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Studies using routinely collected data (RCD) are common in the
urological literature; however, there are important considerations
in the creation and review of RCD discoveries. A recent report-
ing guideline (REporting of studies Conducted using Observational
Routinely-collected health Data, RECORD) was developed to
improve the reporting of these studies. This narrative review exam-
ines important considerations for RCD studies. To assess the cur-
rent level of reporting in the urological literature, we reviewed all
the original research articles published in Journal of Urology and
European Urology in 2014, and determined the proportion of the
RECORD checklist items that were reported for RCD studies. There
were 56 RCD studies identified among the 608 articles. When the
RECORD items were considered applicable to the specific study,
they were reported in 52.5% of cases. Studies most consistently
(>80% of them) reported the names of the data sources, the study
time frame, the extent to which the authors could access the data-
base source, the patient selection, and discussed missing data. Few
studies (<25%) discussed validation of key coding elements, details
on data-linkage, data-cleaning, the impact of changing eligibility
over time, or provided the complete list of coding elements used to
define key study variables. Reporting factors specifically relevant in
RCD studies may serve to increase the quality of these studies in the
urological literature. With increased technological integration in
healthcare and the proliferation of electronic medical records, RCD
will continue to be an important source for urological research.

Introduction

Routinely collected data (RCD, also known as administrative
data) is increasingly being used to answer clinical research
questions. While there are many sources of observational data
(for example, population surveys or patient registries), RCD is
specifically defined as data that is routinely collected for a pur-
pose other than research. Common examples of RCD sources

include physician billing records, insurance company records,
or government-mandated healthcare utilization records.’
There are several important strengths that have driven the
increased use of RCD research over the last two decades.
These include low study costs (especially when compared to
prospective clinical studies or randomized, controlled trials),
rapid delivery of results, substantial sample sizes, improved
generalizability, long-term patient followup (often across dif-
ferent hospitals and physician practices), and the ability to
identify very rare patient populations or outcomes.

Given the apparent increase in publications using RCD
in many urological journals, we sought to review several
key issues related to this research area that are relevant
for those conducting these studies, and for clinicians who
wish to critically read these studies, understand potential
methodological limitations, and evaluate the strength of the
study’s conclusions.

Methodological considerations for the use of RCD

Any study using RCD to measure an outcome or an associa-
tion between two groups will have the usual risks of bias
common to all observational studies.

1. Selection bias

This occurs when the study population is not a random
sample from the target population in which the study conclu-
sions will be generalized. The use of RCD (especially data
from countries with socialized healthcare systems, such as
Canada) helps to mitigate this bias, as all patients within a
population are potentially eligible.

2. Information bias

This is defined as the inexact measurement of a variable.
This is a significant risk in RCD studies, as researchers have
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no control over the data elements or data entry, and in many
cases, don’t have a complete picture of the basic characteris-
tics of a variable. Perhaps the most famous urological exam-
ple of this was the temporary removal of prostate-specific
antigen (PSA) values from the Surveillance, Epidemiology,
and End Results (SEER) dataset due to a large number of
incorrect values.? With RCD, information bias occurs if cod-
ing errors are made at random (and therefore biases the
association towards the null hypothesis®). When the misclas-
sification is different among groups (non-random), the direc-
tion of the bias is not predictable, and can have a significant
effect on the estimated association.**

3. Confounding

This occurs when the relationship between the exposure of
int erest and the outcome is distorted by another variable
(the confounder). Known confounders can be controlled for
in the design phase by restriction, or in the analysis phase by
multivariable regression analysis or stratification.® Residual
confounding is a consistent limitation of all studies involv-
ing RCD. Propensity scores (which allow the creation of
two groups of patients with similar overall characteristics
across a large number of explicitly defined variables) or high-
dimensional propensity scores (unique to RCD) can help
address confounding.”® Alternatively, instrumental variables
(which result in a quasi-randomization of patients) can be
used to address unmeasured confounding.’

Special considerations for the use of RCD

RCD studies also have unique features that should be con-
sidered. In clinical research, variables are often directly
observed by a physician or extracted from the medical
record by a researcher with a specialized knowledge of
the relevant study variables. In most cases, this allows for
a high degree of confidence in the accuracy of individual
variables. In contrast, RCD studies rely on a code as a sur-
rogate for a clinical variable (for example, an ICD code for
prostate cancer, or a physician billing code for a radical
prostatectomy). The completeness of coding for a particular
condition is dependent on the rigour and incentives driv-
ing data-collection, and will vary by condition. While the
diagnosis of a myocardial infarction is highly likely to be
correctly documented, other conditions, such as male lower
urinary tract symptoms, are less likely to be documented
accurately.’® Given these limitations, the measurement
characteristics of the coding element should be explicitly
acknowledged when possible. While some codes have high
face validity, ideally key elements of RCD will have been
assessed in a validation study to determine precise measure-
ment characteristics (such as sensitivity, specificity, posi-
tive and negative predicative values)."" However, validation

Review: Routinely collected data studies in urology

studies are often not available or referenced. An assessment
of a variety of RCD studies found that only 12% of RCD
studies stated or referenced the measurement characteristics
associated with key coding elements, and of these, 40%
had a probability <50% that the code actually represented
the variable of interest.’

A large sample size is one of the advantages of RCD; how-
ever, this can also make interpretation of the study results
and traditional hypothesis-testing challenging. As the sample
size increases, a small difference is more likely to become
statistical significant. When this difference represents a very
clinically important outcome (such as death), then this may
still be very relevant. However, in many cases the difference
may be clinically insignificant. The use of confidence inter-
vals (in additional to or instead of p values) and reporting the
absolute risk difference provides more relevant information
to the reader, and is especially pertinent when the sample
size is greater than 100 000."

Reporting quality of RCD studies in urology

Reporting standards have been developed for use with
many study designs, such as randomized, controlled trials
(CONsolidated Standards Of Reporting Trials, CONSORT)™
and observational studies (STrengthening the Reporting of
OBservational studies in Epidemiology, STROBE)." While
the STROBE guideline applies to all observational studies, it
was recognized that unique characteristics of RCD required
the inclusion of additional reporting characteristics. Last
year, the RECORD (REporting of studies Conducted using
Observational Routinely-collected health Data) statement
was published as a supplement to the STROBE statement to
specifically address important elements of a RCD study.'®
Thirteen additional complementary items were recommend-
ed after an extensive collaborative process.'” These reporting
guidelines are not meant to measure study quality, only to
outline a minimum and transparent level of reporting for
key study elements.'®18

Current status of reporting of RCD studies in urology

To understand the current level of reporting in RCD studies
in urology, we identified all the RCD original research stud-
ies published in the Journal of Urology (JU) and European
Urology (EU) in 2014. RCD studies were specifically select-
ed, therefore, those that used other observational data (such
as secondary analysis of prospective cohorts or survey data)
were not included. The complete table of contents for each
journal issue was reviewed, and where necessary, abstracts
or full-text versions reviewed by two physicians to confirm
that the study used RCD. We identified relevant studies
based on a review of the paper’s methods section for com-
mon RCD sources (such as Medicare); any data sources that
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may have represented RCD were independently assessed for
their applicability using online resources.

We identified 56 RCD studies (40 JU, 16 EU) from among
the 608 articles. In JU, the most common country of origin
of the senior author was the U.S. (87.5%) and the most
common subspecialty areas were oncology (52.5%), pedi-
atrics (20.0%), endourology (12.5%), and other (15.0%).
In EU, the most common country of origin of the senior
author was the U.S. (50.0%) and the most common sub-
specialty area was oncology (93.3%). The most frequently
used RCD sources were SEER (15 studies), Medicare sample
(nine studies), and the Nationwide Inpatient Sample (five
studies). The most common use of multiple RCD sources
was a SEER-Medicare linkage (eight studies). The source of
the RCD for the reviewed studies was primarily from the
U.S. (78.6%, 44/56).

The RECORD checklist'® was completed for each study,
and the reporting of each of the parts of the checklist were
classified as present or absent. The RECORD statement has
13 sections, however, for the purposes of assessment of the
completeness of reporting, three of them were broken down
into separate sections to better assess the specific compo-
nents (Table 1). Data linkage across multiple RCD sources
was not present in 53.6% of the studies, and therefore,
this item was considered not applicable for these studies.
Overall, when the items were considered applicable, they
were reported in 52.5% of cases. Studies (>80% of them)
most consistently reported the names of the data sources,
the study time frame, the extent to which the authors could
access the database source, the patient selection, and dis-
cussed missing data. Few studies (<25%) discussed valida-
tion of key coding elements, details on data-linkage, data-
cleaning, the impact of changing eligibility over time, or
provided the complete list of coding elements used to define
key study variables.

The importance of these poorly reported elements deserves
some additional discussion. Validation studies have already
been discussed as an important aspect of a RCD study, partic-
ularly for key codes used to define the population, exposure,
and outcome. Factors that limit the availability of validation
studies are the associated expense and time required (espe-
cially when using medical charts as the reference standard),
and the fact they are often not seen as a high-impact project
by granting agencies or journals. However, by using differ-
ent linked RCD sources, validation studies can be completed
without requiring medical chart abstraction. Data sources
such as laboratory values and free text extractions of electron-
ic medical records are novel ways to validate coding elements
using existing electronic health data. There are numerous
validation studies relevant to urology that have already been
published, such as determining the ability of RCD to iden-
tify recurrent prostate cancer,'® upper tract stone disease,*
adverse urological outcomes of radiation therapy,?' and other

common variables of interest (such as smoking?? and chronic
renal dysfunction).”® Systematic reviews of validation studies
(available for a wide variety of medical diseases) provide an
important summary of common conditions, which can be
used to make a strong argument about the appropriateness
and accuracy of coding schemes.

The publication of the specific codes used to define the
RCD variables allows for complete transparency, compari-
son between studies, and duplication of the methodology
by other authors. This also allows those familiar with RCD
to assess for the potential for misclassification. Most journals
now allow the posting of supplemental information online,
which is an appropriate way to document the often extensive
coding algorithms used. An alternative is the use of open-
source coding repositories (such as ClinicalCodes.org).?*

Data linkage is often used in RCD studies to increase
the available variables, and obtain complementary data on
patients over time. Much as the CONSORT flowchart is
used in randomized trials, a similar flowchart or descrip-
tion of the number of patients successfully linked, and
whether deterministic linkage (based on a definitively
unique variable, such as a social security number) or
probabilistic linkage (based on a number of variables,
such as date of birth, gender, name, region of residence,
which when taken together are likely to identify a unique
individual) should be considered. Similarly, data-cleaning
is an important step in any large dataset to remove values
that do not make sense. The extent of the data-cleaning
helps communicate the quality of the data and the analytic
rigour of the investigators.?

Finally, changing eligibility over time is a component of
the recommended limitations, which should be addressed in
the study discussion. This can occur when there is a shift in
the coding structure or coding practice within the RCD source
over time. An example is the upcoming shift from ICD-10 to
ICD-11 in Canada in the next 5-10 years. If studies include
data from both ICD coding schemes, this has to be carefully
evaluated to ensure that the coding elements represent the
same underlying variable. An easy assessment of this is to
look at the coding frequency before and after the change
in coding structure; a significant change in the frequency of
a code suggests that a change in eligibility occurred. Other
reasons for changing eligibility over time in a RCD source
could include changes to the data source or emigration.

Future directions

Electronic data has become a driving force in our society.
It has an annual compound growth of 60%, and in 2020
it is estimated there will be 35 zettabytes of electronic
data.?® In healthcare, information technology plays a key
role in all aspects of practice — from medical records to
medication-prescribing to communication. This wealth of
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Table 1. Proportion of the RECORD items reported in RCD studies from the Journal of Urology and European Urology in
2014. Each RECORD item is numbered based on the complementary section from the STROBE guidelines

iF:Er?iORD Description Percentage Proportion
1.1 The type of data used shoqld be specified in the title or abstract. When possible, the name of the 83.9% 47/56
databases used should be included.
12 :tfepglrk:[‘)zlt?af:_e geographic region within which the study took place should be reported in the 48.2% 27/56
1.2 :basrt)gz..able, the time frame within which the study took place should be reported in the title or 94.6% 53/56
13 If linkage between databases was conducted for the study, this should be clearly stated in the 30.8% 8/26 (NA_ for
title or abstract. 30 studies)
6.1 The_methods of stud_y pop_ulation_ selec'_cio_n (such as _codes or algorithms used to identify 60.7% 34/56
subjects) should be listed in detail. If this is not possible, an explanation should be provided.
Any validation studies of the codes or algorithms used to select the population should be
6.2 referenced. If validation was conducted for this study and not published elsewhere, detailed 21.4% 12/56
methods and results should be provided.
If_the study involved linkage of dgtabases, consid_er use of a flow diagram_or _ot_her grap_hice_)l 0/26 (NA for
6.3 display to demonstrate the data linkage process, including the number of individuals with linked 0% 30 studies)
data at each stage.
71 A complete list of codes and algorithn_ws used to classify Ifey variables should be provided. If
these cannot be reported, an explanation should be provided.
a) Exposures 62.5% 35/56
b) Outcomes 46.4% 26/56
c¢) Confounders and effect modifiers 16.1% 9/56
12.1 sg:)t:l);tsis:(:L;I;jddtisg::;isft\see::jg;t;)ov;l:\;:;c;cz'e investigators had access to the database 87.5% 49/56
12.2 Authors should provide information on the data-cleaning methods used in the study. 1.8% 1/56
State whether the study included person level, institutional-level, or other data linkage across two
12.3 or more databases. The methods of linkage and methods of linkage quality evaluation should be 64.3% 36/56
provided.
Describe in detail the selection of the persons included in the study (i.e., study population
13.1 selection), including filtering based on data quality, data availability, and linkage. The selection of 85.7% 48/56
included persons can be described in the text and/or by means of the study flow diagram.
19.1 Discuss the implications of using data that were not created or collected to answer the specific
research question(s).
a) Include discussion of misclassification bias as they pertain to the study being reported. 46.4% 26/56
b) Include discussion of unmeasured confounding as they pertain to the study being reported. 73.2% 41/56
¢) Include discussion of missing data as they pertain to the study being reported. 82.1% 46/56
(rj;;g(;:;g.e discussion of changing eligibility over time as they pertain to the study being 14.3% 8/56
221 Authors should provide information on how to access any supplemental information such as the 50.0% 28/56

study protocol, raw data, or programming code.

readily available electronic information will likely continue
to drive RCD research. An a priori hypothesis and analytical
plan, appropriate statistical techniques, a careful assess-
ment of bias, and high-quality reporting will hopefully con-
tinue to improve the quality and impact of RCD studies.
Despite the limitations of observation studies, they often
produce results similar to randomized, controlled trials,?”
and observational studies using RCD can have a significant
impact on healthcare, as evidenced by their ability to influ-
ence regulatory bodies.?® Future changes in RCD reporting
may include journals mandating the use of the RECORD
checklist, the use of online registries for study protocols*

(similar to randomized trial registration), or the publica-
tion of the actual data-coding and raw analytic results to
improve transparency.

There are several exciting developments that are appli-
cable to RCD. First is the advent of the registry-based ran-
domized, controlled trial.*° This combines the advantages
of prospective, randomized trials with RCD. Patients are
prospectively recruited, screened, and randomized at base-
line, and important clinical characteristics are determined
using traditional tools, such as history, physical exam, and
review of medical records. Patient data is then determin-
istically linked with RCD to assess for variables not easily
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captured in prospective studies (such as healthcare use or
prior medication exposure). The patients are then “followed”
for the trial outcomes using the existing RCD processes. This
significantly reduces loss to followup, increases the appeal
of the study to participants (as there are no study-related
followup visits), and markedly reduces the study costs, as
research personnel do not have to keep track of participants
beyond their initial visit.

Second is the integration of true “big data” into the tradi-
tional RCD sources used for medical research. This includes
data from internet search engines, credit card companies,
environmental data, fitness trackers, and social media behav-
iour. Businesses already use this information to identify and
market their products, and these profiles could further aug-
ment a clinical researcher’s ability to understand lifestyle and
environmental factors and their relationship with diseases.

Third is the use of networks of RCD. These networks con-
sist of a collaborative group of investigators with the ability
to access unique RCD sources. A common study protocol
with strict analytic controls is created and applied across
multiple RCD sources (including multiple regions and coun-
tries).>' Pooled results with a consistent effect across different
RCD data sets and countries can create a very impactful
observational study with robust conclusions.

Finally, RCD is available in many data sources as far back
as the 1970s. This means that the first generation of people
born and raised in an electronic healthcare environment are
starting families of their own. Complex analytic questions
around the inheritance of disease (using RCD linked across
multiple generations), twin studies (identified using RCD
rather than traditional twin cohorts), and the risk for future
diseases based on a lifelong catalogue of medical encounters
will be possible.
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