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a b s t r a c t 

Patient registries have grown in size and number along with general computing power and digitization of 

the healthcare world. In contrast to databases, registries are typically patient data systematically created 

and collected for the express purpose of answering health-related questions. Registries can be disease-, 

procedure-, pathology-, or product-based in nature. Registry-based studies typically fit into Level II or 

III in the hierarchy of evidence-based medicine. However, a recent advent in the use of registry data 

has been the development and execution of registry-based trials, such as the TASTE trial, which may 

elevate registry-based studies into the realm of Level I evidence. Some strengths of registries include 

the sheer volume of data, the inclusion of a diverse set of participants, and their ability to be linked to 

other registries and databases. Limitations of registries include variable quality of the collected data, and 

a lack of active follow-up (which may underestimate rates of adverse events). As with any study type, 

the intended design does not automatically lead to a study of a certain quality. While no specific tool 

exists for assessing the quality of a registry-based study, some important considerations include ensuring 

the registry is appropriate for the question being asked, whether the patient population is representative, 

the presence of an appropriate comparison group, and the validity and generalizability of the registry 

in question. The future of clinical registries remains to be seen, but the incorporation of big data and 

machine learning algorithms will certainly play an important role. 

© 2021 Elsevier Ltd. All rights reserved. 
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ntroduction – what is a registry? 

Patient registries, as the health community uses them, are data 

ystems organized in a way that allows the prospective collection 

nd utilization of observational and clinical data to flexibly assess 

pecific outcomes for a population with a stated scientific, clinical 

r policy purpose. These populations are usually defined by a par- 

icular condition, disease, or exposure [ 1 , 2 ]. Meanwhile, data for 

ealth-related registries are sourced from: patient-reported data, 

hysician-reported data, medical chart abstraction, electronic med- 

cal records (EMRs), and administrative and organization databases, 

mong others. The distinction must be drawn between databases 

nd registries; a database is merely an electronic set of data that 

s neither systematized nor organized for the explicit use for an- 
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wering health-related questions. The development and innovation 

f electronic data collection systems, with the seemingly exponen- 

ial rise in data points being created along with the staggering size 

f databases, has led to a natural increase in the number of reg- 

stries developed and used for research, policy, and administrative 

urposes. But with this staggering rise in registry utilization, it is 

mportant for clinicians, and all users of registry-based literature, 

o understand the strengths, limitations, and future directions of 

his important information source, along with how to assess the 

uality registry data. 

egistry classification 

According to Gliklich et al., [1] classification of registries can oc- 

ur based on the methods used to collect the included data within 

he registry. These include disease-, procedure- or pathology- 

pecific registries, administrative-, health-systems-based or com- 

ined/linked registries, or product registries. Examples of disease- 

pecific registry, where data is gathered on a defined cohort of 

atients, include the well-developed national cancer registries of 

weden, Denmark, Finland, Iceland, and Norway, that prospectively 

ollect data on cancer diagnoses, treatment, and outcomes. Tak- 

ng this example one step further, the NORDCAN-program presents 
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rojections of cancer incidence and mortality based on the amal- 

amated data from the aforementioned Nordic national cancer reg- 

stries [3] . Alternatively, in the province of Ontario, Canada, the 

CES Data Repository (formerly the Institute for Clinical Evalua- 

ive Sciences) “consists of record-level, coded and linkable health 

ata sets that encompasses much of the publicly funded admin- 

strative health services records for the province’s eligible popula- 

ion”[4] . This large systems-based dataset is capable of being orga- 

ized and systematized on an ad hoc basis to form registries and is 

apable of integrating research-specific data [5–7] . Lastly, product 

egistries are used for post-marketing surveillance in procedures, 

evice, and pharmaceutical trials to demonstrate effectiveness and 

afety of products in real-world settings. There are, of course, reg- 

stries that overlap categories in this simplified classification. For 

xample, large country-wide registries for total joint arthroplasty 

xist in the literature that represent a procedure specific registry, 

ut also prospectively collect robust data on the real-world effec- 

iveness of orthopedic arthroplasty implants [8–10] . 

egistry level of evidence 

Situating the studies that are derived from registries within the 

ierarchy of evidence is of importance when discussing registries. 

hile the question of evaluation of the quality of registries will 

e addressed later in this paper, registries and their distinction 

ased on assigned hierarchies of evidence are frequently used in 

eveloping guidelines and clinical decision making [1] . Many mod- 

rn registries represent high-quality, prospectively designed cohort 

tudies aimed at investigating or addressing a certain problem, hy- 

othesis, or clinical entity, thus situating them in the realm of 

evel II and III quality. While very rigorously carried-out registries 

ave been stratified just below randomized controlled trials (RCTs), 

he recent advent of registry-based RCTs blurs that boundary be- 

ween registry-based level I and II evidence [ 2 , 11 ]. Registry-based 

CTs represent a potential to introduce major efficiencies when 

t comes to patient recruitment and follow-up, while maintaining 

he advantages of the RCT as the best study design for investigat- 

ng causal links and comparing interventions [2] . The utilization 

f registry-based RCTs was lauded in the New England Journal of 

edicine in 2013 as ‘‘the next disruptive technology in clinical re- 

earch’’ [12] . While the so-called registry-based RCTs are particu- 

arly advantageous as they enable rapid consecutive patient enroll- 

ent, can result in reduced per-patient cost of trial implementa- 

ion, and represent pragmatic trials that can more easily be gen- 

ralized to the population, the number of published studies has 

een slow to catch on. This may be due in part to the prerequi-

ite requirement of a high-quality registry, which is lacking across 

uch of the world and in many medical and surgical specialties. 

ltimately, looking past the level of evidence assigned to registry- 

ased studies, consumers of these studies must continue to under- 

tand the value of registries in delivering complementary clinical 

vidence that can extend the conclusions drawn from clinical trials 

o real-world applications of health interventions, with long-term 

ollow-up. 

trengths of registries 

The first, and most obvious, strength of registries, as alluded 

o above, is the sheer volume of collected data that are efficiently 

roduced, curated, systematized, and then harnessed into scientific 

nd clinically based conclusions. This volume and efficiency (both 

n time and cost) is hard to replicate with other methods. The 

ost-efficiency of registry-based RCTs allows the impressive prag- 

atic consecutive recruitment of patients [2] . One of the first 

uch trials, dubbed the TASTE trial (Thrombus Aspiration during 

T-Elevation myocardial infarction), purported to spend US $50 per 
2 
atient, which was estimated at 2% the cost of a conventional RCT 

 13 , 14 ]. Further, there are a large number of heart-failure registry- 

ased RCTs that purport to deliver generalizable findings at low 

ost, along with evidence-based and novel use of generic drugs 

ith low costs to society [15] . Non-RCT based registries are ex- 

ensive to maintain; for example the Swedish Total Joint Arthro- 

lasty Registry costs about 35 million euros per year to maintain 

16] . These costs are offset by the systems level cost-savings drawn 

rom the data; a small reduction in the revision rates of these surg- 

ries secondary to insights drawn from registry data can easily off- 

et the direct registry costs to society. The prospective nature with 

hich the data is collected also presents a unique opportunity for 

esearchers and consumers of literature alike to draw conclusions 

ot possible with smaller cohort or database studies. 

Large registries allow us to investigate a diversity of participants 

hat is not afforded with conventional data collection techniques 

nd research study designs. This large catchment of population- 

ased data helps to reduce concerns around study participation, 

nd the various biases that evolve from research study design (i.e. 

olunteer bias, selection bias, etc.). The large breadth of patients 

ncluded, from many different clinical contexts, adds to the ex- 

ernal validity of the registry-based conclusions that can have a 

trong role in health systems planning for example; the aforemen- 

ioned NORDCAN registry has been used to determine phase- and 

ender-specific, lifetime, and future costs of 13 cancers with high 

ncidence levels [17] . Because of the linkage of registries to inter- 

onnected health data, especially in the context of robust EMRs, it 

s now possible to retrieve extensive clinical information of registry 

articipants, thus generating thousands of data points for a single 

atient. Taken together, this large amount of clinical data, that is 

apidly expanding, and is becoming more accessible, can generate 

mpressive conclusions, should that ‘big data’ be interpreted cor- 

ectly. 

onsiderations of registries 

The large amount of data, across many registries, crossing ge- 

graphic and political borders, can generate some very impres- 

ive findings and conclusions, but possess problems and hurdles 

s well. 

imitations of registries 

The key limitation to any registry is the quality of data con- 

ained within it; not only the accuracy of the baseline charac- 

eristics, but also the consistency and rigor with which outcome 

easurements are generated [ 2 , 14 ]. The design of datasets, the 

ethodology of data collection, and the accuracy of that data gath- 

red by and for registries may vary across the different types and 

ocations of registries. The quality of the data depends on the ini- 

ial purpose for the registry, and the resources and methods avail- 

ble to the registry administrators to upkeep and clean the data. 

egistries can be plagued by missing or incomplete data. As well, 

ow, or biased, or unadjudicated enrollment into the registries can 

ias conclusions drawn from its data. Because outcomes are usu- 

lly not adjudicated in registry-based data, and follow-up is passive 

ather than active, outcome events may also be subject to uncer- 

ainty. For instance, in formalized trials like RCTs, patients are ac- 

ively followed at pre-determined intervals, while patient follow- 

p data is added to registries on a less structured and pragmatic 

asis, or passively. As such, adverse event rates are typically lower 

n registries than RCTs [ 18 , 19 ]. Registries that choose hard clinical

nd points (e.g., death, or revision surgery) are thereby less suscep- 

ible to ascertainment bias and underreporting of complications or 

dverse events due to diverse definitions [1] . Nevertheless, at the 
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ompromise of cost and efficiency, it is possible to adjudicate out- 

ome events or audit data in registries to ensure certain standards 

ata. 

egistry quality assessment 

Gliklich et al. [1] discuss at length the difficulty of assessing the 

uality of registries; in this case, quality refers both to the data and 

he conclusions drawn from analyses of these large swaths of reg- 

stry data. The main principles in evaluating registries are founded 

n the principles of assessing the quality of RCTs. Ultimately, the 

evel of quality of registry-based studies expresses the perceived 

onfidence that the design, conduct, and analysis of the registry 

an be shown to protect against bias (systematic error) and errors 

n conclusions [20] . 

With that said, there are two major difficulties with assessing 

uality in registries. Firstly, it can often be difficult to differenti- 

te between the quality of the design, the study conduct, and the 

esultant information available. Secondly, there is a lack of empiri- 

al evidence to guide the evaluation of the parameters that are al- 

eged to indicate quality and their impact on the application and 

esultant utility of the evidence produced from registries [1] . A 

ery generalized approach for assessing registry quality is to first 

onsider whether the research question is appropriate for registry 

ata, and whether translating those clinical questions into mea- 

urable exposures and outcomes is efficient and practical though 

egistries. Next the data sources for registries must be evaluated 

s appropriate for the type of research study published (i.e. case 

ontrol, cohort-based etc.). Next, the patient population included 

n the registry data, and the methodology of collecting data, must 

e representative of the clinical entity being studied. This includes 

he registry size as well as duration of data collection. Importantly, 

n appropriate comparison group for the study population must be 

elected from the registry data or otherwise. Lastly internal and ex- 

ernal validity must be evaluated; the generalizability, information 

ias, sampling and selection bias, channeling bias (confounding by 

ndication), loss to follow up, and an assessment of the total mag- 

itude of bias must all be assessed. Currently, no well-defined or 

idely accepted quality assessment tool exists for use with registry 

tudies. 

uture directions 

lobal registries 

To continue to broaden the data pools available to registries, 

nd the researchers that use them, there has been a strong move- 

ent to create global registries, either by amalgamation, or by 

reation of novel registries. Again, looking to the domain of or- 

hopaedics can provide us with useful case examples. The Inter- 

ational Consortium of Orthopaedic Registries (ICOR) was created, 

n part, to begin the amalgamation process between various na- 

ional total joint arthroplasty registries. The mandate of the ICOR 

ncluded the pooling of data from existing national registries to 

hereby improve conclusions drawn across a generalizable global 

opulation, but also to uniform the data collection in order to fa- 

ilitate more efficient exchanges [21] . For example, the consortium 

ven created a universal bar code for more efficient data and prod- 

ct entry [21] . 

Again looking to orthopaedics, the International Orthopaedic 

ulticentre Study in Fracture Care (INORMUS) provides an excel- 

ent example of a de novo global registry [22–24] . With the pri- 

ary objective of determining the mortality, re-operation and in- 

ection rates of musculoskeletal trauma patients within 30 days 

ost-hospital admission, the INORMUS study continues on its pro- 

ess of enrolling 40,0 0 0 patients from low-to-middle income coun- 
3 
ries in Africa, Asia, and Latin America [ 25 , 26 ]. This move to de-

elop a fracture registry, primary located in low-to-middle-income 

ountries, from which the investigators will be able to draw im- 

ortant and clinically relevant conclusions, is an important move 

orward in the practice of registries. Extrapolating registries to in- 

lude middle-to-low-income countries will help drive reductions in 

orbidity and mortality globally. 

ig data 

Big data is a field in computing and analytics that has grown 

o systematically extract or mine data and information from, or 

therwise deal with data sets that are too large or complex to be 

ealt with by traditional data-processing application software. In 

he context of registries, the focus for the future will be on gen- 

ration of these big data sets, that require dedicated computing 

echniques. The next generation registry will shift the database- 

entered thinking to a focus on integration and incorporation of 

ayers of data, to ultimately move from surveillance to improve 

linical care in real time and integration in a “big data” health in- 

ormation system [27] . 

Using the abundant national total joint registries as a case ex- 

mple, there is a void in the literature with respect to method- 

logically sound health economic analyses. The total joint replace- 

ent literature lacks up-to-date studies involving truly modern 

mplants with appropriate follow-up, including total societal costs. 

ational registries, and potentially international merged registries, 

ith higher coverage and completeness have the potential to fill 

his void. This data can be used as a health economic instru- 

ent especially if the registries include patient-reported outcomes 

nd can be linked to reimbursement in health care and other 

nsurance- and societal costs [28] . 

One study of EMRs found that a single patient’s health record 

as associated with a staggering average of roughly 32,0 0 0 data 

lements [29] . When these joint registries become linked to the 

MRs of the patients included, the robust data points that are de- 

eloped can further inform our literature base, and health systems. 

hus, as registries become more integrated, with each other, and 

he medical records of its included population, they can allow the 

erpetual addition of patients and their data to the fold, and thus 

llow for more continuous and evolving conclusions to be drawn, 

ven outside of the incremental publication of registry-based stud- 

es. It will be important in the future to ensure that the data lay- 

rs that are incorporated into registries are of high-quality, and the 

onsumers of the conclusions drawn can appropriately assess the 

alidity of the big data. 

achine learning and big data 

One subset of artificial intelligence is termed machine learning 

ML); simplistically ML are computer algorithms that once built 

nd taught the parameters of a given circumstance or problem 

re able to learn, reason, and self-correct without explicit pro- 

ramming [30] . ML algorithms are built using data from large pa- 

ient databases, with the intention of finding patterns and mak- 

ng predictions [31] . With the foundation of registry data, inclu- 

ive of the robust EMR data now being incorporated and natural 

anguage processing based data elements, convoluted ML methods 

rovide a novel way to derive clinical simulations, models and in- 

orm decision-making across medicine [ 32 , 33 ]. The future research 

pplications of machine learning and artificial intelligence are cov- 

red elsewhere in this Research Special Edition but understanding 

he importance of registry-based data as the foundation of those 

eal-time decision-making algorithms is nonetheless important. 
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Registries represent an important source of systematized data 

hat can generate important conclusions for ultimately improving 

linical care of patients. The strength of registries lies in the im- 

ense amount of dedicated data that can be harnessed to provide 

nique insights to large generalizable populations. Limitations for 

egistries exist too. The importance of understanding the variabil- 

ty of the quality between registries cannot be understated. The 

uture of registries is quite exciting with increases in data collec- 

ion, especially with continued adoption or EMR, and application 

f machine learning and artificial intelligence-based algorithms to 

earn from the data in real time. 
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