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Abstract

Background

Clinical quality registries (CQRs) are playing an increasingly important role in improving
health outcomes and reducing health care costs. CQRs are established with the purpose of
monitoring quality of care, providing feedback, benchmarking performance, describing pat-
tern of treatment, reducing variation and as a tool for conducting research.

Objectives

To synthesise the impact of clinical quality registries (CQRs) as an ‘intervention’ on (I) mor-
tality/survival; (1) measures of outcome that reflect a process or outcome of health care; (l11)
health care utilisation; and (1V) healthcare-related costs.

Methods

The following electronic databases were searched: MEDLINE, EMBASE, CENTRAL,
CINAHL and Google Scholar. In addition, a review of the grey literature and a reference
check of citations and reference lists within articles was undertaken to identify relevant stud-
ies in English covering the period January 1980 to December 2016. The PRISMA-P method-
ology, checklist and standard search strategy using pre-defined inclusion and exclusion
criteria and structured data extraction tools were used. Data on study design and methods,
participant characteristics attributes of included registries and impact of the registry on out-
come measures and/or processes of care were extracted.

Results

We identified 30102 abstracts from which 75 full text articles were assessed and finally 17
articles were selected for synthesis. Out of 17 studies, six focused on diabetes care, two on
cardiac diseases, two on lung diseases and others on organ transplantations, rheumatoid
arthritis, ulcer healing, surgical complications and kidney disease. The majority of studies
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were “before after” design (#11) followed by cohort design (#2), randomised controlled trial
(#2), experimental non randomised study and one cross sectional comparison. The mea-
sures of impact of registries were multifarious and included change in processes of care,
quality of care, treatment outcomes, adherence to guidelines and survival. Sixteen of 17
studies demonstrated positive findings in their outcomes after implementation of the
registry.

Conclusions

Despite the large number of published articles using data derived from CQRs, few have rig-
orously evaluated the impact of the registry as an intervention on improving health out-
comes. Those that have evaluated this impact have mostly found a positive impact on
healthcare processes and outcomes.

Trial registration
PROSPERO CRD42015017319

Introduction

Clinical registries play an important role in monitoring disease and healthcare delivery pat-
terns and generating real world evidence of the impact of treatment and service delivery
models on health outcomes [1-3]. Increasingly, clinical registries are being used in quality
improvement projects to improve healthcare processes [4-11], adherence to clinical practice
guidelines [9, 12-15] and standards [16-18]; and reduce the cost of delivering care [19-21].
Registries generally operate by providing details of clinical care, compliance with the evidence
based guidelines and patient reported outcomes to participating hospitals [22-24] and to clini-
cians [1, 3, 25, 26].

Registries play an important role in medical research. Data within registries provide an
ideal platform for randomized clinical trials, reducing both time and cost of prospective data
collection [27]. The collection of real world data within registries supports research by generat-
ing research hypotheses [28-31], facilitating descriptive studies and health service research
[29]. Research opportunities are enhanced when data from clinical registries are comple-
mented with genomic, biomarker and imaging information [29, 32-35]. Registry data can be
used to assist in answering research questions which are not practical or ethical to address by
randomised controlled trials [36].

Gitt et al. [30] identified the following characteristics to be present in sophisticated clinical
registries: standardized data collection methods and data definitions; integrated tools for rapid
feedback to participating institutions/regulatory bodies; proper ethical review processes; elec-
tronic data capture; representativeness of the patient population under investigation; an audit
process which assesses data accuracy; centralized data compilation and statistical analysis per-
formed by professional statisticians; and appropriate and transparent reporting.

Health care systems costs in developed countries are rising, in part due to the introduction
of advanced medical technology, pharmaceutical expenditure, hospital care and services as
well as the high prevalence of chronic diseases and their financial consequence [37, 38]. One
approach to address these challenges has been to invest in clinical quality registries (CQR).
Sweden has established more than 100 national quality registries in the past decade [39]. A
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recent survey conducted by Lyu H et al [40] identified 153 national clinical registries in United
States (US) of which 73 were health service registries, 66 were disease registries and 14 were
combination of both health service and disease registries.

Examples of clinical quality registries can be found across most clinical specialities, moni-
toring both chronic and acute stages of illness. Acute stroke registries have been established in
Sweden, Germany, Canada, Australia, the US, Argentina and many other countries [41-46].
The Cystic Fibrosis Foundation Patient registry has evolved from one built on an epidemiolog-
ical and clinical research model to one which focuses also on fostering quality improvement
processes [6]. The American Heart Association has a prolonged history of well-designed and
successful implementation of different clinical registries and in their policy statement they
highlight the importance expanding existing as well as developing new clinical registries [32].

Emilsson et al [39] recently reviewed 103 CQRs and concluded that Swedish quality regis-
tries contain comprehensive clinical data which complement information from government-
administered registries and provide an important source for assessment and development of
quality of care and research. CQRs help to identify variation in best practice treatments and in
outcomes across treatment centres [47]. They provide feedback on performance, thereby
encouraging quality improvement processes [48] and have been shown to identify factors that
can impact survival across the countries [49, 50].

It is evident that the clinical registries, including CQRs, are being established as a tool to
monitor and improve quality of care and as a platform for epidemiological research [51]. Yet,
despite this, no systematic reviews have been undertaken to date to examine the impact of clin-
ical registries as interventions on survival/mortality and on improving health outcomes. The
objectives of this systematic review were therefore to understand the impact of CQRs on (I)
mortality/ survival; (IT) measures that reflects a process or outcome of health care; (III) health-
care utilisation; and (IV) healthcare-related costs.

Methods

Definition

A clinical registry is described as a system which collects a defined minimum data set from
patients undergoing a particular procedure or therapy, diagnosed with a disease or using a
health care resource [51].

In this systematic review we define CQR as a sub-group of clinical registries which system-
atically collect health-related information on the quality, safety and outcomes of care provided
to individuals who are treated with a particular surgical procedure, device or drug; diagnosed
with a particular illness; or managed via a specific healthcare resource [52]. CQRs are estab-
lished primarily as tools for quality improvements and must provide feedback of data in
reports to registry participants [51].

Study design

Based on a pilot search it was evident that there were likely to be insufficient randomised con-
trolled trial (RCT) studies assessing registries as an intervention to enable a meta-analysis to be
undertaken. Therefore, a decision was made to include before-after, case control, cohort and
controlled clinical trial study designs in addition to RCT studies.

A description of the population, intervention, comparison and outcome (PICO) [53] of the
systematic review and a summary of the inclusion and exclusion criteria are described in
“Table 17.
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Comparator(s)/Control

Studies with and without comparators were eligible for inclusion. Comparators were consid-
ered contemporaneous data sources such as hospital administrative databases, insurance data-
bases and clinical information systems measuring mortality/survival; processes of care;
outcomes other than mortality/survival; healthcare utilisation and costs.

Context

Studies conducted in clinical environments which were considered acute care (inpatient and
outpatient), sub-acute care (rehabilitation centre) and community (general practice and aged
care) were included.

Outcome measures/Outcome of interest

The primary outcome measure was impact of clinical registries, including CQRs, on survival
or mortality. Secondary outcome measures were those reflecting a process or outcome of
health care (quality of care), health care utilization and costs. Quality of care measures
included those assessing impact of the registry on patient safety (complications), timeliness
(reduce waits and harmful delays), effectiveness (adherence to clinical guidelines-provide ser-
vices based on scientific knowledge), efficiency (avoid waste), equitable access to the services
(provide services that does not vary in quality), and patient centeredness (provide care that is
respectful of and responsive to individual patient preference, needs and values) [2].

Table 1. Description of the population, intervention, comparison and outcome (PICO) of the system-
atic review.
Sl# | PICO Descriptions
1 Population | Studies conducted in clinical environments which may include
e acute care (inpatient and outpatient),
* sub-acute care (rehabilitation centre); AND
e community (general practice and aged care)
2 | Intervention | Registry as an intervention with following inclusion and exclusion criteria.
Inclusion criteria:

* Describe either a clinical registry or a CQR which collects data on a procedure,
disease or healthcare resource; AND

* Collect data systematically and an ongoing basis from the population being
investigated; AND

* Provide feedback on the performance of a health system on an ongoing basis; AND
¢ Collect data from more than one hospital.

Exclusion criteria

Studies will be excluded from the systematic review if they

* Collect and report on data from only one hospital;

* Do not provide feedback on an ongoing basis (such as an audit or point prevalence
study);

* Are written in a language other than English;

* Were published prior to start date on January 01, 1980 or after the end date of
December 31, 2016 or were review articles.

3 | Comparison | Comparators:
* Data collecting tools other than registry (population based data, administrative data
and medical record) to monitor health outcomes

* Studies without a comparator will be included

4 | Outcome Primary outcome measure is impact on survival/Mortality. Secondary outcome
measures that reflects a process or outcome of health care, health care utilization and
costs.

https://doi.org/10.1371/journal.pone.0183667.t001
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Search strategy

Before finalizing the search strategy, a pilot search strategy was developed, tested and amended
as necessary across the different databases. Once the search strategy was finalized and agreed
upon among the team, it was then refined by a senior medical librarian (LR). A database
record was maintained at each stage of the review process including the detailing of how the
search was undertaken and results of the search strategy.

The following electronic databases were searched: MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials (CENTRAL), CINAHL and Google Scholar to identify studies in
English covering the period January 1980 to December 2016. The search strategy included key-
words describing studies involving established registries as the intervention. The MeSH terms
relating to registry or registries combined with the MeSH terms referring to mortality, morbid-
ity, patient reported outcome, health care utilization, cost/economic evaluation and clinical
competence were included in the search.

Additional searches were conducted of grey literature resources such as conference websites
and government websites, searching without limiting by outcome, searching informal sources
such as conference abstracts and PhD theses. Hand-searching and reference checking of cita-
tions and reference lists were also undertaken.

Study screening and selection

Titles and/or abstracts of studies identified using the search strategy and those from additional
sources were distributed among four review authors. Two review team members indepen-
dently retrieved and assessed the eligibility of the full text articles of potentially suitable studies.
Any disagreement between the two reviewers was resolved through discussion with the third
review author of the study team.

Data extraction and assessment of quality of the study

A standardised data extraction form was developed and piloted, based on the template of the
Cochrane data abstraction form [54]. Data extraction forms were used to extract data on study
design and methods; country setting; participant characteristics; intervention characteristics
including the feedback provided; study outcomes; discussion points; limitations; recommen-
dations and study funding sources. Attributes of included registries were recorded using the
criteria described by Black et al [55], and the adapted Scottish Intercollegiate Guidelines Net-
work (SIGN) check list [53] was used to evaluate the methodology of included studies.

The first author (DEH) extracted the data; and inconsistencies were discussed with the sec-
ond review author (VK) and if necessary with the third author (SE).

Our study protocol has been registered on PROSPERO: the international prospective regis-
ter of systematic reviews (ID: CRD42015017319) and the study protocol has been described
elsewhere [56].

Data synthesis and analysis

Narrative synthesis. We followed the guideline for narrative synthesis for systematic
reviews proposed by Popay J et al [57] as appropriate and developed a conceptual framework
for analysis of registry outcome measures [56]. We conducted narrative synthesis of the find-
ings from the included studies with special focus on the attributes of registries described as the
intervention. Attributes included the host organization operating the registry; the reference
population; coverage (extent to which the eligible population was representative of the coun-
try); personnel involved in the management of register; how data were being collected (paper
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based or electronic); the source of data and linkage with other database; availability of a data
dictionary; the quality assurance procedure; and involvement of professional organizations
and industry. We also conducted synthesis of the findings based on study design and impact of
the registry on mortality/survival, process, utilization and clinical outcome measures.

Statistical analysis. Narrative synthesis of the selected articles was undertaken. It was not
possible to conduct a meta-analysis because of heterogeneity among the study populations;
coverage, duration and outcomes of interest, made it not possible to pool results. There was
also variation among registries in follow-up, reporting mechanism, data management, quality
assurance, audit mechanisms and processes; and feedback to stakeholders. Moreover, only two
studies were RCT.

Results

The results of our search strategy and selection process are presented in “Fig 17, following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
[58].

Through primary database screening, we identified 30102 articles. In addition, through
hand searching, and reference searching of citations we identified an additional eight docu-
ments. After removal of duplications the numbers of abstracts reduced to 27856. Initially, 393
articles were screened after reviewing titles and abstracts. After reviewing 75 full text articles, a
total of 17 articles were selected for final synthesis. All the selected journals were published
between 2003 and 2015.

Details of the included studies and their Key characteristics are described in Table 2. Studies
describe registries which were established in the US (n = 6), Australia (n = 2), the United King-
dom (n = 3), Denmark (n = 2), Sweden (n = 1), Germany (n = 1) and Israel (n = 1). Six studies

Identification

Records identified through Additional records identified
database searching through searching
(n=30102) (n=8)

\ Screening /

Records after duplicates removed

n = 27856)
Eligibility
Records screened Records excluded
{n=393) (n=318)
Full-text articles assessed Full-text articles excluded,
for eligibility — with reasons
{n=75) (n=58)

\ Included

.Studies included in
qualitative synthesis
(n=17)
Fig 1. Results of search strategy following PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0183667.9g001
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described registries monitoring diabetes, two assessed stroke care, one each described care of
patients with Chronic Obstructive Pulmonary Disease, lung cancer, colon cancer, rheumatoid
arthritis, hard-to-heal ulcers, surgical complications, organ transplantation, Chronic Kidney
Diseases; and one registry monitored patients undergoing smoking cessation therapy.

Table 3 describes the study design and impact of the registry on the primary and secondary
outcomes and supplementary S1 Table summarises the limitations and conclusions/recom-
mendations of the selected studies. Most used a “before-after” study design (n = 11, 65%) fol-
lowed by RCT (n = 2, 12%) prospective cohort (n = 2, 12%), experimental non-randomised
(n =1, 6%) and cross sectional survey (n = 1, 6%). Each study except one study [61] assessing
registries as interventions recorded some positive findings; however not all indicators of qual-
ity of care collected by the registry were positive.

Impact of the registry on mortality/survival

Four studies measured the registries association with either mortality or survival as the pri-
mary outcome [41, 69, 71, 72]; The registries established for lung cancer and colon cancer
both demonstrated an association with improved survival after their development [71, 72].
Contrary to these findings, the registry established to monitor acute stroke care in Germany
did not demonstrate any temporal trend on mortality [41]. Another study evaluated temporal
trends in survival in patients diagnosed with rheumatoid arthritis (RA) [69]. The authors
found that survival was significantly lower in the first seven years of RA than that was expected.
The authors also found in the same population an excess mortality from cardiovascular dis-
eases (31%) [75] and median survival time from RA-ILD was three years, with a five-year
Kaplan-Meier survival function following diagnosis [76].

Impact of the registry on secondary outcomes

(I) Impact on processes of care. With regard to the impact of the registry on process of
care measures such as compliance with evidence-based guidelines, the findings were princi-
pally positive. The RCT by Thomas et al [59] assessing compliance with diabetes care using a
registry versus normal care in internal medicine resident community clinics found that
patients in the intervention arm were more likely to have HbAlc and LDL measured within
the recommended time frame compared with those in the control arm (p<0.05). This did not,
however, have a significant impact on overall control of HbAlc, LDL and blood pressure. The
other RCT by Roski et al [60] investigating smoking cessation had three study arms; one pro-
vided financial incentives for reaching pre-set clinical performance targets (“incentive arm”);
another provided financial incentives combined with access to a centralized smoker registry
for reaching pre-set clinical performance targets (“registry arm”) while the third arm involved
distribution of printed versions of the smoking cessation guidelines (“control arm”). The study
demonstrated that the registry arm and the incentive arm were associated with greater docu-
mentation of tobacco use status (P < 0.01) than the control arm. Those patients visiting regis-
try clinics reported accessing counselling programs significantly more often (P < 0.001) than
patients receiving care in the control condition [60]. Jakobsen et al [71] demonstrated
improvement in lung cancer survival rates, possibly due to improvement in the quality of care
after introducing the registry.

Of six registries monitoring diabetes care assessed by HbAlc and lipid test results showed a
positive benefit [59, 64-66, 74] of which two registries demonstrated positive impact on mea-
surement of microalbuminuria [66, 74]. One registry monitoring diabetic care assessed by
HbA1lc did not find significant effects in lowering HbA1c values [61] and the study by Harris
et al [64] did not show any significant change in processes of care for High- Density
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Impact of clinical registries on clinical outcomes
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Impact of clinical registries on clinical outcomes

Lipoprotein (HDL), Body Mass Index (BMI), or frequency of renal and eye complications with
registry use. A study by Pollard et al [65] reported significant improvements from baseline on
12 of 13 care processes indicators including foot, eye and dental examinations, and screening
for depression, smoking, and substance abuse when a registry was used at a moderate level or
higher. Diabetic registries including two in Australia and one in US [64, 65, 74], have clearly
demonstrated a positive impact on patients enrolled in a registry compared to those who are
not. This is thought to be due to the capacity of a registry to generate progress notes and sum-
mary reports to track patients’ care and monitor compliance with guidelines [65].

(IT) Impact of healthcare utilization. One study reported that use of a diabetic registry
was associated with a higher average number of patients and attendances by patients with dia-
betes per GP compared to those not using a registry [74]. Oien et al [67] demonstrated that fol-
lowing the introduction of a registry for ulcer treatment, treatment with antibiotics reduced
significantly from 76% in 2009 to 24% in 2012 (p = 0.001). Other studies have shown an associ-
ation between registry use and higher rates of uptake of evidence based practice, [41] and that
impact on practice improves over time [68].

(IIT) Impact on clinical outcome. Oien et al found that there was a significant reduction
of healing time for hard-to-heal ulcers when the registry was used 21 weeks in 2009 to 9 weeks
in 2012. Geubbels et al [62], reported that surgical site infection was stable at 4.3% in initial 3
years then reduced to 3.3% in year 4 and to 1.8% in year 5. Good control of LDL<100mg dl
increased from 26% to 59% has been reported by one registry [66].

(IV) Impact on healthcare costs. None of the 17 studies included in this review rigor-
ously evaluated the cost effectiveness of the clinical registry.

One registry has demonstrated significantly reduced regional difference of improving clini-
cal practice and core results [71].

Discussion

In this review our primary objective was to establish the impact of registries, including CQRs,
on mortality or survival. We identified four articles which reported on survival, of which two
demonstrated a positive impact. Our secondary objectives were to assess impact on processes
or outcome of health care other than survival or mortality, health care utilization, clinical out-
come and cost. We identified 17 articles which assessed the impact of clinical registries on sec-
ondary outcomes of which all articles reported a positive impact except one [61] and few
process indicators of two articles [59, 64]. Five out of six registries assessing diabetic care dem-
onstrated at least one improvement in processes of care [59, 64-66, 74]. Most studies (n = 11)
used a before-after study design [41, 64-73]; only two studies were experimental in design
with one assessing the impact of a registry on diabetes management and the other on tobacco
smoking. Both showed significant improvement in health outcomes after implementation of
the registry [59, 60].

Our finding that few studies have rigorously evaluated the impact of clinical registries as
interventions on improved health outcomes may be explained by a number of factors. Firstly,
we found it difficult to disentangle registries as interventions from larger quality improvement
projects which use registries to store data. For example, the Get with the Guidelines (GWTG)
Stroke, Coronary Artery disease and Heart failure programs collect data on patients with these
diseases and report performance measures back to hospitals as part of a quality improvement
cycle [77, 78]. The Patient Management Tool (PMT) used in the GWTG program to collect
data and provide decision support and reports back to hospitals might be considered a registry.
However, it was only one element of the program, which also included organizational stake-
holder and opinion leader meetings, hospital recruitment, collaborative learning sessions,
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hospital tool kits, local clinical champions, multidisciplinary teams, and hospital recognition.
The program cannot disengage the effect of the PMT from other activities and, for this reason
was not included in this review.

Another reason for the limited number of studies evaluating registries as interventions may
be that researchers have not established them with quality improvement as an outcome in
mind. Registries are often established to describe patterns of care, to understand variation in
treatment and outcomes and predictors of prognosis and quality of life. Yet, many have not
been set up to report quality of care data back to health services. Often population-based regis-
tries store data for reporting to government and for research purposes but fail to collect data
which is meaningful to health services to assess their performance or, if they, do not make it
available to the health services, so that they can see how they compare with others and with
themselves over time.

Finally, it may be that there were few studies evaluating the impact of registries because
researchers and sites investing heavily in the development of registries have been reluctant to
formally assess their impact through rigorous trial design. Establishing a registry requires sub-
stantial resources, infrastructure and sustained funding [29].

While we found no studies during our study period of investigation to December 2016
comparing the cost effectiveness of registries, two articles have provided supportive evidence
of cost-effectiveness of investing in the registry [20, 79] and a report has recently been released
assessing the cost-effectiveness of five Australian CQRs [80]. Larsson et al [20] presented a
case study for estimating the cost saving of a hip registry by calculating direct medical savings
through reduction in complications and avoided revision operations. By comparing hip revi-
sion rates in the US against those achieved in Sweden, where a registry exists with a revision
rate of 10%, Larsson concluded that the US could potentially save $2 billion or 8% of the total
costs of an expected $24 billion in total costs for these surgeries in 2015. Another study extrap-
olated the costs of emergency care for diabetics [81] and reported that a registry for quality
improvement of type-2 diabetics in eight Western New York counties might lead to an esti-
mated annual savings of more than $700 million through a 20% reduction in emergency
department visits [79]. The Australian Commission on Safety and Quality in Health Care
study assessing the economic impact of five Australian CQRs, and concluded that they pro-
vided a significant net positive return on investment, with benefit to cost ratios ranging from
2:1 to 7:1 [80].

This is the first review which has rigorously evaluated the impact of registries as interven-
tions on quality of care. We found that registries play an important role in care management
processes through generating performance feedback reports to physicians [59, 66], helping to
identify patients who are not receiving treatment in accordance with guidelines [69, 74], creat-
ing a trigger for action by physicians [65, 74], creating a reminder for patients [59, 64], identi-
fying high-risk patients so they can be more closely monitored [82] and reducing regional
differences [71]. Registries have provided demonstrable improvement in processes of care and
clinical outcomes for patients with chronic diseases [73, 83, 84]. In our review five different
studies demonstrated that use of registries as tools for physician’s reminder, patient recall,
structured care, audit, and progress notes can improve documentation which, in turn, leads to
improvement in diabetic care [59, 64-66, 74].

Our review has several limitations. These include the quality of the studies and the hetero-
geneity of the study populations, coverage, duration and outcomes of interest, making it
impossible to pool results. We found variation in follow-up, reporting mechanism, data man-
agement and quality assurance, and audit of data within the registry. Reporting and feedback
mechanisms of the registries to stakeholder were also diverse; an issue similar to other review
findings [85].
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Only two [59, 60] of the 17 studies used a randomised controlled clinical trial design. Both
were adequately powered to assess the impact of a registry design on improving quality of care,
yet details of the intervention were poorly described in one of the studies, making it difficult
to ascribe the success to the registry. Two-thirds of studies evaluating registries used the less
robust before-and after- quasi-experimental study design. Limitations of this design were dis-
cussed by authors and include inability to attribute causality to the registry [59, 68]. While
most studies commented that the registry likely accounted for improvement in outcomes and
processes of care, they also acknowledged that the design of the studies made it impossible to
clearly quantify this impact (Supplementary S1 Table).

While effort was made to minimise publication bias by including a broad search strategy
including both the academic and grey literature, it may be that further evidence exists on the
impact of registries on health outcomes, care utilization and costs but is not yet published. As
we limited our search by English language, we may have missed relevant article which pub-
lished in other languages. However, the major shift towards publication of studies in English,
the extent and effects of language bias may have recently been reduced.

As registries continue to proliferate, there is a need to more rigorously evaluate their impact
within and across disease conditions. This includes identifying what attributes of registries are
most effective and which have little or no impact. Registries should consider using progressive
study designs such as stepped wedge RCTS. This provides the advantage of allocating all sites
the intervention at some point in time [86]. Because most registries initially start as a pilot e
and expand over time, this provides a good opportunity to consider a step wedge design inter-
vention to assess impact more rigorously. Moreover, in evaluating costs and outcomes attrib-
utable to clinical registries sufficient time should be provided to allow hospitals to set up
appropriate governance structures, collect enough data to generate meaningful reports and
anumber of feedback cycles to enable hospitals and clinicians to act on findings.

Conclusions

Despite the large number of published articles using data derived from clinical registries, few
have rigorously evaluated the impact of the registry as an intervention on improving health
outcomes; those that have evaluated this impact have mostly found that registries have
improved healthcare processes and outcomes. No studies have evaluated the economic impact
of registries as an intervention.
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