecided persons to join.

Conclusions
The need for large prospective cohorts to assess genetic and environmental factors reliably
requires nearly unprecedented levels of cost-efficiency. The novel approaches successfully
used by UK Biobank may not be directly transferable to all settings in the US, where
infrastructures for recruitment and follow-up differ, and diversity and distances are greater.
Careful assessment and piloting will be needed to assess the feasibility of such models in the
US. Several large-scale US efforts are under way including major initiatives by Kaiser and
the Department of Veterans Affairs. However, if these large US cohort efforts are to be
successful, lessons learned from approaches used by the UK Biobank may help point the
way.
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