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Background: Routinely collected electronic healthcare records (EHRs) document many details of a person’s health, including
demographics, preventive services, symptoms, tests, disease diagnoses and prescriptions. Although not collected for research purposes,
these data provide a wealth of information which can be incorporated into epidemiological investigations, and records can be analysed
to understand a range of important health questions. We aimed to understand the use of routinely collected health data in
epidemiological studies relating to three of the most common chronic respiratory conditions, namely: asthma, chronic obstructive
pulmonary disease (COPD) and interstitial lung disease (ILD). We also characterised studies using EHR data to investigate respiratory
diseases more generally, relative to cardiovascular disease and COVID-19, to understand trends in the use of these data.

Methods: We conducted a search of the Scopus database, to identify original research articles (irrespective of date) which used data
from one of the following most frequently used UK EHR databases: Clinical Practice Research Datalink (including General Practice
Research Database (CPRD’s predecessor)), The Health Improvement Network and QResearch, defined through the presence of
keywords. These databases were selected as they had been previously included in the works of Vezyridis and Timmons.

Findings: A total of 716 manuscripts were included in the analysis of the three chronic respiratory conditions. The majority
investigated either asthma or COPD, whilst only 28 manuscripts investigated ILD. The number of publications has increased for
respiratory conditions over the past 10 years (888% increase from 2000 to 2022) but not as much as for cardiovascular diseases
(1105%). These data have been used to investigate comorbidities, off-target effects of medication, as well as assessing disease

incidence and prevalence. Most papers published across all three domains were in journals with an impact factor less than 10.

Plain Language Summary: When people go to healthcare services such as the GP or hospital, details of the encounter are recorded
in electronic systems known as electronic healthcare records. Information which is recorded can include symptoms, diagnoses, tests
performed and ordered and prescriptions. We looked to understand how these records were being used to conduct epidemiological
research, specifically in three respiratory conditions (asthma, chronic obstructive pulmonary disease, and interstitial lung diseases). We
analysed information from 716 research papers which investigated one of these three conditions, we also looked more broadly at
papers using electronic healthcare records for respiratory, cardiovascular and COVID-19 research. We found that research (published
within articles) into these conditions has significantly increased in the past decade, however more research has been published with
respect to cardiovascular diseases. We have shown that throughout the COVID-19 pandemic, electronic healthcare records were used
extensively to conduct research into this new virus. Research is regularly conducted using electronic healthcare records, to understand
diseases as well as treatments, more research is published in cardiovascular diseases than respiratory diseases.
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Introduction

The increasing digitalisation of our society has resulted in an explosion in the availability of a myriad of data,
sometimes referred to as “Big Data”, here we focus on routinely collected healthcare data. This includes a wide
range of data, for example, from medical insurance claims to mortality data, specific drug and disease registries,
pharmacy databases, and electronic healthcare records (EHRs), with each database coding and storing information
differently. Administrative datasets are often used for billing by insurance companies who renumerate the cost of
healthcare in countries with privatised healthcare. An example of this would be the MarketScan Database from the
United States of America which brings together data from multiple sources, and includes extensive information,
such as diagnoses, medications, dental care, benefit plans and productivity to name a few.! Specific databases exist
which hold the EHRs of sub-national populations, for example, the Veterans Affairs corporate Data Warehouse
which contains the EHRs of American service personnel.” EHRs are increasingly used for research globally, as they
offer the potential for large sample sizes, a range of study variables, and the inclusion of more generalisable
populations compared with prospective cohort studies and surveys. They are important for better understanding the
natural history of disease, estimating healthcare resource utilisation (HRU) and can be used to study the effective-
ness and safety of treatments in routine care settings.

EHRs specifically are a collection of data relating to individuals enrolled within a medical center. These data are
collected during routine appointments and collectively form a patient’s health record, detailing appointments as well as
diagnoses, reported symptoms, tests and referrals to other care services.” It is also possible to view prescribing data,
including type of medication and the date these were prescribed, some also contain or can be linked with dispensing
records.” It is also possible to use these data to understand which medications are commonly prescribed and potential
associations between the effects of a medication and a defined outcome.

EHRs are a fruitful data source for epidemiological research, they can be used to understand a plethora of
aspects of disease burden and are frequently used in epidemiological research, to estimate the incidence and
prevalence of disease, conduct cohort and case control studies and to better understand comorbidities, reasons for
hospitalisation and cause of death.'® The MarketScan databases are a family of administrative claims databases
that contain data on inpatient and outpatient claims, outpatient prescription claims, clinical utilization records, and
healthcare expenditures. The three main databases available for use are each composed of a convenience sample
for one of the following patient populations: (1) patients with employer-based health insurance from contributing
employers, (2) Medicare beneficiaries who possess supplemental insurance paid by their employers, and (3)
patients with Medicaid in one of eleven participating states. Eleven supplemental databases are available, which
are utilized to overcome the limited clinical data available in the core MarketScan databases. There are several
limitations to this database, primarily related to the fact that individuals or their family members within two of the
core databases mandatorily possess some form of employer-based health insurance, which prevents the dataset
from being nationally representative. Nonetheless, this database provides detailed and rigorously maintained
claims data to identify healthcare utilization patterns among this cohort of patients. The longitudinal form of
these data allows for studies using extended follow up to be conducted, and some clinical trials now link to EHRs
to understand long term drug effects, disease outcomes or the outcome of complex interventions, given most trials
are only able to “follow up” participants during a predefined, often short period of time in which the outcome is
measured. As data are recorded using clinical coding systems, it is possible to investigate the occurrence of
diseases across multiple EHRs therefore gaining greater insight into disease prevalence as well as differences in
the care provided.’

As EHR data are routinely collected in practice, using these data are convenient as it does not require significant
additional burden to collate data; therefore, study costs are significantly less. The precision of these data, especially
recorded in primary care mean that it is possible to study a wide range of epidemiological questions, this is not the case in
clinical trials where only specific predetermined data can be collected which in turn can limit potential analyses; another
benefit of this is the opportunity to perform adjusted analyses which can provide greater insight into the effect of an
exposure relative to a person’s overall health. As these data are longitudinal, it is possible to perform long-term follow up
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which would not be possible in other studies. It has been previously shown that data provided by the Clinical Practice
Research Datalink are representative of age, sex, deprivation and UK geography,” however it is also important to
acknowledge some potential biases, information regarding prisoners and members of the armed forces, people paying to
receive private health care as well as the homeless population.'® When using EHR data it is also important to acknowl-
edge the potential biases caused by missing data and carefully consider the impact this would have on analyses and
interpretation.

Given that it has previously been documented that the use of EHRs for research has significantly increased
since 2010, we looked to explore this further in the context of respiratory disease research.! Here, we analysed the
use of the three most used UK EHRs in the fields of cardiovascular disease, respiratory disease and more
specifically COVID-19. It is known that respiratory data (such as incidence and prevalence) are often lacking,
and it has been previously shown that respiratory research is severely underfunded, as a result we aimed to
explore the impact of lack of funding on the output of epidemiological research in comparison with cardiovascular
disease research (which receives a larger amount of funding) and COVID-19 research given the changing attitude
towards data studies and data access during the pandemic.'"'? We then focused on three of the most common
chronic long term respiratory conditions, namely asthma, chronic obstructive pulmonary disease (COPD) and,
interstitial lung disease (ILD).

Methods

On the 10th of August 2023, we conducted searches of the Scopus database for six topics (asthma, COPD, ILD,
respiratory disease, cardiovascular disease and, COVID-19). We applied an advanced search of titles, abstracts, and
keywords for a combination of search terms relating to EHR databases and one of the six research areas.

Inclusion Criteria
We utilised the databases filtering system to select only studies on humans and published before the 1st of January 2023.
We only included original research articles.

Data Extraction

Information regarding the publications was extracted directly from Scopus. Six data files were stored in Excel (Version
2302) and used for analysis of each of the three respiratory conditions as well as the broader fields of cardiovascular,
respiratory and COVID-19 research. We used the following variables from the extracted data: authors, year of publica-
tion, publisher, author keywords, citations, contact details.

Statistical Analysis

We analysed the number of publications per year per respiratory disease as well as the total number of publications;
this analysis was also carried out using the broader cardiovascular, respiratory and COVID-19 EHR manuscripts
(only relevant for comparison from 2020 onwards). We described the five journals most commonly publishing
research, respective to the three respiratory diseases, including data on the Journal Impact Factor (JIF) and
publisher; this was also completed for the respiratory, cardiovascular and, COVID-19 manuscripts. All analyses
were conducted individually by two people (GMM, OB, MG, MM, RT, TJ, AL, EN, TT) and then compared with
one another to ensure that the results were valid. Through analysis of contact details, we determined the contributing
countries. We analysed author lists to determine the people who contributed most to research within the fields of
asthma, COPD and, ILD, this was also visualised using VosViewer.'> We explored the number of citations per
disease, identifying the most cited publications as well as how many publications were yet to be cited. We used the
author keywords to analyse keywords, we produced counts per keyword per disease and split these keywords into
conditions, medications and “other”. We removed keywords which were specific to the disease eg, in the analysis of
COPD condition keywords we removed “COPD” and “Chronic Obstructive Pulmonary Disease”.
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Results

Of the three broad disease areas (cardiovascular, respiratory and COVID-19), most publications were in the field of
cardiovascular disease research (Figure 1A). The number of publications per year has steadily increased since 2010,
with both cardiovascular and respiratory research following similar trends (Figure 1B). However, since the
emergence of COVID-19, EHRs have been used extensively to study COVID-19; a total of 289 papers were
published between the beginning of 2020 and the end of 2022 which used EHR to research COVID-19; compara-
tively 368 respiratory papers were published and 565 cardiovascular manuscripts in the same time period.

Three hundred and eighty-nine manuscripts were identified which studied asthma, 229 manuscripts were found that
studied COPD and 28 investigated ILD (Figure 1C). Overall, a steady increase in the number of publications using
routinely collected health records for respiratory research was observed since 2010. A significant increase in the number
of publications for both asthma and COPD studies were identified from 2010 onwards, demonstrating an increased use of
EHRs for research (Figure 1D).

Of the top five journals publishing cardiovascular EHR research; two journals (108 manuscripts) were within the field
of pharmacology whilst two of the journals were general medical research journals (127 manuscripts) (Table 1A).
Comparatively, of the five journals most commonly publishing respiratory research, one journal focused on pharmacol-
ogy (32 manuscripts) (Table 1B). The COVID-19 research using EHRs was published in a broad range of journals
including public health specific and general medical journals (Table 1C). Of the five journals, which most published
asthma manuscripts using EHRs, two of the journals were general respiratory journals, whilst one focused on pharma-
coepidemiology and the other two journals were general medical journals (Table 1D). However, of the COPD
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Figure | (A) Proportion of papers across respiratory, cardiovascular and COVID-19 research. (B) Number of papers published per year. (C) Proportion of papers across
three chronic respiratory conditions. (D) Number of asthma, COPD and ILD papers published per year.
Abbreviations: COPD: Chronic Obstructive Pulmonary Disease, ILD: Interstitial Lung Disease.
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Table |1 The Top Five Journals Publishing EHR Research

Rank | Journal No. of Percentage | Latest Impact | Publisher
Papers Factor

A) Cardiovascular

| BMJ Open 90 4.53% 29 BMJ Publishing Group

2 Pharmacoepidemiology and drug safety 70 3.52% 2.6 John Wiley and Sons Ltd

3 British Journal of Clinical Pharmacology 38 1.91% 37 Wiley-Blackwell on behalf of the
British Pharmacological Society

4 PLoS ONE 37 1.86% 37 Public Library of Science

5 Heart 31 1.56% 5.7 BMJ Publishing Group

B) Respiratory

| BMJ Open 53 4.3% 29 BM]J Publishing Group

2 British Journal of General Practice 39 3.2% 5.9 Royal College of General
Practitioners

3 International Journal of COPD 36 2.9% 5.5 Dove Medical Press Ltd

4 Pharmacoepidemiology and Drug Safety 32 2.6% 2.6 John Wiley and Sons Ltd

5 Chest 20 1.6% 9.6 American College of Chest Physicians

C) COVID-19

| BMJ Open 12 4.2% 29 BM]J Publishing Group

2 PLoS One 9 3.1% 3.7 Public Library of Science

3 The International Journal of Environmental 8 2.8% 4.6 MDPI

Research and Public Health

4 Journal of Medical Internet Research 4 1.4% 7.1 JMIR

5 BMJ Open Quality 4 1.4% 1.4 BM]J Publishing Group

D) Publishers of Asthma manuscripts

| BMJ Open 24 6:17% 29 BM]J Publishing Group

2 British Journal of General Practice 12 308% 5.9 Royal College of General
Practitioners

3 Pharmacoepidemiology and Drug Safety I 283% 2.6 John Wiley and Sons Ltd

4 Thorax 10 257% 10.0 BM]J Publishing Group

5 European Respiratory Journal 10 257% 243 European Respiratory Society

E) Publishers of COPD manuscripts

| International Journal of COPD 35 171% 55 Dove Medical Press Ltd

2 COPD: Journal of Chronic Obstructive 13 4-35% 22 Taylor and Francis Ltd.

Pulmonary Disease
3 BMJ Open 12 401% 29 BMJ Publishing Group
(Continued)
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Table | (Continued).

Rank | Journal No. of Percentage | Latest Impact | Publisher
Papers Factor
4 Respiratory Medicine 11 368% 43 W.B. Saunders Ltd
5 Chest 10 334% 9.6 American College of Chest Physicians

F) Publishers of ILD manuscripts

| Respiratory Medicine 3 1071% 43 W.B. Saunders Ltd
2 Advances in Therapy 2 714% 3.7 Springer Healthcare
3 American Journal of Respiratory and Critical | 2 714% 24.7 American Lung Association

Care Medicine

4 Chest 2 7:14% 9.6 American College of Chest Physicians

5 British Journal of General Practice | 357% 59 Royal College of General

Practitioners

Notes: A) Publishers of cardiovascular research. B) Publishers of respiratory research. C) Publishers of COVID-19 research. D) Publishers of asthma manuscripts. E)
Publishers of COPD manuscripts. F) Publishers of ILD manuscripts.
Abbreviations: COPD: Chronic Obstructive Pulmonary Disease, ILD: Interstitial Lung Disease.

manuscripts, two of the top journals publishing research were specific COPD journals whilst two were respiratory
journals (Table 1E). Manuscripts regarding ILDs were published in a range of journals, including pharmacological and
respiratory journals (Table 1F).

Across the three respiratory conditions, we identified the five authors who were named on the most research articles
per disease. The majority of authors are professors based at higher education institutions in either the UK or the USA
(Supplementary Table 1). It is clear there are many collaborations between authors in both the asthma and COPD fields

(Figure 2). However, of the few ILD publications there were four distinct clusters of researchers who collaborate with
one another.

Of the cardiovascular papers published in 2021 and 2022, the mean number of citations as of the time of data
extraction was fifteen and four respectively. Respiratory manuscripts published in 2021 had a mean number of
thirteen citations, comparatively of the mean number of citations of manuscripts published in 2022 was six. Of
the Covid-19 manuscripts published in 2021 the mean number of citations was 19, of the manuscripts published
in 2022 the mean number of citations was six. Of the manuscripts regarding asthma, the mean number of citations
was 39; a total 12 manuscripts (3:1%) currently had zero citations. Of the COPD manuscripts, the mean number
of citations was 40 and a total of 21 papers (7-:0%) did not have any citations. Of the ILD manuscripts, the mean
number of citations was 64, one (3:6%) manuscript had zero citations.

Of the keywords available from asthma manuscripts, the most common keyword relating to medical condi-
tions was COPD which was present in 24 manuscripts; the most common keyword pertaining to medication was
inhaled corticosteroid (Figure 3). Asthma was the most used condition keyword in COPD manuscripts and was
present in 20 manuscripts. Exacerbations was the second most commonly occurring keyword in COPD manu-
scripts, present in a total of 16 manuscripts keywords (Figure 4a). Similarly, to what was seen in the keyword
analysis of pharmacological research in asthma, inhaled corticosteroids were the most commonly occurring
medication keyword in the COPD manuscripts (Figure 4b). The most used condition keyword in ILD manu-
scripts was idiopathic pulmonary fibrosis which was present in eight manuscripts (Figure 5a). Twelve of the ILD
manuscripts listed medications within their keywords; proton pump inhibitors were specifically stated in the
keywords of 2 manuscripts (Figure 5b).
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Figure 4 Keywords frequently used in COPD manuscripts. (A) Condition keywords, (B) Medication keywords.
Abbreviation: COPD, Chronic Obstructive Pulmonary Disease.
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Discussion

We conducted a scientometric study of research using UK routinely collected EHRs. Quantitative studies of bibliometric
data are important in understanding the broader aspects of research, unlike systematic reviews which focus on the results
of research. By examining the bibliometric data, a greater understanding of the scientific output can be gained: measuring
research impact, understanding the citation process and which journals commonly publish research within a specific field.
This type of analysis can be used to map the knowledge structure and evolutions of published scientific research.
Scientometric studies are broad and often capture most of the research within the specified field which enables the
depiction of core, overarching concepts.

In investigating the use of EHRSs to research three common chronic respiratory conditions, we have shown that these
data have been extensively used to research both asthma and COPD, with a recent increase in the use of these data to
investigate ILDs. These data have been used to investigate comorbidities, off-target effects of medication, as well as
assessing disease incidence and prevalence. We have shown that throughout the COVID-19 pandemic, EHRs were used
extensively to conduct research into this novel viral communicable disease. However, the amount of published research
using these data for cardiovascular and respiratory research has gradually increased in the past decade. In 2022, 168
papers were published which used EHRs to research respiratory disease, this was superseded by COVID-19 research for
which there were 178 publications, a total of 265 manuscripts were published which used these data for cardiovascular
disease research. We found similar citation averages between both respiratory disease research and cardiovascular
research. We have shown that many of the journals which regularly publish research which use EHRs have a low JIF,
irrespective of whether the research was within respiratory or cardiovascular disease.

Predominantly publishing in low JIFs could demonstrate that research using EHRs to conduct epidemiological studies
is underappreciated and not always of interest to the broader scientific community, however it is ultimately the choice of
authors alone to decide where to submit works. This is incredibly surprising considering that EHRs are currently the best
databases to study the incidence and prevalence of diseases given the large quantity of people whose data are included
and the granular detail, which are available to be studied, it is often hard to locate up to date figures for disease incidence
and prevalence even though these are relatively easy to locate from EHRs. This untapped wealth of data, which can be
used to conduct broad research which is insightful with regards to current patient populations has great potential to
further understand disease epidemiology.

Given that EHRs are routinely collected in clinical practice, they can provide great insight into both patient care and
patient experience. The amount of data available continues to grow; CPRD Aurum, for example, now contains the EHRs
of 15,608,621 people who are currently contributing data (23.28% of the UK population) (September 2023 build), this
has grown significantly since the introduction of CPRD Aurum in 2017 which contained the data of 7.1 million current
patients.>"'* Though these data are plentiful, there are barriers which must be overcome when working with them, ranging
from study specific limitations to the costs of conducting a study. Accessing EHRs can be expensive and appropriately
there is significant governance surrounding the data. The minimum cost of using QResearch data (primary care only) for
a singular study is, for example, £30,000." A basic user license for CPRD data allows access to two databases (GOLD
and Aurum) and covers the use of two users is £45,000, for multiple users to submit applications which include accessing
linkages to secondary care data the cost is £363,000 for a full license per year.'®

Routinely collected EHRs can be used to assess the association between prescribed medications and potential
negative outcomes of licensed drugs. As clinical trials commonly include individuals who do not have comorbidities
and are therefore not always representative of the true patient population with the disease of interest, potential drug
interactions with these conditions are not assessed. EHRs are a great source of data to study the effectiveness of drugs,
these data can be used to understand whether an intervention is having beneficial effects on a patient; clinical trials often
only measure efficacy, a measure of the desired drug effect. Effectiveness of treatment can also be measured in trials, but
does not necessarily provide the same information as EHRs.'”'® Whilst randomized control trials remain the gold
standard for pharmaco-epidemiological studies, findings are only representative to the population studied, whilst used
routinely collected data provides a representative sample to analyse the effects of a drug within a disease population.'*°
Clinical trials are moving towards utilising routinely collected data in their studies to assess clinical endpoints as well as
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assessing eligibility to enroll into trials, this will lead to an increase in the amount of publications which use EHR data as
this field continues to incorporate the data source.”!*?

There has been an increase in the use of EHRs in producing prediction models.”>** These models could greatly
benefit the patient population should an intervention be possible to decrease the risk of the predicted outcome. However,
it is important that clinicians who would be using these models are well versed in their design, enabling them to feel
confident in explaining how the prediction was produced should a patient ask. Therefore, it is important that before the
development of prediction models has commenced, clinicians are involved in the development of the study question to
ensure its usefulness which in turn would increase the likelihood of implementing the information outputted by the
prediction model in practice. Both validation work and impact assessments are crucial in assessing the potential utility of
prediction models as well as the validity and accuracy.

As EHRs are not collected with the intention for use in research, there are many caveats that need to be understood
when using and interpreting these data. For example, when conducting studies of medications, it is not possible to say
that the person received their prescribed drugs let alone adhered to the medication. Dispensing data can help to
understand who are collecting medications, though in many instances this information is not routinely collected.
However, if a person is regularly prescribed a medication, it increases the likelihood that they are using the medication
as they would have had to reattend/ contact the practitioner to be re-prescribed the medication and are therefore more
likely to be engaged in their healthcare. Clinicians (or clinical coders in secondary care) record data using both clinical
codes and free-text, however free-text is not commonly available to researchers meaning information can be lost, the cost
of using free-text. There are many clinical codes which can be used to record the presence of a condition or symptom; it
is pivotal to define covariates using standardised methodologies, which are reproducible and produce a cohort of people
which is representative of the people who are commonly affected by the exposure of interest. To better understand the
results of studies using EHR data, it is necessary to include information regarding how the cohort and covariates were
defined by making codelists freely available and accessible. Currently, there is no gold standard for the recording of
codelists with many repositories in existence, however the transparency regarding methodology is vital in improving the
validity and trustworthiness of studies.”>® Recently, there have been publications detailing the derivation of codelists for
both medical codes and medication codes.>*’* It should be a requirement implemented during the publishing process
that papers using electronic healthcare records report the codelists used to define exposures, outcomes and covariates, as
described previously in the RECORD reporting guidelines.?**°

To increase the use of EHRs in research, a greater appreciation (within the research community and public) of the
benefits of using these routinely collected data is required. Involving members of the public has an important place within
research, ensuring that research is beneficial to the population who are affected by the condition that is to be researched;
there are increasing requirements for involving and consulting with the public in grant applications and more recently
applications for data. It is important that the general population are made aware that this research takes place and how
their data are used. This transparency would increase the amount of support that a grant application would receive from
the involved patient participation group, minimising the amount of time taken to educate the participants and instead
building the most beneficial grant possible and a stronger business case, in turn increasing the likelihood of it being
funded.

Strengths and Limitations

This study has described the use of EHRs in the broad disciplines of cardiovascular and respiratory disease as well as
COVID-19 as well as within three specific respiratory diseases. We have summarized bibliographic data to understand
the current landscape of the use of UK electronic healthcare records in research both broadly and with respect to
individual disease domains. It is possible that some records may not have been included due to the nonexistence of
keywords we have been able to gather a large quantity of studies which represent their respective fields. We sought to
investigate the use of UK EHRs for research, therefore the findings are only representative of these databases, however it
would be interesting to further investigate this question with respect to other databases from other countries such as the
USA and Korea. Also, this work specifically looked at the use of electronic healthcare records, though we do acknowl-
edge other datasources are available which contain healthcare data, including disease registries.
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Conclusions

We have shown that EHRs have been and are increasingly used extensively to conduct respiratory research, and this was
accelerated during the COVID-19 pandemic to conduct epidemiological research to better understand the virus and its
effects. As many countries have now transitioned from paper-based records to EHRs, and the now considerable
experience of using these digitised health infrastructures to enable operational, epidemiological, and experimental
research, there is a pressing need to improve methodological quality and transparent reporting to ensure confidence in
the robustness of findings. This responsibility falls to both the authors and journals who publish the research. Existing
guidelines for the reporting of observational research should be adhered to.
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