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ABSTRACT
OBJECTIVES
To describe the rates for consulting a general 
practitioner (GP) for sequelae after acute covid-19 in 
patients admitted to hospital with covid-19 and those 
managed in the community, and to determine how the 
rates change over time for patients in the community 
and after vaccination for covid-19.
DESIGN
Population based study.
SETTING
1392 general practices in England contributing to the 
Clinical Practice Research Datalink Aurum database.
PARTICIPANTS
456 002 patients with a diagnosis of covid-19 
between 1 August 2020 and 14 February 2021 (44.7% 
men; median age 61 years), admitted to hospital 
within two weeks of diagnosis or managed in the 
community, and followed-up for a maximum of 9.2 
months. A negative control group included individuals 
without covid-19 (n=38 511) and patients with 
influenza before the pandemic (n=21 803).
MAIN OUTCOME MEASURES
Comparison of rates for consulting a GP for new 
symptoms, diseases, prescriptions, and healthcare use 

in individuals admitted to hospital and those managed 
in the community, separately, before and after covid-19 
infection, using Cox regression and negative binomial 
regression for healthcare use. The analysis was 
repeated for the negative control and influenza cohorts. 
In individuals in the community, outcomes were also 
described over time after a diagnosis of covid-19, and 
compared before and after vaccination for individuals 
who were symptomatic after covid-19 infection, using 
negative binomial regression.
RESULTS
Relative to the negative control and influenza 
cohorts, patients in the community (n=437 943) had 
significantly higher GP consultation rates for multiple 
sequelae, and the most common were loss of smell 
or taste, or both (adjusted hazard ratio 5.28, 95% 
confidence interval 3.89 to 7.17, P<0.001); venous 
thromboembolism (3.35, 2.87 to 3.91, P<0.001); lung 
fibrosis (2.41, 1.37 to 4.25, P=0.002), and muscle pain 
(1.89, 1.63 to 2.20, P<0.001); and also for healthcare 
use after a diagnosis of covid-19 compared with 12 
months before infection. For absolute proportions, the 
most common outcomes ≥4 weeks after a covid-19 
diagnosis in patients in the community were joint pain 
(2.5%), anxiety (1.2%), and prescriptions for non-
steroidal anti-inflammatory drugs (1.2%). Patients 
admitted to hospital (n=18 059) also had significantly 
higher GP consultation rates for multiple sequelae, 
most commonly for venous thromboembolism (16.21, 
11.28 to 23.31, P<0.001), nausea (4.64, 2.24 to 
9.21, P<0.001), prescriptions for paracetamol (3.68, 
2.86 to 4.74, P<0.001), renal failure (3.42, 2.67 to 
4.38, P<0.001), and healthcare use after a covid-19 
diagnosis compared with 12 months before infection. 
For absolute proportions, the most common outcomes 
≥4 weeks after a covid-19 diagnosis in patients 
admitted to hospital were venous thromboembolism 
(3.5%), joint pain (2.7%), and breathlessness (2.8%). 
In patients in the community, anxiety and depression, 
abdominal pain, diarrhoea, general pain, nausea, chest 
tightness, and tinnitus persisted throughout follow-up. 
GP consultation rates were reduced for all symptoms, 
prescriptions, and healthcare use, except for 
neuropathic pain, cognitive impairment, strong opiates, 
and paracetamol use in patients in the community after 
the first vaccination dose for covid-19 relative to before 
vaccination. GP consultation rates were also reduced 
for ischaemic heart disease, asthma, and gastro-
oesophageal disease.
CONCLUSIONS
GP consultation rates for sequelae after acute 
covid-19 infection differed between patients with 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Persistent symptoms and new organ dysfunction after acute covid-19 infection 
have been recognised in several observational studies but these findings have 
been primarily seen in patients admitted to hospital with more severe disease
Few studies have compared long term outcomes in individuals with covid-19 
managed in the community, with most studies limited by small cohort sizes and 
selection biases
No large population based cohort studies have assessed outcomes over time or 
after vaccination for covid-19

WHAT THIS STUDY ADDS
General practitioner consultation rates for sequelae after acute covid-19 
infection differed between patients admitted to hospital with covid-19 and those 
managed in the community
Patients with covid-19 managed in the community had higher consultation rates 
for multiple sequelae, which were more prevalent than consultation rates after 
viral respiratory infections, such as influenza; the most common sequelae were 
loss of smell or taste, or both, venous thromboembolism, lung fibrosis, and 
muscle pain, and also increased use of healthcare services compared with 12 
months before infection
A small proportion (8.5%) of patients in the community had ongoing symptom 
related sequelae after acute covid-19, with some reduction in symptom burden 
after vaccination

mailto:j.quint@imperial.ac.uk
https://twitter.com/respepi
https://orcid.org/0000-0003-0149-4869
http://dx.doi.org/10.1136/bmj-2021-066768
http://dx.doi.org/10.1136/bmj-2021-066768
https://crossmark.crossref.org/dialog/?doi=10.1136/bmj-2021-065834domain=pdf&date_stamp=2021-12-14


RESEARCH

2 doi: 10.1136/bmj-2021-065834 | BMJ 2021;375:e065834 | the bmj

covid-19 who were admitted to hospital and those 
managed in the community. For individuals in the 
community, rates of some sequelae decreased 
over time but those for others, such as anxiety and 
depression, persisted. Rates of some outcomes 
decreased after vaccination in this group.

Introduction
The covid-19 pandemic continues to challenge global 
public health, not least because of the growing 
realisation that the effects of covid-19 can affect 
individuals beyond the period of acute presentation. 
Along with persistent symptoms, evidence is also 
emerging of new end organ dysfunction in those who 
recover from acute infection, with potentially negative 
effects on cardiovascular,1 respiratory,2 metabolic,3 
haematological,4 psychological,5 and neurological 
health.6

Although working definitions of long covid have 
been established,7 8 understanding of the short 
and long term health consequences after covid-19 
infection is limited. One of the main factors precluding 
a comprehensive understanding of the sequelae after 
acute covid-19 infection is the focus in the published 
literature and ongoing longitudinal studies on assessing 
outcomes in patients admitted to hosptial.9 But about 
80% of patients with covid-19 have mild disease, with 
only 3.5% of patients in England requiring admission 
to hospital at the start of the first wave,10 and 6.4% 
requiring admission to hospital in total since the start 
of the pandemic.11 35 Also, evidence is emerging of a 
considerable burden of sequelae after acute covid-19 
infection in patients in the community (that is, patients 
not requiring admission to hospital).12 13 Notably, 
patient group letters,14 surveys,15 and qualitative 
studies have highlighted a high proportion of patients 
with persistent debilitating symptoms.16 Current 
estimates of the prevalence of long covid are highly 
variable but many are limited in their generalisability 
because of small cohort sizes and selection biases. Few 
studies, however, have compared outcomes across the 
range of severities of covid-19.17 18 Understanding the 
nature and burden of sequelae after acute covid-19 
across different patient groups is crucial for effective 
rehabilitation services that can provide adequate and 
tailored support to those affected.

In this study, we used a large UK primary care 
longitudinal dataset, broadly representative of the 
English population, to investigate new symptoms, 
diseases, prescriptions, and healthcare use, recorded 
in primary care, for two separate patient cohorts after 
acute covid-19 infection: patients admitted to hospital 
and patients managed in the community. Also, we used 
two comparison cohorts to contextualise the findings: 
a negative control group of people without covid-19, to 
understand healthcare use during the pandemic; and 
an historical cohort of patients with influenza before 
the pandemic, to understand whether associations in 
our covid-19 cohort were caused by acute respiratory 
infection or specifically by covid-19. Focusing on 
the large population of patients with covid-19 in 

the community and taking advantage of the length 
of follow-up now available, we explored how this 
burden changed over time. Considering the emerging 
evidence of a possible improvement in symptoms 
after vaccination for covid-19,19 we also compared the 
prevalence of sequalae after covid-19 before and after 
vaccination in patients in the community who had 
sequelae after acute covid-19 infection.

Methods
Data source
We used the Clinical Practice Research Datalink 
(CPRD) Aurum, a nationally representative database 
of anonymised primary care electronic healthcare 
records, which holds data on symptoms, diagnoses, 
prescriptions, test results, immunisations, 
consultations, admissions to hospital, and specialist 
referrals for more than 13 million patients in England, 
covering about 23% of the English population.20 As 
one of the largest longitudinal databases worldwide, 
its use has been extensively validated.21 Clinical 
information is entered with SNOMED CT (systematised 
nomenclature of medicine-clinical terms) codes, 
and prescriptions are recorded with British National 
Formulary codes. Data from patient records are used 
only if they meet a certain standard of quality. For 
participating general practices, data from secondary 
care services are also fed back into primary care records 
and the CPRD Aurum.

Study populations
Two covid-19 cohorts: those admitted to hospital 
and those managed in the community
The study population included individuals aged ≥18 
years with a positive test for covid-19 and registered 
with a general practice contributing to the CPRD 
Aurum. Patients with covid-19 were identified from 
1 August 2020 to 14 February 2021. The patient’s 
index date was the date of the diagnosis of covid-19. 
Eligible patients were categorised as managed in the 
community or admitted to hospital, depending on 
hospital admission for covid-19 within two weeks of 
their index date. Patients were censored at the earliest 
date of transfer out of practice, date of first covid-19 
vaccination, death, or last collection date (9 May 2021) 
(fig 1). Patients with evidence of any of the investigated 
outcomes before a diagnosis of covid-19 were excluded 
from individual analyses so that we captured outcomes 
caused by covid-19 infection rather than pre-existing 
factors. Outcomes were also determined 12 months 
before each patient’s index date to evaluate outcome 
patterns before and after covid-19 infection in the 
same patients.

Baseline characteristics included the most recent 
measurement of body mass index within five years of 
the index date. We chose a period of five years because 
of high levels of data missingness for body mass index 
(page 3, supplementary material). Smoking status 
and the Charlson comorbidity index were identified at 
any time point before a diagnosis of covid-19, and we 
extracted data closest to the start of follow-up (fig 1). 
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The Charlson comorbidity index was identified with a 
previously published algorithmm.22

Negative covid-19 control cohort
The covid-19 pandemic has substantially changed 
the epidemiology of disease because of changes 
in healthcare provision, social distancing, and 
healthcare seeking behaviours. Therefore, to help 
contextualise our findings and determine whether 
outcomes after covid-19 were caused by the acute 
infection or confounded by other temporal aspects of 
the pandemic, we also studied patients who had been 
seen by their general practitioner (GP) for suspected 
covid-19 or because of contact with an individual 
with covid-19 but who never had a positive covid-19 
test. The index date was when patients saw their GP 
for suspected covid-19 between 1 August 2020 and 14 
February 2021. Patients with a diagnosis of covid-19 
before or after these dates or who were admitted to 
hospital within two weeks of the index date were 
excluded. Patients were censored at the earliest date 
of the date they transferred out of practice, date of first 
covid-19 vaccination, death, or last collection date 
(9 May 2021). Similar to the main covid-19 cohort, 
outcomes were also determined 12 months before each 

patient’s index date, and patients with evidence of any 
of the investigated outcomes before their index date 
were excluded from individual analyses.

Influenza cohort
To contextualise our main findings, we included a 
population of patients with a diagnosis of influenza 
who were not admitted to hospital. The index date was 
the date of the diagnosis of influenza recorded before 
the pandemic, from 1 August 2018 to 14 February 
2019. Patients having a diagnosis of influenza in the 
year before or who were admitted to hospital within 
two weeks of the index date were excluded. Patients 
were censored at the earliest date of transfer out of 
practice, death, or last collection date (9 May 2019). 
Similar to the analyses in the main covid-19 and 
negative covid-19 cohorts, GP consultation rates before 
and after a diagnosis of influenza were compared in 
patients with no evidence of any of the investigated 
outcomes before their index date.

Post-vaccine cohort
To understand the association between vaccination 
against covid-19 and persistence of symptoms, 
diseases, drug prescriptions, and healthcare use in 

Post-covid-19 population
Identification of patients with a diagnosis of covid-19

Index date = date of diagnosis of covid-19
Exclusion of patients with

individual outcome events
before diagnosis of covid-19

Index date 12 months before
diagnosis of covid-19

Date of diagnosis of covid-19
(as for post-covid-19 population) and end
of follow-up for pre-covid-19 population

• Body mass index (closest 5 years before index date)
• Charlson comorbidity index (based on chronic disease
   recorded anytime before index date)
• Smoking status (closest to index date)

1 Aug 2020 14 Feb 2021

Follow-up period: Identification of outcome events

End of follow-up: 9 May 2021 (or earlier if
patients died, le CPRD contributing general
practice, or at first covid-19 vaccination date)

Baseline period: Identification of baseline
variables before index date

Pre-covid-19 population

Follow-up period: Identification of outcome events

Date of diagnosis of covid-19
(as for post-covid-19 population)

Index date at first covid-19 vaccination
date for patients censored at first vaccination

date in post-covid-19 population*

End of follow-up:
9 May 2021 (or earlier if patients died or
le CPRD contributing general practice)

Post-covid-19 vaccination population

Follow-up period: Identification of outcome events

Fig 1 | Study design. Follow-up period for the pre-covid-19 population (patients before having a covid-19 diagnosis) was defined in the same way 
as for the post-covid-19 population (patients after having a covid-19 diagnosis). The post-covid-19 vaccination population was defined as all 
patients who tested positive for covid-19, as defined for the post-covid population, and received a first vaccine dose for covid-19 at a later date. 
Start of follow-up for the vaccination population was the date of vaccination and end of follow-up was the same as for the post-covid population. 
CPRD=Clinical Practice Research Datalink Aurum. *In patients with at least one symptom outcome post-covid-19 
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patients in the community who had sequelae after 
acute covid-19, we examined the occurrence of each 
outcome in a subgroup of patients who had received 
at least one dose of any of the three approved covid-19 
vaccines in the UK (Pfizer-BioNTech, Moderna, or 
Oxford-AstraZeneca). For these patients, the start of 
follow-up was the date of their covid-19 vaccination, 
and the end of follow-up was the earliest of the last 
collection date or death.

Definition of outcomes
Outcomes included symptoms and diseases most 
likely to affect patients after infection, guided by the 
previous literature. We also investigated prescriptions 
for selected drugs and levels of healthcare use. Code 
lists were reviewed by a clinician and can be accessed 
at www://github.com/NHLI-Respiratory-Epi/Long_
covid_codelists.

Symptoms were chosen according to the National 
Institute for Health and Care Excellence (NICE) 2020 
guideline on common symptoms persisting after acute 
infection,7 and included breathlessness, cough, chest 
tightness, chest pain, palpitations, abdominal pain, 
anorexia or reduced appetite, nausea, diarrhoea, 
joint and muscle pain, skin rashes, headache, 
dizziness, insomnia, cognitive impairment, delirium, 
paraesthesia, tinnitus, earache, sore throat, loss of 
smell or taste, or both, and fatigue, fever, and pain.

We looked at non-communicable diseases, including 
hypertension, ischaemic heart disease, heart failure, 
peripheral arterial disease, stroke or transient ischaemic 
attack, or both, asthma, pulmonary fibrosis, inflammatory 
bowel disease, liver disease, gastro-oesophageal reflux 
disease, diabetes, thyroid and adrenal disorders, renal 
failure, arthritis, venous thromboembolism, anaemia, 
delirium, anxiety, and depression.

We investigated drug prescriptions, including 
bronchodilators, inhaled corticosteroids, paracetamol, 
non-steroidal anti-inflammatory drugs, opiates, 
neuropathic pain drugs, and diuretics. New healthcare 
use included number of visits to the GP or accident 
and emergency department, hospital admissions, and 
outpatient appointments.

For the outcomes, symptoms, prescriptions, and 
healthcare use, we defined a new event as the first 
occurrence four weeks after a diagnosis of covid-19, in 
line with the current NICE definition of long covid. For 
disease outcomes, we defined a new event as the first 
occurrence after a diagnosis of covid-19. Patients with 
any of the defined symptoms in the preceding month 
before a diagnosis of covid-19 were excluded from the 
analyses. For diseases and prescriptions, we applied a 
12 month exclusion window (fig 1). We used a similar 
approach when we assessed outcomes 12 months 
before a diagnosis of covid-19.

To investigate the temporal pattern of the occurrence 
of each outcome after covid-19 in patients in the 
community, we described the occurrence of outcomes 
within each month of follow-up, from four weeks after 
a diagnosis of covid-19 until the end of the follow-up 
period.

Statistical analysis
Main analysis
Baseline characteristics are presented as frequencies 
(percentages) for categorical data and median 
(interquartile range) for continuous variables. Cox 
regression models with cluster correlated robust 
sandwich variance estimators,23 to take into account 
clustering of observation time periods within patients 
(and time since the index date), were used to estimate 
hazard ratios and 95% confidence intervals to compare 
GP consultation rates for each outcome (symptom, 
disease, and drug prescription) between two time 
points (after covid-19 infection and 12 months 
before a diagnosis of covid-19), separately for the two 
covid-19 cohorts (patients in the community and those 
admitted to hospital). We also performed this analysis 
in the negative control and influenza cohorts. Hazard 
ratios were adjusted for age, sex, Charlson comorbidity 
index, body mass index, and smoking status. Rates 
for healthcare use (with time since the index date) 
before and after covid-19 were compared with negative 
binomial regression models. To adjust for clustering of 
observation time periods within patients, we estimated 
incidence rate ratios (with 95% confidence intervals) 
based on cluster correlated robust sandwich variance 
estimators.23 To account for multiple testing, we used 
the Bonferroni correction to adjust the threshold for 
statistical significance.

Post-covid-19 monthly outcome rates
We calculated GP consultation rates for symptoms, 
diseases, and prescriptions for each month of follow-
up for patients in the community by dividing the total 
number of events (outcomes) by person time in each 
one month time interval.

Post-vaccination analysis
We used negative binomial regression models to assess 
the association between receiving the covid-19 vaccine 
and rate of each outcome after covid-19 in patients in 
the community with ongoing symptoms after the acute 
covid-19 infection. Estimated incidence rate ratios and 
95% confidence intervals were calculated to compare 
GP consultation rates between the date of a covid-19 
diagnosis and the date of vaccination with those rates 
between the date of vaccination and 9 May 2021, date 
of death, or date the patient left the practice. Incidence 
rate ratios and 95% confidence intervals were adjusted 
for time since a diagnosis of covid-19 and, where data 
allowed, other confounders (that is, age, sex, Charlson 
comorbidity index, body mass index, and smoking 
status).

Sensitivity analyses
We extended the two week window for identifying 
patients with covid-19 admitted to hospital to three and 
four week windows. In a further analysis, we identified 
symptom and prescription outcomes two weeks after 
a diagnosis of covid-19 instead of four weeks. We also 
identified body mass index within one and two years of 
the index date. We repeated the Cox regression analyses 
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in the covid-19 cohort who were managed in the 
community, without excluding patients with previous 
events. Lastly, outcome events could decline over time 
and therefore we compared outcomes before and after 
vaccination by comparing the rate of outcome events 
in the month before vaccination with the rate after 
vaccination. All statistical analyses were conducted 
with Stata 17. Graphs were created with R version 4.0.3.

Patient and public involvement
Although no specific patient or user groups were 
involved in the design of this study, during revision of 
the manuscript, we took the opportunity to discuss the 
paper with patients who were attending respiratory 
outpatient clinics over the course of a few weeks and 
who themselves had either had covid-19 or were aware 
of someone who had. Patients were supportive of and 
could see the need for the study. Ongoing patient 
involvement will be facilitated by communication of 
our findings to patients in long covid clinics to guide 
their ongoing management and care.

Results
Between August 2020 and February 2021, 456 002 
patients received a covid-19 diagnosis in the cohort, of 
whom 18 059 were admitted to hospital and 437 943 
were managed in the community. Table 1 summarises 
the baseline characteristics. The geographical 
distribution of patients in the cohort spanned across 
England, with the largest patient numbers from 
London and the south east (31.9%), the north west 
(22.1%), and the West Midlands (16.6%) (table S1).

Patients admitted to hospital with covid-19 were 
older (median age 61, interquartile range 48-76 v 
43, 30-55), were more likely to be men (50.6% v 
44.4%), overweight or obese (63.2% v 43.3%), and 
ex-smokers or current smokers (86.0% v 63.8%) 
than those managed in the community. Although 
patients admitted to hospital were more likely to have 
comorbidities, the median number of comorbidities 
was low in both groups. Of those people who had 
a covid-19 diagnosis and were managed in the 
community, 0.95% died during follow-up versus 9.7% 
of those admitted to hospital.

Post-covid-19 versus pre-covid-19 outcomes in 
patients admitted to hospital
Median follow-up time was 2.2 months (interquartile 
range 1.3-3.5). The most common symptoms ≥4 weeks 
after a diagnosis of covid-19 in patients admitted 
to hospital were joint pain (2.7% of patients), 
breathlessness (2.8%), and cough (1.4%). Patients 
admitted to hospital had the highest GP consultation 
rates after acute covid-19 for nausea (adjusted 
hazard ratio 4.64, 95% confidence interval 2.34 to 
9.21, P<0.001), followed by delirium (3.24, 1.77 
to 5.94, P<0.001), palpitations (2.55, 1.61 to 4.05, 
P<0.001), fatigue (2.52, 1.81 to 3.51, P<0.001), and 
insomnia (2.17, 1.36 to 3.49, P=0.001) relative to 12 
months before infection. The GP consultation rates for 
breathlessness were also higher in patients admitted to 

hospitalised compared with 12 months previously (fig 
2, and tables S2 and S6).

At least four weeks after a diagnosis of covid-19, 
3.5% of patients admitted to hospital developed 
venous thromboembolism, 2.5% developed diabetes, 
and 1.8% received a hypertension diagnosis. Relative 
to the period 12 months before their covid-19 infection, 
patients admitted to hospital had significantly higher 
GP consultation rates for venous thromboembolism 
(adjusted hazard ratio 16.21, 95% confidence interval 
11.28 to 23.31, P<0.001) after covid-19. The rate at 
which patients admitted to hospital consulted their GP 
for renal failure (3.42, 2.67 to 4.38, P<0.001), heart 
failure (3.02, 2.07 to 4.42, P<0.001), liver disease 
(2.71, 1.92 to 3.83, P<0.001), and stroke (2.49, 1.73 to 
3.59, P<0.001) was also higher after covid-19, and to a 
lesser extent also for ischaemic heart disease, anaemia, 
diabetes, and anxiety (fig 2, and tables S3 and S6).

The most commonly prescribed new drugs ≥4 weeks 
after a diagnosis of covid-19 were opiates (2.2% of 
patients), paracetamol (1.8%), and non-steroidal anti-
inflammatory drugs (1.6%). We found the greatest 
change in the level of prescriptions for paracetamol 
after covid-19 relative to 12 months before infection 
(adjusted hazard ratio 3.68, 95% confidence interval 
2.86 to 4.74, P<0.001), followed by diuretics (1.93, 1.19 
to 3.14, P=0.008), non-steroidal anti-inflammatory 
drugs (1.65, 1.34 to 2.04, P<0.001), and any opiate 
(1.57, 1.32 to 1.87, P<0.001), (fig 2, and tables S4 and 
S6). Patients admitted to hospital were also prescribed 
more bronchodilators, neuropathic pain drugs, and 
weak opiates. Lastly, in terms of healthcare use, patients 
admitted to hospital for covid-19 had more admissions 
to hospital (adjusted incidence rate ratio 2.29, 95% 
confidence interval 1.94 to 2.70, P<0.001), visits to the 
emergency department (1.96, 1.70 to 2.25, P<0.001), 
visits to primary care (1.73, 1.68 to 1.77, P<0.001), and 
outpatient appointments (1.32, 1.25 to 1.39, P<0.001) 
after covid-19 compared with 12 months before 
infection. For the overall increase in healthcare use, the 
incidence rate ratio was 1.68 (95% confidence interval 
1.64 to 1.73, P<0.001) (fig 3, and tables S5 and S6).

Post-covid-19 versus pre-covid-19 outcomes in 
individuals managed in the community
Median follow-up time was 3.5 months (interquartile 
range 2.0-4.4). The most common new symptoms 
≥4 weeks after a diagnosis of covid-19 were joint 
pain (2.5% of patients), abdominal pain (0.9%), and 
headache (0.8%). In adjusted analyses, compared 
with 12 months previously, GP consultation rates for 
patients with covid-19 managed in the community 
were higher after covid-19 for loss of smell or taste, 
or both (adjusted hazard ratio 5.28, 95% confidence 
interval 3.89 to 7.17, P<0.001), muscle pain (1.89, 
1.63 to 2.20, P<0.001), fatigue (1.64, 1.53 to 1.76, 
P<0.001), insomnia (1.50, 1.33 to 1.69, P<0.001), 
and palpitations (1.42, 1.27 to 1.59, P<0.001). 
GP consultation rates for breathlessness, tinnitus, 
paraesthesia, and chest pain were also higher but to a 
lesser extent. Joint pain, sore throat, cough, fever, and 
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skin rashes were significantly lower after compared 
with before covid-19 (fig 2, and tables S2 and S7).

Among this cohort, anxiety (1.2% of patients), 
depression (0.9%), and asthma (0.7%) were the 
most common new onset diseases ≥4 weeks after 
covid-19. Compared with 12 months before infection, 
GP consultation rates for venous thromboembolism 
(3.35, 2.87 to 3.91, P<0.001), lung fibrosis (2.41, 1.37 
to 4.25, P=0.002), renal failure (1.33, 1.17 to 1.52, 
P<0.001), and diabetes (1.13, 1.06 to 1.21, P<0.001) 
were higher after covid-19. For patients with covid-19 
in the community, GP consultation rates for asthma, 
arthritis, and hypertension were significantly lower 
after covid-19 compared with the period 12 months 
previously (fig 2, and tables S3 and S7). The most 
common prescriptions ≥4 weeks after covid-19 were 
for non-steroidal anti-inflammatory drugs (1.2% 
of patients), opioids (1.0%), and bronchodilators 
(0.8%). Patients in the community were more likely 
to receive strong opiates (adjusted hazard ratio 1.18, 
95% confidence interval 1.07 to 1.31, P=0.001) and 
neuropathic pain drugs (1.15, 1.08 to 1.23, P<0.001) 
after covid-19 than 12 months previously. Prescription 
rates for bronchodilators and inhaled corticosteroids 
were significantly lower after covid-19 compared with 
rates 12 months before infection (fig 2, and tables S4 
and S7). After covid-19, patients in the community 
had higher rates of healthcare use overall (1.15, 1.14 
to 1.15, P<0.001), admissions to hospital (1.16, 1.06 to 
1.26, P<0.001), and visits to primary care (1.18, 1.17 
to 1.19, P<0.001) compared with 12 months before the 

diagnosis of covid-19. The rate of outpatient referrals 
was significantly lower after covid-19 compared with 
12 months before infection (fig 3, and tables S5 and S7).

Contextualising outcomes pre-covid-19 versus 
post-covid-19 using negative control and influenza 
cohorts
A total of 38 511 patients were included in the negative 
control group and 21 803 in the influenza cohort 
(table S8 and fig S1). Healthcare use before and after 
the index dates in patients with covid-19 managed in 
the community and the negative control populations 
were comparable but we found some differences. 
Relative to the negative control and influenza cohorts, 
GP consultation rates were significantly higher after 
covid-19 for loss of smell or taste, or both, fatigue, 
palpitations, breathlessness, tinnitus, paraesthesia, 
chest pain, muscle pain, lung fibrosis, venous 
thromboembolism, and renal failure in patients in 
the community. In patients in the community, we 
found fewer diagnoses of ischaemic heart disease, 
hypertension, asthma, and arthritis after than before 
covid-19 infection, but only fewer diagnoses for 
asthma in the negative control cohort. We found an 
increase in diagnoses of anaemia after acute infection 
only in the influenza cohort (tables S7, S9, and S10).

Incidence of outcomes for each month after 
covid-19 in patients managed in the community
GP consultation rates that persisted after covid-19 
in patients in the community included abdominal 

Table 1 | Baseline characteristics for patients with covid-19 managed in the community, those admitted to hospital with covid-19, and those with an 
influenza diagnosis. Data are number (%) of patients
Baseline characteristics Community covid-19 Admitted to hospital with covid-19 Influenza cohort
Sex
Male 194 583 (44.4) 9140 (50.6) 8699 (39.9)
Female 243 360 (55.6) 8919 (49.4) 13 104 (60.1)
Age
18-30 115 951 (26.5) 1048 (5.8) 3434 (15.8)
31-40 91 735 (21.0) 1735 (9.6) 4388 (20.1)
41-50 85 517 (19.5) 2398 (13.3) 4507 (20.7)
51-60 80 817 (18.5) 3642 (20.2) 4394 (20.2)
61-70 37 502 (8.6) 3127 (17.3) 2638 (12.1)
71-80 14 860 (3.4) 2972 (16.5) 1627 (7.5)
>80 11 561 (2.6) 3137 (17.4) 815 (3.7)
Body mass index
≤18.5 6426 (1.5) 307 (1.7) 362 (1.7)
18.5-24.5 92 634 (21.2) 2897 (16.0) 5201 (23.9)
25.0-29.9 95 407 (21.8) 4551 (25.2) 5237 (24.0)
≥30.0 94 168 (21.5) 6854 (38.0) 5078 (23.3)
Unknown 149 308 (34.1) 3450 (19.0) 5925 (27.2)
Smoking status
Current smoker 74 294 (17.1) 4054 (22.5) 4961 (22.8)
Ex-smoker 204 342 (46.7) 11 459 (63.5) 10 389 (47.7)
Never smoked 141 500 (32.3) 2390 (13.2) 6212 (28.5)
Unknown 17 294 (4.0) 156 (0.9) 241 (1.1)
Baseline diseases (CCI)
0 263 681 (60.2) 5484 (30.4) 11 627 (53.3)
1-2 134 781 (30.8) 6348 (35.2) 7449 (34.2)
3-4 28 204 (6.4) 3621 (20.1) 1897 (8.7)
5-6 8516 (1.9) 1649 (9.1) 613 (2.8)
>6 2761 (0.6) 957 (5.3) 217 (1.0)
Total No of patients 437 943 18 059 21 803
CCI= Charlson comorbidity index.
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Fig 2 | General practitioner consultation rates for clinical outcomes after covid-19 infection compared with 12 months before covid-19 infection, in 
patients admitted to hospital with covid-19, in patients managed in the community, and in the influenza cohort. Forest plots show hazard ratios 
(95% confidence interval) for each outcome developed versus each outcome not developed, separately, during follow-up. Analyses were adjusted for 
age, sex, body mass index, Charlson comorbidity index, and smoking status. NSAIDs=non-steroidal anti-inflammatory drugs
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pain and, to a lesser extent, diarrhoea, muscle pain, 
general pain, tinnitus, nausea, and chest tightness 
(fig 4). In contrast, breathlessness, headache, chest 
pain, and fatigue declined over time. Anxiety and 
depression and, to some extent, lung fibrosis, were 
generally constant from month to month, whereas the 
rate of diabetes, anaemia, venous thromboembolism, 
and stroke declined over time. The rate of all drug 
prescriptions declined over follow-up.

Covid-19 outcomes before versus after vaccination 
in patients managed in the community
Of those individuals who had a covid-19 diagnosis 
and managed in the community (n=437 943), 267 993 
(61.2%) were censored at the date of their first covid-19 
vaccination. Of these, 19 151 (7.1%) patients reported 
at least one symptom after covid-19 infection before 
vaccination. GP consultation rates after versus before 
vaccination were reduced for chest tightness (adjusted 
incidence rate ratio 0.15, 95% confidence interval 
0.07 to 0.36, P<0.001); anorexia (0.32, 0.16 to 0.64, 
P=0.001); loss of smell or taste, or both (0.32, 0.17 to 
0.58, P=0.002); tinnitus (0.39, 0.25 to 0.59, P<0.001); 
and chest pain (0.40, 0.33 to 0.48, P<0.001). Patients 
also had reduced GP consultation rates for all other 
symptoms after vaccination, except neuropathic pain 
and cognitive impairment (fig 5, and tables S11 and 
S15). GP consultation rates after vaccination were 
reduced for ischaemic heart disease (adjusted incidence 
rate ratio 0.41, 95% confidence interval 0.27 to 0.63, 
P<0.001), asthma (0.63, 0.49 to 0.82, P<0.001), and 
gastro-oesophageal reflux disease (0.68, 0.51 to 0.89, 
P=0.006) (fig 5, and tables S12 and S15). In contrast, 
rates for prescriptions for all investigated drugs, except 
strong opiates and paracetamol, were significantly 

lower after than before vaccination (fig 5, and tables 
S13 and S15). Patients with covid-19 managed in the 
community who received at least one vaccine dose also 
seemed to have lower rates for use of all healthcare 
resources (adjusted incidence rate ratio 0.50, 95% 
confidence interval 0.48 to 0.51, P<0.001), admissions 
to hospital (0.29, 0.21 to 0.38, P<0.001), and visits 
to primary care (0.50, 0.48 to 0.51, P<0.001) and the 
emergency department (0.59, 0.50 to 0.70, P<0.001) 
after vaccination (fig 5, and tables S14 and S15).

Sensitivity analysis
Results were similar when we classified patients as 
admitted to hospital after three or four weeks after 
testing positive for covid-19 or after two weeks. The 
number of patients classed as admitted to hospital 
within three weeks of a positive test was 20 870 (4.58%) 
and 22 645 (4.97%) within four weeks of a positive test. 
The median interval between a diagnosis of covid-19 
and smoking status was 1.4 years (interquartile range 
0.5-3.1). The number of patients with a recorded body 
mass index within one and two years of the index 
date was 22.4% and 42.2%, respectively, compared 
with 66.3% of patients with a body mass index 
recorded within five years of the index date (page 3, 
supplementary material). Analyses of GP consultation 
rates for symptom and prescription outcomes from two 
weeks after a diagnosis of covid-19 were similar to a 
four week window (tables S16 and S17). Re-running 
Cox regression analyses without exclusion of patients 
with a history of an outcome of interest before the index 
date gave similar results to the main analysis (table 
S18). Lastly, we compared rates one month before with 
rates after vaccination in the vaccination cohort, and 
found similar findings to the main vaccine analyses 
before and after vaccination (table S19).

Discussion
Principal findings
We found that patients with covid-19 admitted to 
hospital and those managed in the community had 
higher GP consultation rates for most symptoms and 
diseases, received more prescriptions, and were more 
likely to use healthcare resources after covid-19 than 
in the 12 months before infection, although the rates in 
the two groups differed. For example, although the rates 
for primary care consultations for symptoms such as 
fatigue, breathlessness, and palpitations were similar 
between the two groups, patients in the community 
were more likely to consult their GP because of loss of 
taste and smell and muscle pain; patients admitted to 
hospital were more likely to report ongoing problems 
related to nausea and delirium.

Although healthcare use increased in both groups 
after covid-19 relative to levels before the pandemic, 
the increase was higher in patients admitted to hospital 
for all types of healthcare use. Nevertheless, healthcare 
use in the group managed in the community increased 
by 18% after covid-19 compared with levels before 
the pandemic, highlighting the need for adequate 
ongoing provision of care for this population. We also 
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Admissions to hospital

Healthcare use (any)

Emergency department visits

Outpatient visits

0.8 1

Managed in the community
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Fig 3 | Incidence of healthcare use outcomes after covid-19 infection compared with 
12 months before covid-19 infection, in patients admitted to hospital with covid-19, 
in patients managed in the community, and in the influenza cohort. Forest plots show 
incidence rate ratios (95% confidence interval) for each outcome developed during 
follow-up. Analyses were adjusted for age, sex, body mass index, Charlson comorbidity 
index, and smoking status
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found that some outcomes improved after vaccination 
in the cohort managed in the community, giving hope 
that with time and increased vaccination rates most 
sequelae will resolve. We also saw a decrease over time 
in drug prescriptions, in particular for bronchodilators. 

Whether fewer prescriptions was a consequence of lack 
of improvement in symptoms with bronchodilators or 
increased recognition of dysfunctional breathing after 
covid-19 needs further investigation.

Comparison with related studies
According to the Office for National Statistics,24 just over 
one million people in the UK (13% of those who had 
covid-19) had persistent symptoms at least four weeks 
after covid-19 infection, and in 65.9% of individuals, 
symptoms were adversely affecting their day-to-day 
activities. The REACT-2 (real time assessment of 
community transmission 2) study25 showed even higher 
estimates, noting that a third of people in England who 
had covid-19 developed long term symptoms (>12 
weeks), with an estimated two million people affected. 
We found that 8.5% of the cohort with covid-19 
managed in the community had ongoing symptom 
related sequelae, with some reduction in symptom 
burden after vaccination. Moreover, whereas REACT-2 
found that the most common persistent symptoms 
were tiredness, shortness of breath, muscle aches, 
and difficulty sleeping, we found that the commonest 
symptoms were joint pain, breathlessness, and cough 
in those admitted to hospital, and abdominal pain, 
joint pain, and headache in those managed in the 
community. Differences between the Office for National 
Statistics and REACT-2 studies and ours are likely 
because the former relied on survey data whereas we 
used routine data from electronic healthcare records. 
Patients with ongoing symptoms after acute covid-19 
infection might not visit their GP for some symptoms or 
might find it difficult to access healthcare services,16 26 
and therefore the true burden of these particular 
symptoms might not be fully captured in primary care 
records. Equally, those who respond to surveys might 
be more likely to be symptomatic and thus overestimate 
outcomes. Compared with our study, which analysed 
patients with a confirmed diagnosis of covid-19, 
the survey by the Office for National Statistics also 
included respondents with suspected infection. Other 
studies have reported substantial heterogeneity in the 
range of symptoms reported after covid-19.13  17  27  28 
This multisystem impairment was also a feature of our 
study; patients in the community had higher rates of 
developing venous thromboembolism, lung fibrosis, 
and renal failure after covid-19 relative to the 12 
months before infection.

A Danish population based study of patients 
managed in the community found that individuals 
were more likely to visit their GP or attend a hospital 
outpatient clinic but were not more likely to be 
admitted to hospital.18 This result contrasts with our 
finding of increased use of healthcare resources in 
patients in the community after covid-19 in the UK, 
with respect to visits to primary care and admissions 
to hospital. This increase since before the pandemic 
suggests that healthcare access during the second 
wave was less difficult than during the first wave, but 
evidence indicates that accessing healthcare services 
can nevertheless still be difficult.14
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Fig 4 | Crude general practitioner consultation rates for symptoms, diseases, and drug 
prescriptions for each month after a covid-19 diagnosis in patients managed in the 
community. Only diseases and symptoms that had a significant increase in rate of 
occurrence after covid-19 were included. All drug prescription outcomes were included, 
regardless of whether they were significantly associated with an increase after 
covid-19. NSAIDs=non-steroidal anti-inflammatory drugs
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Although we used individuals in each cohort as 
their own historical controls by comparing outcome 
rates after covid-19 and 12 months before infection, 
we looked at the issue of temporality (that is, whether 
outcomes after covid-19 were caused by the acute 

infection or confounded by other temporal aspects 
of the pandemic) by studying a negative control 
cohort for patients with covid-19 managed in the 
community, similar to previous studies.17 27 Also, 
sequelae after viral infections are common and 
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Fig 5 | General practitioner consultation rates for symptoms, diseases, drug prescriptions, and healthcare use after a covid-19 diagnosis in patients 
managed in the community who received a vaccine dose for covid-19 after diagnosis. Forest plots show incidence rate ratios (95% confidence 
interval) adjusted for age, sex, Charlson comorbidity index, body mass index, smoking, and time since covid-19 diagnosis for all outcomes, 
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therefore we included an historical influenza cohort 
(before the covid-19 pandemic) to determine whether 
outcomes after covid-19 were related to acute viral 
respiratory infection rather than covid-19 itself.12 13 
We found that healthcare use in the covid-19 cohort 
in the community was similar to that in the negative 
control group, indicating that access to healthcare was 
similar in both groups. In contrast, compared with 
the negative control and influenza cohorts, several 
outcomes were more frequent after covid-19 infection, 
including symptoms such as loss of smell or taste, or 
both, fatigue, breathlessness, tinnitus, palpitations, 
paraesthesia, muscle pain, and chest pain, and diseases 
such as lung fibrosis, venous thromboembolism, and 
renal failure. This finding suggests that some sequelae 
after acute covid-19 infection are specific to covid-19 
rather a post-viral syndrome. Reduced GP consultation 
rates after versus before covid-19 infection for joint 
pain, cough, sore throat, fever, and skin rash might 
be because these symptoms are more commonly 
associated with acute infection.

We found that GP consultation rates for diagnoses 
of ischaemic heart disease, hypertension, asthma, and 
arthritis were lower after than before covid-19 infection, 
relative to the negative control and influenza cohorts. 
Studies in patients admitted to hospital have shown 
that those with covid-19 are more likely to have had 
cardiovascular diseases (such as hypertension) before 
the acute infection than those with influenza, which are 
associated with worse outcomes related to covid-19, 
and that the mortality rate is higher in covid-19 than in 
influenza.29 Both of these factors could have contributed 
to the lower rates of new cardiovascular diseases, 
such as ischaemic heart disease or hypertension, after 
covid-19 relative to those seen in the other two groups. 
Other contributing factors could be that symptoms 
such as arthralgia or chest pain were attributed to long 
covid rather than other diseases. Furthermore, the 
use of routine diagnostics during the pandemic was 
limited. For instance, diagnoses of airways diseases, 
such as asthma, might have been hampered by lack 
of diagnostics over this period because of suspension 
of spirometry and pulmonary function testing in 
primary and secondary care owing to concerns about 
generation of aerosols. Fewer new diagnoses of asthma 
might also have been because breathlessness or wheeze 
was attributed to other causes, such as sequelae after 
acute covid-19 infection, or to social distancing, and 
lockdown measures, resulting in less transmission 
of other respiratory viruses and therefore asthma 
flares; changes in healthcare seeking behaviour in 
people with chronic breathing problems might also 
have been a factor.30 Because of social distancing 
measures, outpatient and primary care clinical reviews 
changed from face-to-face to remote access, and so 
chest examinations were often not possible. Similarly, 
individuals with symptoms such as cough were 
advised not to attend primary care clinics during the 
pandemic, which could partially explain the decreased 
rates of recorded cough and sore throat after covid-19 
compared with rates 12 months before infection.

In contrast, outcomes for symptoms, diseases, and 
prescriptions before and after influenza infection were 
similar, which could be because influenza is a common 
yearly endemic infection with a well known disease 
profile, epidemiology, and preventive vaccination 
programme. Patients with influenza might be less likely 
to seek healthcare services, and if they do, clinicians 
tend to manage symptoms more conservatively. 
Alternatively, our findings could be because influenza 
is less commonly associated with multisystem 
complications, such as venous thromboembolism, than 
covid-19, as has been shown in previous studies.30

Our findings suggest that vaccination could help 
reduce the burden of sequelae after covid-19 infection, 
at least in patients in the community with ongoing 
symptoms after the acute infection. Although limited 
information exists for vaccination and long covid, data 
from a survey of 900 people reported in the Long Covid 
SOS report19 support our findings. Similar results were 
found in a UK study comparing 44 patients vaccinated 
after admission to hospital31 and in a study analysing 
data from the Covid Symptom Study app.32 In our 
study, we found that as well as improving symptoms, 
vaccination can help reduce the incidence of ischaemic 
heart disease, asthma, and gastro-oesophageal reflux 
disease, and reduce the need for analgesics and 
inhalers and overall healthcare use, at least in patients 
in the community with persistent symptoms after 
acute covid-19. Our analyses were however limited to 
the first covid-19 vaccine dose and therefore further 
studies are needed to characterise the association 
between vaccination and sequelae after covid-19 in 
patients given a full vaccination course.

Our analysis of temporal trends in sequelae after 
acute covid-19 in patients in the community suggests 
that the nature of long covid might be dynamic, with 
temporal changes in several outcomes. In addition to 
temporal changes in symptoms, diseases, and drug 
use after covid-19, some studies suggest a similar 
phenomenon for healthcare use.33 34 Changes in 
several outcomes could be because of more active 
monitoring of patients close to the time of the diagnosis 
of covid-19.

Strengths and limitations
Our study included patients with covid-19 from the 
second wave of the pandemic in the UK, when testing 
capacity was much higher, and therefore potential 
selection biases were limited. Although we cannot 
determine whether symptoms recorded in primary 
care were directly caused by covid-19, we compared 
GP consultation rates for the same two covid-19 
cohorts (those admitted to hospital and those in the 
community) 12 months before covid-19, separately, 
to contextualise our findings. We also compared our 
outcomes in negative controls and in an historical 
cohort of patients with another viral respiratory 
infection. A window for exclusion of outcome events 
after a diagnosis of covid-19 also ensured that the 
outcomes were not related to the infection itself. We 
minimised the risk of misclassification of outcomes 
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by the use of previously validated code lists wherever 
possible and creating code lists tailored to the 
objectives of this study. We recognise, however, that 
recording of symptoms is dependent on data entry and 
coding by GPs, which might have introduced bias.

Our study had some limitations. We could not 
determine from the data available whether patients 
were symptomatic during infection. We also could not 
capture the effect of socioeconomic status because 
these data are not available in primary care records. We 
could not consider the severity of outcomes of covid-19 
infection.

Given the relatively short follow-up period of a 
maximum of nine months, outcome events which occur 
later in the course of long covid would not have been 
captured. We plan to repeat the analyses with longer 
follow-up in future studies, however. We probably 
did not capture outcomes after acute covid-19 in 
patients who did not seek medical care and managed 
symptoms independently with over-the-counter 
drugs. Furthermore, patients were excluded from Cox 
regression analyses if they had the outcome of interest 
one year before the index dates and this exclusion 
could have biased the results. Sensitivity analyses that 
did not exclude patients, however, showed similar 
results to our main findings. We found a high level of 
missingness for body mass index, a covariate, but the 
five year window before the index date that we used 
to capture as many patients as possible might have 
introduced some information bias. The negative control 
group could have included false negatives and might 
explain why outcomes in this population were similar 
to the covid-19 cohort managed in the community. 
Lastly, the CPRD Aurum is limited to individuals in 
England and findings might not apply to patients from 
other countries.

Implications of our findings
With more than eight million individuals recovered from 
acute covid-19 in the UK at the time of writing,11 our 
findings of multisystem symptom and disease burden 
have substantial implications for future planning of 
healthcare services and highlight the importance of 
providing integrated multidisciplinary care in the 
management of patients after covid-19 infection. 
Although healthcare use increased relatively more in 
those admitted to hospital, we also found an increase 
in those managed in the community, suggesting 
that current provision of healthcare services might 
need to be changed to meet this increasing demand. 
Furthermore, findings from this study are timely given 
the substantial interest in long covid globally and 
calls for further research in assessing interventions in 
individuals in the community who continue to have 
sequelae of acute covid-19. 

Increased awareness among clinicians of the 
dynamic nature of the burden of some symptoms 
and diseases after acute covid-19, at least in those in 
the community, is needed to help provide adequate 
support and management of patients after the acute 
infection. Finally, we found a reduced incidence of 

symptoms and diseases after vaccination for covid-19 
although we only analysed outcomes in patients with 
covid-19 in the community. Hence our study lends 
support to the ongoing public health campaign to 
promote covid-19 vaccination, not only to reduce the 
risk of acute infection but also to minimise the risk of 
longer term complications after covid-19.

Conclusions
GP consultation rates for sequelae after acute covid-19 
infection were different in patients admitted to hospital 
for covid-19 and those managed in the community. 
In individuals in the community, some sequelae 
decreased over time and with vaccination, but others 
such as anxiety and depression persisted. Recognition 
of the different profiles of sequelae in each group 
and their dynamic nature is important in guiding 
appropriate care for patients after covid-19 infection.
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