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ABSTRACT
Introduction Health services generate large amounts 
of routine health data (eg, administrative databases, 
disease registries and electronic health records), which 
have important secondary uses for research. Increases 
in the availability and the ability to access and analyse 
large amounts of data represent a major opportunity 
for conducting studies on the possible relationships 
between complex diseases. The objective of this study 
will be to evaluate the design, methods and reporting of 
studies conducted using observational routinely collected 
health data for investigating the link between cancer and 
neurodegenerative diseases.
Methods and analysis This is the protocol for a meta- 
research study. We registered the study protocol within 
the Open Science Framework: https://osf.io/h2qjg. 
We will evaluate observational studies (eg, cohort and 
case–control) conducted using routinely collected health 
data for investigating the associations between cancer 
and neurodegenerative diseases (such as Alzheimer’s 
disease, amyotrophic lateral sclerosis/motor neuron 
disease, Huntington’s disease, multiple sclerosis and 
Parkinson’s disease). The following electronic databases 
will be searched (from their inception onwards): MEDLINE, 
Embase and Web of Science Core Collection. Screening 
and selection of articles will be conducted by at least two 
researchers. Potential discrepancies will be resolved via 
discussion. Design, methods and reporting characteristics 
in each article will be extracted using a standardised data 
extraction form. Information on general, methodological 
and transparency items will be reported. We will 
summarise our findings with tables and graphs (eg, bar 
charts, forest plots).
Ethics and dissemination Due to the nature of the 
proposed study, no ethical approval will be required. 
We plan to publish the full study in an open access 
peer- reviewed journal and disseminate the findings at 
scientific conferences and via social media. All data will be 
deposited in a cross- disciplinary public repository.

INTRODUCTION
Cancer and neurological disorders, particu-
larly age- related neurodegenerative diseases, 
are recognised as major causes of death and 
disease burden worldwide.1–3 Multiple epide-
miological studies4–14 and reviews15–21 have 
examined the epidemiological associations 
between cancer and neurodegenerative 
diseases. A growing body of evidence suggests 
that neurodegenerative diseases may occur 
less frequently in cancer survivors, and vice 
versa.18 22–24 For example, some studies have 
found that cancer survivors have a decreased 
risk of Alzheimer’s disease and that people 
with Alzheimer’s disease have lower rates 
of cancer incidence.4–7 Other studies have 
suggested an inverse relation between Parkin-
son’s disease and most cancers.8–10 A link 
between cancer and neurodegeneration (the 

Strengths and limitations of this study

 ► This meta- research study will provide an overview 
of the methodological and reporting quality of stud-
ies conducted using observational routinely collect-
ed health data for investigating the link between 
cancer and neurodegenerative diseases.

 ► This protocol increases transparency and complete-
ness to the methods and definitions used in our 
planned meta- research study and that are applied 
to studies conducted using routinely collected health 
data in this area.

 ► We do not plan to include grey literature, only re-
search articles published in peer- reviewed journals.

 ► Use of language restriction to English might exclude 
additional studies published in other languages.
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so- called, ‘inverse comorbidity’) is plausible as they share 
several genes and biological pathways.22–26 Non- biological 
factors (such as behaviours, diagnostic patterns or medi-
cations) might account also for some of these possible 
connections. It is also probable that spurious associations 
and inaccurate estimates might arise due to chance, bias 
and/or confounding in epidemiological studies available 
in the medical literature.27–29

Health services generate large amounts of routine 
health data (so- called ‘real world data’, such as admin-
istrative databases, disease registries and electronic 
health records), which have important secondary uses 
for research and evaluation. Increases in the availability 
of routine health data, and the ability to store, process, 
link, access and analyse large amounts of data represent a 
major opportunity for conducting studies on the possible 
relationships between complex (serious) diseases and 
other health events with abundant collected data.30–34 
Using such high- scale data sources often involves chal-
lenges for research design, conduct and reporting of 
studies;35 36 for example, the description of databases’ 
characteristics, record linkage methodology and any vali-
dation of the codes or algorithms used to select the study 
population.

Unfortunately, poorly conducted or reported studies 
may be associated with increased potential for biases 
measures of association, limiting their usefulness. 
Several methodological research studies37–40 have 
previously underscored that the reporting of epidemi-
ological studies is inconsistent. For example, Hemkens 
et al40 investigated the quality of reporting in studies 
conducted using routinely collected health data on any 
clinical or epidemiological topic. A search of PubMed 
in June 2013 served to include a random sample of 
124 articles published in 2012. The majority of studies 
(73.4%) focused on epidemiology. The reporting 
quality varied, with only 60.5% reporting the charac-
teristics of data sources, 74.2% providing details of 
selection criteria of participants, 31.5% using the study 
design in the title or abstract (eg, ‘cohort’, ‘case–con-
trol’, ‘routinely collected data’ or ‘registry data’), 29.3% 
reporting methods of data linkage and 2.4% indicating 
data availability/sharing.

To the best of our knowledge, no systematic reviews of 
all relevant studies have specifically examined the meth-
odological or reporting of research evaluating the epide-
miological associations between complex diseases using 
routinely collected data. We present herein the protocol 
for a case meta- research (also known as ‘research of 
research’ or ‘meta- science’)41 study of studies conducted 
using observational routinely collected data, that can help 
better understanding research concerning the cancer 
and neurodegeneration ‘inverse comorbidity’ model.22–24

The objective of this study will be to evaluate the 
design, methods and reporting of epidemiological studies 
conducted using observational routinely collected health 
data for investigating the link between cancer and neuro-
degenerative diseases.

METHODS AND ANALYSIS
This is the protocol for a meta- research study. Our 
study protocol is part of a knowledge synthesis research 
programme on the epidemiological evidence for the 
associations between cancer and central nervous system 
disorders, which includes an ambitious ongoing umbrella 
review (a systematic collection and assessment of multiple 
systematic reviews and meta- analyses).19

This study protocol has been registered within the Open 
Science Framework (https://osf.io/h2qjg). Although the 
protocol is for a meta- research study, and not a systematic 
review of health interventions, our protocol is reported 
in accordance with the reporting guidance from the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses Protocols (PRISMA- P) statement42 43 with 
not applicable indicated for items not pertaining to meta- 
research studies (see online supplemental appendix 1). 
Methods and definitions have been chosen in consulta-
tion with methodological work,40 44–52 including guidance 
on preparing Cochrane Methodology Reviews.52

Eligibility criteria
Detailed eligibility criteria have been developed according 
to the following: participants, study design, types of data, 
types of exposures and outcomes of interest, setting and 
language of publication.

Participants
We will include studies examining the human population 
(regardless of age and sex).

Study design
Eligible studies will include observational epidemio-
logical studies including prospective cohort, retrospec-
tive cohort (also known as historical cohort studies) 
and case–control studies. We will include case–control 
studies regardless of whether the authors reported clear 
time frame of when the events occurred. However, when 
extracting data from these studies we will record whether 
(or not) the time frame was clear. Randomised controlled 
trials will be unavailable for our research question. Cross- 
sectional studies will be excluded because they cannot be 
used to infer causality due to the temporal link between 
cancer and neurodegenerative diseases cannot be estab-
lished. We will also exclude reviews, meta- analyses, case 
series, case reports, in vitro studies and animal studies.

Types of data
Eligible studies can use any type of routinely collected 
health data. Routinely collected health data are defined 
as data collected for purposes other than research or 
without specific a priori research questions developed 
before collection.51 53 These would include a range of 
resources for research (eg, patient registries, disease 
registries), health planning (eg, administrative data), 
clinical management (eg, primary care databases, phar-
macy data), documentation of clinical care (eg, elec-
tronic health records repositories) or epidemiological 
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surveillance (eg, cancer registries, and other public 
health reporting data).51 53

Types of exposures and outcomes
Eligible studies must investigate the associations between 
cancer and neurodegenerative diseases. Neurodegener-
ative diseases54 will include: Alzheimer’s disease (Inter-
national Classification of Diseases (ICD)−9: 331.0, 290.1; 
ICD- 10: F00, G30), amyotrophic lateral sclerosis/motor 
neuron disease (ICD- 9: 335.20; ICD- 10: G12.2), Hunting-
ton’s disease (ICD- 9: 294.1, 333.4; ICD- 10: F02.2, G10), 
multiple sclerosis (ICD- 9: 340–340.9; ICD- 10: G35- G35.9) 
and Parkinson’s disease (ICD- 9: 332–332.9; ICD- 10: G20- 
G21.0, G21.2- G22.0). All malignant neoplasms (ICD- 9: 
140–209; ICD- 10: C00- C97) and any site- specific cancer 
will be considered. We will include: (1) studies in which 
neurodegenerative disease was the exposure of interest 
and cancer incidence (eg, new case or hospitalisation) 
was the outcome and (2) studies in which cancer was the 
exposure of interest and incidence of a neurodegener-
ative disease (eg, new case or hospitalisation) was the 
outcome. Prognostic studies studying neurodegenera-
tive diseases and mortality among patients with cancer or 
cancer and mortality among patients with neurodegen-
erative diseases will be excluded. Studies not presenting 
quantitative data on the associations between cancer and 
neurodegenerative diseases (eg, relative risks (RR) with 
95% CIs, numbers of cases/population, observed and 
expected cases) or sufficient data for an association to be 
calculated will be excluded.

Setting
There will be no restriction by study setting.

Language of publication
Publications of studies will be limited to peer- reviewed 
journal articles written in English with an abstract 
available.

Information sources and search strategy
To provide a reliable summary of the literature, we 
will search the following electronic databases (from 
their inception onwards): MEDLINE through PubMed 
(National Library of Medicine, Bethesda, Maryland, 
USA), Embase though Elsevier platform (Elsevier B.V., 
Amsterdam, The Netherlands) and the Web of Science 
Core Collection (Clarivate Analytics, Philadelphia, 
Pennsylvania, USA). The initial literature searches in 
MEDLINE, Embase and the Web of Science will start on 
15 November 2022.

Our main literature search will be peer- reviewed by 
two senior health information specialists using the Peer 
Review of Electronic Search Strategies (PRESS) check-
list.55 The search strategy will include a broad range 
of terms and keywords related to ‘neurodegenerative 
diseases’, ‘cancer’, ‘epidemiological studies’ and ‘routine 
data/electronic health records/administrative data’. The 
search will integrate a filter for electronic health records 
provided by the National Library of Medicine.56 A draft 

search strategy for MEDLINE is provided online in the 
online supplemental appendix 2.

To ensure literature saturation, the reference lists of 
studies selected for inclusion will be scanned for addi-
tional studies. We will also scan the reference lists of 
related systematic reviews and meta- analysis identified 
through the search. In addition, citation searches (eg, 
Science Citation Index Expanded via the Web of Science) 
will be carried out for studies selected for inclusion.

Screening
All articles identified from the literature searches will 
be screened by two researchers independently using the 
software Rayyan (Rayyan Systems, Cambridge, Massachu-
setts, USA).57 First, titles and abstracts of articles returned 
from initial searches will be screened based on the eligi-
bility criteria outlined earlier. Second, full texts will be 
examined in detail and screened for eligibility. A form for 
screening full- text articles will be designed in Microsoft 
Excel (Microsoft, Seattle, Washington, USA) and pilot 
tested on a random sample of 10 articles. Third, refer-
ences of all considered articles will be hand- searched to 
identify any relevant report missed in the search strategy. 
Any discrepancies here and throughout will be resolved 
through consultation to a third researcher, if necessary. 
A flow chart showing details of studies included and 
excluded at each stage of the selection process will be 
provided.

Sample size
We will not perform any sample size calculations since our 
meta- research study will include all the available studies 
that would meet the eligibility criteria.

Data extraction
Data for each of the included studies will be abstracted 
by two researchers, independently, and potential conflicts 
will be resolved through discussion. We will use prede-
signed forms that will be piloted initially on a small 
number of included articles. The data extracted from 
each article will be comprehensive in scope as we are 
addressing multiple characteristics of included studies. 
Full articles and supplementary materials with data and 
analyses will be examined for general and methodolog-
ical characteristics, statements of publicly available full 
protocols and data sets, conflicts of interest and funding 
disclosures. We will review the final versions of the articles 
available online. All data will be extracted into Microsoft 
Excel spreadsheets.

The standardised data extraction form will include the 
following information of interest:

General characteristics, including study objective(s) and 
rationale

 ► First author.
 ► Year of publication.
 ► Name of journal, and journal impact factor (eg, 

according to the latest Journal Citation Report at the 
time of data extraction).
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 ► Study design (eg, cohort or case–control).
 ► Country.
 ► Setting (eg, single- country or multi- country).
 ► Time frame within which the study took place.
 ► Study objective(s).
 ► Main rationale for using routinely collected data 

(eg, increase study power, validation of findings in a 
second data source, other, not clearly stated).

 ► Number of participants.
 ► Characteristics of participants (eg, proportion of 

women, mean or median age).
 ► Selection criteria of participants.
 ► Details on exposures and outcomes (eg, new cases or 

hospitalisations).

Methodological characteristics
 ► Characteristics of the analysed data sets.
 ► Type of data (eg, administrative data, electronic health 

records/electronic medical records, registry, other).
 ► Number of data sources (eg, single data source, two 

data sources, three data sources, four data sources, 
five or more data sources).

 ► Details on methods of study population selection 
(eg, codes or algorithms used to identify subjects/
participants).

 ► Details on any validation (eg, of the codes or algo-
rithms) used to select the study population (if 
applicable).

 ► Type of data linkage across databases (eg, person- 
level, institutional- level, other, none).

 ► Methods of record linkage of databases (eg, determin-
istic, probabilistic, machine learning, other, none).

 ► Methods of linkage quality evaluation (if applicable).
 ► Use of any flow diagram or other graphical display to 

demonstrate the data linkage process (if applicable).
 ► Variables used for analyses listed and described in 

sufficient detail.
 ► A complete list of codes and algorithms used to clas-

sify exposures, and outcomes.
 ► A complete list of codes and algorithms used to clas-

sify potential confounders (eg, treatments adminis-
tered, including chemotherapy).

 ► Details on the data cleaning methods used in the 
study.

 ► Statistical methods (eg, linear regression, logistic 
regression, Poisson regression, Cox regression, other).

 ► Confounder control techniques (eg, crude/unad-
justed analysis, multivariable analysis, propensity 
scores, matching, instrumental variables, other).

Main results and limitations
 ► Unadjusted RR estimates, and if applicable, 

confounder- maximally adjusted RR estimates with 
the precision (eg, 95% CIs) from the included 
studies.

 ► Discussion of the implications of using data that 
were not created or collected to answer the specific 
research question.

 ► Discussion of potential biases (eg, misclassification, 
unmeasured confounding, missing data or changing 
eligibility over time).

Transparency and openness
 ► Citation of a reporting guideline, such as the 

REporting of studies Conducted using Observational 
Routinely- collected Data (RECORD) statement51 (no 
citation, citation without reporting checklist, citation 
with reporting checklist).

 ► Open access article or availability of free access in 
PubMed Central (PMC) based on assignment of a 
specific ID (PMCID) (yes, no).

 ► Protocol/registration mentioned (no protocol, indi-
cated that protocol was available on request, full 
protocol publicly available, full protocol publicly avail-
able and preregistered).

 ► Mention of raw data availability (no data sharing, 
indicated that raw data were available on request, full 
access to raw data for reanalysis).

 ► Mention of access to programming code used to 
perform analyses (no access, indicated that code was 
available on request, full access for reanalysis).

 ► Type of data repository used, if appropriate (eg, 
Open Science Framework, Mendeley, Zenodo, Dryad, 
journal repository or other).

 ► Funding (no statement, no funding, public, private, 
other, combination of public/private/other).

 ► Conflicts of interests (no statement, statement no 
conflicts exist, statement conflicts exist).

Adherence to reporting standards
We will assess reporting quality and completeness of 
included studies against the RECORD statement (https://
www.record-statement.org/).51 RECORD represents 
the current best practice reporting standard for studies 
using observational routinely collected health data. The 
RECORD statement consists of a checklist of items (see 
online supplemental appendix 3) that supplement or 
modify the STROBE (STrengthening the Reporting 
of OBservational studies in Epidemiology) statement 
(https://www.strobe-statement.org/),58 59 which focused 
on the reporting of observational studies. The aim will be 
to assess whether included studies conformed to reporting 
recommendations included in the RECORD statement.

We will operationalise all items of the checklist into 
dedicated questions that can be answered with ‘yes’, ‘no’ 
or ‘partly’, indicating adequate (‘yes’) or inadequate 
(‘no’) reporting. We will use the ‘partly’ answer when not 
all aspects are adequately reported, for example, when 
several eligibility criteria existed, but some of them are 
described, and others are not. This approach is consistent 
with previous methodological studies.40 In addition, we 
will accept references to other publications as adequate 
descriptions.

Methodological quality (or risk of bias) assessment
The methodological quality (or risk of bias) of included 
studies will be evaluated using the Newcastle- Ottawa 
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Scale (NOS) for observational studies.60 Using the NOS 
tool, each study is judged on eight items, categorised 
into three groups: the selection of the study groups (eg, 
representativeness), the comparability of the groups (eg, 
matching in the design and/or confounders adjusted 
for in the analysis) and the ascertainment of either the 
exposure or outcome of interest for case–control or 
cohort studies, respectively. Stars are awarded for each 
item, and the highest methodological quality (or low 
risk of bias) studies are awarded up to nine stars. We will 
consider studies with 0–3, 4–6 and 7–9 stars to represent 
low, moderate and high quality, respectively. The meth-
odological quality (or risk of bias) for each study will be 
independently assessed by two investigators. Discrepant 
scores will be resolved by discussion.

Summarising the evidence
We will summarise design, methods and reporting charac-
teristics of the included studies with tables and graphical 
tools (eg, bar charts, forest plots). This will be done by 
constructing a clear descriptive summary on the included 
studies based on a common analytical framework on 
the study populations, study design, details of exposures 
and outcomes, key information about the methods, data 
sources, estimation procedures or accessibility of mate-
rials and raw data.

Data will be summarised as frequency for categorical 
items or median and IQR for continuous items. We will 
not perform a meta- analysis of pooled estimates since it 
is out of the scope of the planned meta- research study. 
Heterogeneity of included studies will be discussed 
narratively.

Additional analyses/subgroups
If sufficient studies report results separately, we plan to 
summarise design, methods and reporting character-
istics of the included studies by types of exposures (eg, 
Alzheimer’s disease, amyotrophic lateral sclerosis/motor 
neuron disease, Huntington’s disease, multiple sclerosis 
and Parkinson’s disease), outcomes (eg, total cancer vs 
site- specific cancer), sex (male only vs female only) and 
study design (cohort vs case–control).

Software considerations
All analyses will be performed using Stata V.17 or higher 
(StataCorp LP, College Station, Texas, USA).

Patient and public involvement
The draft protocol was revised on receiving feedback 
from all the research team (including methodologists, 
scientists and healthcare professionals). Patients or the 
public were not involved in the setting of the research 
question, nor in developing plans for design/writing of 
our protocol. Patients or the public will not be asked to 
advice on the interpretation or writing up of findings.

Ethics and dissemination
Due to the nature of this study, no ethics approval is 
required as no human subjects will be involved. We plan 

to publish the full meta- research study in an open access 
peer- reviewed journal and disseminate the findings at 
scientific conferences and via social media (Twitter, and 
author affiliated websites).

DISCUSSION
Using routinely collected data for research may repre-
sent a powerful approach to evaluate the epidemiolog-
ical associations between complex diseases. However, 
such applications come with novel challenges and may 
create novel problems. Some biases are inherent to the 
observational designs but potential issues such as misclas-
sification, unmeasured confounding or missing data are 
of particular importance when using routinely collected 
data. To the best of our knowledge, the planned meta- 
research study will be the first attempt to investigate the 
methodology and reporting of all studies conducted 
using observational routinely collected health data for 
investigating the link between cancer and neurodegener-
ative diseases. Guidance from the Cochrane Methodology 
Review Group,52 and from the Synthesis Without Meta- 
analysis reporting guideline61 will be followed during all 
the research process. The proposed meta- research study 
will be reported in accordance with the reporting guid-
ance provided in the PRISMA 2020 statement (http://
www.prisma-statement.org/).62 63 Any amendments made 
to our protocol when conducting the analyses will be 
outlined and reported in the final manuscript. All data 
underlying the findings reported in the final manuscript 
will be deposited in a cross- disciplinary public repository, 
such as the Open Science Framework (https://osf.io/).

There are several strengths and limitations of our 
planned methods. We will comprehensively evaluate 
the methodological and reporting quality of studies 
conducted using observational routinely collected health 
data for investigating the link between cancer and neuro-
degenerative diseases. We anticipate that we will identify 
knowledge gaps to be filled by new research considering 
that some methodological and reporting characteristics in 
studies using routinely collected health data will be poorly 
covered in the medical literature. A key challenge is that 
based on knowledge from previous studies,39 40 we antic-
ipate identifying studies using different study designs, 
populations, outcomes and analyses with a variable quality 
of reporting.

Finally, we anticipate the study could be relevant to 
a variety of audiences (eg, research authors, health 
professionals, funders, journal editors). Moreover, the 
proposed meta- research study might offer insight into 
future research agendas for new studies conducted using 
routinely collected health data for investigating the epide-
miological associations between cancer, neurodegen-
eration or other medical conditions and risk factors. In 
our opinion, a better understanding of the links between 
complex diseases might lead to new or improved forms of 
prevention and treatment.
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METHODS  
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Additional 
file 2 

Study records:    
 Data 
management 

11a Describe the mechanism(s) that will be used to manage records 
and data throughout the review 

p.7, lines 
216-221 

 Selection 
process 

11b State the process that will be used for selecting studies (such as 
two independent reviewers) through each phase of the review 
(that is, screening, eligibility and inclusion in meta-analysis) 

p.7, lines 
215-226 

 Data 
collection 
process 

11c Describe planned method of extracting data from reports (such as 
piloting forms, done independently, in duplicate), any processes 
for obtaining and confirming data from investigators 

p.7, lines 
232-241 

Data items 12 List and define all variables for which data will be sought (such as 
PICO items, funding sources), any pre-planned data assumptions 
and simplifications 

p.8 and 
p.9, lines 
244-313 

Outcomes and 
prioritization 

13 List and define all outcomes for which data will be sought, 
including prioritization of main and additional outcomes, with 
rationale 

p.8 and 
p.9, lines 
316-331 
(RECORD) 

Risk of bias in 
individual 
studies 

14 Describe anticipated methods for assessing risk of bias of 
individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information will be 
used in data synthesis 

p.9, lines 
333-344 
(NOS tool) 

Data synthesis 15a Describe criteria under which study data will be quantitatively 
synthesised 

p.10, lines 
346-356 

15b If data are appropriate for quantitative synthesis, describe 
planned summary measures, methods of handling data and 
methods of combining data from studies, including any planned 
exploration of consistency (such as I2, Kendall’s τ) 

NA 

15c Describe any proposed additional analyses (such as sensitivity or 
subgroup analyses, meta-regression) 

p.10, lines 
359-364 

15d If quantitative synthesis is not appropriate, describe the type of 
summary planned 

p.10, lines 
346-356 

Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as 
publication bias across studies, selective reporting within studies) 

NA 

Confidence in 
cumulative 
evidence 

17 Describe how the strength of the body of evidence will be 
assessed (such as GRADE) 

NA  

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA; PRISMA-2 
P Group. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: 3 
elaboration and explanation. BMJ. 2015;350:g7647. doi: 10.1136/bmj.g7647. Erratum in: BMJ. 4 
2016;354:i4086. PMID: 25555855. 5 
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Supplementary Appendix 2. Draft search for MEDLINE®. 1 

1. "Alzheimer disease"[mh] OR "alzheimer"[tiab] OR "alzheimer s"[tiab] OR 
"amyotrophic lateral sclerosis"[mh] OR "amyotrophic lateral sclerosis"[tiab] OR 
"motor neuron disease"[mh] OR "motor neuron disease*"[tiab] OR "Huntington 
disease"[mh] OR "huntington disease*"[tiab] OR "huntington s disease*"[tiab] OR 
"multiple sclerosis"[mh] OR "multiple sclerosis"[tiab] OR "Parkinson disease"[mh] 
OR "parkinson"[tiab] OR "parkinson s"[tiab] 

2. "neoplasms"[mh] OR "neoplasm*"[tiab] OR "neoplasia*"[tiab] OR "cancer*"[tiab] 
OR "carcinoma"[mh] OR "carcinoma*"[tiab] OR "adenocarcinoma"[mh] OR 
"adenocarcinoma*"[tiab] OR "tumor*"[tiab] OR "tumour*"[tiab] OR 
"maligna*"[tiab]  

3. "epidemiolog*"[tiab] OR "cohort studies"[mh] OR "cohort stud*"[tiab] OR "cohort 
s"[tiab] OR "cohorte"[tiab] OR "longitudinal stud*"[tiab] OR "case control 
studies"[mh] OR "case control*"[tiab]  

4. "Administrativ*"[tiab] OR "Claims"[tiab] OR "routine data*"[tiab] OR "routinely 
collected"[tiab] OR "Registries"[mh] OR register*[tiab] OR registr*[tiab] OR 
"Databases as Topic"[mh] OR "database*" [tiab] OR "healthcare data*"[tiab] OR 
"health care data*"[tiab]  

5. (("health information exchange"[tw] OR "hie"[tw] OR "rhio"[tw] OR "regional health 
information organization"[tw] OR "hl7"[tw] OR "health level seven"[tw] OR "unified 
medical language system"[majr] OR "umls"[tw] OR "loinc"[tw] OR "rxnor"[tw] OR 
"snomed"[tw] OR "icd9 cm"[ti] OR "icd 9 cm"[ti] OR "icd10"[ti] OR "icd 10"[ti] OR 
"metathesaurus"[tw] OR "patient card"[tw] OR "patient cards"[tw] OR "health 
card"[tw] OR "health cards"[tw] OR "electronic health data"[tw] OR "personal 
health data"[tw] OR "personal health record"[tw] OR "personal health records"[tw] 
OR "Health Records, Personal"[majr] OR "Health Record, Personal"[majr] OR 
"ehealth"[tw] OR "e-health"[tw] OR "medical informatics application"[mh] OR 
"medical informatics applications"[mh] OR "medical records system, 
computerized"[mh] OR "computerized patient medical records"[tw] OR "automated 
medical record system"[tw] OR "automated medical record systems"[tw] OR 
"automated medical records system"[tw] OR "automated medical records 
systems"[tw] OR "computerized medical record"[tw] OR "computerized medical 
records"[tw] OR "computerized patient records"[tw] OR "computerized patient 
record"[tw] OR "computerized patient medical record"[tw] OR "electronic health 
record"[tw] OR "electronic health records"[tw] OR "Electronic Health Record"[majr] 
OR "Electronic Health Records"[majr] OR "electronic patient record"[tw] OR 
"electronic patient records"[tw] OR "electronic medical record"[tw] OR "electronic 
medical records"[tw] OR "electronic healthcare records"[tw] OR "electronic 
healthcare record"[tw] OR "electronic health care record"[tw] OR "electronic health 
care records"[tw] OR "archives"[majr] OR "ehr"[tw] OR "ehrs"[tw] OR "phr"[tw] OR 
"phrs"[tw] OR "emr"[tw] OR "emrs"[tw] OR "Health Information Systems"[majr] OR 
"health information interoperability"[mh] OR "health information 
interoperability"[tw]) AND ("medical record"[ti] OR "medical records"[mh] OR 
"medical records"[ti] OR "patient record"[ti] OR "patient records"[ti] OR "patient 
health record"[ti] OR "patient health records"[ti] OR "patient identification 
system"[mh] OR "patient identification systems"[ti] OR "Patient Outcome 
Assessment"[majr] OR "Patient Discharge Summaries"[majr] OR "healthcare 
record"[ti] OR "healthcare records"[ti] OR "health care record"[ti] OR "health care 
records"[ti] OR "health record"[ti] OR "health records"[ti] OR "hospital information 
system"[tw] OR "hospital information systems"[tw] OR "umae"[ti] OR "attitude to 
computers"[mh] OR "medical informatics"[ti] OR "Information Technology"[mh] OR 
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"Information Technology"[tw])) OR (("medical records systems, 
computerized"[majr] OR "medical records systems, computerized"[mh] OR 
"computerized patient medical record"[tw] OR "computerized patient medical 
records"[tw] OR "automated medical record system"[tw] OR "automated medical 
record systems"[tw] OR "automated medical records system"[tw] OR "automated 
medical records systems" [tw] OR "computerized medical record"[tw] OR 
"computerized medical records"[tw] OR "computerized patient records"[tw] OR 
"computerized patient record"[tw] OR "patient generated health data"[mh] OR 
"patient generated health data"[tw] OR "electronic health record"[tw] OR 
"electronic health records"[tw] OR "electronic patient record"[tw] OR "electronic 
patient records"[tw] OR "electronic medical record"[tw] OR "electronic medical 
records"[tw] OR "electronic healthcare records"[tw] OR "electronic healthcare 
record"[tw] OR "electronic health care record"[tw] OR "electronic health care 
records"[tw] OR "unified medical language system"[majr] OR "unified medical 
language system"[tw] OR "umls"[tw] OR "loinc"[tw] OR "rxnorm"[tw] OR 
"snomed"[tw] OR "icd9 cm"[ti] OR "icd 9 cm"[ti] OR "icd10"[ti] OR "icd 10"[ti] OR 
"metathesaurus"[tw] OR "ehr"[tw] OR "ehrs"[tw] OR "phr"[tw] OR "phrs"[tw] OR 
"emr"[tw] OR "emrs"[tw] OR "meaningful use"[tiab] OR "meaningful use"[tw] OR 
"Meaningful Use"[majr]) AND ("j ahima"[ta] OR "j am med inform assoc"[ta] OR 
"amia annu symp proc"[ta] OR "health data manag"[ta] OR "int j med inform"[ta] OR 
"yearb med inform"[ta] OR "telemed j e health"[ta] OR "stud health technol inform" 
[ta])) 

6. #1 AND #2 AND #3 
7. #4 OR #5 
8. #6 AND #7 

Note: Filters: Abstract, English. 2 
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1 
 

Supplementary Appendix 3. RECORD Checklist.  1 

 Item 
No. 

STROBE items Location in 
manuscript 
where items are 
reported 

RECORD items Location in 
manuscript 
where items 
are reported 

Title and abstract  
 1 (a) Indicate the study’s design with a 

commonly used term in the title or the 
abstract (b) Provide in the abstract an 
informative and balanced summary of 
what was done and what was found 

 RECORD 1.1: The type of data used should 
be specified in the title or abstract. When 
possible, the name of the databases used 
should be included. 
 
RECORD 1.2: If applicable, the geographic 
region and timeframe within which the 
study took place should be reported in the 
title or abstract. 
 
RECORD 1.3: If linkage between databases 
was conducted for the study, this should be 
clearly stated in the title or abstract. 

 

Introduction 
Background 
rationale 

2 Explain the scientific background and 
rationale for the investigation being 
reported 

   

Objectives 3 State specific objectives, including any 
prespecified hypotheses 

   

Methods 
Study Design 4 Present key elements of study design 

early in the paper 
   

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 
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2 
 

recruitment, exposure, follow-up, and 
data collection 

Participants 6 (a) Cohort study - Give the eligibility 
criteria, and the sources and methods 
of selection of participants. Describe 
methods of follow-up 
Case-control study - Give the eligibility 
criteria, and the sources and methods 
of case ascertainment and control 
selection. Give the rationale for the 
choice of cases and controls 
Cross-sectional study - Give the 
eligibility criteria, and the sources and 
methods of selection of participants 
 
(b) Cohort study - For matched studies, 
give matching criteria and number of 
exposed and unexposed 
Case-control study - For matched 
studies, give matching criteria and the 
number of controls per case 

 RECORD 6.1: The methods of study 
population selection (such as codes or 
algorithms used to identify subjects) should 
be listed in detail. If this is not possible, an 
explanation should be provided.  
 
RECORD 6.2: Any validation studies of the 
codes or algorithms used to select the 
population should be referenced. If 
validation was conducted for this study and 
not published elsewhere, detailed methods 
and results should be provided. 
 
RECORD 6.3: If the study involved linkage of 
databases, consider use of a flow diagram 
or other graphical display to demonstrate 
the data linkage process, including the 
number of individuals with linked data at 
each stage. 

 

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and 
effect modifiers. Give diagnostic 
criteria, if applicable. 

 RECORD 7.1: A complete list of codes and 
algorithms used to classify exposures, 
outcomes, confounders, and effect 
modifiers should be provided. If these 
cannot be reported, an explanation should 
be provided. 

 

Data sources/ 
measurement 

8 For each variable of interest, give 
sources of data and details of methods 
of assessment (measurement). 
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Describe comparability of assessment 
methods if there is more than one 
group 

Bias 9 Describe any efforts to address 
potential sources of bias 

   

Study size 10 Explain how the study size was arrived 
at 

   

Quantitative 
variables 

11 Explain how quantitative variables 
were handled in the analyses. If 
applicable, describe which groupings 
were chosen, and why 

   

Statistical 
methods 

12 (a) Describe all statistical methods, 
including those used to control for 
confounding 
(b) Describe any methods used to 
examine subgroups and interactions 
(c) Explain how missing data were 
addressed 
(d) Cohort study - If applicable, explain 
how loss to follow-up was addressed 
Case-control study - If applicable, 
explain how matching of cases and 
controls was addressed 
Cross-sectional study - If applicable, 
describe analytical methods taking 
account of sampling strategy 
(e) Describe any sensitivity analyses 

    

Data access and 
cleaning methods 

 ..  RECORD 12.1: Authors should describe the 
extent to which the investigators had access 
to the database population used to create 
the study population. 
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RECORD 12.2: Authors should provide 
information on the data cleaning methods 
used in the study. 

Linkage  ..  RECORD 12.3: State whether the study 
included person-level, institutional-level, or 
other data linkage across two or more 
databases. The methods of linkage and 
methods of linkage quality evaluation 
should be provided. 

 

Results 
Participants 13 (a) Report the numbers of individuals 

at each stage of the study (e.g., 
numbers potentially eligible, examined 
for eligibility, confirmed eligible, 
included in the study, completing 
follow-up, and analysed) 
(b) Give reasons for non-participation 
at each stage. 
(c) Consider use of a flow diagram 

 RECORD 13.1: Describe in detail the 
selection of the persons included in the 
study (i.e., study population selection) 
including filtering based on data quality, 
data availability and linkage. The selection 
of included persons can be described in the 
text and/or by means of the study flow 
diagram. 

 

Descriptive data 14 (a) Give characteristics of study 
participants (e.g., demographic, 
clinical, social) and information on 
exposures and potential confounders 
(b) Indicate the number of participants 
with missing data for each variable of 
interest 
(c) Cohort study - summarise follow-up 
time (e.g., average and total amount) 
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Outcome data 15 Cohort study - Report numbers of 
outcome events or summary measures 
over time 
Case-control study - Report numbers in 
each exposure category, or summary 
measures of exposure 
Cross-sectional study - Report numbers 
of outcome events or summary 
measures 

   

Main results 16 (a) Give unadjusted estimates and, if 
applicable, confounder-adjusted 
estimates and their precision (e.g., 95% 
confidence interval). Make clear which 
confounders were adjusted for and 
why they were included 
(b) Report category boundaries when 
continuous variables were categorized 
(c) If relevant, consider translating 
estimates of relative risk into absolute 
risk for a meaningful time period 

   

Other analyses 17 Report other analyses done—e.g., 
analyses of subgroups and interactions, 
and sensitivity analyses 

   

Discussion 
Key results 18 Summarise key results with reference 

to study objectives 
   

Limitations 19 Discuss limitations of the study, taking 
into account sources of potential bias 
or imprecision. Discuss both direction 
and magnitude of any potential bias 

 RECORD 19.1: Discuss the implications of 
using data that were not created or 
collected to answer the specific research 
question(s). Include discussion of 
misclassification bias, unmeasured 
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confounding, missing data, and changing 
eligibility over time, as they pertain to the 
study being reported. 

Interpretation 20 Give a cautious overall interpretation 
of results considering objectives, 
limitations, multiplicity of analyses, 
results from similar studies, and other 
relevant evidence 

   

Generalisability 21 Discuss the generalisability (external 
validity) of the study results 

   

Other Information 
Funding 22 Give the source of funding and the role 

of the funders for the present study 
and, if applicable, for the original study 
on which the present article is based 

   

Accessibility of 
protocol, raw 
data, and 
programming 
code 

 ..  RECORD 22.1: Authors should provide 
information on how to access any 
supplemental information such as the study 
protocol, raw data, or programming code. 

 

From: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen HT, von Elm E, Langan SM; RECORD Working Committee. The REporting of studies 2 
Conducted using Observational Routinely-collected health Data (RECORD) statement. PLoS Med. 2015;12(10):e1001885. doi: 10.1371/journal.pmed.1001885. PMID: 3 
26440803; PMCID: PMC4595218. 4 
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