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Summary
Background Long COVID is a debilitating multisystem condition. The objective of this study was to estimate the
prevalence of long COVID in the adult population of Scotland, and to identify risk factors associated with its
development.

Methods In this national, retrospective, observational cohort study, we analysed electronic health records (EHRs) for
all adults (≥18 years) registered with a general medical practice and resident in Scotland between March 1, 2020, and
October 26, 2022 (98–99% of the population). We linked data from primary care, secondary care, laboratory testing
and prescribing. Four outcome measures were used to identify long COVID: clinical codes, free text in primary care
records, free text on sick notes, and a novel operational definition. The operational definition was developed using
Poisson regression to identify clinical encounters indicative of long COVID from a sample of negative and positive
COVID-19 cases matched on time-varying propensity to test positive for SARS-CoV-2. Possible risk factors for long
COVID were identified by stratifying descriptive statistics by long COVID status.

Findings Of 4,676,390 participants, 81,219 (1.7%) were identified as having long COVID. Clinical codes identified the
fewest cases (n = 1,092, 0.02%), followed by free text (n = 8,368, 0.2%), sick notes (n = 14,469, 0.3%), and the
operational definition (n = 64,193, 1.4%). There was limited overlap in cases identified by the measures; however,
temporal trends and patient characteristics were consistent across measures. Compared with the general population,
a higher proportion of people with long COVID were female (65.1% versus 50.4%), aged 38–67 (63.7% versus 48.9%),
overweight or obese (45.7% versus 29.4%), had one or more comorbidities (52.7% versus 36.0%), were immuno-
suppressed (6.9% versus 3.2%), shielding (7.9% versus 3.4%), or hospitalised within 28 days of testing positive (8.8%
versus 3.3%%), and had tested positive before Omicron became the dominant variant (44.9% versus 35.9%). The
operational definition identified long COVID cases with combinations of clinical encounters (from four symptoms,
six investigation types, and seven management strategies) recorded in EHRs within 4–26 weeks of a positive SARS-
CoV-2 test. These combinations were significantly (p < 0.0001) more prevalent in positive COVID-19 patients than in
matched negative controls. In a case-crossover analysis, 16.4% of those identified by the operational definition had
similar healthcare patterns recorded before testing positive.

Interpretation The prevalence of long COVID presenting in general practice was estimated to be 0.02–1.7%,
depending on the measure used. Due to challenges in diagnosing long COVID and inconsistent recording of
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information in EHRs, the true prevalence of long COVID is likely to be higher. The operational definition provided a
novel approach but relied on a restricted set of symptoms and may misclassify individuals with pre-existing health
conditions. Further research is needed to refine and validate this approach.
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Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched PubMed for studies that investigated the
prevalence and risk factors associated with long COVID using
data from electronic health records (EHRs), published up to
January 31, 2023. We used the search terms ((“electronic
health record*” OR “clinical cod*” OR “electronic patient
record*” OR “electronic clinical record*” OR EHR OR EPR OR
ECR) AND (“long covid” OR “post-COVID*” OR (“sequela*”
AND “COVID*”) OR “post-acute COVID*” OR (“consequence*”
AND COVID*) OR PASC OR “post-coronavirus” OR “ongoing
coronavirus” OR “ongoing COVID*”)) and excluded studies
that: considered only single-organ or single system effects;
focussed on very specific sub-populations (such as pregnant
women); primarily analysed survey data; or investigated acute
SARS-CoV-2 infection. 23 studies analysed EHRs to identify
risk factors and sequelae associated with long COVID. A subset
used matched analyses to isolate the effects of SARS-CoV-2
infection on sequelae or used machine learning methods to
identify symptom clusters or predict risk of long COVID. One
study used natural language processing to identify symptoms
of long COVID. However, none of the studies analysed
population-level data to estimate the general prevalence of
long COVID.

Added value of this study
The Early Pandemic Evaluation and Enhanced Surveillance of
COVID-19 (EAVE II) platform allowed linkage of primary and
secondary care data, with prescribing, vaccinations, SARS-

CoV-2 testing and genomic sequencing records for over 4.6
million individuals (all adults registered with a general medical
practice in Scotland). The opportunity to analyse free text
entries, in addition to coded data contained in EHR, enabled a
multi-measure approach to long-COVID identification. Using a
multi-measure approach identified more patients with long
COVID than a single measure would have. However, our
results likely under-estimate the true prevalence of long
COVID, due to incomplete recording of information in EHRs,
and limitations of the operational definition itself. Specifically,
the operational definition’s reliance on a limited set of
symptoms and potential over-identification of individuals
with pre-existing conditions must be considered when
interpreting prevalence estimates.

Implications of all the available evidence
Accurately estimating the prevalence of long COVID is crucial
for healthcare planning and service provision. Our study
highlights the utility of combining different methods of
identifying cases of long COVID using information recorded in
EHRs. Although the withdrawal of widespread COVID-19
testing limits the viability of our operational definition, we
consider analysis of free text recorded in primary care records
and on sick notes, in conjunction with analysis of long COVID
clinical codes, to be a promising (albeit conservative)
approach for future surveillance of long COVID at a national
level.
Introduction
Long COVID is a debilitating multisystem condition
occurring after infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).1 Individuals
with long COVID describe wide ranging symptoms
including fatigue, breathlessness, cognitive dysfunction
and disturbances to taste or smell that can last for
months or years, fluctuate over time and have a pro-
found impact on daily life.1–3 Long COVID is also
associated with an increased incidence of type 2 dia-
betes,4 myocardial infarction, stroke, venous throm-
bosis,5 and dysregulation of the autonomic nervous
system.6 Given concerns about the burden of disease,
accurate estimates of the number of people affected by
long COVID are vital for policy makers and healthcare
providers tasked with planning and providing healthcare
services.

National surveys suggest that 2.9% of individuals in
the UK and 5.0% in Scotland experienced symptoms for
four or more weeks following a confirmed or suspected
SARS-CoV-2 infection.7,8 Analysis of patient question-
naires identified ongoing symptoms in 6.0% of symp-
tomatic COVID-19 cases in Scotland,9 21.6–37.7% of
positive cases in England,10 and 7.8–17.0% of in-
dividuals with a history of COVID-19 in the UK.11 The
variation in these estimates reflects heterogeneous study
designs, particularly in relation to the definition of long
COVID used. Estimates derived from surveys or
www.thelancet.com Vol 71 May, 2024
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questionnaires may also be subject to selection bias (for
instance, if long COVID sufferers were over-represented
among respondents) or information bias.

Others have analysed electronic health records
(EHRs) to identify cases of long COVID. Findings show
that long COVID is coded in EHRs considerably less
frequently than is suggested by survey data. Analysis of
English EHRs identified long COVID clinical codes in
0.04% of records (up to April 2021).12 Analysis of
American and German EHRs found explicit evidence
of long COVID recorded in <0.01%13 and 2.0%14 of
confirmed COVID-19 cases, respectively. This possible
under-recording of long COVID in EHRs may reflect
lack of presentation to clinical services, delays in clinical
codes being made available at the beginning of the
pandemic, clinicians’ lack of familiarity with the codes,
or hesitancy to code long COVID due to clinical
uncertainty.15

In an effort to improve case identification, re-
searchers have leveraged additional information recor-
ded in EHRs to identify sequelae and phenotypes of
long COVID. These studies analysed diagnostic
codes16–18 or free text entries19 recorded in EHRs in the
months following COVID-19 infection. To inform na-
tional policy and clinical deliberations, we combined
these approaches, analysing clinical codes and free text
data for the Scottish population to estimate the preva-
lence of long COVID. Others have used machine
learning models trained on EHR data of individuals
with explicit evidence of long COVID to predict poten-
tial cases of long COVID in the wider population.14 Our
analysis might complement this work by providing a
method to identify a larger sample of patients with long
COVID with which to train such models.
Methods
Study design, setting, and participants
The protocol describing this study was published in
advance.20 The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) checklist
guided reporting.21 It was not feasible to obtain consent
from each of the 4,676,390 research participants; how-
ever, we were granted permission to access, within a
secure trusted research environment, unconsented,
whole-population, de-identified data from electronic
health records for the purpose of surveillance during a
public health emergency.

We estimated the prevalence of long COVID in the
Scottish adult population by analysing data from EHRs
hosted on the Early Pandemic Evaluation and Enhanced
Surveillance of COVID-19 (EAVE II) platform. The
EAVE II platform was established in response to the
COVID-19 pandemic, to allow affiliated researchers ac-
cess to pseudonymised, national-level data from primary
care, secondary care, laboratory tests, and prescribing
for all individuals registered with general medical
www.thelancet.com Vol 71 May, 2024
practices (GPs) in Scotland (98–99% of the popula-
tion22). The datasets hosted on the EAVE II platform
(detailed in the Supplementary Materials) were curated
by Scotland’s national public health body, Public
Health Scotland, which removed identifiable character-
istics (such as date of birth and postcode) and
provided pseudonymised identifiers to allow linkage of
datasets.

In this study, we defined a cohort containing all
adults (≥18 years) in the EAVE II platform who were
resident in Scotland between March 1, 2020, and
October 26, 2022 (n = 4,676,390) (Fig. 1). The study
end-date was set at 26 weeks after the end of mass
SARS-CoV-2 testing in Scotland to allow sufficient
follow up of confirmed COVID-19 cases. We analysed
data from the cohort to identify patterns in EHRs that
were indicative of long COVID. This allowed us to
create an operational definition to identify cases of long
COVID, including where no long COVID clinical code
had been recorded. We used the operational definition
in conjunction with long COVID clinical codes and
explicit references to long COVID in the free text of
EHRs to estimate prevalence of long COVID within the
cohort.

The EAVE II study obtained approvals from the West
of Scotland Research Ethics Committee (reference: 22/
WS/0071), and the Public Benefit and Privacy Panel for
Health and Social Care (reference: 1920-0279).

Exposures
To allow us to identify potential indicators of long
COVID for inclusion in our operational definition, we
tested for significant differences in counts of several
exposure variables recorded in the EHRs of patients
with and without a confirmed SARS-CoV-2 infection in
the 4–26 weeks following testing for SARS-CoV-2.

Primary care use
Clinical codes (in accordance with the coding system,
Read Coded Clinical Terms version 2) were used to
identify symptoms, clinical observations, and in-
vestigations recorded in primary care EHRs.23 In
accordance with data minimization requirements, we
focused on a subset of 655 codes aggregated into 45
categories of indicators (Table S1). The selected codes
represent a comprehensive range of potential long
COVID indicators, extending previous work.24

Healthcare service use
We counted the number of times each individual in the
cohort was seen by or had contact with seven areas of
the healthcare system, as recorded in EHRs, including:
GP visits where any of the 655 clinical codes were
recorded, hospital admissions, outpatient attendances
for respiratory conditions, A&E visits, out of hours en-
counters, admissions to Intensive Care Units (ICU), and
NHS 24 telehealth interactions.
3
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Fig. 1: Participant inclusion. The figure shows the number of participants included in the main analysis, the matched sample, and in sensitivity
analysis that restricted the matched sample to respondents with no missing data. Percentages represent the share of the full cohort.
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Prescribing data
We counted prescriptions dispensed in the community,
which were automatically recorded in EHRs. To comply
with data minimisation requirements and manage
computational demands, we focused on 27 BNF sub-
paragraphs (Table S2) representing 894 medicinal
products deemed to be most relevant by the clinical and
patient members of our research team. We restricted
our analysis to new prescriptions that had not been
dispensed during the 12 months prior to testing.

Patient characteristics
We report prevalence of long COVID within socio-
demographic and clinical groups, including age, sex,
Scottish Index of Multiple Deprivation (SIMD) quintiles,
health boards (regional authorities with responsibility
www.thelancet.com Vol 71 May, 2024
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for the delivery of health services), urban/rural resi-
dency, body mass index (BMI), vaccination status, and
number of comorbidities.

Outcome measures
We used four outcome measures to identify cases of
long COVID:

Operational definition
To allow us to identify cases of long COVID not explicitly
recorded in EHRs, we developed an operational defini-
tion, which identified cases of long COVID based on
patterns of clinical interactions recorded in EHRs.

Clinical codes
We used diagnostic codes for long COVID (Table S1),
which were introduced in Scottish primary care on
March 9, 2021, based on National Institute for health
and Care Excellence (NICE) led working definitions of
long COVID.25,26

Free text
We searched for terms indicative of long COVID
recorded in the free text of primary care records.

Free text in sick notes
We searched for terms indicative of long COVID
recorded in the free text of sick notes (also known as
fitness to work certificates or “fit notes”).

Potential sources of bias
Individuals who contracted COVID-19, but who did not
receive a confirmatory reverse transcription polymerase
chain reaction (RT-PCR) result would have been
included in our control group. To minimise this po-
tential bias, we required that controls had a negative
RT-PCR test.

The operational definition, which identifies patients
with long COVID based on patterns of clinical in-
teractions recorded in EHRs, is contingent upon the
systematic recording of clinical codes. However, sub-
stantial under-recording of clinical codes for long
COVID symptoms27 could lead to under-ascertainment
of long COVID in our results. To mitigate this risk,
we evaluated the operational definition in conjunction
with the other measures of long COVID, as well as on
its own.

The operational definition risks misclassifying in-
dividuals with pre-existing health conditions who test
positive for SARS-CoV-2 as having long COVID. We
conducted a series of analyses to evaluate the potential
impact of such misclassification on our results.

Statistical analyses
Development of the operational definition of long COVID
The operational definition was derived using individual
indicators of long COVID that were recorded at a
www.thelancet.com Vol 71 May, 2024
significantly higher rate (adjusted-p <0.05) in the EHRs
of individuals who had tested positive for COVID-19,
relative to those who had tested negative, within 4–26
weeks of testing. Individuals with a specific combination
of those indicators recorded in their EHRs within 4–26
weeks of receiving a positive RT-PCR or lateral flow test
(LFT) result were identified by the operational definition
as having long COVID, as described below. Additional
details are in the Supplementary Methods (pp.S19-20).

To identify individual indicators of long COVID, we
first matched individuals from the full cohort who had a
positive RT-PCR test for COVID-19 (exposed group) to
individuals with a negative RT-PCR test result (control
group) in a 1:1 ratio based on estimates of their time-
varying (by month) propensity to test positive
(Equation S1). We used individuals with a negative RT-
PCR test result as controls in order to minimise un-
documented cases of COVID-19 in the control group,
allowing us to better isolate the impact of COVID-19 on
subsequent health outcomes. The resultant matched
sample contained 54.3% (n = 524,397) of individuals
from the full cohort who had a positive RT-PCR (all
those for whom an appropriate match could be identi-
fied), and an equal number of controls (Fig. 1). Covariate
balance plots (Figure S2) confirmed the adequacy of the
matching.

We then used Poisson regression to estimate
adjusted rate ratios (aRR) for each of our primary care
use, healthcare service use, and prescribing indicators
(shown in Figures S3 and S4) within the exposed group
(relative to the control group) in the matched cohort. In
each model, we included all predictors used in the
propensity score estimation as covariates (Equation S1)
and censored: controls who went on to test positive,
positive cases who were reinfected, and all individuals
who died. An offset term for the logarithm of follow-up
days was included in each regression model. We
adjusted p-values to reduce the false discovery rate, us-
ing the Benjamini-Hochberg correction.28 Each of the
primary care use, healthcare service use, or prescribing
indicators that occurred at a significantly higher rate
(adjusted-p <0.05) in the exposed group within either
4–12 weeks or >12–26 weeks following testing were
taken to be indicative of long COVID (Figures S3–S10).

Next, we examined how the individual indicators
clustered to form phenotypes (Figures S11 and S12 and
Tables S3 and S4). However, we were unable to progress
the cluster analysis as planned, due to sparse recording
of clinical codes for symptoms and given that the clus-
ters were strongly influenced by types of clinical codes;
specifically, clinical codes indicating that blood tests had
been requested in primary care clustered together. We
therefore adopted a pragmatic alternative to clustering,
informed by the clinical expertise of the project’s
steering group. We classified the indicators into three
categories: symptoms, investigations, and management
strategies (Fig. 2). Individuals in the full study cohort
5
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Fig. 2: Operational definition of long COVID. The operational definition classified individuals as having long COVID if they had both: (i) a
positive RT-PCR or LFT result, and (ii) any outcome listed in two of the three categories (symptoms, investigations, management) recorded in
their EHRs within 4–26 weeks of testing positive. * Observed at a significantly higher rate 4–12 weeks after testing only. † Observed at a
significantly higher rate >12–26 weeks after testing only.
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with a positive RT-PCR or LFT result who also had in-
dicators in two or more of the three categories recorded
in their EHRs during the 4–26 weeks following testing
were identified as having long-COVID.

To assess the possibility that the operational defini-
tion was overfitted to individuals within the matched
sample, we compared the proportion of patients iden-
tified by the operational definition and included in the
matched sample to the proportion of patients identified
by the operational definition, who had a positive RT-
PCR test, but were not included in the matched sample.

Identification of long COVID in free text
We used natural language processing (NLP) to identify
frequently occurring phrases in the free text fields of
primary care records for the subset of individuals with
long COVID clinical codes. We manually reviewed the
100 most frequently occurring phrases and identified the
following as explicitly indicative of long COVID: “long
covid”, “post covid”, “ongoing covid”, “post coronavirus”,
“ongoing coronavirus” (including variations containing
capitalisation or non-alphanumeric characters). We then
used computer assisted coding to create a binary variable
that indicated the presence or absence of any of those
phrases in the free text of primary care records and on
sick notes for each individual in the cohort. We examined
the proportion of long COVID phrases that appeared
within six words before or after a negation term and
found this to be low (1.06%) (Table S5).

Descriptive statistics
Participant characteristics for the full sample, and strati-
fied by outcome measures, were presented as counts and
percentages, with continuous variables categorised in
accordance with categories shown in Table 1.

Missing data
Missing values for descriptive statistics were reported us-
ing a distinct “Unknown” category. During the develop-
ment of the operational definition (including propensity
score estimation and in the Poisson regression models),
missing BMI values were imputed using single imputa-
tion by chained equations. We considered using multiple
imputation (which would have reduced the risk of bias);
however, the approach would have been prohibitively time
consuming, given the scale of our dataset and the
complexity of our analysis. Household size, which was
missing for a small minority of cases and likely missing at
random, was mean imputed. To assess the impact of
missing and imputed data, we re-ran our analyses omitting
all cases with any imputed or “Unknown” variables.

Assessing the validity of the outcome measures
In the absence of a definitive ‘ground truth’ against
which to assess the validity of each outcome measure,
we described the congruence between measures,
reporting the number of individuals identified as having
long COVID by each outcome measure.

We conducted two further analyses to assess the
possibility that the operational definition misclassified
individuals with other health conditions as being pa-
tients with long COVID. Using a case-crossover design,
we investigated the proportion of patients with long
COVID that would have been identified by the opera-
tional definition (minus the requirement to have a
positive SARS-CoV-2 test) based on information recor-
ded in EHRs in the period leading up to each case’s
positive COVID-19 test result (we considered a lead up
period equal to each individual’s follow up period).
Using logistic regression, we also estimated the odds
ratio for the operational definition identifying long
COVID in patients with a positive RT-PCR test,
compared to matched negative controls (minus the
requirement to have a positive RT-PCR or LFT result),
while including an offset for the logarithm of days of
follow up in the regression model.

Sensitivity analyses
During development of the operational definition, we
repeated the matched analysis, stratified by time-periods
www.thelancet.com Vol 71 May, 2024
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Full sample Any outcome Long-COVID
clinical code

Long-COVID in
free text

Long-COVID on
sick note

Operational
definition

N % N % N % N % N % N %

Total (% of sample) 4,676,390 100.0 81,219 1.7 1092 0.0 8368 0.2 14,469 0.3 64,193 1.4

Sex

Female 2,359,166 50.4 52,851 65.1 698 63.9 5480 65.5 9947 68.7 41,597 64.8

Male 2,317,224 49.6 28,368 34.9 394 36.1 2888 34.5 4522 31.3 22,596 35.2

Age

18–27 595,187 12.7 5991 7.4 64 5.9 532 6.4 708 4.9 4959 7.7

28–37 757,724 16.2 11,077 13.6 119 10.9 1080 12.9 2317 16.0 8432 13.1

38–47 729,889 15.6 15,060 18.5 246 22.5 1742 20.8 3498 24.2 11,196 17.4

48–57 801,896 17.1 19,333 23.8 310 28.4 2084 24.9 4532 31.3 14,573 22.7

58–67 757,380 16.2 17,349 21.4 222 20.3 1728 20.7 3228 22.3 13,834 21.6

68–77 577,749 12.4 7735 9.5 89 8.2 765 9.1 181 1.3 6931 10.8

78–87 334,459 7.2 3766 4.6 35 3.2 344 4.1 <5 – 3443 5.4

88–100 122,106 2.6 908 1.1 7 0.6 93 1.1 <5 – 825 1.3

Testing (RT-PCR or LFT)

Positive 1,457,522 31.2 76,065 93.7 809 74.1 5700 68.1 12,141 83.9 64,193 100.0

Negative (and never positive) 1,591,959 34.0 3759 4.6 216 19.8 1817 21.7 1815 12.5 0.0 0.0

No tests recorded 1,626,909 34.8 1395 1.7 67 6.1 851 10.2 513 3.5 0.0 0.0

SIMD quintiles

1–Most deprived 933,875 20.0 20,758 25.6 231 21.2 1645 19.7 4192 29.0 16,588 25.8

2 920,172 19.7 18,242 22.5 238 21.8 1836 21.9 3298 22.8 14,487 22.6

3 910,527 19.5 15,606 19.2 203 18.6 1788 21.4 2684 18.6 12,231 19.1

4 906,005 19.4 14,387 17.7 211 19.3 1818 21.7 2264 15.6 11,262 17.5

5–Least deprived 896,431 19.2 12,009 14.8 185 16.9 1232 14.7 1982 13.7 9510 14.8

Unknown 109,380 2.3 217 0.3 24 2.2 49 0.6 49 0.3 115 0.2

Urban-Rural

Large urban areas 1,585,035 33.9 27,380 33.7 245 22.4 2001 23.9 5765 39.8 21,840 34.0

Other urban areas 1,694,708 36.2 33,047 40.7 564 51.6 3448 41.2 6109 42.2 25,767 40.1

Accessible small towns 424,007 9.1 6860 8.4 64 5.9 681 8.1 1192 8.2 5510 8.6

Remote small towns 217,586 4.7 3363 4.1 59 5.4 498 6.0 309 2.1 2727 4.2

Accessible rural 421,407 9.0 6332 7.8 93 8.5 769 9.2 800 5.5 5129 8.0

Remote rural 224,267 4.8 4020 4.9 43 3.9 922 11.0 245 1.7 3105 4.8

Unknown 109,380 2.3 217 0.3 24 2.2 49 0.6 49 0.3 115 0.2

Household size

1 1,382,701 29.6 20,574 25.3 239 21.9 2115 25.3 3411 23.6 16,445 25.6

2 1,312,369 28.1 23,681 29.2 269 24.6 2473 29.6 3742 25.9 19,059 29.7

3–5 1,598,612 34.2 31,744 39.1 374 34.2 3283 39.2 6331 43.8 24,665 38.4

6–10 145,399 3.1 2404 3.0 35 3.2 241 2.9 408 2.8 1931 3.0

11+ 47,499 1.0 388 0.5 <5 – 25 0.3 11 0.1 359 0.6

Unknown 189,810 4.1 2428 3.0 174 15.9 231 2.8 566 3.9 1734 2.7

BMI

Underweight (BMI<18.5) 47,664 1.0 657 0.8 5 0.5 55 0.7 82 0.6 547 0.9

Normal weight (BMI 18.5 to <25.0) 526,232 11.3 8844 10.9 85 7.8 962 11.5 1220 8.4 7141 11.1

Overweight (BMI 25 to <30) 661,468 14.1 14,302 17.6 157 14.4 1410 16.8 1960 13.5 11,812 18.4

Obese (BMI ≥30) 714,256 15.3 22,832 28.1 248 22.7 2209 26.4 3259 22.5 19,037 29.7

Unknown 2,726,770 58.3 34,584 42.6 597 54.7 3732 44.6 7948 54.9 25,656 40.0

Comorbidities

0 2,955,712 63.2 37,118 45.7 649 59.4 4305 51.4 8428 58.2 27,325 42.6

1 1,099,526 23.5 25,845 31.8 299 27.4 2590 31.0 4449 30.7 20,757 32.3

2 383,304 8.2 11,227 13.8 104 9.5 982 11.7 1271 8.8 9645 15.0

3+ 201,000 4.3 5805 7.1 35 3.2 400 4.8 311 2.1 5314 8.3

(Table 1 continues on next page)
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Full sample Any outcome Long-COVID
clinical code

Long-COVID in
free text

Long-COVID on
sick note

Operational
definition

N % N % N % N % N % N %

(Continued from previous page)

Advised to shield

Yes 159,495 3.4 6383 7.9 61 5.6 419 5.0 565 3.9 5679 8.8

No 4,516,895 96.6 74,836 92.1 1031 94.4 7949 95.0 13,904 96.1 58,514 91.2

Immunosuppressed

Immunosuppressed 150,324 3.2 5579 6.9 54 4.9 350 4.2 580 4.0 4937 7.7

Not immunosuppressed 4,526,066 96.8 75,640 93.1 1038 95.1 8018 95.8 13,889 96.0 59,256 92.3

Vaccination doses

0 19,763 24.3 275 25.2 2587 30.9 5259 36.3 14,720 22.9

1 4286 5.3 99 9.1 705 8.4 965 6.7 2937 4.6

2 22,290 27.4 271 24.8 1842 22.0 3761 26.0 18,278 28.5

3 33,139 40.8 412 37.7 2994 35.8 4375 30.2 26,859 41.8

4+ 1741 2.1 35 3.2 240 2.9 109 0.8 1399 2.2

Variant period (positive cases only)

Wild-type (01/03/2020–10/01/2021) 123,020 8.4 9733 12.8 160 19.8 1346 23.6 2978 24.5 7094 11.1

Alpha (11/01/2021–09/05/2021) 57,731 4.0 4641 6.1 86 10.6 505 8.9 1347 11.1 3477 5.4

Delta (24/05/2021–05/12/2021) 342,477 23.5 19,743 26.0 282 34.9 1578 27.7 3837 31.6 16,047 25.0

Omicron (27/12/2021–30/04/2022) 697,670 47.9 33,684 44.3 193 23.9 1717 30.1 3037 25.0 30,441 47.4

Severity of acute infection (positive cases only)

Hospitalised within 28 days 47,930 3.3 6688 8.8 142 17.6 712 12.5 1122 9.2 5668 8.8

Not hospitalised within 28 days 1,409,592 96.7 69,377 91.2 667 82.4 4988 87.5 11,019 90.8 58,525 91.2

The table presents the number and percentage of individuals in each category indicated by the column headings. Percentages in the ‘Total’ row reflect the share of individuals in each category as a
proportion of the total population. Statistics in the ‘Variant period’ and ‘Severity of acute infection’ rows relate to the subset of the population that has a positive LFT or RT-PCR test recorded in their EHRs.
Population-level statistics for ‘Vaccination doses (up to 14 days before positive test/outcome)’ are intentionally omitted. Analysis of cases identified during the Omicron period was censored to align with
the end of widespread RT-PCRT testing in Scotland on 30 April 2022. Cell counts <5 have been suppressed.

Table 1: Patient characteristics stratified by outcome measures for long COVID.
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when different COVID-19 variants were dominant (we
considered a variant to be dominant if it represented
60% or more of sequenced cases in a given week).29 In
an effort to ensure consistency in the share of in-
dividuals with the full 26 weeks of follow up data across
variant periods, we required that individuals included in
the Omicron period had tested positive by April 30,
2022, 26 weeks before the study end date. We also
repeated the matched analysis using all individuals who
had not yet taken an RT-PCR test up to the time of
matching as controls.

R (version 3.6.1) was used for all analyses.

Patient and public involvement
Patient and public contributors were involved in the
design and interpretation of this study (details in the
Supplementary Materials, Tables S6 and S7).

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. KJ, LD and AS verified all the data in the
study and had final responsibility for the decision to
submit the article for publication.
Results
Participants
Table 1 presents descriptive statistics. Of the 4,676,390
participants, 2,359,166 (50.4%) were female, the median
age was 51 years (interquartile range: 35–65 years) and
1,457,522 (31.2%) had a positive LFT or RT-PCR test for
SARS-CoV-2 during the study period (descriptive sta-
tistics stratified by testing status are presented in
Table S8). 201,000 (4.3%) individuals had three or more
comorbidities. 1,375,724 (70.6% of non-missing values)
were categorised as overweight or obese. 150,324 (3.2%)
were immunosuppressed and 159,495 (3.4%) had been
advised to shield against COVID-19. Over the course of
the study period, 4,007,666 (85.7%) individuals had any
interaction with the healthcare system recorded in their
EHRs (including primary care, secondary care, NHS 24
telehealth services, or RT-PCR or LFT testing), and
3,147,210 (67.3%) had one or more of the requested
Read codes recorded in their EHRs. The proportion of
missing data was most notable for BMI (58.3%),
household composition (4.1%), urban-rural classifica-
tion (2.3%), and SIMD (2.3%). Mean participant follow-
up was 147.2 days, and the maximum possible was 154
days.
www.thelancet.com Vol 71 May, 2024
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Main results
Prevalence of long COVID
Table 1 presents prevalence of long COVID by outcome
measure. 81,219 (1.7%) individuals were identified as
having long COVID using one or more outcome mea-
sure. Clinical codes identified the fewest patients with
long COVID (n = 1,092, 0.02%). More individuals were
identified by the long COVID terms in free text
(n = 8,368, 0.2%) or on sick notes (n = 14,469, 0.3%).
Most patients with long COVID were identified by the
operational definition (n = 64,193, 1.7%) of which,
84.9% remained when the definition was restricted to
indicators recorded >12–26 weeks after testing.

The incidence of long COVID over time
All outcome measures indicated a similar trend in the
number of patients identified as having long COVID
over time (Fig. 3). Panel A of Fig. 3 shows a general
increase in new patients with long COVID between
September 2020 and April 2022, interrupted by a tem-
porary decline between February 2021 and May 2021.
This was followed by a decline in newly recorded cases
from April 2022 until the end of the study period,
coinciding with the removal of mass testing in April
2022. Panel B of Fig. 3 shows that the share of people
who tested positive for COVID-19 and went on to
develop long COVID was greatest at the beginning of
the study period, then oscillated but generally declined
over time. The number of people identified by the
operational definition as having long COVID, as a share
of people who tested positive for COVID-19, declined
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Fig. 3: New patients with long COVID over time in absolute terms, a
number of new cases of long COVID identified by each outcome measure
measures, only the first measure recorded is included in the aggregate m
were dated from the date of the positive RT-PCR or LFT result, plus 28 da
recorded in EHRs. Panel B presents the percentage of COVID-19 cases that
month of positive test date. Cases identified during October 2022 were
indicates the withdrawal of widespread LFT and RT-PCR testing in April

www.thelancet.com Vol 71 May, 2024
sharply in the last six months of the study, reflecting
increasingly truncated follow up times.

Characteristics of people with long COVID
Compared with the general population, each outcome
measure identified higher prevalence of long COVID
among females, those aged 38–67 years, obese in-
dividuals, and those with one or more comorbidity
(Table 1). Individuals identified as having long COVID
were also more likely to have a positive SARS-CoV-2
test, been advised to shield, be immunosuppressed, or
to have been hospitalised or admitted to ICU within 28
days of testing positive, according to all measures. A
disproportionately large percentage of patients who first
tested positive for COVID-19 while the wild-type, Alpha,
and Delta variants were dominant went on to develop
long COVID, while a disproportionately small share of
those who first tested positive during the Omicron period
went on to develop long COVID. Compared with the
general population, free text on sick notes identified
fewer patients with long COVID aged over 68 years, likely
reflecting lower employment levels among this group.

Relative to the general population, all outcome
measures identified higher prevalence of long COVID
among individuals with certain comorbidities, including
asthma, severe mental illness, and rheumatoid arthritis
or systemic lupus erythematous (SLE) (Table 2). The
operational definition additionally identified higher
prevalence of long COVID among individuals with type
II diabetes mellitus, chronic obstructive pulmonary
disease, and coronary heart disease. Relative to the other
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Any outcome measure

Operational definition

Long−COVID code, free text or sick note

Long−COVID on sick note

Long−COVID in free text

Long−COVID clinical code

nd as a share of all patients with COVID-19. Panel A presents the
in each month. Where an individual is identified by multiple outcome
easures. Cases of long COVID identified by the operational definition
ys. All other indicators were counted according to the date they were
developed into long COVID, according to each outcome measure, by
omitted due to incomplete data for that month. The dashed line
2022.
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Full sample Any outcome Long-COVID
clinical code

Long-COVID
in free text

Long-COVID on
sick note

Operational
definition

N % N % N % N % N % N %

Total (% of population) 4,676,390 100.0 81,219 1.7 1092 0.0 8368 0.2 14,469 0.3 64,193 1.4

Atrial fibrillation 103,554 2.2 2152 2.6 7 0.6 165 2.0 90 0.6 1963 3.1

Asthma 559,662 12.0 17,896 22.0 172 15.8 1564 18.7 2540 17.6 14,958 23.3

Haematological cancer 21,075 0.5 559 0.7 <5 – 46 0.5 40 0.3 502 0.8

Heart failure 46,293 1.0 1117 1.4 <5 – 69 0.8 46 0.3 1034 1.6

Coronary heart disease 197,943 4.2 5043 6.2 36 3.3 379 4.5 262 1.8 4576 7.1

Chronic obstructive pulmonary disease (COPD) 130,527 2.8 4497 5.5 15 1.4 268 3.2 203 1.4 4169 6.5

Dementia 34,817 0.7 444 0.5 <5 – 25 0.3 5 0.0 418 0.7

Diabetes Type I 21,422 0.5 749 0.9 <5 – 43 0.5 92 0.6 669 1.0

Diabetes Type II 255,245 5.5 8328 10.3 63 5.8 552 6.6 691 4.8 7537 11.7

Epilepsy 63,718 1.4 1249 1.5 15 1.4 138 1.6 160 1.1 1026 1.6

Fracture 189,099 4.0 3610 4.4 36 3.3 327 3.9 545 3.8 2944 4.6

Neurological disorder 18,023 0.4 416 0.5 5 0.5 38 0.5 48 0.3 349 0.5

Parkinson’s disease 9198 0.2 119 0.1 <5 – 8 0.1 <5 – 111 0.2

Pulmonary hypertension 8367 0.2 192 0.2 <5 – 14 0.2 <5 – 183 0.3

Rare pulmonary disease 22,445 0.5 726 0.9 5 0.5 64 0.8 39 0.3 650 1.0

Peripheral vascular disease 42,872 0.9 878 1.1 6 0.5 76 0.9 33 0.2 799 1.2

Rheumatoid arthritis or systemic lupus erythematous (SLE) 46,189 1.0 1577 1.9 13 1.2 100 1.2 146 1.0 1409 2.2

Respiratory cancer 10,465 0.2 213 0.3 <5 – 12 0.1 <5 – 200 0.3

Severe mental illness 532,744 11.4 15,383 18.9 188 17.2 1715 20.5 2415 16.7 12,444 19.4

Stroke/Transient Ischaemic Attack (TIA) 118,177 2.5 2469 3.0 16 1.5 194 2.3 132 0.9 2230 3.5

Thrombosis or pulmonary embolus 74,769 1.6 1782 2.2 19 1.7 173 2.1 184 1.3 1526 2.4

Chronic Kidney disease (level 3+) 155,810 3.3 3108 3.8 16 1.5 242 2.9 147 1.0 2823 4.4

The table presents the number and percentage of individuals in each category indicated by the column headings. Percentages in the ‘Total’ row reflect the share of individuals in each category as a
proportion of the total population. Neurological disorder includes motor neurone disease, multiple sclerosis, myasthenia gravis and Huntington’s chorea. Rare pulmonary disease includes cystic fibrosis,
bronchiectasis or alveolitis. Severe mental illness includes bipolar affective disorder, psychosis, schizophrenia or schizoaffective disorder, and severe depression. Cell counts <5 have been suppressed.

Table 2: Existing conditions stratified by outcome measures for long COVID.

Articles

10
outcome measures, the operational definition generally
identified a larger proportion of individuals with exist-
ing health conditions as having long COVID.

Geographic variation in prevalence of long COVID
To identify any geographic variation, we estimated
prevalence of long COVID in each of Scotland’s 14
health boards (regional authorities with responsibility
for the delivery of health services). In each health board,
the share of people with long COVID was proportionate
to population shares, with the exception of a dispro-
portionately large share in NHS Greater Glasgow and
Clyde (27.5% compared with 21.9% of the general
population) and a disproportionately small share in
NHS Lothian (10.3% compared with 16.2% of the gen-
eral population) (Table S9).

Congruence of the long COVID outcome measures
Table 3 shows the extent to which the outcome
measures for long COVID co-occurred. The percent-
age of individuals with any outcome measure who also
had at least one other outcome measure ranged from
9.8–42.8%. Of those with a long COVID clinical code,
34.1% were also identified by long COVID free text
terms. However, there was no overlap between clinical
codes and free text mentions of long COVID on sick
notes.

Validity of the operational definition
Individual indicators included in the operational definition
The analysis underpinning the operational definition
identified 17 indicators (four symptoms, six types of
investigations, and seven types of management strategy)
that occurred at a significantly higher rate among in-
dividuals with a positive RT-PCR test (relative to nega-
tive controls) in the 4–12 or >12–26 weeks after testing,
shown in Fig. 2. Results from individual regressions are
presented in Figures S3 and S4.

Each of the 17 indicators were observed at a higher
rate among people identified by the other outcome
measures as having long COVID, relative to all
confirmed patients with COVID-19 (Table S10).

Case-crossover analysis
Of all patients identified by the operational definition as
having long COVID, 98.4% (n = 63,189) had sufficient
history to allow for a case-crossover analysis. Of those
patients, 16.4% (n = 10,336) had information recorded
in their EHRs in the lead-up to testing positive that was
consistent with the criteria of the operational definition
www.thelancet.com Vol 71 May, 2024
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Full cohort Long COVID clinical code Long COVID in free text Long COVID on sick note Operational definition

N 4,676,390 1092 8368 14,469 64,193

Long-COVID clinical code (%) 0.0 100.0 4.5 0.0 0.3

Long-COVID in free text (%) 0.2 34.2 100.0 1.5 2.8

Long-COVID on sick note (%) 0.3 0.0 2.6 100.0 7.1

Operational definition (%) 1.4 19.3 21.6 31.3 100.0

Any of all other outcomes (%) 1.7 42.8 25.8 32.0 9.8

The table presents the percentage of individuals who meet the criteria for each outcome measure indicated by the row headings, as a share of the total number of individuals who meet the criteria for the
outcome measure indicated by the column headings. The information presented is visualised in Figure S16.

Table 3: Overlap in identification of long COVID across outcome measures.

Articles
(minus the requirement to have a positive COVID-19
test result). Within this subset, 70.8% (n = 7319) had
one or more existing health conditions, compared with
55.6% of all patients identified by the operational defi-
nition, and 36.0% of the full cohort. 7.8% (n = 818) of
those identified based on data recorded in the lead up to
testing positive were separately identified as having long
COVID by one or more of the other outcome measures.

Identification of long COVID among matched controls
Within the matched sample, patients who had tested
positive for COVID-19 were significantly (p < 0.0001)
more likely to be identified as having long COVID by the
operational definition, relative to negative controls
(minus the operational definition’s requirement to have
a positive COVID-19 test result) (OR: 1.15, 95% CI
1.13–1.17).

Assessing the possibility of overfitting
The proportion of patients identified by the operational
definition and included in the matched sample was
similar to the proportion of patients identified by the
operational definition, who had a positive RT-PCR test,
but were not included in the matched sample (4.5% and
4.8%, respectively). This provides reassurance that the
operational definition is unlikely to be overly influenced
by the subset of patients with a positive RT-PCR test
included in the matched sample.

Sensitivity analyses
Sensitivity analyses using controls who had neither a
positive nor a negative RT-PCR test by the date of their
positive match’s test identified a larger set of individual
indicators of long COVID, which included all 17 of those
identified in the main analysis (Figures S5 and S6).

The individual indicators of long COVID identified
were generally consistent during the wild-type, Alpha,
and Delta periods, and fewer indicators were identified
during the Omicron period (Figures S7–S10).

Excluding patients with imputed or “Unknown” data
for any variable identified 11 of the 17 indicators of long
COVID found in the main analysis (Figures S13–S15).
However, this analysis was conducted using a smaller
sample (n = 413,823 compared to n = 1,048,794 in the
www.thelancet.com Vol 71 May, 2024
main analysis), inherently reducing statistical power.
Odds ratios for the remaining six indicators were not
significantly different from those estimated in the main
analysis, suggesting general consistency of findings.
Discussion
Understanding the prevalence of long COVID is crucial
for informing policy decisions on healthcare resource
allocation, rehabilitation services, and research prior-
ities. However, the multifaceted nature of long COVID
and the lack of clearly defined diagnostic criteria make
accurate estimation of long COVID prevalence chal-
lenging. To make progress on this important question,
we analysed EHRs of almost the entire adult population
of Scotland (n = 4,676,390) to estimate long COVID
prevalence using four measures: long COVID clinical
codes, free text recorded in GP records, free text on sick
notes, and a novel operational definition.

Our analysis identified a prevalence of 0.02%–1.4%,
depending on which of the four measures was used.
The share of individuals identified by any one of the
four measures was 1.7%. Long COVID clinical codes
indicated a prevalence of just 0.02%, echoing findings
from England12 and confirming under-utilisation of the
codes. Free text entries suggested higher prevalence, of
0.2% and 0.3% based on text recorded in primary care
records and on sick notes (respectively), while the
operational definition indicated prevalence of 1.4%.

Notably, only 42.8% of individuals identified by the
long COVID clinical codes were also identified as having
long COVID by any of the other measures. This likely
reflects inconsistencies in the way that information was
recorded in primary care. For instance, where a long
COVID diagnosis was coded but symptoms were not, or
where clinical codes or free text were recorded in
isolation from one another. Despite this incongruence,
we observed consistency in trends in new patients with
long COVID over time and in patient characteristics
across all four measures. The patient characteristics
associated with long COVID also align with those
identified in the literature.9–12 This suggests the com-
plementary nature of the four measures, underscoring
the value of a multi-measure approach.
11
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A key contribution of this study is the operational
definition, which offers a novel method for improving
the identification of conditions where diagnostic codes
are unreliably recorded in EHRs. While lacking
formal validation, the alignment of the operational
definition with the other measures in terms of tem-
poral trends and patient characteristics is encouraging.
Notably, even when excluding the strict requirement
for a positive SARS-CoV-2 test, the operational defi-
nition identified significantly more patients with long
COVID among those with a positive COVID-19 test
result relative to negative controls. However, we note
that this was by a relatively modest margin, which
may reflect bias from undocumented COVID-19 cases
among controls.

The operational definition also had limitations. On
one hand, it was a conservative measure, requiring
both a documented positive SARS-CoV-2 test and
presentation in general practice. Variation in patients’
health-seeking behaviours and under-recording of
symptoms28 could cause conservative or biased identi-
fication of patients with long COVID. This possibility is
indicated by the limited convergence between patients
identified by long COVID clinical codes and the oper-
ational definition. Additionally, although the symp-
toms included in the operational definition were
among those most prominently identified in the
literature,17–20 they do not reflect the full spectrum of
COVID-19 sequelae. Symptoms with high baseline
prevalence were less likely to be detected using our
methodology due to lower discriminatory power be-
tween patients with a positive RT-PCR test result and
controls where baseline prevalence was high. More-
over, the requirement that controls had a negative RT-
PCR test may have caused over-representation of less
healthy individuals within the control group. This
likely reduced the number of indicators of long COVID
identified, reducing the number of false positives at the
cost of increasing the number of false negatives. As
the operational definition is likely to under-estimate
the number of patients with long COVID, estimates
of prevalence should be interpreted carefully, and
ideally evaluated alongside other measures.

Conversely, the operational definition may over-
estimate long COVID in individuals with existing health
conditions, as suggested by higher prevalence of
comorbidities among patients identified by the opera-
tional definition and by case crossover analysis. This
limitation warrants careful consideration when inter-
preting our results and before applying the method to
study other conditions. Despite this, we view the oper-
ational definition as a potentially valuable tool for
long COVID identification. It complements existing
identification approaches that may be subject to other
biases, such as response bias in patient surveys. Future
research should link data on patients’ self-reported
experiences of long COVID with EHR data to investigate
overlap and discrepancies between approaches.

The scale and complexity of our dataset precluded the
use of multiple imputation during development of the
operational definition; however, sensitivity analysis
suggested that this was unlikely to have biased our results.

With the removal of widespread testing, analysis of
long COVID clinical codes and free text recorded in
EHRs could be a promising (albeit conservative)
approach for ongoing long COVID surveillance. Case
detection using this approach could be improved by
encouraging and enabling clinicians to accurately code
long COVID symptoms and diagnoses. This might be
achieved by communicating the value of coded data and
by enhancing clinical software. In addition, enabling
researchers to securely access free text data could
improve long COVID detection by facilitating auto-
mated symptom and diagnosis extraction. Future work
should explore the possibility of using such a multi-
measure approach to enhance state-of-the-art machine
learning models used for long COVID prediction,14 by
expanding the number of patients with long COVID
available for model training.

Using data from virtually the entire adult population
of Scotland, we estimated the prevalence of long COVID
presenting in general practice between 0.02 and 1.7%.
This likely underestimates the true prevalence, given
incomplete health-seeking behaviour by patients, and
under-recording of symptoms and long COVID di-
agnoses in primary care. In addition, among individuals
with existing health conditions, it is possible that the
operational definition overestimated the number of pa-
tients with long COVID. Using different measures to
identify long COVID in EHR identified more patients
with long COVID than a single measure would have.
The multi-measure approach also highlighted in-
consistencies in the way that routinely collected data is
recorded in EHR and shows the challenges of using
EHR data to estimate the prevalence of long COVID. We
intend to utilise the measures of long COVID identifi-
cation presented in this paper to develop a long COVID
risk prediction model.21
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