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ABSTRACT

Introduction COVID-19 is commonly experienced as an
acute illness, yet some people continue to have symptoms
that persist for weeks, or months (commonly referred to
as ‘long-COVID’). It remains unclear which patients are at
highest risk of developing long-COVID. In this protocol, we
describe plans to develop a prediction model to identify
individuals at risk of developing long-COVID.

Methods and analysis We will use the national Early
Pandemic Evaluation and Enhanced Surveillance of COVID-19
(EAVE Il) platform, a population-level linked dataset of routine
electronic healthcare data from 5.4 million individuals in
Scotland. We will identify potential indicators for long-COVID by
identifying patterns in primary care data linked to information
from out-of-hours general practitioner encounters, accident
and emergency visits, hospital admissions, outpatient visits,
medication prescribing/dispensing and mortality. We will
investigate the potential indicators of long-COVID by performing
a matched analysis between those with a positive reverse
transcriptase PCR (RT-PCR) test for SARS-CoV-2 infection

and two control groups: (1) individuals with at least one
negative RT-PCR test and never tested positive; (2) the general
population (everyone who did not test positive) of Scotland.
Cluster analysis will then be used to determine the final
definition of the outcome measure for long-COVID. We will then
derive, internally and externally validate a prediction model to
identify the epidemiological risk factors associated with long-
COovID.

Ethics and dissemination The EAVE Il study has obtained
approvals from the Research Ethics Committee (reference:
12/SS/0201), and the Public Benefit and Privacy Panel

for Health and Social Care (reference: 1920-0279). Study
findings will be published in peer-reviewed journals and
presented at conferences. Understanding the predictors for
long-COVID and identifying the patient groups at greatest
risk of persisting symptoms will inform future treatments
and preventative strategies for long-COVID.

INTRODUCTION

In December 2019, an outbreak of a novel corona-
virus was reported in Wuhan, China. The WHO
declared the outbreak a global pandemic named
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= We will use national data on ~99% of the Scottish
population using the Early Pandemic Evaluation and
Enhanced Surveillance of COVID-19 platform.

= Our study will be unable to identify long-COVID pa-
tients who have not been in contact with healthcare
services in Scotland.

= Identifying long-COVID using routinely collected
electronic health records may be challenging due to
the lack of a standardised definition and variation in
coding practices across healthcare systems.

= To improve the identification of long-COVID (and as-
sociated clinical features), we intend to use free text
in addition to the coded data available in electronic
health records.

= We are actively involving individuals who have ex-
perienced long-COVID to shape the research and
ensure relevance to patients and the public.

COVID-19 caused by the SARS-CoV-2 corona-
virus. By November 2021, the WHO had reported
over 240million confirmed cases and at least five
million deaths worldwide,l with more than nine
million confirmed cases and over 140000 deaths
reported in the UK?*

The severity and duration of the acute
SARS-CoV-2 infection varies widely. Most
people are asymptomatic or experience
mild-to-moderate symptoms, while a smaller
proportion (10%-15%) of cases experience
more severe illness.” The majority of people
recover after 2-6 weeks depending on disease
severity.” However, some individuals have
symptoms that last or recur for weeks or
months after the initial acute infection.™®
Long-term effects of COVID-19 can present
with a wide range of clinical features, relating
to cardiovascular, neurological, respiratory
and other organ systems, including mental
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health.”® Common symptoms include fatigue, breath-
lessness, headaches, muscle weakness, joint pain and loss
of taste or smell.”” #1518

Unified guidance to manage the long-term effects of
COVID-19 in the UK has been developed by the National
Institute for Health and Care Excellence (NICE), Scot-
tish Intercollegiate Guidelines Network (SIGN) and
the Royal College of General Practitioners (RCGP).'
The guidance described two working case definitions of
ongoing symptomatic COVID-19 (individuals with signs
and symptoms of COVID-19 from 4weeks to 12 weeks)
and post-COVID-19 syndrome (individuals with signs
and symptoms that develop during or following an infec-
tion consistent with COVID-19, continue for more than
12 weeks and are not explained by an alternative diag-
nosis).'® The term ‘long-COVID’ therefore commonly
refers to those who continue to present signs and symp-
toms 4weeks after acute COVID-19 infection, that is, both
ongoing symptomatic COVID-19 and post-COVID-19
syndrome.'®

In Scotland, patients with symptoms suggestive of
long-COVID are advised to seek medical care from their
general practitioner (GP)." Diagnostic codes (Read
codes, V.2) within the Scottish GP electronic system were
introduced in March 2021 using NICE-led working defini-
tions of long-COVID.* Equivalent diagnostic codes were
also introduced in Scotland’s Scottish Clinical Coding
Standards using International Classification of Diseases
10th Revision (ICD-10) codes within secondary care data
in February 2021.*' The long-COVID diagnostic codes are
available in online supplemental material.

Despite the progress in diagnostic coding, the preva-
lence and risk factors associated with long-COVID remain
poorly understood, reflecting the lack of an agreed oper-
ational definition, the absence of diagnostic tests and the
considerable variation in presentation. Reviews on the
long-COVID literature have found that it was difficult to
estimate the prevalence of persistent COVID-19 symp-
toms with certainty.'” ' Therefore, alternative methods
need to be adopted to identify those with long-COVID, so
that the long-term consequences of COVID-19 illness can
be better understood and individuals at highest risk of
developing long-COVID can be identified early.” ***** In
this study, we aim to derive and validate a risk prediction
model to estimate the probability that an individual will
develop long-COVID. Our objectives are to: (1) create an
operational definition of long-COVID through studying
health system interactions using a national linked health-
care dataset; (2) derive and validate a risk prediction
model to estimate the probability of developing long-
COVID and (3) enhance the risk prediction model using
machine learning.

METHODS AND ANALYSIS

Study design and population

We will undertake a national prospective population-
based cohort study using the national Early Pandemic

Evaluation and Enhanced Surveillance of COVID-19
(EAVE TI) platform.” ** EAVE II comprises routinely
collected primary care, secondary care, laboratory and
serology data from 5.4million Scottish residents regis-
tered with a GP (~99% of the Scottish population) from
February 2020.”° ** We will primarily focus on adults
(aged 218 years) but will consider extending the cohort
to include children (aged <18 years) if there are sufficient
numbers of individuals in this age group. We intend to
use data from February 2020 up to March 2023. The study
started on 1 March 2021* and is scheduled to end on 28
February 2023.

Inclusion/exclusion criteria

Since the baseline population for this study is everyone
registered with a GP, those who are not registered with a
GP in Scotland will be excluded from the analyses.

Sample size calculation
We are using the whole population of Scotland and there-
fore sample size calculations are not applicable.

Databases

The EAVE II platform links a wide range of routine
healthcare datasets using pseudonymised identifiers of
National Health Service (NHS) Scotland’s Community
Healthcare Index. We will use these routinely collected
data sources (described below) to identify individuals
with long-COVID and to determine their characteristics
in the EAVE II cohort.

Primary care data

Primary care data will be extracted from GP practices via
EAVE II’s trusted third party Albasoft Ltd.*® % GPs in the
UK provide healthcare services that are free at the point
of service and usually act as the first point of contact into
the healthcare system. This data source captures all clin-
ical and administrative activity at GPs and the character-
istics of registered patients. These data are stored either
as: (1) clinical codes; or (2) written free text.”” The latter
is used to capture detailed information on any encounter
and may provide additional information not available in
coded data. In order to include data from primary care
encounters when GP practices are closed, we will use out-
of-hours (OOH) records derived from the Public Health
Scotland (PHS) Primary Care OOH Data Mart.?

Secondary care data

Activity in hospital-based care will be extracted from the
Scottish Morbidity Record (SMR) 01 which holds detailed
information on hospital admissions, such as the specific
area of clinical activity (specialty), the facility of care,
patient management and new diagnoses.”® Diagnoses in
SMRO1 will be extracted using ICD-10 codes.” For data
on intensive care, we will use the Scottish Intensive Care
Society Audit Group dataset of all adult patients admitted
to intensive care units (ICUs) and high-dependency units
in Scotland.® For outpatient care, we will use the SMR00

2

Daines L, et al. BMJ Open 2022;12:059385. doi:10.1136/bmjopen-2021-059385


https://dx.doi.org/10.1136/bmjopen-2021-059385

dataset, which captures outpatient activity in specialist
clinics such as physiotherapy.®®

Laboratory data

All COVID-19 testing will be obtained from the Electronic
Communication of Surveillance in Scotland dataset. This
surveillance data contains all reverse transcriptase PCR
(RT-PCR) tests, carried out in Scotland.*® Sequencing
data will be obtained from the Centre of Genomics and
will make it possible to account for the variant of SARS-
CoV-2 during model building.

Vaccination data

COVID-19 vaccination data, including vaccination type
and number of doses administered, will be available
from two sources: GP records and the Turas Vaccina-
tion Management Tool, a web-based tool used to record
community vaccinations in Scotland.*

Telehealth data

Telehealth in Scotland is operated by NHS 24 Scotland,
which delivers telephone and online services.” We are
specifically interested in the NHS 24 111 teleservice,
which provides OOH advice. During the pandemic, this
service was expanded to include a COVID-19 helpline
which was used to provide advice and triage patients to
COVID-19 Assessment Centres.”

Prescribing data

Prescription data relating to all medications prescribed and
dispensed in the community in Scotland will be extracted
from the prescribing information system.26 These medica-
tions are coded using the British National Formulary (BNF)
code lists.! For medication data within hospitals, Hospital
Electronic Prescribing and Medicines Administration, which
are available for five Health Boards will be used.?®

Mortality data

Mortality data will be taken from death registry data within
the National Records of Scotland. These records hold infor-
mation included on the death certificate, including cause(s)
of death which are recoded using ICD-10 codes.®

Other data

We will explore the use of other linkages available within
the EAVE II platform. These include Scotland’s Census
2011 from NHS Research Scotland for information on
ethnicity, disability and occupation as part of the EAVE II
substudy for ethnic and social inequalities in COVID-19
outcomes in Scotland.** We will also consider linkages and
comparisons to Generation Scotland’s CovidLife surveys
which launched in April 2020 to capture how COVID-19
has been affecting volunteers in the UK.%

Determining an operational definition for long-COVID

We will base our operational definition on the case defini-
tions for the effects of COVID-19 illness at different time
periods developed by NICE':

1. Acute COVID-19 infection: individuals with signs and
symptoms of COVID-19 for up to 4 weeks.

2. Ongoing symptomatic COVID-19: individuals with
signs and symptoms of COVID-19 from 4 to 12 weeks.

3. Post-COVID-19 syndrome: individuals with signs and
symptoms that develop during or following an infec-
tion consistent with COVID-19, continue for more
than 12 weeks and are not explained by an alterna-
tive diagnosis. The post-COVID-19 syndrome usually
presents with clusters of symptoms, often overlapping,
which can fluctuate and change over time and can af-
fect any organ system.

Long-COVID commonly refers to those who continue
to present with signs and symptoms four or more weeks
after acute COVID-19 infection, therefore, our primary
outcome will include both ongoing symptomatic
COVID-19 and post-COVID-19 syndrome. Our secondary
outcome will focus on the clinical encounters suggestive
of the post-COVID-19 syndrome. Further details are in
the statistical analyses.

Population characteristics

Population characteristics will be explored to assess the
risk factors for developing long-COVID and to account
for any confounding in our analyses.

Sociodemographics

Age will be determined based on the available GP data
and will be available as a continuous and categorical vari-
able. Those aged over 100 will be truncated into the one
group to overcome low sample size issues. Sex at birth will
be included as a binary variable (female/male). Depri-
vation status will be derived from the Scottish Index of
Multiple Deprivation 2020 quintile of the resident’s post-
code associated with their GP registration. Ethnicity data
will also be included if completeness and quality of data
is adequate. We will also consider other available informa-
tion such as body mass index (BMI) and smoking status
(smoker, ex-smoker, non-smoker and unknown).

Geographical

Area of residence in terms of NHS Scotland Health Boards
and local authorities will be considered. Settlement type
will be determined by the urban/rural sixfold classifica-
tion (UR6). Type of residence will also be considered
such as private residence, care home and social/council
housing if data are available.

Clinical characteristics

Using diagnostic codes from the QCOVID algorithm,*
we will identify the following conditions: (1) cardiovas-
cular; (2) diabetes (type 1 and type 2); (3) respiratory; (4)
cancer (blood cancer, chemotherapy, lung or oral cancer,
marrow transplant, radiotherapy); (5) neurological; (6)
other conditions, such as liver cirrhosis, osteoporotic frac-
ture, rheumatoid arthritis, systemic lupus erythematosus,
sickle cell disease, venous thromboembolism, solid organ
transplant, renal failure (chronic kidney disease stages
3-5 with or without dialysis or transplant).**
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Severity of acute COVD-19 illness

Admission to hospital, any requirement for treatment in
the ICU, and death will be used to categorise the severity
of COVID-19 infection. We will define a COVID-19 hospi-
talisation as an RT-PCR confirmed positive test for SARS-
CoV-2 in the 28 days prior to admission, or admission with
an ICD-10 code for COVID-19. A COVID-19 ICU admis-
sion will be defined as a RT-PCR confirmed positive test
for SARS-CoV-2 in the 28 days prior to ICU admission. A
COVID-19 death will be defined as dying within 28 days of
confirmed or probable COVID-19.

Missing data

The amount of missing data will be examined for each
variable of interest. Continuous variables, for example,
BMI, will be imputed using predictive mean matching or
imputation by chained equations if appropriate. Categor-
ical variables with missing data will have a distinct group
of “‘Unknown’. We will consider dealing with these missing
categorical variables by either keeping the distinct group,
imputing them using chained equations or removing
them from the analysis. The latter will be a complete-case
analysis, which will reduce the total sample size.

Statistical analyses

Developing an operational definition of long-COVID

We will first derive an operational definition for long-
COVID by identifying patterns in clinical interactions
within NHS Scotland services that may suggest long-
COVID. A visual illustration of our intended methods is
shown in figure 1.

Indicators of long-COVID
We are interested in (1) GP interactions; (2) hospital
admissions; (3) outpatient attendances; (4) Accident

Step 1 - Data preparation

" Other healthcare data A ///

o)
+ | + N+ + ‘

@
Medications Mortality )

\Hospitaldata Out of hours Telehealth

and Emergency visits; (5) OOH encounters; (6) NHS
24 telehealth interactions; (7) medications (from GP
prescribing and primary care pharmacy dispensing data)
and (8) all-cause mortality. Our primary focus will be on
the GP data, with other healthcare data providing corrob-
orative information (step 1, figure 1). Information within
these electronic health datasets will serve as an investiga-
tive list of potential indicators for long-COVID.

For the healthcare services (sources a to f), we will
investigate the frequency of interactions and the reasons
for each interaction which will include any new diagnoses
(categorised by body system), treatments, tests or proce-
dures related to long-COVID. For medications (7), we will
investigate the frequency and type of new prescriptions
using BNF chapters. For all-cause mortality (8), we will
record the causes of death using ICD-10 codes. Figure 2
summarises the different data sources and potential
indicators of long-COVID we intend to investigate. The
dataset will comprise of categorical binary variables (eg,
diagnosis or not) and numerical variables (eg, number of
consultations).

GP records provide a rich source of primary care data,
with the coded data providing additional context to inter-
actions such as the type of interaction (eg, consultation,
encounter, remote or face to face), referrals to specialty
care and sick notes. For more detailed information on
signs and symptoms that are indicative of long-COVID, we
intend to use written free text available from GP records.
We will use natural language processing (NLP) to iden-
tify key words or phrases of signs and symptoms relating
to long-COVID. This NLP model will be applied to all
written free text using Computer-Assisted (diagnostic)
Coding. This will create derived codes associated with
the key words and phrases (1 if the text mentions word

GP coded data

Read codes Local codes

GP free text data

Processing
Derived free text data

e °
@ L
Long COVID ©
Step 2 - Matched analysis .. indicators e Step 3 - Cluster analysis
[ J
( 1. Time-varying propensity score\( 2. Follow-up o ... ] EAVE Study EAVE Study
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Exposed Controls COVID-19
5 ¥t 5 2 2
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s tients only
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Figure 1
Evaluation and Enhanced Surveillance of COVID-19.

Operational definition
of Long COVID

Schematic diagram of methods for developing an operational definition for long COVID-19. EAVE, Early Pandemic

Daines L, et al. BMJ Open 2022;12:059385. doi:10.1136/bmjopen-2021-059385



Date and result of RT-PCR tests J

ECOSS

[ I

I

GP data \ / Secondary care data \\

(
Admission to hospital

Reason for admission

GP consultations and
encounters

Diagnoses

Treatments, tests and
procedures

Referrals to specialty care
Sick notes

{
\_Signs and symptoms* /

GP practice data from
Albasoft

Diagnoses

Treatments, tests and
procedures

Outpatient attendance

\Outpatient specialty /

SMROO0, SMRO1, SICSAG

Primary source

Unscheduled care data
Uptake of OOH

1
Medication data ) Mortality data
New medication All cause mortality
Type of icati
E

Reason for OOH

A&E attendances

Reason for A&E attendances

Uptake of NHS 24 services
\\Reason for NHS 24 encountey

NRS deaths
PIS and HEPMA

Primary Care Out of Hours
Data Mart, A&E Data Mart,
NHS 24 data

,
Supplementary source

Figure 2 Data linkage diagram of long-COVID indicators and their data sources within the EAVE Il cohort. *Available through
written GP free text. A&E, Accident and Emergency; ECOSS, Electronic Communication of Surveillance in Scotland; GP, general
practitioner; HEPMA, Hospital Electronic Prescribing and Medicines Administration; NHS, National Health Service; NRS,
National Records of Scotland; OOH, out-of-hours; PHOSP-COVID, The Post-hospitalisation COVID-19 study; PIS, Prescribing
Information System; RT-PCR, real-time PCR; SICSAG, Scottish Intensive Care Society Audit Group; SMR, Scottish Morbidity

Record.

or phrase, 0 otherwise).35 % These derived codes will be
treated in a similar way to GP codes as discussed above.
Figure 3 demonstrates this process of transforming the
written GP free text into derived codes.

To initially explore potential long-COVID indicators,
we will obtain summary level counts of all codes of interest
within these healthcare datasets on individuals who tested
positive and negative for COVID-19 using an RT-PCR test.
We will count the frequency of these data >4 weeks after
the date of the test. This will inform which codes relating
to potential long-COVID indicators will be extracted on a
patient level for further analysis.

Matched analysis

To identify which of these long-COVID indicators are
most important, we will perform a matched analysis (step
2, figure 1). The exposed group will be defined as the
first date an individual tested positive for COVID-19 using
an RT-PCR test. Two control groups will be assigned: (1)
individuals who have had at least one negative RT-PCR
test and have never tested positive up to the date of the
exposed match testing positive and (2) the general popu-
lation (everyone who did not test positive) of Scotland.
These control groups will be investigated in turn.

We will use risk-set matching in a 3:1 ratio by time-
varying propensity score matching. This will be based on
the likelihood of testing positive for COVID-19 and will
consider incorporating the following characteristics: sex,

age, geography, comorbidities, risk factors, number of
previous SARS-CoV-2 tests, deprivation status and urban—
rural settlement. The adequacy of the matching will be
assessed by checking for imbalance of the individual
covariates across exposure groups.

For the matched analysis, each potential long-COVID
indicator will be treated as its own dependent variable in
turn. Follow-up will begin from 4 weeks after the exposed
tested positive for COVID-19. Follow-up will end on either
the date of event (if indicator is a binary variable), the
control testing positive for COVID-19, death from any
cause or the end of the follow-up period. Controls who
have a positive test will be eligible to be included in the
exposed group.

The long-COVID indicators will be compared between
the exposed and control groups using statistical tests such
as two-sample proportions test (for binary indicators),
two-sample ttests (for continuous indicators), Kaplan-
Meier curves to inspect cumulative incidence, and survival
analysis to look at the potential impact of interventions
on long-COVID symptoms.

We also plan to conduct similar analyses on the whole
cohort without propensity score matching. We will
consider stratifying by age and sex if numbers allow.

Cluster analysis
Clusters of long-COVID presentations in the exposed
group will be investigated further, using the long-COVID

Derived free text data Analysis

EAVEID  [ft_word

GP free text Derived free text variables
emerm Variable | Description Values
@ 0 D s
IS T ® ft_word | GP free text 1=VYes, 0=No
Natural Language contains word
Processing (NLP)

) > |

Computer
D2
Assisted 0

Coding (CAC)

Figure 3 Schematic diagram of NLP and CAC on GP free text. EAVE, Early Pandemic Evaluation and Enhanced Surveillance

of COVID-19; GP, general practitioner.
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indicators as our clustering input (step 3, figure 1). The
indicators will be summarised using a window of four or
more weeks after initially testing positive (eg, the number
of interactions >4 weeks after the test). These indicators
will not include the diagnostic codes for long-COVID
since we are aiming to provide a more accurate alterna-
tive to this measurement of long-COVID.

We will explore both hierarchical clustering and
k-means clustering, using distance measurements such
as the Gower Distance, which is a suitable measurement
of similarity for mixed categorical and numeric data.*”
We will also investigate clusters based on latent class
analysis. We will then internally validate these clusters
using statistics such as the silhouette coefficient and
the Dunn index.”®** Comparisons between the clusters
and long-COVID diagnostic codes will be undertaken
for validation. The final set of clusters of long-COVID
indicators will serve as our operational definition for
long-COVID.

Sensitivity analyses

We will perform a variety of sensitivity analyses to test the
robustness of our long-COVID definition. This includes
evaluating the start of follow-up to 12 weeks, to explore
whether the alternative outcome definition of ‘post-
COVID-19 syndrome’ display different clinical pathways.
We will also investigate the patterns in the long-COVID
indicators associated with the diagnostic long-COVID
codes. To capture those who may be suffering from long-
COVID but did not formally test positive for COVID-19
(or tested positive on a lateral flow device only), we will
investigate the long-COVID indicators in the general
population. We will also stratify by time period, for
example, during the different peaks of positive cases in
Scotland (eg, March 2020 to July 2020, August 2020 to
April 2021, December 2021 to March 2022).% This will
also reflect the dominant COVID-19 variants during the
different waves of infection.

Deriving and validating a risk prediction model for long-COVID

We will use the transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis
(TRIPOD) guidelines to report the derivation and valida-
tion of the long-COVID prediction model (see completed
checklist in online supplemental material)."” The model
will be derived using data from everyone in the cohort
(defined above) who received a positive PCR test. We
acknowledge the cohort may not include all people
who had COVID-19 (for instance those who only tested
positive by lateral flow device) but a positive PCR result
is the most reliable marker of COVID-19 available from
national datasets.

Descriptive analysis

We will begin analysis by conducting descriptive analyses
to visually inspect and summarise the types of potential
long-COVID presentations within the clusters. Next,
summaries of the geographical, sociodemographic and

risk factor profile of those presenting with the long-
COVID clusters will be reported.

Outcome

The outcome for the risk prediction model will be the
derived operational definition of long-COVID defined
from the cluster analysis. This will be dependent on the
number of optimum clusters and the different classifi-
cations of long-COVID presentation. Depending on the
clusters, we will classify our outcome into a binary variable
of belonging to one (or more) cluster(s) (1) or otherwise

(0).

Predictor variables

Predictors for the risk prediction model will consist of the
patient characteristics, including information on socio-
demographics, geographical, clinical comorbidities and
severity of COVID-19 infection. These will be a mixture
of continuous, binary and categorical variables. Contin-
uous variables will be tested for linearity and for more
flexible relationships (using smooth splines). Groupings
of continuous variables will be explored if necessary.

Type of model
We intend to use a multivariable logistic regression model.

Selection of predictors

We will build our model using stepwise selection based on
the Akaike’s information criterion and Bayesian informa-
tion criterion. To assess the fit of the model parameters,
the maximum likelihood ratio test will also be used.

Model evaluation/performance

To evaluate the model’s goodness of fit, we will use appro-
priate performance evaluation metrics such as the area
under the Receiver Operating Characteristic (ROC)
curve (captures the accuracy of the model discriminating
between the outcome), and the calibration plot and slope
(visualises the observed vs predicted values). Other eval-
uation measures such as the specificity (true negative
rate), sensitivity (true positive rate) and accuracy will be
considered if appropriate. We will also directly compare
the predicted and observed values.

Model validation

The model will be internally validated using k-fold cross
validation. We will validate using different time periods
as specified by one of the discussed sensitivity analyses in
the clustering analysis. We will explore opportunities for
external validation, comparison and meta-analysis with
other long-COVID initiatives.

Risk groups

To categorise the output of the model for further use
by clinicians and COVID-19 patients, we will consider
stratifying patients into risk groups based on the
predictive probabilities in the multivariable model, for
example, three groups of low, moderate and high risk of
long-COVID.
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Sensitivity analysis
Sensitivity analyses for the risk prediction algorithm will
depend on the outcomes from the sensitivity analyses
from Objective 1 of developing an operational definition
for long-COVID.

Enhancing the prediction model using machine learning
Advances in machine learning will be utilised to enhance
the development and validation of the prediction model.
Specifically, we will systematically explore the use of
supervised learning algorithms such as penalised models
(eg, Least Absolute Shrinkage and Selection Operator
(LASSO) regression), naive Bayes classifier, gradient
boosting decision trees and random forests to further
improve the prediction model developed with traditional
statistical methods. We will also consider using ensemble
learning methods to strategically combine multiple
models to obtain better predictive performance.

Patient and public involvement

Lay input has shaped the development of this research
and will continue throughout the project through the
patient and public involvement (PPI) co-applicant, the
EAVE II Public Advisory Group (PAG) and long-COVID
Scotland. PPI members will collaborate with the research
team to provide real-world perspectives when analysing
and interpreting study findings ensuring that the work
considers the needs, interests and concerns of patient
and public members.

ETHICS AND DISSEMINATION

Ethical approval

This study forms part of the EAVE II project which is inves-
tigating epidemiological risk factors of COVID-19 disease.
All data will be anonymised before being made avail-
able to the research team. EAVE II has already obtained
permissions from the Research Ethics Committee (REC
reference: 12/5S/0201), NHS Research and Develop-
ment, GPs, NHS Health Boards and the Public Benefit
and Privacy Panel (PBPP) for Health and Social Care
(reference number: 1920-0279).

Dissemination

To ensure the greatest impact of our findings, we will
actively disseminate to three key audiences: policy/public
health, academic and community based.

Policy and public health

Findings from this project will provide evidence to help NHS
Scotland and other international policy-makers identify
groups of the population who are at most risk of long-COVID
and related complications. We will work with partners in NHS
Scotland, PHS and the Scottish Government to establish
the best ways of disseminating these results and influencing
policy. We also plan to disseminate findings through the
National Core Studies programme, a UK government initia-
tive supported by Health Data Research UK, in partnership
with the Office for National Statistics.

Academic

We will communicate our findings through presentations
at major national and international scientific meetings and
through publications in relevant peer-reviewed journals. We
will publish our code and data dictionary on the EAVE II’s
GitHub repository (https://github.com/EAVE-II).

Community based

We will write lay summaries of publications and create
infographics to further communicate our findings via
press releases, public and patient engagement events,
social media and the EAVE II website (https://www.ed.
ac.uk/usher/EAVE-ii).
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