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SUMMARY

Linkage of routinely collected microbiology data with other electronic health records (EHRS)
could provide important insights into a variety of infection syndromes. In a demonstration of
utility, over the course of the thesis, I outline the steps taken in order to retrospectively identify
laboratory-confirmed respiratory pathogens associated with hospital admission for acute
exacerbations of chronic obstructive pulmonary disease (COPD) in Wales, over a two-year
period.

I firstly performed a systematic, scoping review to explore how individuals with COPD were
identified in EHRSs in the recent literature.

Next, using the Secure Anonymised Information Linkage (SAIL) databank, which contains de-
identified health and administrative data covering the entire population of Wales, I created a
dataset of individuals admitted to hospitals in Wales with acute exacerbations of COPD over a
two-year period, and linked these records to laboratory tests for respiratory pathogens
associated with the admission.

Using this dataset, I could then identify what proportion of these emergency admissions were
associated with testing for, and detection of, a respiratory pathogen. Additionally, I was able
to examine the accuracy of using diagnosis codes (specifically, International Statistical
Classification of Diseases and Related Health Problems (ICD) codes) to identify laboratory-
confirmed respiratory pathogens associated with COPD exacerbations.

My analysis revealed that respiratory viruses were detected in 46.7% of hospital admissions
for COPD exacerbation where testing was undertaken, however diagnostic testing appears to
be underutilised (respiratory virus testing carried out in only 4.7% of emergency admissions
for COPD). Increasing respiratory viral testing in this population therefore has the potential to
enable more effective antimicrobial stewardship.

When comparing ICD codes to microbiology data, the analysis showed that ICD codes have
low sensitivity in identifying laboratory-confirmed respiratory pathogens. Large-scale linkage
with microbiology data is thus key in order to be able to delineate the burden of specific
pathogens with greater accuracy.
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1 INTRODUCTION

1.1 CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Chronic obstructive pulmonary disease (COPD) is a common, chronic condition characterised
by persistent respiratory symptoms and irreversible expiratory airflow limitation, usually
caused by chronic exposure to inhaled noxious substances.! It represents an important cause of
morbidity and mortality globally and in those aged over 75, COPD has remained the third
leading cause of disability adjusted life years (DALYs) from 1990 to 2019, as reported by the
Global Burden of Disease study.’

Due to our globally aging population and continued exposures to known risk factors, COPD

will likely contribute significantly to the global burden of disease for the foreseeable future.

1.1.1 Epidemiology

Estimating the prevalence of COPD is difficult due to the varying definitions of the condition
in use. The Burden of Obstructive Lung Disease (BOLD) study’ estimates a worldwide
prevalence of COPD with GOLD stage 2+ (defined below) of 10.1% (11.8% for men, 8.5% for
women), with increasing prevalence by age, and significant heterogeneity across the centres
studied. The geographical differences seen globally are likely to reflect differing exposures to

risk factors, and prevalence is increasing in low and middle-income countries (LMIC).

Cigarette smoking is recognised as the most important risk factor for COPD in high-income
countries. Thus, localities with higher smoking rates have increased prevalence of COPD. In
the United Kingdom (UK), the prevalence of cigarette smoking is generally higher among
higher deprivation groups according to occupation* or annual income.’ However, not all
smokers develop COPD and the individual susceptibility to the condition, through both genetic

and environmental factors, is not well understood.

There are also those who develop COPD but have never been smokers, and the proportion of
non-smokers with COPD is increased in LMICs, where indoor use of biomass fuels,

occupational exposures and tuberculosis play a significant role.®”’



1.1.2 Pathophysiology

Environmental insult plus susceptibility to developing COPD results in an inflammatory
response in the airways and imbalance of proteases and anti-proteases,'® leading to proteolysis,
loss of elastic tissue in airway walls, disruption of alveolar attachments and airway enlargement
and collapse. Inflammation of airway walls, luminal occlusion by exudate and narrowing due
to disrupted alveolar attachments leads to obstruction of the small airways. This obstruction is

usually slowly progressive over time.

1.1.3 Clinical features

The progressive expiratory airflow limitation and airway inflammation leads to chronic cough,
wheeze and gradually worsening dyspnoea, with subsequent limitation in activities of daily
living and impact on quality of life. The degree of breathlessness experienced by an individual
can be quantified by simple scoring systems, which help to classify the burden of COPD in a

standardised manner. The Medical Research Council (MRC) dyspnoea scale!! is one such tool.

As the condition progresses, people with COPD can develop ‘cor pulmonale’ — impairment of
cardiac function secondary to the lung pathology, which leads to peripheral and pulmonary
oedema, worsening the degree of dyspnoea. Further, they can develop chronically raised carbon
dioxide levels — type II respiratory failure — which can lead to impairment of higher mental

function.

1.1.4 Exacerbations

Definitions: As well as the day-to-day symptoms described above, people with COPD can
experience acute “flare-ups” of their symptoms of dyspnoea, wheeze, cough +/- sputum
production, termed “exacerbations”. There is variability in the definition of acute exacerbations
of COPD (AECOPD),!? and definitions used in research may be symptom-based (relying on
worsening of respiratory symptoms) or event-based (relying on hospitalisation, consultation
with a General Practitioner (GP) or treatment with antibiotics or systemic steroids). Event-
based definitions confer less ambiguity but would miss exacerbations that don’t come to the
attention of healthcare practitioners (HCPs) due to accessibility or healthcare seeking

behaviours. Unlike the troponin level, which is used to detect myocardial infarction as the



“flare-up” of ischaemic heart disease, no biomarker that can detect AECOPD has been found,

despite research to this end.'® Diagnosis, therefore, may involve some subjectivity.

Aetiology: Exacerbations are usually broadly categorised as infective or non-infective in
aetiology, but more likely are a result of complex interaction, involving host factors in addition
to external factors.'* Non-infective exacerbations may be triggered in part by air pollutants,
and studies have demonstrated association between levels of common air pollutants and

frequency of hospitalisations with AECOPD."

Epidemiology: AECOPDs are one of the commonest reasons for emergency hospital
admission in the UK. NHS England reports 115,000 emergency admissions for AECOPD per
year'®, and the inpatient management of these exacerbations comprise a substantial proportion

of the healthcare costs associated with COPD.

In addition to impact on the healthcare service, AECOPDs are associated with a worse quality
of life,'”!8 and non-respiratory morbidity such as cardiovascular events.!>** Reducing the rate
of COPD exacerbations is therefore paramount and would confer both individual and

population level benefits.

Some people with COPD experience more frequent exacerbations than others,?! and are termed
‘frequent exacerbators’. The proportion of frequent exacerbators has been seen to rise with
each GOLD grade (see 1.1.5 for definitions).?! However, since COPD with moderate airflow
limitation is the more prevalent condition, the frequent exacerbators in this group (22%)*! result
in a greater overall burden than frequent exacerbators with very severe airflow limitation.
Understanding the ‘frequent exacerbator’ phenotype is hugely important, due to the impact of
exacerbations on the individual,!” as well as on healthcare resource utilisation and cost.
However, with no single agreed definition of how many exacerbations in any given time period

are needed to be deemed a ‘frequent exacerbator’, comparability between studies is limited.

Management: Treatment of AECOPD varies with the severity of the exacerbation. GOLD
employs an event-based classification for the severity of exacerbations, defining mild

exacerbations as those treated with short-acting bronchodilators (SABDs) only, moderate as



those treated with SABDs plus antibiotics and/or oral corticosteroids, and severe as those
requiring emergency department (ED) attendance or hospital admission.! National Institute for
Health and Care Excellence (NICE) guidance summarises factors for clinicians to consider
when deciding whether patients with AECOPD need management in hospital versus in the

community.??

Management of severe AECOPDs may additionally include nebulised
bronchodilators, oxygen therapy if oxygen saturations are low, and non-invasive ventilation
(NIV) if acute type II respiratory failure has developed. The small proportion of people who
don’t respond to these treatments may require invasive ventilation on Intensive Care Units, if

that is deemed appropriate.

1.1.5 Diagnosis

Spirometry, a test of lung function that can detect the presence and severity of airflow
limitation, is ‘key’ to diagnosing COPD.! A device called a spirometer is used to measure
volumes of air moving in and out of the lungs at different times during inspiration and
expiration. The Forced Expiratory Volume in 1 second (FEV1) is the volume of air expelled
from the lungs in 1 second during a forced expiration, after maximal inspiration. The Forced
Vital Capacity (FVC) is the total volume of air that can be expelled from the lungs during a

forced manoeuvre after maximal inspiration.

Usually, an individual will be able to expel >70% of their FVC in the first second of a forced
expiration. The airflow obstruction or limitation seen in COPD is diagnosed when the FEV1 to
FVC ratio is <0.7. The degree of obstruction can be categorised by the FEV1 result, with FEV1
>80% predicted classified as mild (or GOLD grade 1'), FEV1 50-79% predicted (GOLD grade
2) as moderate, FEV1 30-49% predicted (GOLD grade 3) as severe, and FEV <30% predicted
(GOLD grade 4) as very severe.

However, definitions of COPD in use are heterogeneous and may also include emphysema
seen on computerised tomography (CT) scans, symptoms of chronic lung disease with a history
of smoking, and a low FEVI result alone. Some people living with COPD also remain

undiagnosed.?’



1.1.6 Phenotypes

The significant heterogeneity of COPD has been increasingly recognised in recent years and
understanding clinically relevant COPD phenotypes is important in order to guide provision of
tailored, effective treatment. The most recent treatment guidelines from the Global Initiative
for Chronic Obstructive Lung Disease (GOLD)'! and the UK’s National Institute for Health and
Care Excellence (NICE)?? recognise the importance of distinguishing between phenotypes in
their algorithms for choice of inhaled therapy. Clinical trials investigating the role of biologic

therapies for certain COPD phenotypes are ongoing.?*

However, there is heterogeneity in approaches to phenotype classification as well as in the
COPD population itself. Further, phenotyping has, for the most part, been studied in high-
income countries, though is likely to be of greater importance in LMICs where the causative

agents are more varied.®

Attempts at phenotyping those with COPD began over 60 years ago, when groups of “pink
puffers” and “blue bloaters” were described.”>?” These descriptions continue to persist in
medical textbooks,?®2° though they are likely relevant only to the Caucasian population and are

of no clinical utility.

Of more relevance is categorisation which takes place based on pathological features (presence
of emphysema on radiological investigation), clinical features (exacerbation frequency, degree
of breathlessness, body mass index (BMI), coexisting asthmatic features) and comorbidities
(such as the metabolic syndrome and anxiety/depression). Exacerbation frequency, degree of
breathlessness and presence/absence of asthmatic features all direct the choice of treatment in

current guidelines.?*3°

1.1.7 Management

The main aims of COPD management are to improve quality of life, reduce exacerbation rate
and improve survival. Although there remains unmet need with regard to treatments conferring
survival benefit (currently, the only interventions shown to reduce mortality are smoking
cessation,®! oxygen for patients with chronic hypoxaemia, and home NIV for those with type
II respiratory failure®?), there are a number of evidence-based interventions which reduce

exacerbation rates and improve symptoms.™



Optimal care comprises a bundle of interventions including early smoking cessation,
pulmonary rehabilitation, influenza and pneumococcal vaccination and inhaled therapy (which
can take the form of long-acting muscarinic antagonists (LAMA), long-acting beta-2 agonists
(LABA), LABA and LAMA in combination (LABA/LAMA), LABA in combination with
inhaled corticosteroid (LABA/ICS), “triple therapy” (LABA/LAMA/ICS), short-acting
muscarinic antagonists (SAMA) and short-acting beta-2 agonists (SABA). Some of the most
cost-effective interventions are the non-pharmacological ones, but these have been found to be

underused.?*

National and International Guidelines

The way that common conditions are managed by clinicians is often steered by guidelines
produced by national or international bodies, based on available evidence. However, research
can be interpreted differently or given different weight by different bodies, which can result in
discrepancies in their recommendations. In addition, due to the time between guideline updates
and new evidence coming to light in the interim, regional guidelines may be produced which
may differ by locality. In reality, clinicians also often prescribe out-with guidelines, perhaps
based on their own clinical experience or due to guidelines which lack clarity. There is,

therefore, variability in clinical practice.

With respect to COPD, guidelines by both the National Institute for Health and Care Excellence
(NICE) and Global Initiative for Chronic Obstructive Lung Disease (GOLD) are widely used
for COPD diagnosis and management in the UK.* NICE writes their guidance in the context
of the UK’s National Health Service and the GOLD guidelines are developed by an
international committee of experts. Although broadly similar, there have been a number of
differences in recommendations over the years. In addition, there remains a significant
proportion of patients whose treatment does not conform to either guideline, such as patients
with COPD prescribed inhaled corticosteroid as monotherapy,*®*’ despite this not being a

licenced or recommended treatment option for many years.

National COPD Audit Programme**
A primary care snapshot audit for COPD care in Wales prepared by the Royal College of
Physicians, Primary Care Respiratory Society UK and Royal College of General Practitioners



extracted data from January 2014 — March 2015 from the 61% of practices across Wales who
agreed to contribute. The results raised questions about accuracy of the diagnosis of COPD
(post-bronchodilator spirometry showed results inconsistent with COPD in 26.9% of those who
had a diagnosis of COPD), use of resources (overuse of expensive therapies, and under-delivery

of more cost-effective measures), and the coding of data.

Recommendations regarding standardisation of coding were made, such as use of standard
recording templates, to make it easier for HCPs to record important aspects of care and save

time by reducing manual entry.

1.2 ROUTINELY COLLECTED HEALTH DATA

1.2.1 Overview

Research using routinely collected data from electronic health records (EHR) and
administrative databases has seen an upsurge in recent years as the abundance of data
accumulated as a by-product of routine clinical care has made large, heterogeneous populations

accessible to researchers.

The unselected nature of populations accessible via EHR can give researchers access to ‘real-
world’ populations who may be ineligible for inclusion in clinical trials, and longitudinal
records enables analysis of outcomes over longer time periods than would otherwise be feasible

and affordable.

However, as with any research, there are limitations which may impact on validity of analyses,

and some of these are briefly outlined with respect to EHR research below.

1.2.2 Identifying common health conditions in Electronic Health Records (EHR)

To ensure that the results of studies using routinely collected data are valid, the case definitions
used must be able to accurately detect individuals with the condition in question. However,
given that EHRs and administrative databases are not populated with the purpose of use in
research, factors such as missing information, data quality and misclassification can affect the

validity of findings.



Studies using EHR often use code sets or algorithms for case identification. Clear reporting of
case definition and code sets used is imperative, since changes in the code sets used for case
definition can influence important study outcomes.® Furthermore, variability in the case
definitions used limits comparability between studies.’®*! Researchers have advocated for the
case definitions used by studies to be validated against reference standards,** but this does not

always happen in practice.

The value of linking primary and secondary care data sources has been highlighted for acute
events such as infection®® and myocardial infarction,*® with misclassification and

underestimation of incidence if only one data source is used.

In Chapter 2, my systematic scoping review summarises the methods used to identify people

with COPD in recent EHR-based research.

1.2.3 Limitations and quality assessment in EHR research
As well as the standard methodological issues that affect all research, there are a number of
issues specific to EHR-based research. Several groups have produced quality standards to guide

such “real world” research and its reporting.*>~4

Completeness

As EHR data does not originate with the purpose of being used for research, what is or isn’t
included in EHRs is influenced by a number of factors. Codes in claims databases, such as
those in the United States, are likely to reflect reimbursement practices as well as the clinical
care provided. In the UK, the data contained in primary care records is affected by financial
incentives offered by the Quality and Outcomes Framework.*3*’ These data, sufficient for
clinical care, meeting targets, and billing purposes, may not contain the granularity needed to
characterise populations, covariates, exposures and outcome measures in order to answer

important research questions.

Although diagnoses are usually coded, and thus available in EHR data sources in this format,
results of relevant investigations may not be, limiting the ability for researchers to corroborate
diagnoses or adjust for confounders such as disease severity. Instead, proxy measures are often

used by researchers, but the justification for measures chosen may be unclear.



Patient-reported outcome measures, patient preferences and the thought process of HCPs which
may be available in free text are also often not captured by coding, so although inference can
be made regarding patient or HCP behaviour, researchers using EHR databases cannot fully

understand the nuance involved in decision making.

Although the UK can link healthcare datasets with demographic datasets containing indicators
relating to the socioeconomic determinants of health by use of unique identifiers, not all
countries have this capability,”® rendering adjustment for this important confounder in

statistical analyses impossible.

Even when important characteristics such as ethnicity and BMI’!*? are available within a
dataset, there can be a high level of missing data, which can be missing at random or there may

2

be increased missingness among certain groups,’> and this further hinders adjustment for

confounding.

It has been suggested that in order to maximise the research potential from EHR data, the
paradigm of evidence-based medicine should shift to ‘evidence-generating medicine’, with
creation of a health system that is better able to learn from its own data.> In order to realise
this, EHR data capture needs to be enhanced, for example by using standardised approaches
to data collection of relevant endpoints. This could both aid clinicians and researchers and

enhance the quality of patient care.

Chance

With access to a large volume of data, there can be the inclination to investigate associations
with a large number of outcomes or perform an array of subgroup analyses. The likelihood of
false-positive findings rises concomitantly with the number of tests conducted, and relevant
outcomes and subgroup analysis should be pre-defined, have a logical basis and relate to a

priori hypotheses.

Random error

As well as simple error in the choice of code used, there may be changes in code use and

meaning over time, and this needs to be considered when researchers examine historical data.



Misclassification

(1) Case versus control status: We know that with many common health conditions, including
COPD,** there is an undiagnosed, untreated population. There will also be a proportion of
patients that are misdiagnosed as having a certain condition, and whereas in randomised
controlled trials (RCTs), the stringent inclusion criteria will mean that this proportion is limited,
by using routinely collected data, numbers will likely be higher. Estimates of sensitivity and

specificity of case detection algorithms are therefore useful in providing context.

(i1) Exposure misclassification: EHR research presents a number of difficulties to contend with
when assessing the effects of exposures. With regard to drug therapeutics, people may obtain
prescriptions outwith the data source being examined, leading to incorrect assignment to the
‘non-exposed’ group. On the contrary, people may be prescribed medication that they do not
take, leading to incorrect assignment to the exposed group. With regard to other exposures,
such as smoking, people do not always accurately report their behaviours to healthcare

professionals.

Non-differential misclassification of these groups can dilute the strength of associations,
biasing them towards the null. However, systematic error in classification has the potential to
falsely strengthen associations. Classification bias occurs when the likelihood of
misclassification is different between exposed or outcome groups. For example, those exposed
to a medication will be less likely to be misclassified with regard to diagnoses, as in order to

be prescribed a medication, they have interacted with the healthcare system.>

Confounding

As patients are not randomised to comparison groups in observational studies as they are in
RCTs, there is an increased risk of confounding influencing results. Confounders may be
known or unknown, and how well EHR captures details of traditional confounders varies by
dataset, as discussed above. Confounding by indication for treatment can hamper studies
examining therapeutic effects, if choice of therapy is affected by a factor (e.g. disease severity)
which also influences the outcome of interest. Statistical approaches help can help to address
these challenges of confounding by indication, as well as measured and unmeasured

confounding.>®



1.3 THESIS AIMS, RESEARCH QUESTIONS, AND OBJECTIVES

1.3.1 Aims

This thesis aims to explore the utility of linking pathology data to more standard EHR datasets

in order to answer important research questions, using the COPD population as a case study.

1.3.2 Research questions

Over the course of the thesis, I will investigate the following research questions:

How were individuals with COPD identified in EHR in the recent literature? Were
methods of case identification validated against reference standards? How were COPD
severity and phenotypes defined in EHR-based research? [Chapter 2]

How many emergency admissions for COPD are with associated testing for, and
detection of a respiratory pathogen? How accurately can diagnosis codes used in EHRs
identify laboratory-confirmed respiratory pathogens associated with COPD

exacerbations? [Chapter 4]

1.3.3 Objectives

In order to answer the above research questions, my objectives were to:

Conduct a systematic, scoping review examining methods of identifying individuals
with COPD in EHR

Construct a dataset of hospital admissions linked to pathology data, to describe the
testing and detection of respiratory pathogens associated with emergency admissions

for COPD

1.4 THESIS OUTLINE

The remainder of my thesis is structured as follows:

Chapter 2 is a systematic, scoping review in which I summarise the methods used to
identify and phenotype people with COPD in recent EHR-based research. This is

presented as a research paper and has been published in a peer-reviewed journal.



In Chapter 3, I describe the construction of a dataset in which to examine infections
associated with emergency hospital admissions for COPD in the SAIL databank.

In Chapter 4, I use the dataset described in the previous chapter to estimate the
contribution of specific respiratory pathogens to emergency admissions for COPD
exacerbations. I also estimate the accuracy of using ICD codes to identify COPD
admissions associated with laboratory-confirmed respiratory pathogens. This chapter is
presented as a research paper and is currently under review at a peer-reviewed journal.
Lastly, in Chapter 5, I reflect on the main findings from this thesis, as well as important
opportunities for further work that linking routinely collected microbiology data with

other electronic health data presents.



2 IDENTIFYING COPD IN ROUTINELY COLLECTED ELECTRONIC

HEALTH RECORDS: A SYSTEMATIC SCOPING REVIEW

2.1 RESEARCH PAPER

This paper was originally published in ERJ Open Research, and is available here:
Sivakumaran S, Alsallakh MA, Lyons RA, Quint JK, Davies GA. Identifying COPD in
routinely collected electronic health records: a systematic scoping review. ERJ Open
Res. 2021 Sep 13;7(3):00167-2021. doi: 10.1183/23120541.00167-2021. PMID:
34527726, PMCID: PMC8435805.



Identifying COPD in routinely collected electronic health records: A

systematic scoping review

Take-home message: Inconsistency in methods of identifying COPD in electronic health
records and the lack of clinically important variables in healthcare databases widely used for

research are persisting constraints in harnessing the potential of EHR worldwide.

Authors: Shanya Sivakumaran, Mohammad A. Alsallakh, Ronan A. Lyons, Jennifer K. Quint,

Gwyneth A. Davies.

Abstract: Although routinely collected electronic health records (EHR) are widely used to
examine outcomes related to chronic obstructive pulmonary disease (COPD), consensus
regarding the identification of cases from electronic healthcare databases is lacking. We

systematically examine and summarise approaches from the recent literature.

MEDLINE via EBSCOhost was searched for COPD-related studies using EHR published from
1 January 2018 to 30 November 2019. Data were extracted relating to the case definition of
COPD and determination of COPD severity and phenotypes.

From 185 eligible studies, we found widespread variation in the definitions used to identify
people with COPD in terms of code sets used (with 20 different code sets in use based on the
ICD-10 classification alone) and requirement of additional criteria (relating to age (n=139),
medication (n=31), multiplicity of events (n=21), spirometry (n=19) and smoking status (n=9)).
Only 7 studies used a case definition which had been validated against a reference standard in
the same dataset. Various proxies of disease severity were used since spirometry results and

patient-reported outcomes were not often available.

To enable the research community to draw reliable insights from electronic health records and
aid comparability between studies, clear reporting and greater consistency of the definitions

used to identify COPD and related outcome measures is key.



Introduction

Chronic obstructive pulmonary disease (COPD) is a common, chronic condition characterised
by persistent respiratory symptoms and irreversible expiratory airflow limitation, usually
caused by chronic exposure to inhaled noxious substances. In clinical practice, COPD can be
diagnosed in patients suspected to have the condition by use of spirometry, which also aids in
the assessment of disease severity. Patients with COPD can also be grouped by their pattern of
exacerbations and symptom burden, and this phenotyping guides treatment decisions [1].
Guidelines produced by the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
divide patients into ‘GOLD groups’ based on these characteristics when delineating treatment

strategies.

Research using routinely collected data from electronic health records (EHR) and
administrative databases to study COPD has seen an upsurge in recent years, as the wealth of
data accumulated as a by-product of routine clinical care has made large, diverse populations
accessible to researchers. However, this data has not been generated for the purpose of research,
and important information such as spirometry results and patient-reported outcome measures
are not often accessible in the data sources. Alternative measures are thus frequently used to
identify individuals with COPD, as well as determine disease severity and phenotypes, though

the extent to which the definitions used have been assessed for validity is unclear.

Although the need to focus on the accuracy of case definitions has been emphasised [2], there
is still significant heterogeneity in the definitions used to identify common conditions in
routinely collected data [3—5]. In this systematic scoping review, we sought to summarise the
range of methods used to identify COPD, its severity and phenotypes in EHR, and determine

what proportion of case definitions in use have been validated against reference standards.



Methods

We conducted a systematic scoping review [6] to answer our research questions: 1) how were
individuals with COPD identified in EHR in the recent literature, 2) how many methods of case
identification had been validated against reference standards, 3) how were COPD severity and
phenotypes defined, and 4) what important data are missing from the data sources used in these

studies?

Search strategy and eligibility criteria

A broad search strategy was developed to gather studies which used EHR to identify
individuals with COPD (supplementary material S1). MEDLINE via EBSCOhost was searched
15% January 2020 for articles published between 1 January 2018 and 30 November 2019. Our
search was limited to those written in the English language. There were no limitations as to

study design.

EHR included routinely collected, individual level data from administrative databases, disease
registries, electronic health records, and any other electronic databases that were generated as
a by-product of routine healthcare. Studies using solely survey or trial data were excluded,
along with studies not reporting original data. We included studies identifying a study
population of individuals with COPD or using COPD as a primary outcome, but not those

where COPD was just contained in a list of covariates.

Study selection and data extraction

Articles that did not fit the above eligibility criteria were excluded. Screening was initially
conducted using titles and abstracts, and full-texts were accessed when necessary. Information
extracted from articles deemed eligible for inclusion related to core study details, definitions
of COPD diagnosis, severity and phenotypes, and quality appraisal (supplementary material
S2).

Article screening and data extraction were performed independently by two authors (S.S. and
M.A.A.) for 20% of studies. S.S. then completed screening and extraction, with discussion with

the wider study group when necessary.



Results

Our search strategy identified 1226 articles for screening (supplementary material S1), of
which 189 met our eligibility criteria. We were able to access the full text for 185 of these,
which are included in our review. Most studies were conducted in North America, Taiwan, and
the United Kingdom (UK) (supplementary material S3). We included studies with a range of
designs, including retrospective cohort, self-controlled case series, quasi-experimental, nested

case control, case crossover and descriptive/exploratory studies.

Identifying COPD

Studies often identified individuals with COPD using clinical codes. The most frequently used
coding scheme was the International Statistical Classification of Diseases and Related Health
Problems (ICD) [7], either alone or in conjunction with other coding schemes (supplementary
material S4). However, studies using the same coding scheme did not always use the same list
of codes (‘code set’) from within the scheme — 57 studies incorporating ICD-10 based code
used 20 different code sets to detect COPD (supplementary material S5). Some studies did not

report the specific code set used for case identification.

In order to achieve greater accuracy of case definitions, many studies used additional inclusion
and exclusion criteria in their definition of COPD. 139 (75%) used age as a criterion, with the
lower age limit varying from 18 to 66 (supplementary material S6). Some studies (21, (11%))
required multiple COPD-related event or claim codes. Some (25, (14%)) gave more weight to
inpatient care codes, requiring multiple COPD-related codes if arising from primary care or
outpatient care, but only one if arising from inpatient care. 19 (10%) mandated presence of a
spirometry code, but results of spirometry were not always taken into account. 9 (5%) specified
ever-smoking as a criterion (supplementary material S7). A COPD-related medication code
was required by 31/171 (18%) studies (not including studies whose aim was to investigate
COPD medications, since these would have automatically required presence of the
medication). The specific medication requirements and reporting of this varied by study, from
requiring ‘the prescription of at least one bronchodilator’[8] to mandating a greater frequency
of medication use, with ‘COPD medication use at least twice per year’[9] (where COPD
medications were ‘long-acting muscarinic antagonist, long-acting beta-2 agonist (LABA),
inhaled corticosteroid (ICS), ICS plus LABA, short-active muscarinic antagonist (SAMA),
short-acting beta-2 agonist (SABA), SAMA plus SABA, methylxanthines, systemic



corticosteroids, and systemic beta agonists’)[9]. One study stated only that patients were

required to have been prescribed a ‘respiratory medication’ but did not elaborate further[10].

With regard to exclusion criteria, 25 (14%) studies excluded those with a previous asthma
diagnosis, some excluded additional comorbid respiratory conditions, and a few excluded
individuals using specific medications, such as leukotriene receptor antagonists which are

mostly used in people with asthma.

COPD severity

Spirometry was utilised by 25 (14%) studies in their assessment of COPD severity, 8 (4%) as
a binary measure, 17 (11%) as an ordinal measure. Most studies did not assess disease severity
in any form, specifying that this was because they lacked the clinical data necessary. Proxies
of severity were sometimes used, ranging from chronic medication use (n=16 (9%)) and
measures relating to exacerbations (n=16 (9%)), to serum bicarbonate levels (n=1 (0.5%)) [11],

to algorithms purporting to represent ‘complexity’ (n=1 (0.5%)) [12].

COPD phenotypes

Coexisting asthma was a phenotype examined by 15 (8%) studies and was generally identified
by presence of a previous asthma diagnosis code, but the specific code sets or identification
methods were not always reported. 12 (6%) studies compared those with high versus low blood
eosinophil counts or concentrations, although the thresholds used to determine high and low
differed by study (supplementary material S8) [13—15]. 3 studies performed sensitivity
analyses to examine the effect of using differing thresholds [16—18]. 8 (4%) studies categorised
individuals by their GOLD groups (i.e. taking into account both exacerbation history and
symptom burden), and 18 (10%) examined individuals by exacerbation history. Again, there
was variation in the code sets or algorithms used to identify an exacerbation, and the thresholds

for high versus low exacerbators.

Validation of case definitions

8 (4%) studies in our review compared their definition of COPD against a reference standard
and provided sufficient information that a measure of validity could be calculated, although
this may not have been their primary purpose. 2 of these studies identified themselves as

‘validation studies’ and went on to report measures of validity [19, 20].



Of the remaining 177 studies, a further 7 (4%) used a definition of COPD that had been
previously validated against a reference standard in the same database used for their research.
Additional studies referred to their case definition being ‘based on’ validated definitions, but
used code sets different to those validated [21-23], or did not report the codes they used [18,
24, 25].

Some studies conducted analyses to justify the validity of their findings in different ways, such

as performing sensitivity analyses using different definitions of COPD [26].

Reporting

Only one study referred to the REporting of studies Conducted using Observational Routinely
collected Data (RECORD) guidance [27]. 15 (8%) studies stated that they used a particular
coding scheme to identify people with COPD but did not report the code set used. 107 (58%)
studies did not report whether they could access data related to (one of) smoking or spirometry.
44 (24%) reported that smoking information was not available within their data source

(supplementary material S7), and 60 (32%) reported that spirometry events were unavailable.

Discussion

Principal findings

Electronic databases of routinely collected health data are used internationally to advance
knowledge about ‘real world” COPD by the research community. This systematic scoping
review has demonstrated significant variability in the methods used by researchers to identify

individuals with COPD and describe disease severity and phenotypes using routine data.

Only a limited number of studies used definitions that had been validated against reference
standards in the same database used for their study. Some studies referred to previous validation
studies, but as they did not report the code list they had used, it was not clear whether they used
the same validated case definition. The RECORD guidance [27] advocates for provision of a
‘complete list of codes and algorithms used to classify exposures, outcomes, confounders, and

effect modifiers’ in order to enhance research transparency.



Interpretation and implications

Datasets generated as a by-product of routine clinical care are increasingly important and useful
in research, given the size, heterogeneity, and unselected nature of the populations they provide
access to. However, there are pitfalls to their use, and among them is the use of case definitions
with unknown validity. Limitations in the reporting of code sets used by researchers further

hinder comparability and reproducibility.

For EHR to provide meaningful insights, the case definitions used must be able to accurately
detect individuals with the condition in question. One way of ensuring this is to use definitions
validated against a reference standard. However, a definition validated in one database may not
be transferable for use in others. One validated definition for COPD in the UK’s Clinical
Practice Research Datalink [28] specifies being a current or ex-smoker as an inclusion criterion,
given that COPD is uncommon in never-smokers in the UK. However, in countries with a
higher contribution of alternative risk factors to the development of COPD [29], necessitating
being an ever-smoker would likely reduce the sensitivity of this definition, as will happen in
all geographies where smoking prevalence is falling. Additionally, different research questions
may necessitate different case definitions — if investigators wanted to prioritise specificity over
sensitivity, a more restrictive definition would be used, and vice versa — but clarity in the

rationale would be useful to readers.

In addition to case definitions, the availability and accuracy of disease severity and
phenotyping measures is imperative for studies to be able to adequately adjust for potential
confounding. However, many administrative databases do not contain clinical detail at this
level, so attempts at adjusting for severity in analyses often use proxy measures, the choice of
which may be determined by data availability and not be validated against ‘true’ disease
severity. More often, no attempt at adjusting for disease severity is made, leading to the
potential of unmeasured confounding influencing results. Facilitating inclusion of clinically
important variables (such as common investigation results and patient-reported outcome
measures) into electronic health databases commonly used for research would be a useful and
important intervention in improving research outputs. Through the lens of COPD, inclusion of
spirometry results and UK Medical Research Council (MRC) dyspnoea scale scores would
play a significant role in advancing research in the field. Similarly, inclusion of echocardiogram
results and New York Heart Association (NYHA) class would likely be helpful for

cardiovascular disease research. However, even when databases do hold such information,



there may be a high rate of missing data (e.g., 65% of patients in one study had no spirometry
recorded) [30]. This reflects real world patterns and levels of missingness are likely to vary

geographically due to historic differences in clinical practice, or national incentive schemes.

Strengths and limitations

This is the first review, to our knowledge, to systematically examine methods of identifying
individuals with COPD in routinely collected electronic health records. This approach has
allowed us to objectively demonstrate the variability in research practice in the field. We
applied broad inclusion criteria ensuring representation across the research field, but confined
our review to recent literature in order to ensure relevancy. We did not include studies where
COPD was only relevant due to being contained in a list of covariates (as is often done, for
example as part of the Charlson Comorbidity Index) [31] since an accurate case definition for
this purpose holds less importance. However, this means that our review does not fully

encompass the whole spectrum of the use of ‘COPD’ in electronic health data research.

Conclusions

Although the interrogation of routinely collected electronic health records is now commonplace
in investigating important research questions related to COPD, and provides huge value when
used carefully, persistent limitations constrain the quality of this research. The lack of clinically
important variables in widely used databases limits researchers’ ability to adjust for
confounders such as disease severity. Variation in methods to identify COPD and define
outcome measures restricts comparability between studies. With the contribution of EHR to
COPD research continuing to increase internationally, ensuring greater consistency of case

definitions and optimisation of reporting is key to enhancing the reliability of research outputs.
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2.2 SUPPLEMENTARY MATERIAL

Table S1: Search strategy

Query

Results

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

(MH "Medical Records Systems, Computerized+")
OR (MH "Medical Record Linkage") OR (MH
"Electronic Health Records+") OR (MH "Clinical
Coding") OR (MH "International Classification of
Disecases")

(MH "Databases as Topic+")

medical record linkage or medical records linkage or
clinical coding or code or codes or coding or codelist*
or codeset* or algorithm* or International
Classification of Disease™ or ICD* or ICD-10 or ICD-
9 or ICD-9-CM or ICD 9 or ICD 10

emr or electronic medical record* or ehr or electronic
health record*

(data* or record*) and (insurance or claim* or
administrative or routine®* or electr* or digit* or
computer* or linked)

S1 OR S2 OR S3 OR S4 OR S5
(MH "Pulmonary Disease, Chronic Obstructive+")

copd or chronic obstructive pulmonary disease or coad
or chronic obstructive airway disease or chronic
obstructive lung disease or emphysema or chronic
bronchitis or chronic airflow obstruction* or airflow
obstruction, chronic or chronic airway obstruction® or
airway obstruction, chronic

S7 OR S8
S6 AND S9

Limiters — Date of Publication: 20180101-20191130;
English Language; Human

50,268

151,665

712,365

44,324

1,667,252

2,297,452

53,773

114,337

114,337

1,226




Table S2: Data extraction table

Variable Variable value options
Core study details

PubMed ID Free text

Article title Free text

Study location (country) Free text

Study design Free text

Data source Free text

Study aim Free text

Definition of COPD

Inclusion criteria notes Free text

Coding scheme used ICD-9, ICD-9-CM, ICD-10, ICD-10-CM,

ICD-10-CA, Read code, DRG, ATC, Other
code, Mix of above codes, No codes reported

Code set used Free text

Age as criterion? Y/N

Age - lower limit Free text

Requirement of multiple claims? Y/N

More weight to inpatient claims? Y/N

Requirement of specific treatment? Y/N

Requirement of spirometry? Yes spirometry required but results not

specified, Yes spirometry required and
results specified, No

Requirement of ever-smoker? Y/N
Exclusion criteria notes Free text

Exclusion criteria: are patients with asthma Y/N

excluded?



Definitions of COPD severity

COPD severity notes Free text
Spirometry- binary Y/N
Spirometry- ordinal Y/N
Related to chronic medication use? Y/N
Related to exacerbations? Y/N
Other proxies of severity Free text
Definitions of COPD phenotype

COPD phenotype notes Free text
Co-existing asthma Y/N
Blood eosinophil level Y/N
Exacerbators Y/N
GOLD groups Y/N
Other Free text
Quality appraisal

Does the study validate definitions used? Y/N
Have the definitions used been validated Y/N
previously in the same dataset used for the

study?

Other justification of validity? Free text

Missing data: smoking

Missing data: spirometry

Missing data: other

Other limitations and measure to minimise

limitations

Smoking data missing, smoking data not
missing, not reported

Spirometry data missing, spirometry data
not missing, not reported

Free text

Free text



Reference to RECORD statement

Y/N




Table S3: Geographical distribution

Country Number of studies
USA 52
Taiwan 29
United Kingdom 20
Canada 15
Spain 11
Korea 9
China 7
Italy 6
Sweden 5
Denmark 4
Netherlands 4
Hong Kong 3
Australia 3
Israel 3
Belgium 2
Poland 2
Austria 2
France 2
Scotland 1
Norway and Germany 1
Ireland 1
Singapore 1
Germany 1

Turkey 1




Table S4: Coding schemes used by studies

Coding scheme Number
of
studies
ICD-9-CM 52
ICD-10 35
No codes reported 28
Mix of other named 25
categories
ICD-9 23
Read code 15
Other codes™ 4
ICD-10-CM 1
ICD-10-CA 1
N/A 1

ICD 10 = the International Statistical Classification of Diseases and Related Health Problems, 10% revision, the replacement
of ICD-9. ICD-10-CM = clinical modification of the classification, replacing ICD-9-CM. ICD-10-CA is the Canadian

modification.

*‘Other codes’ includes the Anatomical Therapeutic Chemical Classification System (ATC), Diagnosis-related Group codes

(DRGQG), International Classification of Primary Care (ICPC)



Table S5: ICD-10 code sets used to identify COPD

ICD-10 code sets Number
of

studies
J44 14
J41-44 10
J40-44 7
J41, J43-44 5
J43, J44 3
J42-44 2
J43-44, except J43.0 2
J44.1 2
J40, J41.0, J41.1, J41.8, J42, J43.0, J43.1, 1

J43.2,J43.8, J43.9, J44.0, J44.1, J44.9

140, J47 1
J40-42, 144 1
140-44, 147 1
141, 143 1
J41.0, J41.1, J41.8, J42, J43.9, J44.0, J44.1, 1
J44.9

J41-43 1
J41-44, 147 1
142, 44 1

J42-44, except J43.0 1



J44.0, J44.1, J44.9 1

J44.1, J44.8, J44.9 1

Includes studies which used ICD-10, ICD-10-CM or ICD-10-CA alone, or in combination with other coding schemes.



Table S6: Lower age limit used in definition of COPD

Lower age Number of
limit studies
40 76
35 13
18 12
20 8
45 6
65 6
66 5
55 5
50 4
30 2
25 1

60 1




Table S7: Smoking data

Is smoking data missing?* Number of studies
Yes 44
No 66
Not reported 75

If study has access to smoking data, are

never-smokers included in the analysis?

Yes 33
No 9
Not reported 24

*Missing here means that information regarding smoking was not available in the database being interrogated



Table S8: Phenotyping by blood eosinophil level — thresholds used

by studies
Blood eosinophil threshold Number of studies
150 cells/uL 4
2% (of total white cell count) 3
300 cells/pL 2
200 cells/pL and/or 2% 1
‘Always above’, ‘fluctuating 1
above and below’, and ‘never
above’ cut off points of 100,
150, and 300 cells/uL
<2%, 2-4%, >4% and 150, 1

150-300, 300 cells per uL.

% = blood eosinophil concentrations as percentage of total white blood cell count;

cells/uL = absolute count of blood eosinophils
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3 CONSTRUCTION OF A DATASET TO EXAMINE INFECTIVE

OUTCOMES RELATED TO EMERGENCY ADMISSIONS FOR COPD

3.1 INTRODUCTION

This chapter discusses the creation of a COPD dataset from which I go on to examine the

contribution of respiratory pathogens to emergency admissions for COPD.

3.2 METHODS

3.2.1 Ethics and information governance
Ethics approval was not required for this work, since only de-identified data were used. The
project was approved by the Secure Anonymised Information Linkage (SAIL) Information

Governance Review Panel. [Appendix 1]

3.2.2 The SAIL Databank and data linkage

I accessed my project-specific data views and analysed my data via the SAIL Databank,’” a
remote access system that provides secure data access to approved users. The SAIL Databank
contains de-identified health and administrative data from a variety of data sources, covering

the entire population of Wales in a Trusted Research Environment.

Linking the different datasets within SAIL is possible using an anonymised person-level
identifier, the Anonymised Linkage Field.*® I used Structured Query Language to extract and
amalgamate relevant information from the different datasets to construct my COPD cohort, the

content of which is described below.

3.2.3 Data sources

The following datasets were used in the development of my dataset: the Welsh Demographic
Service (WDS), Patient Episode Database for Wales (PEDW), and Welsh Results Reporting
Service (WRRS). The WDS contains administrative data drawn from GP practices about

individuals in Wales that use NHS services, such as address and practice registration history.



PEDW contains administrative and clinical information for all NHS Wales hospital admissions,
including spell and episode level data. An episode (or, ‘Finished Consultant Episode’), in this
context, is the time a patient spends in the continuous care of one consultant within a provider
spell. A provider spell is the continuous period of time that an admitted patient spends under
the care of one health care provider (Local Health Board in Wales).”® The data are collected
and coded at each hospital. Administrative information is collected from the central Patient
Administrative System. For clinical information, after the patient is discharged, the handwritten
patient notes are transcribed by clinical coders into medical coding terminology. WRRS is
taken (indirectly) from the Welsh Laboratory Information Management System (WLIMS),
which is the system used by staff in pathology disciplines.

The SAIL Databank receives data updates at varying frequencies for the different datasets. My
project views were created in July 2020 from the most recent extract for each dataset, with a
base population of those attaining age =35 by the time of the data extraction. Further
information regarding coverage for each specific dataset used for the creation of my study

population is shown in Table 1, below.

Table 1. Coverage of datasets used to create my AECOPD dataset

Dataset Coverage Time period
Welsh Demographic Service (WDS) Wales 01/01/1990 — 24/04/20
Patient Episode Database for Wales (PEDW) Wales 01/04/1995 — 28/04/20
Welsh Results Reporting Service (WRRS) Wales XX/XX/XX —10/12/18

(Start date varies by Health Board)

3.2.4 Dataitems

The data items utilised from each data source for this study are shown in Table 2, below.



Table 2. Data items utilised for the creation of my AECOPD dataset

Data item Description of content

PEDW

ALF PE Anonymised linking field

ALF STS CD ALF status code (describes quality of linkage)

SPELL NUM PE
EPI NUM
PROV_UNIT_CD

DIAG_NUM

DIAG CD_123

DIAG CD 1234

ADMIS DT
ADMIS YR

ADMIS MTHD CD

A unique encrypted number that identifies the provider spell
Sequence number for each finished consultant episode in a provider spell
The organisation code of the Healthcare Provider

A number used to identify the position of the associated diagnosis assigned to a
patient

3 characters of the diagnosis (ICD code) for the condition treated or
investigated during the relevant episode of healthcare

4 characters of the diagnosis (ICD code) for the condition treated or
investigated during the relevant episode of healthcare

The date of admission to hospital
The year of admission to hospital

Method of admission to a hospital provider spell

WDS

ALF PE Anonymised linking field
WOB Week of birth

WRRS

ALF PE Anonymised linking field
TESTSETNAME Description of test
CODE Description of test
VALUE Test result

SPCM_COLLECTED DTTM Date and time of specimen collection




To create a dataset of individuals with emergency hospital admissions to Wales with COPD

over my two year period, I went through the following steps:

e [ used the data item ‘ADMIS DT’ to identify admissions to hospital from 1/12/16 —
1/12/18

e The hospital admission was required to be in Wales, using a list of values associated
with data item ‘PROV_UNIT CD’

e The admission was specified to be an emergency admission using a list of values
associated with ‘ADMIS MTHD CD’

e To narrow down to emergency hospital admissions for COPD, 1 used ‘DIAG _CD 123’
and ‘DIAG_NUM’ to identify admissions coded with ICD-10 codes J43 or J44 in the
first or second position

e To further refine the population to individuals aged >35 at admission, ‘ADMIS DT’
together with “WOB’ were used to create a new data item, ‘age at admission’

e The above required PEDW to be linked to WDS, using the anonymised linkage field,
‘ALF PE’, and quality of linkage was specified using ALF_STS CD

e Linking these admissions to WRRS data again used the anonymised linkage field,
‘ALF _PE’

e Use of ‘ADMIS DT’ within PEDW and ‘SPCM_COLLECTED DTTM’ within
WRRS allowed identification of pathology tests collected within a specified window
either side of the date of hospital admission

e The pathology tests of interests were specified using ‘“TESTSETNAME’ and ‘CODE’,
and the test result identified using the data item, ‘VALUE’

3.2.5 Identifying the COPD population in electronic health records
It is important to remember, as shown in the previous chapter, that the case definition used to
identify those with COPD in routinely collected data can take many forms, which are likely to

vary in their sensitivity and specificity.

Some individuals are diagnosed with COPD after spirometry testing, and a case definition
necessitating presence of a diagnosis code, a spirometry code, and/or the spirometry results in-

keeping with COPD would be able to identify these individuals.



However, for some people who have had spirometry testing, this information may not be input
into the coded clinical systems available to researchers. Further, some people are diagnosed
with COPD based on a clinicians’ judgement and would be identified if a case definition
required only a diagnosis code to be present but would be missed if the above, more specific
case definition were applied. On the other hand, a more inclusive definition using just diagnosis

codes runs the risk of including people who have been misdiagnosed or miscoded.

For those receiving treatment for COPD but who may have not received a definite diagnosis, a
case definition requiring only medication codes could identify them. This method would also
identify those who have been diagnosed with and treated for COPD, but their diagnosis may
only be present in free-text format and therefore not in a coded format available in SAIL.
However, this definition could also wrongly include individuals who do not have COPD, but

use the specified medications for other reasons, such as asthma.

Lastly, there are those individuals who truly have COPD but have been misdiagnosed or have

not consulted with HCPs, thus remaining undiagnosed and untreated.

In identifying patients with COPD using the SAIL Databank, I first needed to decide what
research question [ was attempting to answer, since the case definition used should be tailored
according to the aims of a study. In Chapter 4, given that I was looking at those who had had
an emergency hospital admission for COPD, my method of identification of individuals
differed to the approach I would have taken had I been attempting to answer a research question

concerning the whole COPD population in Wales.
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Highlights

e Linkage of microbiology data to national admissions data over a two year period

e Respiratory viruses are detected in a substantial proportion of COPD exacerbations
e Increased respiratory viral testing could aid antimicrobial stewardship efforts

e ICD codes have low sensitivity in identifying respiratory pathogens in routine data

e Large-scale data linkage delineates the burden of specific pathogens with greater
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Abstract

Objectives: To characterise microbiology testing and results associated with
emergency admissions for acute exacerbation of COPD (AECOPD), and determine the
accuracy of ICD-10 codes in retrospectively identifying laboratory-confirmed

respiratory pathogens in this setting.

Methods: Using person-level data from the Secure Anonymised Information Linkage
Databank in Wales, we extracted emergency admissions for COPD from 1/12/2016 to
30/11/2018 and undertook linkage of admissions data to microbiology data to identify
laboratory-confirmed infection. We further used these data to assess the accuracy of

pathogen-specific ICD-10 codes.

Results: We analysed data from 15,950 people who had 25,715 emergency admissions
for COPD over the two-year period. 99.5% of admissions could be linked to a laboratory
test within 7 days of admission date. Sputum was collected in 5,013 (19.5%) of
admissions, and respiratory virus testing in 1,219 (4.7%). Where respiratory virus
testing was undertaken, 46.7% returned any positive result. Influenza was the virus most
frequently detected, in 21.5% of admissions where testing was conducted. ICD-10
codes exhibited low sensitivity in detecting laboratory-confirmed respiratory

pathogens.

Conclusions: In people admitted to hospital with AECOPD, increased testing for
respiratory viruses could enable more effective antibiotic stewardship and isolation of
cases. Linkage with microbiology data achieves more accurate and reliable case

definitions.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by reduced lung
function, resulting in progressive dyspnoea and acute exacerbations which necessitate
hospital admission if severe. The majority of acute exacerbations of COPD (AECOPDs)
are considered to have an infective aetiology,! and antibiotic use for this indication is

frequent, even though a significant proportion are likely to have a viral trigger.

To develop, implement and evaluate interventions to reduce the burden of respiratory
tract infections, pathogen-specific data establishing the frequency and consequences of
infection in different populations is imperative. Thus far, the focus of many studies
examining the burden of specific respiratory pathogens has been on children.?* Impact
on other risk groups, such as those with COPD, requires further study, especially since
acute exacerbations of COPD are one of the commonest reasons for emergency hospital
admission in the UK, resulting in substantial morbidity, mortality and healthcare cost

each year.

International Statistical Classification of Diseases and Related Health Problems (ICD)
codes relating to respiratory pathogens are readily available in databases of routinely
collected electronic health data and have therefore often been used for research
purposes.®”! However, the accuracy of diagnostic coding is likely to vary depending on

local practices, and not all pathogens map to a specific ICD code.

Large-scale linkage of microbiology data to other routinely collected health data, where
possible, is likely to be the more accurate data source in establishing the burden of
particular pathogens. Researchers who have had access to microbiology data report that
they would have grossly underestimated respiratory pathogen-related hospital
admissions had they relied on diagnosis codes alone.'>”'> However, such linkage is
currently not possible in many regions, rendering person-level analyses using
microbiology data unattainable. Further, even in regions where such linkage is possible,
the likelihood of successful linkage may vary depending on age, duration of

hospitalisation, ethnic group and rurality.!®



In this national study, we utilise linkable, routinely collected microbiology and
healthcare utilisation data covering all admissions to National Health Service (NHS)

hospitals in Wales over a 2 year period.

Our aims were: (1) to illustrate the utility of a national microbiology dataset that can be
linked to other routinely collected electronic health data; (ii) to quantify the proportion
of emergency admissions for COPD undergoing testing for respiratory pathogens, and
the proportion tested where viral or bacterial pathogens were identified; and (iii) to
determine the accuracy of using ICD-10 diagnosis codes to identify laboratory-

confirmed respiratory pathogens associated with COPD exacerbations.

Methods

We accessed complete coverage, person-level, anonymised datasets from the Secure
Anonymised Information Linkage (SAIL) Databank,!” which receives routinely
collected data from all NHS hospitals in Wales, to examine all emergency hospital
admissions due to COPD over a two-year period (1/12/2016 to 30/11/2018). This report
of our findings was prepared according to the REporting of studies Conducted using
Observational Routinely-collected Data (RECORD) statement.!® The study was

approved by the SAIL Information Governance Review Panel (project number 0996).

Data sources, population, and case definitions

Hospital admissions data were extracted from the Patient Episodes Database for Wales
(PEDW), a dataset which includes diagnosis codes for all NHS hospital admissions in
Wales. Emergency admissions for COPD were defined as those with an ICD-10 COPD
code (J43, J44) recorded in the first or second position in any Finished Consultant

Episode (FCE) in the population aged >35 at date of admission.

We defined two methods of classifying emergency COPD admissions as being

associated with specific respiratory pathogens: (1) using pathogen-specific ICD-10



diagnosis codes (the full code set used is available in supplementary material S1), and
(2) using microbiology test results. Microbiology data were extracted from the Welsh
Results Reporting Service (WRRS), which receives results from all NHS hospital
laboratories in Wales. Person-level linkage with hospital admissions data was possible
using the Anonymised Linkage Field, which has been described previously.!” We
included individuals with high quality linkage (where there was either exact matching
of NHS number or matching probability > 90% (using name, sex, date of birth,
postcode)). Laboratory diagnosis of respiratory viruses was all based on reverse
transcription polymerase chain reaction (RT-PCR) and PCR testing, but it could not be
established whether nasal or throat swabs were collected. Bacteria were detected by

culture of sputum samples.

Pathogens of interest were influenza (A and B), respiratory syncytial virus (RSV),
parainfluenza, rhinovirus, human metapneumovirus (hMPV), adenovirus, enterovirus,
Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis and
Pseudomonas aeruginosa. The choice of respiratory viruses was dictated by those

included on multiplex panels over the time period studied.

We used laboratory data to determine the proportion of COPD admissions where testing
for bacterial and/or viral respiratory pathogens was conducted and estimated the
proportion of COPD admissions with laboratory-confirmed infection (with the total
number tested as our denominator). We defined admissions associated with laboratory-
confirmed infection as those where the collection date of the specimen with a positive
result was within (+/-) 7 days of hospital admission date. We assessed the seasonality
of virus-associated admissions using methods adapted from Li et al,>° where seasonality
exists if at least 75% of the annual total of positive cases occur in < 5 consecutive

months in a year.

Accuracy of ICD-10 coding

Using COPD admissions associated with laboratory-confirmed infection as our

reference standard, we assessed the accuracy of ICD-10 diagnosis codes in identifying



respiratory pathogens associated with COPD admissions. Measures of accuracy were
positive predictive value (PPV), negative predictive value (NPV), sensitivity, and
specificity, each with a 95% confidence interval. The sampling frame for these analyses
was all COPD admissions where testing for the pathogen in question was conducted
within (+/-) 7 days of admission. PPV was calculated as the proportion of COPD
admissions with a pathogen-specific ICD-10 code that had a laboratory-confirmed
respiratory pathogen on testing. NPV was calculated as the proportion of COPD
admissions without a pathogen-specific ICD-10 code when there was a negative
respiratory pathogen test. Sensitivity was calculated as the proportion of COPD
admissions with a laboratory-confirmed respiratory pathogen that had a pathogen-
specific ICD-10 code. Specificity was calculated as the proportion of COPD admissions

with a negative respiratory pathogen test and without a pathogen-specific ICD-10 code.

Results

We analysed data from 15,950 people who had 25,715 emergency admissions for
COPD over the two year period 1/12/2016 to 30/11/2018. Median age at admission was
73 (interquartile range 66 — 80). Emergency admissions for COPD were fewer over the
summer months (figure 1), and peaked at a mean of 1,480 admissions in the month of

January.

99.5% (25,596/25,715) of emergency COPD admissions could be linked to a laboratory
record with a specimen collection date within (+/-) 7 days of the admission date. The
proportion of admissions successfully linked to laboratory data was >99% in the

majority of NHS Providers in Wales (supplementary material S2).

Respiratory pathogens associated with emergency COPD admissions: laboratory

data

A specimen for sputum culture was collected in 5,013 (19.5%) out of 25,715 COPD

admissions. Of those admissions where a sputum sample was collected, 1,232 (24.6%)



were associated with growth of one of the aforementioned bacteria. The most frequently
observed bacteria was H.influenzae, which was cultured in 16.7% of admissions where
a sputum sample was collected. The other bacteria under investigation all occurred at

an overall percent positivity of <5% (table 1).

A specimen for respiratory virus testing was collected in 1,219 (4.7%) of COPD
admissions, and of those admissions associated with any respiratory virus testing, 569
(46.7%) returned any positive result. The most frequently detected virus was influenza,
identified in 21.5% of admissions where testing was carried out, followed by rhinovirus

(12.4%), RSV (6.8%) and hMPV (5.2%).

Of the 491 admissions where both sputum collection and viral testing was carried out,
41 (8%) admissions were associated with both bacterial growth in sputum and a positive

respiratory virus test.

Testing frequency and percent positive rate varied by pathogen (table 1), with sputum
collection more frequent than viral testing, and the highest percent positive levels seen
for influenza, rhinovirus and H.influenzae. There was also marked variation in testing
frequency and percent positivity by month of admission for the viral pathogens, with
influenza percent positivity ranging from 0% in the UK summer months, to > 30% in
January and February (table 2). Over 75% of the total influenza-associated COPD
admissions occurred over the UK winter months (December, January, February). RSV
and hMPV-associated COPD admissions also showed seasonality (>75% of total
admissions occurring over November to January for RSV, and December to March for
hMPV), in contrast to admissions associated with rhinovirus, parainfluenza, and the
bacterial pathogens. Counts of positive adenovirus and enterovirus tests were small, and

thus not analysed by month.

Accuracy of ICD-10 diagnosis codes in detecting respiratory pathogens associated

with emergency COPD admissions

The ICD-10 diagnosis codes used to identify influenza-associated COPD admissions

performed best in our data, compared to those used for other pathogens, with a



sensitivity of 59.2% (95% confidence interval 52.9 — 65.1%), PPV of 86.1% (80.6 —
90.2%), NPV of 89.7% (88.3 — 91.0%) and specificity of 97.4% (96.2 — 98.3%) (table
3).

Sensitivities of the ICD-10 codes related to the other respiratory pathogens were
substantially lower, although those of the bacteria were generally higher than the non-
influenza viruses (supplementary material S3). P.aeruginosa ICD-10 codes had the
highest sensitivity of all the non-influenza pathogens (42.5% (95% CI 35.6 — 49.7%),
but also had a lower PPV (48.0% (41.6 — 54.5%)), compared to a PPV >80% for all
other pathogens where PPV can be reported; table 4). Specificities were high (>95%)

for all pathogens where this can be reported.

Due to low counts in the contingency tables for parainfluenza and hMPV, all accuracy
measures cannot be reported for these pathogens, but sensitivities were <8.9%
(parainfluenza) and <7.9% (hMPV). M.catarrhalis is not associated with any pathogen-

specific ICD-10 codes, and so could not be included in these analyses.

Discussion

Our national level analyses of microbiology testing related to emergency COPD
admissions in Wales reveals widespread under-utilisation of diagnostic microbiology
for severe AECOPD, and a high percent positivity for respiratory viruses, with 46.7%
of admissions in which testing was carried out returning a positive result. Given the
frequency with which AECOPD admissions occur, the prevalent use of antibiotics for
this presentation, and the growing problem of antimicrobial resistance, our data
suggests that more widespread use of viral testing could be beneficial in advancing
antibiotic stewardship. In addition, increased viral testing would enable timely isolation
of cases in healthcare settings in order to reduce transmission to other, often vulnerable,

hospital inpatients.



We demonstrate how using ICD-10 diagnosis codes to detect respiratory pathogens
associated with COPD admissions in our study would have considerably
underestimated the burden of these infections. Researchers using ICD-10 codes as
substitutes for raw microbiology data should be aware that coding deficiencies may lead

to a substantial loss in accuracy.

Furthermore, our study illustrates the feasibility and utility of linking national
microbiology data with other routinely collected electronic health data, which has

innumerable potential applications in future research.

The strengths of our study include the complete population coverage, with a base dataset
covering all admissions to hospitals in Wales, and the high level (99.5%) of successful
linkage between hospital admissions and microbiology data. This was possible due to
the recent development of a national system in Wales, the Wales Results Reporting
System, which has brought together the results of all laboratory investigations from all
providers, whether instituted in community or hospital settings. Whilst there are
linkages in individual hospital based systems in the UK, there is no other system that
links laboratory results to other routinely collected health data at a national population
level. This system has allowed us to gain insight into real-world patterns of
microbiology testing in emergency admissions with COPD, estimate the contribution
of bacterial and viral pathogens to severe AECOPD, and report the accuracy of

pathogen-specific ICD-10 diagnosis codes.

Our study has some limitations. People undergoing microbiology tests may be those
whom clinicians consider most likely to have an infective aetiology of their AECOPD,
therefore extrapolating the proportion of positive tests to the total number of AECOPD
hospitalisations would likely be an overestimate. Nevertheless, the majority of
AECOPD are thought to be infective in nature,! the proportion of our admissions
associated with respiratory viruses was consistent with previous studies,’>?} and the
high percent positivity rate suggests a large number who were not tested would also test
positive. Patterns of respiratory virus transmission change year to year, and the winter
of 2017/2018 saw a high level of influenza in the UK. We were confined to analysing

a 2 year period due to data availability, so how representative our data is of other years



is uncertain, though general patterns are likely to remain consistent. Co-infection
between respiratory viruses and bacteria may be underestimated in our data, since some
pathogens were not tested for or not included in our study, such as the seasonal
coronaviruses. We have not reported subtypes of the respiratory viruses such as
influenza or parainfluenza due to paucity of data in this regard. Lastly, the role of
microorganisms in the aetiology of AECOPD has previously been unclear due to
potential contamination of sputum samples by the upper airway, chronic bacterial
colonisation that can occur in the lower airways of those with COPD, a lack of definitive
improvement in AECOPDs treated with antibiotics in randomised controlled trials,>*

23 However, studies

and studies reporting asymptomatic detection of rhinovirus.
demonstrating the development of specific immune responses to bacteria after
exacerbations support the causative role of bacteria in the exacerbation,?®?” trials may
have been weakened due to inclusion of AECOPD with non-bacterial aetiology, and
respiratory viruses aside from rhinovirus are not commonly identified in stable

disease.?’ Nevertheless, we are unable to infer from our data that any microorganisms

detected directly contributed to development of the COPD exacerbation.

In the context of other research, prospective studies?®>* have provided useful estimates
of pathogen distribution in AECOPD due to avoidance of selective testing strategies.
However, due to the expense involved with such study designs, they are mostly limited
to small, selected populations or regions. Our results broadly reflect those previously
published. For example, in Brendish et al’s prospective study,>> 42% of patients
presenting to hospital with an exacerbation of their airways disease tested positive for
respiratory viruses, compared to 46.7% in our data. Others have also demonstrated
increased percent positivity of respiratory viruses in COPD admissions during winter

months.%’

Data from a randomised controlled trial has shown that point-of-care testing (POCT)
for influenza can allow timely treatment with antivirals and swift isolation in healthcare
settings, minimising nosocomial spread to frail populations.’® Another study
demonstrates increased early discontinuation of antibiotics in those with underlying

airways disease testing positive for a respiratory virus on POCT.»



Evidence of the importance of the non-influenza respiratory viruses on the adult
population has grown in recent years. RSV has been shown to be associated with 11%
of COPD hospitalisations in a prospective US-based study,’’” and >900,000
inappropriate antibiotic prescriptions each season in a UK-based modelling study.®
With progress in the development of vaccination against RSV,*° further data regarding
the burden of RSV-associated disease by age, geography, and comorbidity is key to
guide future vaccination strategy,*” and our data contributes to this. With regard to
previous research examining routinely collected microbiology data, other studies have
also identified underutilisation of diagnostic microbiology testing*! and low sensitivity

of ICD codes to identify laboratory-confirmed non-influenza respiratory infection.*#

To summarise, our findings of a high percent positivity of respiratory viruses amongst
those hospitalised with AECOPD, low utilisation of microbiology testing, and
limitations of ICD-10 codes in identifying the burden of respiratory infections generate
several key targets for further work. These include increasing the use of diagnostic
testing in AECOPD, along with translation of this into reduced antimicrobial
prescribing and timely infection control measures, and increasing the ability to perform
linkage of existing electronic health databases to routinely collected microbiology data,

which would have almost countless future applications.
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Tables

Table 1: Respiratory pathogen testing and results for specimens associated with
emergency admission for COPD

Respiratory Count of COPD Count of COPD
pathogen admissions tested admissions positive
(percent positive*)
H.Influenzae 5,013 837 (16.7%)
S.Pneumoniae 5,013 154 (3.1%)
M.Catarrhalis 5,013 131 (2.6%)
P.Aeruginosa 5,013 200 (4.0%)
Influenza 1,219 262 (21.5%)
Rhinovirus 1,208 150 (12.4%)
RSV 1,214 83 (6.8%)
Parainfluenza 1,208 56 (4.6%)
hMPV 1,208 63 (5.2%)
Adenovirus 1,007 10 (1.0%)
Enterovirus 1,007 10 (1.0%)

*Percent positive = detected on laboratory test within 7 days of admission as a percentage of the total

tested



Table 2: Respiratory pathogen testing, results and percent positive rate for specimens associated with emergency admission for

COPD, by month of admission (1/12/2016 to 30/11/2018 data combined)

Month of Influenza Rhinovirus RSV Parainfluenza hMPV HINF SPNE MCAT PAER
admission (percent
with COPD positive*)

January 109/338 30/333 29/333 6/333 21/333 119/578 | 19/578 16/578 16/578

(32.2%) (9.0%) (8.7%) (1.8%) (6.3%) (20.6%) | (3.3%) (2.8%) (2.8%)

February 70/202 14/202 5/202 <5/202 8/202 82/491 15/491 7/491 15/491

(34.7%) (6.9%) (2.5%) (0.5 -1.0%) (3.9%) (16.7%) | (3.1%) (1.4%) (3.1%)

March 32/122 11/122 <5/122 <5/122 5/122 77/440 15/440 11/440 15/440

(26.2%) (9.0%) (0.8 -3.3%) (0.8 - 3.3%) (4.1%) (17.5%) | (3.4%) (2.5%) (3.4%)

April 11/72 14/72 <5/72 14/72 <5/72 73/405 10/405 13/405 13/405

(15.2%) (19.4%) (1.4 -5.6%) (19.4%) (1.4 -5.6%) (18.0%) | (2.5%) (3.2%) (3.2%)

May <5/49 5/49 0/49 <5/49 <5/49 61/376 10/376 11/376 13/376

(2.0-8.2%) (10.2%) (2.0-8.1%) (2.0-8.1%) | (16.2%) | (2.7%) (2.9%) (3.5%)

June 0/42 7/42 0/42 5/42 <5/42 50/358 10/358 5/358 20/358

(16.7%) (11.9%) (2.4-9.5%) | (14.0%) | (2.8%) (1.4%) (5.6%)

July 0/29 <5/29 0/29 <5/29 <5/29 66/334 5/334 7/334 14/334

(3.4-13.8%) (3.4-13.8%) | (3.4—-13.8%) | (19.8%) | (1.5%) (2.1%) (4.2%)

August 0/23 5/23 0/23 <5/23 <5/23 50/307 6/307 7/307 19/307

(21.7%) (4.3-17.4%) | (43-17.4%) | (16.3%) | (2.0%) (1.0%) (5.8%)

September 0/31 10/31 <5/31 <5/31 <5/31 53/344 8/344 6/344 22/344




(323%) | 32-12.9%) | (32-12.9%) | (32— 12.9%) | (154%) | (23%) | (1.7%) | (6.4%)

October <5/71 22/69 <5/71 5/69 <5/69 66/394 | 8/394 | 9/394 | 17/394
(14-56%) | (31.9%) | (1.4-5.6%) (7.2%) (14-58%) | (16.8%) | (2.0%) | (2.3%) | (4.3%)

November <5/36 8/82 9/36 <5/82 <5/82 63/471 | 21/471 | 19/471 | 22/471
(1.2 - 4.7%) (9.8%) (10.5%) (12-49%) | (12-49%) | (13.4%) | (4.5%) | (4.0%) | (4.7%)

December 30/154 20/154 32/154 7/154 14/154 87/515 | 27/515 | 20/515 | 14/515
(19.5%) (13.0%) (20.8%) (4.5%) (9.1%) (16.9%) | (52%) | (3.9%) | (2.7%)

*Percent positive = detected on laboratory test within 7 days of admission as a percentage of the total tested

Small counts have been masked as <5.

HINF = H.Influenzae, SPNE = S.Pneumoniae, MCAT = M. Catarrhalis, PAER = P.Aeruginosa




Table 3: Contingency table showing accuracy of influenza ICD-10 codes associated with

emergency admission for COPD, as compared to laboratory test result

Laboratory test
Diagnosis Positive Negative Total
ICD-10 code present 155 25 180
ICD-10 code absent 107 932 1039
Total 262 957 1,219

Sensitivity = 59.2% (52.9 — 65.1%); Specificity = 97.4% (96.2 — 98.3%); PPV = 86.1% (80.6 — 90.2%);
NPV = 89.7% (88.3 — 91.0%)



Table 4: Contingency table showing accuracy of P.aeruginosa ICD-10 codes associated

with emergency admission for COPD, as compared to laboratory test result

Laboratory test
Diagnosis Positive Negative Total
ICD-10 code present 85 92 177
ICD-10 code absent 115 4,721 4836
Total 200 4,813 5,013

Sensitivity = 42.5% (35.6 —49.7%); Specificity = 98.1% (97.7 — 98.5%); PPV = 48.0% (41.6 — 54.5%);
NPV = 97.6% (97.3 — 97.9%)



Figure 1: Mean count of monthly emergency admissions for COPD in Wales, by age

group
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4.2 SUPPLEMENTARY MATERIAL

S1: ICD-10 codes for specific respiratory pathogens

Influenza - J09, J10, J11; Respiratory syncytial virus - J12.1, J20.5, J21.0, B97.4; Parainfluenza
-J12.2,J20.4; Rhinovirus - J20.6; Human metapneumovirus - J12.3,J21.1; Adenovirus - J12.0,
B34.0, B97.0; Enterovirus - B34.1, B97.1; Haemophilus influenzae - J14, J20.1, A49.2, B96.3,
A41.3, Streptococcus pneumoniae - J13, B95.3, A40.3, and Pseudomonas aeruginosa - J15.1,

B96.5. Moraxella catarrhalis is not associated with any pathogen-specific ICD-10 codes.

S2: Emergency admission for COPD and laboratory data linkage by NHS provider

NHS Provider COPD admissions linked

to a laboratory record

within 7 days of

admission (%)
Aneurin Bevan Local Health Board 6,341/6,369 (99.6%)
Abertawe Bro Morgannwg University Local Health 5,636/5,664 (99.5%)
Board
Betsi Cadwaladr University Local Health Board 4,267/4,287 (99.5%)
Hywel Dda Local Health Board 3,503/3,515 (99.7%)
Cardiff and Vale University Local Health Board 3,051/3,065 (99.5%)
Cwm Taf Local Health Board 2,760/2,761 (99.9%)
Powys Teaching Local Health Board 24/40 (60.0%)

Velindre NHS Trust 14/14 (100%)




S3: Contingency tables showing accuracy of pathogen-specific ICD-10 codes associated

with emergency admission for COPD, as compared to laboratory test result

Rhinovirus:
Laboratory testing
Diagnosis Positive Negative Total
ICD-10 code present 0 0 0
ICD-10 code absent 150 1058 1208
Total 150 1058 1,208

Sensitivity = 0.0% (95% confidence interval 0.0 — 2.4%); Specificity = 100% (99.7 — 100%);

PPV =n/a; NPV =87.6% (85.6 — 89.4%)

Respiratory syncytial virus:

Laboratory testing
Diagnosis Positive Negative Total
ICD-10 code present 10 0 10
ICD-10 code absent 73 1,131 1,204
Total 83 1,131 1,214

Sensitivity = 12.1% (95% CI 5.9 — 21.0%); Specificity = 100% (99.7 — 100%); PPV = 100%;

NPV =93.9% (93.5 — 94.4%)




H.influenzae:

Laboratory test
Diagnosis Positive Negative Total
ICD-10 code present 176 16 192
ICD-10 code absent 661 4,160 4,821
Total 837 4,176 5,013

Sensitivity = 21.0% (95% CI 18.3 — 24.0%); Specificity = 99.6% (99.4 — 99.8%); PPV =91.7%

(86.9 — 94.8%); NPV = 86.3% (85.9 — 86.7%)

S.pneumoniae:
Laboratory test
Diagnosis Positive Negative Total
ICD-10 code present 31 13 44
ICD-10 code absent 123 4,846 4,969
Total 154 4,859 5,013

Sensitivity =20.1% (95% CI 14.1 —27.3%); Specificity = 99.7% (99.5 — 99.9%); PPV = 70.5%

(56.0 — 81.7%); NPV = 97.5% (97.3 — 97.7%)




The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies

using routinely collected health data.**

any prespecified hypotheses

Item | STROBE items Location in RECORD items Location in
No. manuscript where manuscript where
items are reported items are reported
Title and abstract
1 (a) Indicate the study’s design with a | 2 RECORD 1.1: The type of data used should | 2
commonly used term in the title or be specified in the title or abstract. When
the abstract (b) Provide in the possible, the name of the databases used
abstract an informative and balanced should be included.
summary of what was done and what
was found RECORD 1.2: If applicable, the geographic | 2
region and timeframe within which the
study took place should be reported in the
title or abstract.
RECORD 1.3: Iflinkage between databases | 2
was conducted for the study, this should be
clearly stated in the title or abstract.
Introduction
Background 2 Explain the scientific background | 3,4
rationale and rationale for the investigation
being reported
Objectives 3 State specific objectives, including | 4

Methods




Study Design

Present key elements of study design
early in the paper

4,5

Setting

Describe the setting, locations, and
relevant dates, including periods of
recruitment, exposure, follow-up,
and data collection

Participants

(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

NA

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.

5,6

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.

NA

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

Clearly define all outcomes,
exposures, predictors, potential
confounders, and effect modifiers.

5,6

RECORD 7.1: A complete list of codes and
algorithms used to classify exposures,
outcomes, confounders, and effect




Give  diagnostic  criteria, if
applicable.

modifiers should be provided. If these
cannot be reported, an explanation should
be provided.

Data sources/
measurement

For each variable of interest, give
sources of data and details of
methods of assessment
(measurement).

Describe comparability of
assessment methods if there is more
than one group

5,6

Bias

Describe any efforts to address
potential sources of bias

NA

Study size

10

Explain how the study size was
arrived at

NA

Quantitative
variables

11

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

NA

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 - 1f 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 RECORD 12.1: Authors should describe | 5

cleaning methods the extent to which the investigators had
access to the database population used to
create the study population.

RECORD 12.2: Authors should provide
information on the data cleaning methods
used in the study.

Linkage RECORD 12.3: State whether the study | 4, 5
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 | NA RECORD 13.1: Describe in detail the | 5

individuals at each stage of the study selection of the persons included in the
(e.g., numbers potentially eligible, study (i.e, study population selection)
examined for eligibility, confirmed including filtering based on data quality,
eligible, included in the study, data availability and linkage. The selection
completing follow-up, and analysed) of included persons can be described in the
(b) Give reasons for non- text and/or by means of the study flow
participation at each stage. diagram.

(c) Consider use of a flow diagram

Descriptive data 14 (a) Give characteristics of study | NA

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)




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

NA

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

19-24

Other analyses

17

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

NA

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

10

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 confounding, missing data,

10, 11




and changing eligibility over time, as they
pertain to the study being reported.

Interpretation 20 Give a cautious overall | 9,10,11
interpretation of results considering
objectives, limitations, multiplicity
of analyses, results from similar
studies, and other relevant evidence

Generalisability 21 Discuss the generalisability | 9,10,11
(external wvalidity) of the study
results

Other Information

Funding 22 Give the source of funding and the | 13
role of the funders for the present
study and, if applicable, for the
original study on which the present
article is based

Accessibility  of . RECORD 22.1: Authors should provide | 13
protocol, raw data, information on how to access any
and programming supplemental information such as the study
code protocol, raw data, or programming code.

*Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Langan SM, the RECORD Working
Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement. PLoS Medicine
2015; in press.

**Checklist is protected under Creative Commons Attribution (CC BY) license.



5 DISCUSSION

5.1 SUMMARY

It is undisputed that respiratory tract infections result in huge morbidity and mortality each year,
impacting people across age groups and geographical boundaries,*®* with the World Health
Organisation ranking LRTIs 4" amongst the leading causes of death globally in 2019.
However, estimates of impact vary by research group, and are — necessarily — extrapolated from
the limited data available.®® To develop, implement and evaluate interventions to reduce the
burden of respiratory tract infections, high quality pathogen-specific data establishing the rate

and severity of infection in different regions and patient groups is important.

ICD codes which relate to respiratory pathogens are often readily available in linkable
electronic health record databases and have therefore been used for these purposes
previously.®”"* However, as described in my systematic scoping review, variation in case
definitions can limit the research community’s ability to draw reliable insights from EHR-based
research. Furthermore, for diagnoses based on microbiology results, I show in Chapter 4 how
linkage with laboratory data enables greater accuracy in identifying cases, as compared to use
of clinical coding systems. Our data shows that ICD codes have a low sensitivity to identify
respiratory pathogens (ranging from 0-59.2%, depending on the pathogen in question), and so
relying on these codes for retrospective case ascertainment would significantly underestimate
the burden of disease conferred by the pathogen under study. Other groups who had access to
microbiology data also report that they would have grossly underestimated respiratory

pathogen-related hospital admissions had they relied on diagnosis codes alone.’”> 78

Our data also shows that there is currently an under-utilisation of diagnostic microbiology for
AECOPD, but when tested for, respiratory viruses were commonly detected in people admitted
to hospital with AECOPD. Increased testing and thus, identification, of people with a viral
rather than bacterial trigger for their exacerbation could help with timely isolation in healthcare
settings, treatment with antivirals when appropriate, and the targeting of antibiotic therapy
(especially useful in the face of growing antimicrobial resistance). The increased respiratory
virus testing implemented during the COVID-19 pandemic may facilitate more widespread use

in routine care going forward.



5.2 STRENGTHS AND LIMITATIONS

The strengths of this work include near-complete population coverage, with a base dataset
covering all admissions to hospitals in Wales, and the high level (99.5%) of successful linkage
between hospital admissions and microbiology data. This has enabled description of real-world
microbiology testing in emergency admissions for COPD, an estimation of the contribution of
bacterial and viral pathogens to severe AECOPD, and assessment of the accuracy of pathogen-

specific ICD-10 diagnosis codes in this context.

There are some limitations to our work. The pattern of respiratory infections varies by year and
by geographical region, and so the data presented here do not necessarily characterise patterns
in other countries or current times. However, our estimates of the proportion of hospitalised
AECOPD testing positive for respiratory viruses are similar to previous estimates.”® 8! Further,
the large decline in emergency admissions for COPD during the COVID-19 pandemic (both in
the UK and elsewhere),’*** when circulation of other respiratory viruses had plummeted,’*%
adds weight to the impression that respiratory viruses trigger a substantial proportion of

AECOPD.

The definition of COPD used was based on the diagnosis codes ascribed to hospital admissions,
along with the added criterion of needing to be age >35 at the time of admission. However, it
is unlikely that all individuals included have spirometry-confirmed COPD and/or are on
maintenance treatment for COPD. I used my working definition in order to try to identify all
admissions where the individual was treated as having an AECOPD. I felt that stipulating
additional inclusion criteria would not be beneficial to the balance of sensitivity and specificity,
especially since not all GP practices release data to SAIL, and so data regarding investigations

and treatment would be missing for a proportion of people.

5.3 FUTURE WORK

This study has shown just one example of the utility of linking microbiology data to other
routinely collected healthcare data. Further applications are almost limitless, and given our
national dataset, could include estimating the incidence of a number of important infections in

defined populations, for which data currently remain elusive.

For example, in the sphere of COPD, our dataset could be used to estimate the incidence of

rarer infection outcomes, such as pulmonary aspergillosis, pneumocystis pneumonia (PCP), and



mycobacterial infection. By linking to primary care data, it would also be possible to investigate
whether inhaled corticosteroid use in COPD was a risk factor for development of these
infections, especially important given that a sizeable number of individuals are prescribed
inhaled corticosteroid without a clear indication.>® It would also be possible to provide long
term follow up data regarding individuals with COPD receiving long-term antibiotics for
exacerbation prevention, including a comparison of the effectiveness of different prophylactic

antibiotic regimens, one of the areas highlighted for future research by NICE.%¢

Another group in which long-term, large-scale linked microbiology and healthcare data is
invaluable is the immunosuppressed population. Growing numbers of individuals are receiving
immunomodulatory therapy, but to date, estimating the risk of specific infections conferred by
each therapy is limited by trials of limited duration and relatively small numbers, together with
the fact that often pathogen-specific detail is not recorded or reported. This means that
ambiguity and inconsistency exist regarding the populations that particular preventative
strategies should be applied to. For example, use of antimicrobial prophylaxis for pneumocystis
pneumonia has been advocated where risk of infection exceeds the risk of severe adverse events
(around 3%),%” but the risk of PCP conferred by many immunomodulatory therapies and disease

states currently remains unknown.

Finally, with antimicrobial resistance a growing problem, linking resistance data to other
routinely-collected healthcare data could help to highlight which patient groups are
experiencing the biggest problem in this regard, and were most in need of antimicrobial
stewardship interventions. Supporting the availability and access of linked data to enable
analysis of antimicrobial resistance has been highlighted as one of the UK’s commitments in

tackling antimicrobial resistance in a national 5-year action plan 2019-2024.%

Several hurdles need to be overcome to achieve full potential from our data. These include
cleaning of the available data without losing granularity, standardisation of the naming of tests
and the units of measurement reported across the same test in the raw data (or careful clinical

review to establish code sets for given diagnoses).®’

5.4 CONCLUSIONS

To conclude, accurate and reproducible case definitions are imperative to draw reliable insights

from EHR-based research. For diagnoses based on microbiology tests, linkage with



microbiology datasets enables greater accuracy in case ascertainment. Although currently,
large-scale linkage of anonymised microbiology data to other routinely collected healthcare
data for retrospective study is not possible in many regions, advances seen in health data
research during the COVID-19 pandemic may prompt wider accessibility and linkage to
microbiology data going forward. Linking microbiology data with other routinely collected

healthcare data presents an array of future applications.



APPENDICES

Appendix 1: Information Governance Review Panel approval

SA I L ZT/03/2020

Daar Shamya,
Re: Effect
with COPD:-
Your proposal to use the SAIL databank has been assessed by the
AL Collaboration Review System (CRS). The CR5 consists of the
SAIL Management Team and the Information Governance Review
Panel [IGRF). The membership of the IGRP iz comprized of senior
representatives from:

= British Medical &ssociation (BMA)

= Mational Research Ethics Service (MRES)

= Public Health Wales

= HHS Wales Informatics Service (HWI5)

= Swansea Bay Umiversity Health Board (SELHE)

= Consumer Panel for Data Linkage Research
After careful consideration the proposal has been given approval
to commence with analysis.
The project has been given a SAIL project number of - Please
quote this number in all correspondence regarding this project.
Creation of project specific data view
Work will now commence on the creation of the project specific
data view. The lead analyst contact for this will be Caroline Brooks
and they will be in contact with you to confirm your data
specification.
User access

F Omce the project specific data view has been created you will be
SAIL allocated a SAIL Gatewsy user account if you reguire direct access

to the data. Please contact | - <=t=i=

of how to apply for an account.

Publication statement
Al publications must acknowiedge the use of SAIL data.

Yours sincerely
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