
which have been of great importance in risk assessment.
The projects were also vital in capacity building, and
state of the art studies in air pollution epidemiology can
now be performed in several European countries,
including some in central and eastern Europe. This
experience has had an impact on policy issues as well,
and it is important that these efforts to support
international collaboration are continued.
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Moving beyond journals: the future arrives with a
crash
New ways to disseminate research from NIH and the BMJ

“It’s easy to say what would be the ideal online
resource for scholars and scientists: all papers in
all fields, systematically interconnected, effort-
lessly accessible and rationally navigable, from
any researcher’s desk, worldwide for free.”—
Stevan Harnad

Three hundred years of print journals have
bequeathed us almost the exact opposite of the
ideal proposed by Harnad, one of the leading

thinkers on how the internet will change science. In
biomedicine thousands of journals fragment infor-
mation into largely arbitrary groupings and charge
users for access. The burgeoning of the world wide web
(almost all researchers and three quarters of doctors in
the developed world now have access) makes it inevita-
ble that new systems of disseminating research will
replace or at least supplement traditional journals.
Concrete proposals for new systems are now
appearing, with an ambitious one from the National
Institutes of Health leading the way.1 2 We are about to
enter a period of what the Austrian-American
economist Joseph Schumpeter called “creative destruc-
tion,” and only some of us will still be in business at the
end. And those of us who still exist will not be doing
exactly what we are doing now.

What’s the problem?
The present system of disseminating research through
journals has many failings (see BMJ ’s website for a
summary of defects in journals), but there are two main
drivers of change. One, as almost always, is money. The
academic community, particularly in the United States,
has come to resent the money sucked out of the
research system by publishers.3 Most research is
funded with public money, yet the US Association of
Research Libraries spends $432m (£270m) ($12 000
(£7500) for each scientist) buying research journals.4 In
the face of declining subscriptions publishers have
long been putting up their prices each year by consid-
erably more than inflation. Something had to give.

Many researchers think that publishers do not add
sufficient value to justify the large profits that some of
them make. Consider the case of the traditional research

journal, which contains little but research. The research-
ers do the research, edit the journals (often unpaid), do
the peer review (almost always unpaid), often do the
copy editing (again unpaid), buy the journals (often at
inflated prices in thousands of dollars), read the journals,
and store them. Publishers may own the journals
(although often they don’t); manage the process; do the
design (usually minimal); typeset, print, and distribute
the journals (not processes that add much value and
potentially done much more cheaply on the internet);
market the journals (but often to libraries that have no
choice but to have them); and sell advertising (often
none). They may also sell reprints of articles—often for
hundreds of thousands of dollars at a time without giv-
ing anything to authors or funders of the research.

General medical journals do much more than the
stereotyped research journal we’ve depicted here, and
they are usually cheaper than most research journals.
But the big ones make substantial profits, and the edi-
tors of the New England Journal of Medicine and the
Lancet (the latter owned by the giant publisher
Reed-Elsevier) might have been more open than they
were about their own competing interests when
questioning the proposal from the National Institutes
of Health proposal.5 6 (We declare our competing inter-
ests at the end of this article.)

The second big driver of change is what’s been
called “the Balkanisation of the research literature” that
arises from there being too many journals and too
many publishers. Anybody who has ever attempted a
systematic review knows that it’s extremely difficult to
find all relevant research studies and very expensive to
get copies once you do locate them.

Harold Varmus, director of the National Institutes of
Health, has proposed a bold solution to these problems
called “E-biomed,” a website where all biomedical
research would be accessible through a powerful search
engine for free.1 2 The site would have two parts: one
would post research after peer review by traditional
journals; the other would allow the posting of “virtually
any legitimate work” on the say so of two approved
reviewers. Varmus’s proposal has produced a cacophony
of complaint from publishers. Our reaction is that it is
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not radical enough to produce a long term solution yet
may be too radical to achieve implementation.

The NIH solution
A more radical step would have been to recognise the
severe deficiencies of peer review for deciding what to
publish.7 8 Instead, E-biomed could have used peer
review to improve what is published and to start a sci-
entific discourse around a study. Almost anything then
could have been published together with commentar-
ies. Those accessing the site could have added further
comments if they so wished. The site might then have
been layered by simply counting the number of hits
received by studies. Our bet is the best studies would
quickly move into the gold layer while the many unim-
portant studies would fade away. Whatever happens
the National Institutes of Health should surely use this
period of change to encourage research into peer
review and make it more evidence based, as we and
others have argued.9-11

One major worry with Varmus’s proposal is that it
might mean that the US will control what is acceptable
and what isn’t in biomedical research. This anxiety can,
however, be addressed by partnerships with organisa-
tions from outside the US, and there are signs that this
is happening.12 Many within the US will not be keen,
however, on research dissemination being run by the
federal government, and there are likely to be many
political objections to Varmus’s plan—not least from
the many vested interests that are threatened.

A smaller step from the BMJ and
Stanford University libraries
Because Varmus’s plan is likely to get bogged down in
political and commercial wrangling, we plan to press
ahead with an experiment that may work because it has
already worked within the high energy physics and
astronomy communities. The BMJ Publishing Group
intends following their lead by setting up an eprint
server for clinical medicine and health research in part-
nership with Stanford University libraries (see BMJ ’s
website for details). The server will, we hope, be useful to
researchers. We do not expect it to be much use to doc-
tors who are not researchers, and nor would E-biomed
be of much use to them. They are likely to continue to
want to receive predigested, well presented accounts of
research that matters for their practice. This is a role that
journals are likely to continue to have in the future,
although again the existence of the internet may allow
entrepreneurs to develop better ways to do it.

Eprints (electronic preprints) are versions of articles
that have been circulated via the internet before
publication in a peer reviewed journal; an eprint server
allows collections of these to be accessed over the world
wide web. Eight years ago Paul Ginsparg set up an eprint
server for high energy physics, which has now
supplanted traditional physics journals as the means of
first publication in the field.13 It has not led to the demise
of peer review, and peer reviewed journals remain the
destination of most eprints after review and revision.
Some journals now accept submissions directly from the
server, thus streamlining the peer review process. Direct
reader feedback to authors is possible via the server, and
Ginsparg says that “subsequent revisions frequently

benefit as much or more from direct reader feedback as
from the conventional referee process.”14

The experiment has clearly worked for high energy
physics. Its eprint server receives about 2500
submissions a month and serves 30 000 distinct hosts a
week.15 How might a similar server benefit clinical and
health researchers? Locating the full text of studies on
their completion would be easy. (And a next step in the
experiment might be to include the registering of stud-
ies as they begin—allowing those contemplating doing
some research to know what’s already under way and
countering the problem of publication bias, whereby
studies with “negative” findings never appear.) Gone
would be the delays as journals took their time to agree
a publishable version of an article, and more time to
publish it. Currently, this has meant that articles
published by their author’s journal of first choice are
kept out of circulation for months, while those that
bump down the hierarchy of journals before finding a
taker could be kept out of circulation for years. Once a
study has been published, Medline has been the
traditional way to find it, yet Medline indexes only the
top 4000 journals, and rarely provides more than an
article’s abstract. To date, most research reported in the
remaining journals—especially those with low
circulations—might as well not have been done given
its inaccessibility.

These are not necessarily poor studies that deserve
to lose in this Darwinian struggle for attention—merely
those that represent too modest an advance over
previous work or that fail to meet the criteria of
importance or interest current at the time. This matters
for several reasons. Firstly, researchers whose subjects
are patients have an ethical obligation to share their
findings with others, as patients will usually have
agreed to become research subjects in the belief that
their actions would benefit others.

Secondly, when researchers are systematically
reviewing the literature they need to find all relevant
studies, and publication bias makes their job difficult if
not impossible. Thirdly, it’s not only systematic review-
ers who want to identify all relevant research: to avoid
duplication of effort other researchers and funding
agencies need to know what research had been
completed—even if not yet published in a peer
reviewed journal.

Two main arguments are advanced against eprint
servers. The first is that they would silt up with poor
quality information, becoming useless to researchers.
This view erroneously credits peer review with being a
good method of keeping poor quality work from pub-
lication, whereas the evidence suggests that with
persistence, even the most flawed work will eventually
find a home.9 Considerably less than 5% of papers
appearing in current journals contain a message that is
both scientifically sound and relevant to doctors.16

The second argument is that patients may come to
harm through acting on the basis of poor science. Yet
many unreviewed research findings already find their
way into the public arena, via authors and
conferences—and press conferences. The appearance
of a full account on an eprint server would be far pref-
erable to what happens now, when patients and
doctors may have read a garbled account in a
newspaper and have no way of accessing a full study
that can be appraised. In future authors who go public
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on their data without posting it on an open forum
where others can append their comments will raise
questions about their credibility and motives.

It’s important to remember that most interventions
of potential harm to patients (such as surgical
operations and the prescription of drugs) would need
to be initiated by doctors, who are famously conserva-
tive when it comes to changing their practice on the
basis of what they’ve read. In any case visitors to the
eprint server will have to read a disclaimer before
entering the website, and each individual article will
have a disclaimer cautioning people from acting on the
basis of research that has not been peer reviewed.

That an eprint server in clinical medicine would help
rather than hinder clinical and health researchers is a
hypothesis that is both testable and worth testing. The
eprint looks like the first substantially new form of scien-
tific communication since the peer reviewed article, and
as we’re in the business of transmitting scientific
information, it makes sense for us to work to find the
eprint’s right place in the new digital environment.

Tony Delamothe Web editor, BMJ
Richard Smith Editor, BMJ
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Junior doctors: waving or drowning?
The real solutions to juniors’ conditions lie beyond pay

Last week junior doctors’ representatives in the
United Kingdom voted unanimously to ballot
on industrial action.1 Such action may be some

way off, but this is a serious preliminary step. The last
industrial action by junior doctors was 25 years ago.
Since then juniors have been paid for their overtime
working; limits have been set to their hours of
work—although they are not fully implemented; and
specialist training is better organised. Yet, as before,
morale for some is in a critical state, and pay and con-
ditions are the stated problems.

Junior doctors as a group are hard working and
dedicated, and this move towards industrial action is a
clear signal that things are not right. But in seeking to
respond effectively to their problems we should not be
blinded to the crucial issue of “conditions” by the
smokescreen of concerns about pay. The secretary of
state for health has offered to consider changes to the
structure of juniors’ pay “if that is what they want.”1

Junior doctors need to consider that challenge
carefully. Is changing the pay structure really what is
needed? A vast body of evidence shows that pay is not
the most important aspect of job satisfaction. That is
not to diminish the problems of juniors’ pay: overtime
is paid at half the standard rate, so house officers may
receive only £4.02 an hour—little over the national
minimum—for demanding work requiring significant
qualifications often done in difficult conditions at anti-
social hours. Such absurdities hardly need
negotiation—they simply need to be sorted.

Understanding and improving difficult “conditions”
should, however, move the discussion beyond problems

experienced by doctors. In a system where professionals
do not work in isolation, if one group experiences diffi-
culties others will too. Stress is high in all groups in the
NHS.2 Many nurses work under huge pressure, and for
some first year nurses work is as bleak as it is for some
preregistration house officers. Real changes to working
conditions are likely to be found by looking at how the
workforce as a whole works together. But to do this
means a clean break with past habits and patterns of
reaction for each of the health service’s professions.

The many changes in the delivery of health care over
the past 25 years have largely been absorbed within
existing systems instead of the systems being changed to
suit the new demands. Increases in ambulatory, day case,
and outpatient care and reductions in beds and average
lengths of stay have changed the pace of both hospital
and community care. The pressures to see more patients
affect everyone in the health service. Unfortunately, the
common response to these increasing demands is
simply to work harder (and to shout loudly when the
pressures become too great) though the solutions are
likely to lie in doing things differently—and that includes
finding new ways of working together.

Even those who agree theoretically that changing
the way we work together through adopting a
“systems” approach to resolving the problems of junior
doctors is a better bet than simply reacting to superfi-
cial demands feel there is no time to work out how to
do things differently. Yet there is a danger of making
false economies with time. Some of the actions that
mitigate stress in house officers include regular
appraisal, support, and feedback by consultants.3 Time
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