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Practice Points
 � Cohort studies and registries provide information on clinical guidelines and quality of 

care, drug safety and benefit–risk data, and health-related outcomes, including quality of 

life and clinical effectiveness.

 � The prevalence of rheumatoid arthritis (RA) from registries in the UK in the 1990s was 

1.16% in women and 0.44% in men, which had decreased in women and increased in 

men from the 1950s. 

 � RA has a very variable course, but is generally set in the first few years.

 � Reduced functional ability is frequently an early feature.

 � Rheumatoid factor remains the most useful prognostic factor.

 � The long-term adverse effects of biologics include a slight increase in opportunistic 

infections. 

 � The identification of ‘early RA’ is critical and drives forward improvements in 

management.

 � The continuous use of contemporary data is important for national policy making 

organizations (the National Audit Office and NICE).

 � Current databases underpin future and more ambitious national initiatives.
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Summary: The gold standard in research for evidence that underlies clinical practice 

is the randomized controlled trial. In recent years it has been accepted that observational 

studies, which include disease and drug registries and cohort studies, are very important 

sources of data not available from randomized clinical trials, and the two different approaches 

complement one another. In rheumatology, the development of clinical guidelines, standards 

of care and health policies, and appraisal of new drugs by NICE, all rely on clinical outcomes, 

prognostic factors and responses to drug therapies provided by both sources. Observational 
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Disease or patient registries are collections of 
secondary data related to patients with a spe-
cific condition or intervention. In previous 
decades, a disease registry in its simplest form 
would consist of a diagnostic index of patients 
collected at one point in time on paper cards 
kept by an individual physician. Now registries 
vary in sophistication from simple computer 
spreadsheets, with confined access, to very com-
plex databases, available online across multiple 
institutions. Although they may just provide 
a snapshot of a condition or drug, many have 
extended to include regular yearly follow-ups 
and collection of outcomes, either directly or 
through database linkage via unique personal 
identification codes, resulting in similar aims 
and designs to observational and longitudinal 
cohort studies. Cancer registries have been in use 
in the UK and internationally for many years, 
whereas in rheumatology most registries have 
been developed only recently to monitor the new 
biologic therapies.

The term 'cohort' is used to describe a group 
of people who have something in common 
when they are first assembled. A cohort is usu-
ally established based on a specific diagnosis, 
and individuals may be recruited either at the 
time of diagnosis (‘inception’) or any time in 
the course of their disease (‘prospective’). They 
are often referred to as long-term observational 
studies and used to describe and record the 
course and long-term complications of disease 
and its therapy. Ideally, they should be inception 
cohorts and provide assessments at specific and 
regular time-points for prolonged periods with 
as complete follow-up as possible.

Patient registries and cohort studies are very 
different from clinical trials in terms of design, 
logistics, approvals and site expectations. Success 
demands different expertise and core compe-
tencies. The main evidence for the efficacy and 
safety of medical products and therapies are pro-
vided by well-conducted randomized controlled 
trials (RCTs), considered the ‘gold standard’ 

research method. They generally study care-
fully selected groups of patients under controlled 
conditions, possibly over periods of months but 
not years. In a world of limited resources and 
patients with diverse risk factors and health con-
ditions, clinicians, patients and commissioners 
need to know which products and services are 
safer, more effective and adhered to in a variety 
of ‘true-to-life’ settings that reflect the popu-
lations of interest, in both the short- and the 
long-term. Longer follow-up is possible through 
open-label extensions of RCTs, but these again 
include positive selections of patients originating 
from the trials.

Registries and cohort studies imply differ-
ent processes to each other, and although they 
usually have different aims and designs, many 
ultimately come to resemble one another closely 
since most examine chronic conditions requiring 
prolonged follow-up. Most are related to condi-
tions responsible for the bulk of follow-up in 
clinical rheumatology, namely adult inflamma-
tory arthritis (AIA) and its subset rheumatoid 
arthritis (RA). Many have been designed for 
multiple purposes and not confined necessarily 
to answer just one research question. This article 
will examine the rationale, content and results 
of both registries and cohort studies for RA in 
the UK, although the principles and conclusions 
could apply to any medical field. Space restricts 
detailed inclusion of the many European and 
USA registries and cohort studies, which will 
be the subject of a future article.

Rationale for registries & cohort studies
Whether disease-based or product-focused, 
registries and cohort studies have been designed 
to capture data and evidence for both scientific 
and clinical governance issues. They provide the 
health community with invaluable data about 
the natural history of a disease or intervention 
under standard care practices, over periods that 
cover the development of most disease patterns 
and/or drug effects. Most aspire to regional if 

studies and registries in arthritis have promoted greater collaborations between academics 

and clinicians, and with patient support groups and public health. The main strengths of 

observational studies are that, first, they reflect ‘real-world’ practice and, second, they can 

achieve prolonged follow-up. As the management of chronic conditions such as arthritis 

becomes more complex and health economic issues more important in the 21st century, it is 

probable that more reliance will be placed on these types of studies.
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not national coverage and many are voluntary. 
Clinical registries or cohort studies designed to 
capture operational clinical data as part of rou-
tine clinical care have the potential to promote 
better quality of treatment in general and in the 
individual patient, and specifically provide:

 � Prevalence and incidence figures, geographical 
variations and secular change;

 � Drug safety and benefit–risk data;

 � Clinical guidelines and quality of care: 
develop ment, improvement, monitoring and 
adherence;

 � Health-related outcomes, including quality of 
life;

 � Clinical and cost–effectiveness;

 � Immediate access to well-presented longitud-
inal patient records generated from little 
additional work for the clinician;

 � Data for research questions and, with time, a 
powerful research database.

The medical care costs of chronic diseases 
account for most of the National Health Ser-
vice (NHS) budget, and some of the more 
common ones covered by national registries, 
for example cancer and diabetes. Registries are 
being increasingly developed for novel interven-
tions, for example drug products, such as the 
biologic agents.

Currently, the most common registries 
in rheumatology are the Biologic Registries, 
developed in European countries since the 
introduction in 2001 of the new, more effec-
tive and expensive TNF-blocking agents for a 
number of autoimmune inflammatory condi-
tions. At this time, the main clinical issues were 
not efficacy or short-term toxicity, which were 
not disputed, but were safety in the long-term 
and the choice of when the optimal stage of RA 
to introduce these novel agents was. The main 
reason for their initiation was because data on 
the long-term intended and unintended effects 
of biologics were relatively scarce. There were 
theoretical reasons to suspect that patients on 
biologics have increased risk of both malignan-
cies (especially lympho-proliferative) and oppor-
tunistic infections over time. Another reason in 
some countries was the requirement to register 
patients prior to securing funding for these 
agents. Initially the clinical criteria for eligibility 
for biologics varied between countries, although 
agreement has now been achieved in Europe [1]. 

Registries have the potential for improving the 
understanding efficacy of therapies in the long-
term, and provide information on whether a 
specific drug is clinically effective in real-world 
situations. 

Registries can be associated with pay-for-
performance quality-based contracts for indi-
vidual, groups of or all doctors in a country. 
For example, the UK now rewards physicians 
according to 146 quality measures related to ten 
chronic diseases that are tracked electronically, 
and linked to the best-practice tariff. 

In the USA, many registries are for surgical 
procedures or devices to monitor both long-term 
efficacy and healthcare expenses. The UK, Nor-
way, Sweden and Australia have national patient 
registries that track patients with artificial joints 
in order to assess performance over time. Regu-
lators can use such information to force manu-
facturers to justify why poorly performing hip 
or knee prostheses should remain available, and 
products have been withdrawn as a result. 

Ethical issues vary according to individual 
national laws. Generally, no ethical approval is 
needed for the publication of the results of clini-
cal audits that are based on routine collection of 
data. Research and other projects involving link-
age to other registries or biobanks require ethical 
approval. Registries generally clear their meth-
odology with data protection agencies, which are 
based on the Act of Processing of Personal Data 
that ensures that data security and protection of 
individual rights, among others, are dealt with 
correctly.

Historical account of registries 
& prospective cohorts of RA in the UK
The early population-based studies in the UK 
and USA in the 1950s–1960s provided data 
concerning the prevalence of RA and rheuma-
toid factor (RF) [2–4]. The findings suggested 
that self-limited polyarthritis was more com-
mon than progressive RA in general popula-
tions. RA inception cohorts in clinical settings 
followed, initially in the UK in the 1960s [5,6]. 
These cohorts provided, for the first time, valu-
able information on the course of hospital-based 
RA as they included strategies to follow-up the 
majority of patients using the same standard 
observations for at least 5 years. From these it 
became recognized that RA in the clinical setting 
differed from population studies. A far higher 
proportion of these patients had progressive 
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disease, supporting clinical experience. These 
differences were not widely recognized until the 
1970s–1980s when these studies had sufficient 
follow-up to report the wide spectrum of RA. 
Unfavorable outcomes were reported early on 
in the disease course and, in significant propor-
tions, were irreversible, resulting in questioning 
of management strategies.

Therapies at this time were limited to steroids 
and NSAIDs, and a small number of slow-
acting disease-modifying antirheumatic drugs 
(DMARDs). The more effective agents, such 
as intramuscular gold and d-penicillamine, had 
significant and sometimes severe toxicity, so the 
need for reliable predictors of severe RA became 
increasingly more important. 

At this time, no single marker or set of mark-
ers could be used to predict with certainty which 
patients were most likely to fare worse. The ini-
tial cohorts were disadvantaged by being single 
site and tertiary referral centers with limited 
numbers at follow-up, and not all assessments 
had been standardized. Scientific data from 
observational studies were not well regarded 
compared with randomized studies at this time, 
and it took several more years before it was rec-
ognized that if well designed and performed to 
a high standard, inception cohorts can provide 
clinical effectiveness and prognostic data to 
complement the results of RCTs [7].

Possible sources of bias in inception cohorts 
include small sample sizes at follow-up, left 
censoring (milder RA not being referred), right 
censoring (severe RA not surviving long enough 
for follow-up), and treatment effects. Assessment 
of therapies is limited in observational studies 
with nonrandom assignment of drug therapy. 
Study of drug efficacy is more reliably achieved 
with RCTs. However, newer agents can only 
be described as disease-modifying if demon-
strated to alter objective measures in the long-
term, namely x-ray damage. However, inception 
cohorts may permit comparison of the broader 
issue of clinical effectiveness of conventional and 
newer drugs in well-described historical cohorts.

A small number of single and multicenter hos-
pital- and community-based inception observa-
tional cohorts in RA were designed in the UK 
and northern Europe in the 1980s in order to 
address these issues. With greater numbers at fol-
low-up, some cohorts included the less common 
but important outcomes of clinical remission, 
work disability and orthopedic intervention. 

By the late 1990s most countries in northern 
Europe had established inception cohorts.

Most cohorts continue in follow-up, provid-
ing valuable comparative data on variations in 
therapeutic practice as well as other outcomes. 
Accumulated evidence from all RA inception 
cohorts has suggested that the course of the dis-
ease is highly variable, but is established early 
and that the most important phase for therapy 
is in the first 2 years. Most, but not all, have 
reported increased mortality compared with 
normal populations, mainly from cardiovascu-
lar disease. These factors were the main drivers 
for a more focused approach to the management 
of early RA.

Since the initiation of these cohorts, several 
major epidemiological advances in RA have been 
achieved in the last 15 years and included the 
revised classification criteria for RA [8], core sets 
of disease activity (DAS) measures [9], response 
criteria for the assessment of drug efficacy [10], 
and agreement on a core set of measures for 
longitudinal observational studies [11]. Another 
important development has been the formation 
of patient support groups in rheumatology. In 
the UK, both the National Rheumatoid Arthri-
tis Society and the Arthritis and Musculo skeletal 
Alliance have become active not only politi-
cally, but have also contributed to the forma-
tion and running of studies and interpretation 
of results [101,102]. 

An important advance of the 1990s was 
evidence to support early intervention with 
disease-modifying therapies in RA [12]. This, and 
the success of inception cohorts, just described 
above, led to the development of early arthri-
tis clinics, which are now part of standard ser-
vices in many rheumatology departments. One 
challenge in establishing early arthritis clinics 
is to collect data continuously during routine 
care when patients are seen for the first time, 
or to have a clinical research facility attached to 
the clinical unit with the capacity to perform 
immediate on-demand data collection [13]. 

The more effective and expensive biological 
agents became available at the start of the mill-
ennium and this major therapeutic develop-
ment resulted in the formation of product reg-
istries in the UK and many European countries 
including The Netherlands, Sweden, Norway, 
Denmark, France, Germany and Spain in order 
to monitor long-term adverse effects. The Brit-
ish Society of Rheumatology (BSR) established 
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the first Biologics Register (BSR-BR) in 2001 
providing invaluable data on these agents in 
several disease areas, and the model for simi-
lar registries in other specialties, for example 
dermatology [14].

Details of the main RA cohorts & biologic 
registries
Table  1 summarizes the basic details of RA 
cohorts and registries initiated in the UK from 
the late 1950s that have stood the test of time 
and have reported on important outcomes with 
adequate follow-up. These are also described in 
detail below, followed by brief descriptions of the 
more recent initiatives not in the table.

�� Bath cohort
The first hospital-based early RA cohort recru-
ited patients at the Royal National Hospital for 
Rheumatic Diseases in Bath, UK, between 1957 
and 1963, and included 100 patients who met 
the American Rhematology Association criteria 
for definite or classical RA [15] and were first seen 
within 1 year of their initial arthritis symptoms 
prior to disease-modifying therapy [5]. Follow-up 
of these patients continued for up to 40 years 
and, although limited by progressively smaller 
numbers for analysis, it was the first to report 
a significant decline in functional capacity in 
as many as a third of the patients over the first 
3 years, as well as high disability rates in the 
longer term.

�� The Middlesex Hospital cohort
The RAPS study was established in 1966 at 
Middlesex Hospital (London, UK) and enrolled 
consecutive patients with the same entry criteria 
as the Bath study, except that wider American 
Rheumatology Association criteria for RA were 
accepted to include less severe RA. The aim was to 
gather detailed information on the characteristics 
of disease onset in 100 patients in order to develop 
prognostic factors [6,16]. A novel finding was that 
serial x-rays of hands and feet demonstrated early 
changes, and nearly a third had structural damage 
by 1 year, rising to 71% by 5 years [17]. A subgroup 
of erosive patients was identified in whom no new 
erosions developed or progressed after approxi-
mately 3 years. This study was the first to show 
the importance of foot involvement in early RA, 
both clinically and radiographically

Only a few standardized and validated assess-
ments were available to these first two cohorts 

and sample sizes were small, but they did achieve 
15–25 years follow-up, and provided insights 
into early RA, which in this era was treated 
relatively late, mainly with intramuscular gold 
therapy as the first disease-modifying drug. Both 
demonstrated considerable fluctuation in the 
course of early RA and introduced the impor-
tance of serial follow-up of functional measures 
and x-rays of hands and feet.

�� The ERAS study
In the UK the proposal for a new inception 
cohort of RA arose from the recognition by a 
group of clinical rheumatologists in the 1980s 
that the optimal management for RA was a 
major challenge and any improvements were 
unlikely to result from RCTs alone. Important 
advances in the care of RA from the 1980–1990s 
included new drug therapies and standardized 
disease assessments. Large joint replacement sur-
gery had become more routine and available. In 
order to develop prognostic factors and to cap-
ture the wide variations in clinical outcomes 
and health status, and in therapies offered in 
clinical practice, larger numbers of patients were 
required than hitherto possible. 

The ERAS study was designed to recruit RA 
patients from NHS hospital rheumatology out-
patients in nine different regions of England 
from 1986: a modernized version of RAPS. The 
aims were to establish a database of long-term 
clinical data on 1000 patients in order to moni-
tor and compare management and outcomes 
between centers, and develop prognostic fac-
tors. Standard clinical assessments by research 
nurses included DAS, function (Health Assess-
ment Questionnaire) and x-rays of hands and 
feet at baseline, 6 months and yearly for up to 
20 years. Outcomes included validated assess-
ments of functional and radiological progression, 
and mortality and comorbidity, with greater 
numbers and an improved management era com-
pared with earlier cohorts [18]. The larger sample 
size allowed examination of both standard and 
less well-documented outcomes, which included 
clinical remission, work disability and orthope-
dic interventions (joint replacement and recon-
struction) in RA patients treated with conven-
tional DMARDs of the era [19–21]. Sulphasalazine 
was the first-choice DMARD of clinicians in this 
study, followed by methotrexate and intramuscu-
lar gold, which reflected common UK practice of 
this era. Severe toxicity from these conventional 
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DMARDs was uncommon, and very rarely 
related to mortality, which was more probable 
from nonsteroidal and steroidal drugs [22]. 

This study demonstrated that it was possible 
to collect standardized assessments in ordinary 
clinical settings over time without huge expense. 
However, despite a larger sample size, predictive 
markers powerful enough to be used routinely 
in clinical settings remained elusive. The power 
and relevance of predictive factors depended 
considerably on the outcome measure of inter-
est, although RF remained consistent for most 
outcomes except function [23].

�� The Norfolk Arthritis Registry
NOAR [24] is a community-based study in one 
region of the UK designed to establish the inci-
dence of inflammatory polyarthritis and RA in 
the 1990s [25], following on from the popula-
tion studies conducted mainly in the industrial 
north of the UK in the 1950s. Patients recruited 
between 1989 and 1994 and between 2000 and 
2008 in Norfolk were clinically assessed at 
baseline and at 1, 2, 3, 5, 7, 10 and 15 years by 
community research nurses. Patients recruited 
between 1994 and 2000 were followed for 
2 years. NOAR reported an overall minimum 
prevalence of 1.16% in women and 0.44% in 
men [26] and, in comparison with the first UK 
studies in the 1960s [2,3], it was evident that 
prevalence in women was decreasing in all age 
groups (except in the 75+ group) whereas the 
prevalence in men has increased. 

This study reported that even patients with 
AIA have unfavorable outcomes, significant 
morbidity and functional loss [27]. Patients who 
developed RA were followed-up in secondary 
care as a cohort study, and in these patients 
NOAR has reported on similar outcomes as 
ERAS. It is one of only a few UK studies that 
collected information on direct, indirect and 
intangible costs of the disease, based on spe-
cially designed questionnaires to capture costs 
of the disease from a personal, NHS and societal 
perspective [28].

Both NOAR and ERAS confirmed the find-
ing of previous cohorts of irreversible disease in 
significant proportions of patients within the first 
few years. Despite improved therapies, reduced 
function early on was associated with later dis-
ability. Both studies took advantage of linkage 
to national datasets and reported increased stan-
dard mortality rates in RA [22,29]. The causes of Ta
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death in patients with RA were similar to that 
of the normal population, although infectious, 
cardiovascular and respiratory conditions were 
more common. These two cohorts represent the 
full spectrum of RA, and some differences in the 
results could be explained by generally milder 
RA from community sources compared with 
hospital-based patients. 

�� The Early Rheumatoid Arthritis Network
The 21st century brought in a number of rel-
evant developments: international and national 
guidelines on the management of RA had been 
published; patient support groups had become 
well organized and proactive; equitable access to 
appropriate care had become a greater issue in 
rheumatology. It was recognized that the intro-
duction of clinical governance within the NHS 
had created a need for the collation of data on 
activity, contemporary treatment patterns and 
outcomes at national, as well as at local levels. 
Such data were required to facilitate planning 
and provision of healthcare for RA patients, and 
to inform the development of appropriate and 
realistic standards against which future activity 
could be audited.

ERAN had similar aims, design, and clinical 
assessments and outcome measures as ERAS, 
which ceased recruiting in 1999, but in a wider 
geographical area that included more centers. 
ERAN also had the intent to contribute to the 
development of good clinical practice, guide-
lines and clinical governance issues, and the 
added facility to conduct nested studies. ERAN 
recruited patients between 2002 and 2012 from 
23 UK centers and was the first to report the 
variations in clinical management in the UK in 
the biologic era [30]. Follow-up data from this 
cohort provided data to support the BSR view 
that eligibility criteria for the initiation of biolog-
ics may have been set too high by NICE guid-
ance [31], and that even patients with ‘moderate’ 
disease do badly within the first few years [32].

ERAS and ERAN are the only RA cohorts 
that reflect clinical practice in different regions 
of the UK prior to and during the biologic era, 
with data on 5–20-year outcomes. Strengths 
include a rapid reporting system of feedback 
loops with participating centers, allowing review 
of individual performance and comparison with 
national guidelines, and in some centers there 
was evidence of change in practice [33]. Recruit-
ment fluctuated at certain times because some 

ERAN centers were not always able to recruit 
sequential patients, and some centers opted 
to stop recruiting new patients once a critical 
mass was achieved for that center in order to 
concentrate resources on follow-up. This is not 
an uncommon event in observational studies. 
Occurance of missing data was generally low and 
acceptable, but highest in drug start and stop 
dates (10%).

Combining the two cohorts has allowed 
examination of secular change in management 
of RA from 1986 to the present. This analy-
sis has demonstrated several important trends: 
the earlier use of DMARDs once referred into 
secondary care; changes to the recommended 
practice of more intensive approaches in drug 
therapies in early RA in the UK has been slower 
than generally perceived and expected [33]; with 
improving therapies there has been the expected 
decline in orthopedic interventions, but only in 
reconstructive surgery of hands and feet, and not 
in large joint replacement arthroplasties (mainly 
hip and knees) [34]. 

Summary of results from UK inception 
cohorts
The early hospital-based inception cohort studies 
of the 1980s in the UK, Sweden and The Neth-
erlands broadened the spectrum of RA follow-
ing the pioneering population-based research in 
the UK of Kellgren and Lawrence in the 1950s 
and explained the discrepancy between the two 
approaches. These cohorts have provided valuable 
information on the natural (but treated) history 
of early RA and insights into the etiology, patho-
genesis and outcomes of RA. They identified the 
significant proportion of patients who exhibited 
serious complications of RA at early stages of dis-
ease, not necessarily in those with conventional 
clinical features of moderate-to-severe disease. 
Measures of function (Health Assessment Ques-
tionnaire and work disability), structural damage 
(serial x-rays and orthopedic surgery) and mor-
bidity and mortality have now become standard 
outcomes in RCTs, registries and cohort studies. 
Some of the subsequent north European cohorts 
have been multicenter with larger sample sizes, 
allowing subgroup analysis and, most impor-
tantly, had more complete and longer follow-up. 
They confirmed, refined and widened the earlier 
findings, highlighting the importance of both 
standardized and validated assessments, and the 
inclusion of all important outcome measures [35].
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Several studies have provided important 
information on clinical effectiveness of disease-
modifying therapies over time in the real world, 
which RCTs cannot do, and also on treatment 
variations, both regionally and between coun-
tries. Identifying the optimal management of 
RA still remains the most important challenge 
for clinical rheumatology. The BSR has used 
these data to inform published guidelines on 
management of RA in the 21st century [36,37].

At present optimal management depends on 
the use of best clinical practice/guidelines cur-
rently available, translating results of research 
studies into routine clinical practice, and iden-
tifying patients with poor prognostic factors and 
inadequate responses to initial therapies. The 
main UK cohorts identified the degree of delay 
from, first, onset of symptoms to hospital referral 
and, second, to start of disease-modifying thera-
pies, and the possibility of improving on this. 
In the 1960–1970s patients were managed with 
NSAIDs for up to 2 years, often by primary care 
physicians, and slow-acting disease-modifying 
drugs only started in secondary care once ero-
sions had developed. During this interval it 
was now postulated that the optimal window 
of opportunity to treat RA inflammation may 
be lost. By the 1980s, rheumatologists from the 
USA were advocating earlier intervention, based 
on clinical experience and small prospective 
studies [38]. Referral times into secondary care 
in the UK have improved only minimally over 
the last 20 years, the main delay being patient 
self-referral to primary care. Time to initiation of 
disease-modifying therapies once in secondary 
care has improved (from a median of 2 months 
to less than a month), although use of intensive 
therapies at outset was lower than expected [33].

The National Audit Office (NAO; London, 
UK) used extensive data from ERAS, ERAN 
and NOAR in their report on RA, commis-
sioned by parliament in 2008 that highlighted 
these variations in current clinical practice and 
the disappointing outcomes, a key resource used 
in the HM Government Public Accounts Com-
mittee (tenth report published in 2010) [39]. 
Extensive use was made of the NAO report in 
subsequent NICE guidelines [103]. The profile of 
RA had certainly been raised by the NAO report 
[104], along with the availability and health eco-
nomic issues surrounding the expensive biolog-
ics, ultimately to the benefit of patients. NICE 
guidelines for eligibility for funding of biologics 

include specific clinical criteria that are based 
on health economic analysis as well as clinical 
evidence [105] and are more stringent compared 
with the rest of Europe [31]. These issues will 
need further exploration in UK cohorts and 
registries, as long as they continue and provide 
contemporary data.

The current therapeutic ‘treat-to-target’ strate-
gies for RA have demonstrated improvements in 
radiological change [40], but need to show con-
sistent improvements in two other important 
outcomes: function and mortality. Age, sex and 
functional ability are the most consistent risk fac-
tors reported for mortality in these RA studies, 
followed by RF and acute phase response [22,29], 
supporting other evidence that the inflamma-
tory process itself may play an important role in 
the development of ischemic heart disease. This 
is an important area as it raises the possibility 
of specific interventions to reduce mortality in 
RA. The beneficial effects of the more intensive 
therapies on mortality in RA are not yet proven, 
but these studies highlight the need for rheuma-
tologists to treat RA patients with active disease 
early and effectively, identify those at risk from 
coexisting conditions and treat them actively or 
with preventative measures accordingly [41]. Pul-
monary fibrosis is a well-recognized extra-artic-
ular feature of RA and poses an uncommon but 
severe risk, since this condition was responsible 
for 6% of deaths in one cohort [22]. This report 
prompted the formation of a register of RA-asso-
ciated interstitial lung disease by rheumatologists 
in the UK to explore the course and predictive 
factors of this condition and possible therapeutic 
approaches to improve the poor prognosis [42].

UK product registries
The BSR-BR was set up to register all patients 
with RA newly starting biologic therapy from 
January 2002 [14]. The project includes a com-
parison cohort of RA patients treated with 
standard DMARDs. The registry records basic 
demographic characteristics including disease 
duration, function, DAS and associated Euro-
pean League for Arthritis and Rheumatism 
response, adverse events and quality-of-life 
scores, at baseline and at 6-monthly intervals for 
3 years [43]. It now has data on several thousands 
of patients, estimated at 80% of patients starting 
DMARDs. The project was powered to detect a 
twofold increased risk in lymphoma, its primary 
aim, as RA patients already carry an increased 
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risk of lymphomas, thought to be linked to the 
abnormal immune system in RA. Biologics have 
a profound effect on immune mechanisms, so 
it has been reassuring that BSR-BR found no 
increased risk, although nonmelanoma skin 
cancers and opportunistic infections such as 
tuberculosis were increased [44]. The registry 
has been expanded to include patients with 
psoriatic arthritis and ankylosing spondylitis 
on biologics.

The results of BSR-BR and other national bio-
logic registers in Europe have provided important 
evidence for evaluations of not only efficacy and 
toxicity, but also regional variations in the access 
and use of biologics. The BSR-BR has been able 
to answer its primary aim concerning the risk 
of lymphoproliferative conditions because this 
study had a control group of biologic-naive RA 
patients treated with conventional DMARDs. 
After more than 10 years of widespread use, it 
is still debated whether treatment with biologic 
agents is associated with an increase in solid 
tumor cancer incidence, and longer follow-up 
linked to independent cancer registers is needed. 
A meta-analysis reported no overall increase 
compared with nonbiologic treated RA [45]. The 
main drawback of biologic registries is expense 
due to labor-intensive data entry methodology 
and processes to minimize nonmissing data sets. 
One solution is to improve operational data cap-
ture methods by convincing clinicians and/or 
health professionals to engage at this level by 
recording data at the point of clinical contact. 
Another limitation of biologic registries is in the 
interpretation of drug efficacy, owing to non-
randomization of therapies. Misleading results 
may arise from channeling bias and confounding 
by indication, as well as variations in data quality 
of influences such as comorbidity.

The National Joint Registry (NJR) of Eng-
land and Wales was established in 2002 to moni-
tor, define, improve and maintain the quality of 
care of individuals receiving hip, knee and ankle 
joint replacement surgery across the NHS and 
the independent healthcare sector [106]. In 2008, 
the NJR was incorporated into the National 
Clinical Audit and Patients’ Outcomes Pro-
gram, both managed by the Healthcare Quality 
Improvement Partnership. The NJR is funded 
through a levy raised on the sale of hip, knee and 
ankle replacement implants available and used 
in the NHS and independent healthcare sectors 
across England and Wales. 

�� Data linkage
The association between biologic-treated 
patients and lymphoma was made possible fol-
lowing data linkage with national databases, 
including the Cancer Registries, and mortal-
ity data from the Medical Research Informa-
tion Service [107]. A number of other national 
databases in the UK provide invaluable data for 
cohort studies linked by NHS numbers. These 
include NHS hospital-based interventions from 
hospital episode statistics and the NJR [108], the 
General Practice Research Database, a primary 
care research databank started in 1987 covering 
7% of the UK population (a proportion that is 
increasing) [46], and the NJR [106].

Several other important f indings have 
resulted from linkage between separate and 
often quite different databases. For example, 
linkage between two unique registries, the 
NOAR and EPIC databases, revealed possible 
links between diet and the development of 
inflammatory arthritis in Norfolk [47]. Another 
example was the high incidence of pancreatic 
cancer in patients with RA exposed to leflu-
nomide, which was observed in the German 
biologics register [48]. A concerted analysis with 
the national biologics registers in the UK and 
Sweden was performed, and the results of the 
replication analyses did not support the original 
finding [48]. Orthopedic surgery in RA is con-
sidered a surrogate marker for structural dam-
age, not normally measured in large joints in 
cohort studies, and linkage of two consecutive 
RA inception cohorts with Hospital Episode 
Statistics and NJR has allowed an analysis of the 
frequency of and prognostic factors for this out-
come. ERAS and ERAN cover the management 
of RA in the UK from 1986 to 2012 and dem-
onstrated that over 20 years only certain types 
of orthopedic surgical rates have declined over 
this time [34]. The reasons for this are specula-
tive, but highlight the problem associated with 
the interpretation of other long-term outcomes 
that are subject to variable and both modifi-
able and nonmodifiable influences, for example, 
mortality and work disability. 

Other UK RA cohorts & registries 
recently initiated and/or that have limited 
publications 
�� BRAGGS

Prospective cohort of RA patients from 49 clini-
cal and academic centers in England designed 
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to collect clinical information and biologic and 
genetic samples from patients being treated with 
biologic drugs, in order to investigate treatment 
response predictors [109].

�� GORA
Genetic study in Sheffield (UK) that started in 
1938, currently comparing genetic samples of 
established RA patients with controls [110].

�� Yorkshire Early Arthritis Register
An inception cohort for AIA (American Col-
lege of Rheumatology criteria) followed yearly 
was set up in Leeds (UK) to cover NHS hos-
pitals in Yorkshire, from 1998 to 2003 (Year 
B; 14 centers) and 2000–2009 (Year C; eight 
centers) [49].

�� Clinical Audit of RA
Initiated in Scotland in 2005 in eight centers to 
monitor management of early RA mainly as an 
audit exercise, from 2005–2008 [111].

�� RA methotrexate study
A recent initiative to collect and monitor data on 
physician diagnosis of RA or early undifferenti-
ated polyarthritis, about to start methotrexate 
as monotherapy or in combination with other 
DMARDs for the first time. Included 32 centers  
between 2008 and 2013 [112].

�� RA-MAP
A recent initiative to identify predictors of 
remission in RA using patient-level data from 
patients who were either in the placebo arm of 
recently published RCTs examining nonbiologic 
DMARDs or biological agents, or in a longitudi-
nal observational cohort in the UK designed to 
generate a model to predict remission. Sponsored 
by the Association of the British Pharmaceutical 
Industry (London, UK) and Arthritis Research 
UK (Derbyshire, UK). Includes a literature 
review; inventory of all RCTs and long-term 
observational studies in patients with RA that 
have remission among their outcome measures; 
and a survey to map cohort characteristics (size, 
entry criteria, baseline data, duration of follow-
up, clinical and other end points, comparator 
and control/placebo treatments) [113].

�� MATURA consortium
A culmination of several separate initiatives 
with the primary aim to identify biomarkers (to 

include genetic and genomic tissue responses) 
in order to stratify medicines for RA to enable 
patients to be treated with the drug they are most 
likely to respond to earlier in their disease course. 
It builds on and complements other Medical 
Research Council-funded cohorts including 
the Pathobiology of Early Arthritis Cohort [114], 
BRAGGS [109] and RA-MAP Consortia [113], 
and represents an ideal opportunity for rheu-
matologists to collaborate on several strategic 
national and international initiatives in 2013. 
It underscores the cooperative philosophy, aims 
and values in developing a national arthritis net-
work, similar to the cancer network that ena-
bles high-quality research to be translated into 
patient benefit [113].

�� ARUK INBANK
The ARUK INBANK initiative will provide the 
musculoskeletal research community with web-
based software for standardized clinical data 
collection (with linked biosamples) to facilitate 
rapid and efficient acquisition and sharing of 
high-quality data for research across a network 
of UK NHS collection centers from 2014. It 
is proposed to support collection of data once 
and data reuse for multiple purposes, including 
research, clinical management, clinical audit and 
so on. Several musculoskeletal disease areas are 
proposed: the first and exemplar initiative is the 
AIA Hub (to include RA), and subsequent Hub 
developments will include other subspecialties 
in rheumatology [115].

Non-UK longitudinal cohorts & registries
Several north European countries and the USA 
initiated inception cohorts in the late 1980s and 
1990s with similar designs and aims as those 
in the UK. This article cannot do justice to 
the importance of these numerous studies in 
detail owing to limited space. However, these 
cohorts reported on the same outcomes and 
prognostic factors in the same timeframe as 
already discussed, expanding at national levels 
on similar findings. Some outcomes are less easy 
to compare owing to socioeconomic variations, 
for example those studies that collected data 
on work disability, while others have exposed 
significant differences concerning management 
issues. It became clear that several European 
countries were treating early RA with more 
intensive combination drug strategies and 
biologics than the UK. Most other European 
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countries now also have biologic registries, 
mainly in northern Europe, with many based on 
the BSR-BR model. The accumulated evidence 
from European registries confirms the relative 
safety of biologics in the long term, and that 
the initial fears of malignancy have not been 
justified, although risk of infection is higher 
than expected. 

Conclusion & future perspective
The disease and product registries and cohort 
studies in RA in the UK have generally been 
successful and have largely achieved their ini-
tial declared aims, outlined in the rationale 
list shown earlier in the opening section. The 
extent to which cohort studies have benefited the 
rheumatology community is detailed elsewhere 
[33,50], most importantly by identifying ‘early 
RA’ as a critical phase of the disease, which has 
driven the agenda for improved management, 
and by defining important outcomes.

The impressive results from registries and 
cohort studies have readdressed the previous 
imbalance perceived between observational 
studies and RCTs [7]. RCTs are limited by inclu-
sion and exclusion criteria and, owing to this 
selection bias, do not reflect the ‘real’ world, 
one of strengths of registries and cohort stud-
ies. Biologic registries may suffer from ‘chan-
neling bias’ because inclusion is often based on 
the more severe end of the disease spectrum. 
Well-designed inception cohorts that recruit all 
consecutive patients based on specific diagnostic 
criteria minimize bias, but do depend on low 
attrition rates, which should be accounted for, 
at least by notifications of mortality. The latter is 
possible in the UK due to linkage to the National 
Death Register. Missing data is a common issue 
that should be reported and to some extent can 
be addressed with modern statistical methods.

An encouraging development is the much 
greater extent of meaningful collaborations than 
previously seen between clinicians involved in 
the current registries and inception cohorts in 
both the UK [51] and Europe [52] in order to vali-
date and strengthen problem areas of research 
findings, clearly the future for rheumatology 
research. Despite the large numbers in the incep-
tion cohorts described, the development of pow-
erful prognostic factors has been disappointing, 
lacking the robustness needed for routine stan-
dard practice. In fact, it is uncertain how the 
predictive factors rheumatologist have at present 

are being used. Genetic analysis in particular 
needs large numbers, and is only available by 
combining cohorts. Great faith is being put into 
the development of biomarkers to replicate the 
models used in cancer.

After several years of planning, a number of 
national initiatives involving registries/cohorts 
in the management of AIA and RA are at last 
coming to fruition, underpinned by collabora-
tions between key consortia with sound track 
records, including genomics [109], pathobiology 
[114], clinical trials for remission with pooled 
clinical trial datasets [113], a stratified medicines 
project [116]. ARUK has invested in the develop-
ment of the national platform of clinical data 
in rheumatology, INBANK, linked to a central 
archive of stored biological samples and to NHS 
data from both primary and secondary care, for 
the acquisition and sharing of high-quality data 
for research across the NHS [115]. The pilot is 
planned to commence in 2014 and will bring 
together all the national cohorts, registries and 
current initiatives in RA described above.

The initiatives described here in rheumatology 
could promote the long-held and laudable view 
of the National Institute of Health Research to 
offer all patients the opportunity to be involved 
in research if appropriate, and patients inputting 
their own data is not far away.

Rheumatologists have been in the forefront of 
observational research, and operational data cap-
ture methodology has been developed as bespoke 
systems in some rheumatology departments, but 
as yet not on a national basis. This will be needed 
in order to accommodate the many new and 
established initiatives described here. Convinc-
ing clinicians to become involved at this level 
is a major challenge. The future brings multi-
purpose, user-friendly and cost-effective data-
bases that will accommodate the needs of busy 
clinicians, clinical audit requirements, research, 
quality standards and commissioners.
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