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Infection with SARS-CoV-2 causes an acute multisystem illness 
referred to as COVID-19 1. It is recognized that approximately 
10% of individuals with COVID-19 develop persistent and often 

relapsing and remitting symptoms beyond 4 to 12 weeks after infec-
tion2. The presence of persistent symptoms in a previously infected 
individual is commonly referred to by several terms including 
post-COVID-19 condition, post-acute COVID-19 syndrome, 

post-acute sequelae of COVID-19 (PASC) and long COVID3–5. 
The UK National Institute for Health and Care Excellence (NICE) 
makes a distinction between disease occurring from 4 to 12 weeks 
after infection (ongoing symptomatic COVID-19) and symptoms 
persisting beyond 12 weeks (post-acute COVID-19 syndrome)4. 
The World Health Organization (WHO) defines it as a condition 
characterized by symptoms impacting everyday life, such as fatigue, 
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Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection is associated with a range of persistent symptoms 
impacting everyday functioning, known as post-COVID-19 condition or long COVID. We undertook a retrospective matched 
cohort study using a UK-based primary care database, Clinical Practice Research Datalink Aurum, to determine symptoms 
that are associated with confirmed SARS-CoV-2 infection beyond 12 weeks in non-hospitalized adults and the risk factors 
associated with developing persistent symptoms. We selected 486,149 adults with confirmed SARS-CoV-2 infection and 
1,944,580 propensity score-matched adults with no recorded evidence of SARS-CoV-2 infection. Outcomes included 115 indi-
vidual symptoms, as well as long COVID, defined as a composite outcome of 33 symptoms by the World Health Organization 
clinical case definition. Cox proportional hazards models were used to estimate adjusted hazard ratios (aHRs) for the out-
comes. A total of 62 symptoms were significantly associated with SARS-CoV-2 infection after 12 weeks. The largest aHRs 
were for anosmia (aHR 6.49, 95% CI 5.02–8.39), hair loss (3.99, 3.63–4.39), sneezing (2.77, 1.40–5.50), ejaculation  
difficulty (2.63, 1.61–4.28) and reduced libido (2.36, 1.61–3.47). Among the cohort of patients infected with SARS-CoV-2, 
risk factors for long COVID included female sex, belonging to an ethnic minority, socioeconomic deprivation, smoking, obe-
sity and a wide range of comorbidities. The risk of developing long COVID was also found to be increased along a gradient of 
decreasing age. SARS-CoV-2 infection is associated with a plethora of symptoms that are associated with a range of sociode-
mographic and clinical risk factors.
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shortness of breath and cognitive dysfunction, which occur after a 
history of probable or confirmed SARS-CoV-2 infection6. Symptoms 
usually occur 3 months from the onset of acute COVID-19  
symptoms, last for at least 2 months and cannot be explained by an 
alternative diagnosis.

Long COVID has been associated with a broad range of 
symptoms and health impacts5,7–9. A previous study showed 
that symptoms of long COVID, although commonly observed 
among patients with other viral infections such as influenza, 
occur more frequently following infection with SARS-CoV-210. 
Several systematic reviews have shown the most prevalent symp-
toms to be fatigue, shortness of breath, muscle pain, joint pain, 
headache, cough, chest pain, altered smell, altered taste and 
diarrhea9,11–13; however, previous studies were often based on 
self-reported symptoms or lacked a control group, making it dif-
ficult to make inferences about whether the reported symptoms 
were due to SARS-CoV-2 infection, pre-existing comorbidities 
or societal effects related to the pandemic. Furthermore, many 
previous studies were conducted in hospitalized cohorts14,15, and 
population-level data on the potential breadth of symptoms expe-
rienced by non-hospitalized individuals with SARS-CoV-2 infec-
tion are scarce. Large-scale studies leveraging routinely available 
healthcare data with closely matched control populations are 
needed to elucidate which symptoms are independently associ-
ated with the long-term effects of COVID-19.

There is also a need to gain a better understanding of the risk 
factors that contribute toward the development of long COVID, 
which was highlighted as a research priority on the recently updated 
NICE guideline on managing the long-term effects of COVID-
194. Previous studies suggested that higher risk of developing long 
COVID was observed with a gradient increase in age, female sex, 
hospital admission during acute COVID-19 (including the need for 
oxygen therapy), symptom load (including dyspnea at presentation 
and chest pain), abnormal auscultation findings and the presence 
of comorbidities such as asthma16–19. Large-scale population-based 
studies with appropriate control groups are required to assess 
the long-term symptoms that are specifically attributable to 
SARS-CoV-2 infection and their association with a wide range of 
demographic and clinical risk factors in non-hospitalized individu-
als. Such studies are needed to understand the breadth of symptoms 
that contribute to long COVID to inform clinical management and 
help healthcare providers identify population groups at higher risk 
of reporting persistent symptoms.

Here, we did a large-scale analysis of primary care data from the 
UK to investigate a comprehensive range of symptoms previously 
reported to be associated with long COVID by epidemiological stud-
ies, patients and clinicians. We aimed to assess their association with 
confirmed SARS-CoV-2 infection at least 12 weeks after infection in 
non-hospitalized adults, compared to a propensity score-matched 
cohort of patients with no recorded evidence of SARS-CoV-2 infec-
tion. We also assessed associations between demographic and clini-
cal risk factors, including comorbidities, with the development of 
long COVID and characterized dominant symptom clusters.

Results
Participants. A total of 486,149 non-hospitalized individuals had 
a coded record of SARS-CoV-2 infection, and 8,030,224 had no 
records of either suspected or confirmed COVID-19 during the 
study period between 31 January 2020 and 15 April 2021. From 
the pool of patients with no recorded evidence of SARS-CoV-2 
infection, 1,944,580 individuals were propensity score-matched to 
patients infected with SARS-CoV-2. Kernel density plots of the pro-
pensity scores of both the cohorts, before and after matching, are 
presented in Extended Data Fig. 1. The total follow-up time was 
0.29 years (interquartile range (IQR) 0.24–0.42) for the cohort of 
patients infected with SARS-CoV-2 and 0.29 (IQR 0.24–0.41) for 

the cohort of patients with no recorded evidence of SARS-CoV-2 
infection.

The cohorts of patients were well matched in terms of sociode-
mographic characteristics, smoking status, body mass index (BMI), 
comorbidities and baseline recording of symptoms, indicated by 
standardized mean difference (SMD) < 0.1 for all variables (Table 1  
and Supplementary Table 1). The mean age was 43.8 years (s.d. 
16.9), and 55.3% of participants were female. Of the participants, 
64.7% were white, 12.2% were Asian origin from India, Pakistan, 
China, Cambodia, Thailand, Vietnam, Malaysia, Sri Lanka, Nepal, 
Bangladesh, Japan or Taiwan, 4.0% were Black Afro-Caribbean and 
16.2% had missing ethnicity data. Overall, 53.8% were overweight 
or obese (with BMI data missing for 13.0%), and 22.5% were current 
smokers (with smoking data missing for 4.3%).

The most common comorbidities were depression (22.1%), anxi-
ety (20.3%), asthma (20.1%), eczema (19.5%) and hay fever (18.1%). 
A full list of comorbidities is provided in Supplementary Table 1. 
Overall, 56.6% of the patients infected with SARS-CoV-2 had been 
diagnosed in 2020 and 43.4% in 2021. 4.5% of the patients infected 
with SARS-CoV-2 and 4.7% of the patients with no recorded evi-
dence of SARS-CoV-2 infection had received at least a single dose 
of a COVID-19 vaccine before the index date. The most common 
vaccine before the index date was the BNT162b2 (BioNTech-Pfizer; 
2.8%) followed by ChAdOx1 nCoV-19 (Oxford-AstraZeneca; 1.7%).

Symptoms. In the 3–12-month period before the index date, 
the reporting of symptoms between the patients infected with 
SARS-CoV-2 and propensity score-matched cohort of patients with 
no recorded evidence of SARS-CoV-2 infection were similar. Of 
the 115 symptoms, statistically significant differences between the 
two groups at baseline were observed only for bowel incontinence 
and sore throat, after adjustment for age, sex, ethnic group, socio-
economic status, smoking status and BMI using logistic regression 
(Supplementary Table 2).

At 12 weeks after the index date, a history of SARS-CoV-2 infec-
tion was significantly associated with a total of 62 symptoms, after 
adjustment for age, sex, ethnic group, socioeconomic status, smok-
ing, BMI and baseline symptoms (Supplementary Table 3a). These 
62 symptoms spanned 14 of the 15 domains considered (Fig. 1). 
Of the patients with a minimum of 12 weeks of follow-up, 20,864 
out of 384,137 (5.4%) patients infected with SARS-CoV-2 and 
65,293 out of 1,501,689 (4.3%) patients with no recorded evidence 
of SARS-CoV-2 infection reported at least one of the symptoms 
included in the WHO case definition for long COVID (aHR 1.26, 
95% CI 1.25–1.28) (Supplementary Table 3a). Patients infected with 
SARS-CoV-2 were more likely to report more than one symptom 
after 12 weeks from the index date compared to patients with no 
recorded evidence of SARS-CoV-2 infection (one symptom (5.6% 
versus 4.7%), two symptoms (3.6% versus 2.9%) and three or more 
symptoms (4.9% versus 4.0%)) (Supplementary Table 3b).

The symptoms with the largest aHRs were anosmia (aHR 6.49, 
95% CI 5.02–8.39), hair loss (3.99, 3.63–4.39), sneezing (2.77, 1.40–
5.50), ejaculation difficulty (2.63, 1.61–4.28), reduced libido (2.36, 
1.61–3.47), shortness of breath at rest (2.20, 1.57–3.08), fatigue 
(1.92, 1.81–2.03), pleuritic chest pain (1.86, 1.41–2.46), hoarse voice 
(1.78, 1.44–2.20) and fever (1.75, 1.54–1.98).

The association of SARS-CoV-2 infection with these 62 signifi-
cantly associated symptoms was even larger at 0–4 weeks and 4–12 
weeks, and the size of the aHRs reduced with increasing time from 
the index date. A full list of the aHRs for all 115 symptoms included 
in the analysis at 0–4 weeks, 4–12 weeks and beyond 12 weeks is 
presented in Supplementary Tables 3a, 4 and 5.

In the post hoc-subgroup analysis of patients infected during the 
first and second surges of the pandemic in the UK (31 January 2020 
to 31 August 2020 and 1 September 2020 to 15 April 2021, when 
the dominant variant of concern was B.1.1.7) and their propensity  
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Table 1 | Baseline characteristics of patients infected with SARS-CoV-2 and propensity-matched comparator cohort of patients with 
no recorded evidence of SARS-CoV-2 infection

Cohort of patients infected with  
SARS-CoV-2 (n = 486,149)

Comparator cohort  
(n = 1,944,580)

Standardized  
differences

Mean age at index date (s.d.) 44.1 (17.0) 43.8 (16.9) 0.015
Sex, n (%)
 Female 268,367 (55.2) 1,075,963 (55.3) 0.003
 Male 217,782 (44.8) 868,617 (44. 7)
Ethnic group, n (%)
 White 313,561 (64.5) 1,258,392 (64.7) 0.004
 Asiana 59,477 (12.2) 237,133 (12.2)
 Black Afro-Caribbean 19,835 (4.1) 78,501 (4.0)
 Mixed ethnicity 7,357 (1.5) 29,614 (1.5)
 Otherb 6,896 (1.4) 26,966 (1.4)
 Missing 79,023 (16.3) 313,974 (16.2)
Socioeconomic status IMD quintile, n (%) 0.003
 1 (least deprived) 82,538 (17.0) 331,229 (17.0)
 2 86,164 (17.7) 346,054 (17.8)
 3 89,470 (18.4) 358,650 (18.4)
 4 106,578 (21.9) 426,153 (21.9)
 5 (most deprived) 112,656 (23.2) 448,126 (23.0)
 Missing 8,743 (1.8) 34,368 (1.8)
BMI (kg m−2), n (%)
 <18.5 13,261 (2.7) 52,322 (2.7) 0.001
 18.5–25 148,295 (30.5) 590,747 (30.4)
 25–30 138,771 (28.5) 558,287 (28.7)
 >30 121,943 (25.1) 489,389 (25.2)
 Missing 63,879 (13.1) 253,835 (13.1)
Smoking status
 Never smoked 177,064 (36.4) 714,045 (36.7) 0.009
 Ex-smoker 176,899 (36.4) 710,255 (36.5)
 Current smoker 110,848 (22.8) 436,212 (22.4)
 Missing 21,338 (4.4) 84,068 (4.3)
Comorbidities
 Depression 107,392 (22.1) 428,797 (22.1) 0.001
 Anxiety 98,849 (20.3) 395,365 (20.3) 0.000
 Asthma 97,509 (20.1) 390,401 (20.1) 0.000
 Eczema 94,313 (19.4) 378,604 (19.5) 0.002
 Hay fever 87,691 (18.0) 352,090 (18.1) 0.002
 Hypertension 73,901 (15.2) 291,389 (15.0) 0.006
 Migraine 53,881 (11.1) 215,733 (11.1) 0.000
 Osteoarthritis 53,694 (11.0) 211,062 (10.9) 0.006
 Fragility fracture 46,608 (9.6) 186,194 (9.6) 0.000
 Arrhythmias 34,811 (7.2) 136,280 (7.0) 0.006
Calendar year of index date, n (%)
 2020 275,169 (56.6) 1,077,126 (55.4) 0.024
 2021 210,980 (43.4) 867,454 (44.6)
COVID-19 vaccine status at index date, n 
(%)
 Vaccine dose 1 21,932 (4.5) 92,355 (4.7) 0.013
 Vaccine dose 2 685 (0.1) 5,964 (0.3) 0.035
 ChAdOx1-S 8,210 (1.7) 32,183 (1.7) 0.003
 BNT162b2 12,792 (2.6) 56,559 (2.9) 0.017

 CX-024414 0 (0) 3 (0) 0.002

Socioeconomic status measured using the Index of Multiple Deprivation (IMD); standardized difference of less than 0.1 indicates a relatively small imbalance. Cohort of patients with SARS-CoV-2 infection 
included participants with a positive PCR with reverse transcription (RT–PCR) or antigen test for SARS-CoV-2. The comparator cohort included participants with no records of either confirmed or suspected 
COVID-19. aThe Asian category consisted of participants with origin from all over Asia, including India, Pakistan, China, Cambodia, Thailand, Vietnam, Malaysia, Sri Lanka, Nepal, Bangladesh, Japan or 
Taiwan. bThe ‘other’ ethnicity category consisted of patients with native American, Middle Eastern or Polynesian origin.

NATuRE MEDICINE | www.nature.com/naturemedicine

http://www.nature.com/naturemedicine


Articles Nature MediciNe

score-matched patients, the association between SARS-CoV-2 
infection and the reported symptoms is more pronounced among 
those infected during the second wave of the pandemic. For exam-
ple, SARS-CoV-2 infection during the first surge of the pandemic 
was associated with only a 28% relative increase in the reporting 
of cough after 12 weeks from the index date compared to propen-
sity score-matched patients (aHR 1.28, 95% CI 1.21–1.36), whereas 
infection during the second wave was associated with a 77% rela-
tive increase in the reporting of cough compared to corresponding 
propensity score-matched patients (aHR 1.77, 95% CI 1.60–1.93). 
Similar trends were also observed for sneezing, rash, itchy skin, 
fever and allergies (Extended Data Figs. 2–4).

Risk factors for long COVID symptoms. The risk factor analysis 
included 384,137 individuals infected with SARS-CoV-2 with a 
minimum of 12 weeks of follow-up. When using the WHO defini-
tion of long COVID, several sociodemographic and clinical risk fac-
tors were significantly associated with the incidence of long COVID 
(Table 2 and Supplementary Table 6). Women were at increased risk 
compared to men (aHR 1.52, 95% CI 1.48–1.56). Older age above 
30 years was associated with a higher risk of reporting long COVID 
symptoms in the univariate analysis; however, after adjusting for 
baseline covariates, older age was associated with a lower risk, with 
those aged 30–39 years having a 6% lower risk (0.94, 0.90–0.97) and 
those aged ≥70 years having a 25% lower risk (0.75, 0.70–0.81) com-
pared to those aged 18–30 years.

There were associations between the risk of reporting long 
COVID symptoms and certain ethnic minority groups in the mul-
tivariable model, with increased risks seen in Black Afro-Caribbean 
ethnic groups (aHR 1.21, 95% CI 1.10–1.34), mixed ethnicity 
(1.14, 1.07–1.22) and other minority ethnic groups comprising of 
patients with native American, Middle Eastern or Polynesian ori-
gin (1.06, 1.03–1.10), as compared to white ethnic groups. The risk 
also increased with increasing levels of socioeconomic deprivation, 
with a 11% increased risk (1.11, 1.07–1.16) in those who were most 
socioeconomically deprived compared to those least deprived.

Smokers and former smokers were at increased risk of report-
ing long COVID symptoms (aHR 1.12, 95% CI 1.08–1.15 and 1.08, 
1.05–1.11, respectively), compared to those who had never smoked. 
Baseline BMI in the overweight or obese range was also associated 
with an increased risk of persistent symptoms, with those who had a 
BMI of greater than 30 kg m−2 having a 10% relative increase in risk 
of reporting long COVID symptoms compared to those with a BMI 
of 18.5–25 kg m−2 (aHR 1.10, 1.07–1.14).

A wide range of comorbidities at baseline were also associated with 
an increased risk of long COVID symptoms. The comorbidities with 
the largest associations were COPD (aHR 1.55, 95% CI 1.47–1.64), 
benign prostatic hyperplasia (1.39, 1.28–1.52), fibromyalgia (1.37, 
1.28–1.47), anxiety (1.35, 1.31–1.39), erectile dysfunction (1.33, 
1.26–1.41), depression (1.31, 1.27–1.34), migraine (1.26, 1.22–1.30), 
multiple sclerosis (1.26, 1.03–1.53), celiac disease (1.25, 1.09–1.43) 
and learning disability (1.24, 1.11–1.40). A full list of the aHRs for the 
included comorbidities is provided in Supplementary Table 6.

When using our alternative definition of long COVID that 
consisted of having at least one of the symptoms that were statisti-
cally associated with a history of SARS-CoV-2 infection ≥12 weeks 
after infection, the risk factor patterns were largely still observed 
(Supplementary Table 7). Females, ethnic minority groups, increas-
ing socioeconomic deprivation, smoking and former smoking, high 
BMI and a wide range of comorbidities were all associated with an 
increased risk of reporting symptoms ≥12 weeks after infection. 
Risk of reporting symptoms was also found to be increased along a 
gradient of decreasing age.

Symptom clusters among patients with long COVID. A three-class 
model achieved the optimal fit in a latent class analysis of 50  

consolidated symptoms (Supplementary Table 8) among patients 
with SARS-CoV-2 infection who reported at least one of the 62 
symptoms associated with COVID-19 beyond 12 weeks after infec-
tion (n = 50,832; Extended Data Fig. 5). Latent class proportions 
and the probabilities of symptoms conditional to class membership 
(ρ) are given in Supplementary Table 9a,b. A word cloud of symp-
tom names was generated for the three classes, where the text size of 
the symptoms is directly proportional to the ρ parameter (Extended 
Data Fig. 6). Among patients with SARS-CoV-2 infection with per-
sistent symptoms, 80.0% belonged to class 1 (dominated by a broad 
spectrum of symptoms including pain, fatigue and rash), 5.8% 
to class 2 (dominated by cough, shortness of breath and phlegm) 
and 14.2% to class 3 (dominated by depression, anxiety, insomnia  
and brain fog).

The baseline characteristics of patients within each of the latent 
classes is presented in Supplementary Table 10. A multinomial 
logistic regression model was performed for the polytomous class 
membership outcome among those with SARS-CoV-2 infection 
(Supplementary Table 11). Patients from all the classes were more 
likely to be socioeconomically deprived and to be women compared 
to patients without persistent symptoms. Compared to patients 
without persistent symptoms, members of latent class 3 (dominated 
by anxiety, depression, insomnia and brain fog) were more likely to 
be younger, whereas members of the other latent classes were more 
likely to be older compared to patients without persistent symp-
toms. Members of latent class 2 and 3 were more likely to be white, 
whereas members of latent class 1 (dominated by a broad spectrum 
of symptoms including pain, fatigue and rash) were more likely to 
be of Asian origin or from other ethnic minority groups.

Discussion
Individuals with confirmed SARS-CoV-2 infection were at 
increased risk of reporting a wide range of symptoms at ≥12 weeks 
after infection, compared to propensity score-matched patients with 
no record of suspected or confirmed SARS-CoV-2 infection, after 
accounting for both sociodemographic and clinical characteristics 
and the reporting of symptoms before infection. The symptoms 
most associated with SARS-CoV-2 infection included some that are 
already recognized in previous studies12, such as anosmia, shortness 
of breath, chest pain and fever, but also included a range of other 
symptoms that have previously not been widely reported such as 
hair loss and sexual dysfunction. Previous SARS-CoV-2 infection 
was independently associated with the reporting to primary care 
of 20 of the 33 symptoms included in the WHO case definition 
and an additional 42 symptoms, beyond 12 weeks from infection. 
SARS-CoV-2 infection was associated with a 26% relative increase 
in risk of reporting at least one of the symptoms included in the 
WHO case definition for long COVID.

Among those with a history of confirmed SARS-CoV-2 infec-
tion, several risk factors were associated with reporting symptoms 
12 weeks or more after infection. Female sex, a gradient of decreas-
ing age, belonging to a Black, mixed ethnicity or other ethnic 
minority group, socioeconomic deprivation, smoking, high BMI 
and the presence of a wide range of comorbidities were associated 
with increased risk of both symptoms included in the WHO defi-
nition of long COVID and symptoms statistically associated with 
SARS-CoV-2 infection reported 12 weeks or more after infection.

Among those with a confirmed SARS-CoV-2 infection and 
who reported at least one symptom that was statistically associ-
ated with SARS-CoV-2 infection at least 12 weeks after infection, 
three major clusters of phenotypes of long COVID were observed. 
These included patients with symptoms dominated by (1) a broad 
spectrum of symptoms, including pain, fatigue and rash (80.0%); 
(2) respiratory symptoms, including cough, shortness of breath and 
phlegm (5.8%); and (3) mental health and cognitive symptoms, 
including anxiety, depression, insomnia and brain fog (14.2%).
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Table 2 | Risk factors associated with the development of long COVID (WHO definition)

Risk factor Total numbers per strata 
(n = 384,137)

Long COVID symptoms 
(n = 29,869) (7.78) n (%)

unadjusted HR  
(95% CI)

Adjusted HRa (95% CI)

Sex

 Men 171,593 9,090 (5.3) Ref. Ref.

 Women 212,544 20,779 (9. 8) 1.86 (1.81–1.90) 1.52 (1.48–1.56)

Age (years)

 18–29 95,969 6,932 (7.2) Ref. Ref.

 30–39 78,302 5,805 (7.4) 1.13 (1.10–1.18) 0.94 (0.90–0.97)

 40–49 75,349 5,784 (7.7) 1.14 (1.10–1.18) 0.89 (0.86-0.93)

 50–59 73,262 5,485 (7.5) 1.07 (1.04–1.11) 0.80 (0.77–0.83)

 60–69 35,932 2,790 (7.8) 1.09 (1.05–1.14) 0.74 (0.70–0.78)

 ≥70 25,323 3,073 (12.1) 1.39 (1.33–1.45) 0.75 (0.70–0.81)

Ethnicity

 White 246,717 20,462 (8.3) Ref. Ref.

 Asianb 47,788 3,647 (7.6) 0.90 (0.82–0.99) 0.99 (0.89–1.09)

 Black 15,846 1,053 (6.7) 1.01 (0.91–1.11) 1.21 (1.10–1.34)

 Mixed 5,976 407 (6.8) 0.98 (0.92–1.04) 1.14 (1.07–1.22)

 Otherc 5,438 404 (7.4) 0.94 (0.91–0.97) 1.06 (1.03–1.10)

 Missing 62,372 3,896 (6.3) 0.74 (0.71–0.76) 0.92 (0.88–0.95)

BMI (kg m−2)

 <18.5 10,312 762 (7.4) 0.93 (0.86–1.00) 0.93 (0.86–1.00)

 18.5–25 117,630 8,849 (7.5) Ref. Ref.

 25–30 109,707 8,612 (7.9) 1.06 (1.03–1.09) 1.07 (1.04–1.10)

 >30 95,799 9,233 (9.6) 1.29 (1.25–1.33) 1.10 (1.07–1.14)

 Missing 50,689 2,413 (4.8) 0.63 (0.60–0.65) 0.91 (0.86–0.95)

Smoking status

 Non-smoker 141,967 9,671 (6.8) Ref. Ref.

 Ex-smoker 139,294 12,407 (8.9) 1.33 (1.29–1.36) 1.08 (1.05–1.11)

 Current smoker 85,765 7,072 (8.3) 1.31 (1.27–1.35) 1.12 (1.08–1.15)

 Missing 17,111 719 (4.2) 0.61 (0.56–0.65) 0.90 (0.83–0.97)

Socioeconomic status quintile 
(IMD)

 1 (least deprived) 66,564 4,392 (6.6) Ref. Ref.

 2 68,657 4,963 (7.2) 1.09 (1.05–1.13) 1.05 (1.00–1.09)

 3 70,699 5,486 (7.8) 1.19 (1.14–1.24) 1.10 (1.05–1.14)

 4 84,002 6,523 (7.8) 1.20 (1.16–1.25) 1.07 (1.03–1.11)

 5 (most deprived) 87,270 7,883 (9.0) 1.33 (1.28–1.38) 1.11 (1.07–1.16)

Missing 6,945 622 (9.0) 1.28 (1.7–1.39) 1.10 (1.01–1.20)

Symptoms recorded before 
COVID-19

78,880 13,207 (16.7) 2.92 (2.85–2.99) 2.07 (2.02–2.12)

Comorbidities

 COPD 8,040 1,741 (21.7) 2.71 (2.58–2.85) 1.55 (1.47–1.64)

 BPH 4,961 596 (12.0) 1.39 (1.28–1.51) 1.39 (1.28–1.52)

 Fibromyalgia 4,031 900 (22.3) 3.17 (2.97–3.39) 1.37 (1.28–1.47)

 Anxiety 77,753 10,481 (13.5) 2.17 (2.12–2.23) 1.35 (1.31–1.39)

 Erectile dysfunction 16,678 1,551 (9.3) 1.15 (1.09–1.21) 1.33 (1.26–1.41)

 Depression 83,903 11,222 (13.4) 2.22 (2.17–2.27) 1.31 (1.27–1.34)

 Migraine 43,043 5,597 (13.0) 1.88 (1.83–1.94) 1.26 (1.22–1.30)

 Multiple sclerosis 791 98 (12.4) 1.52 (1.25–1.85) 1.26 (1.03–1.53)

 Celiac disease 1,669 207 (12.4) 1.58 (1.38–1.81) 1.25 (1.09–1.43)
Continued
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A key strength of the study is the large sample size, which 
included 486,149 adults with a confirmed diagnosis of SARS-CoV-2 
infection and 1.9 million propensity score-matched patients with 
no recorded evidence of SARS-CoV-2 infection. The large sample 
size provided adequate statistical power to assess differences in the 
reporting of a wide range of symptoms between the two cohorts 
and estimation of the association between reporting of symptoms 
and important sociodemographic and clinical risk factors with 
a high level of precision. Another key strength of the study is the 
inclusion of a comparator group that did not have either suspected 
or confirmed SARS-CoV-2 infection and had been propensity 
score-matched for sociodemographic factors, previously reported 
symptoms and over 80 comorbidities. This enabled us to assess the 
independent association between exposure to SARS-CoV-2 and the 
reporting of symptoms ≥12 weeks after infection, after accounting 
for many important confounders. A further strength is the large 
number of symptoms included in the analysis, which was based 
on a previous systematic review of the literature11, a scoping review 
of long COVID questionnaires and an extensive consultation with 
patients and clinicians20]. Symptom code lists were developed rig-
orously with systematic searches for relevant SNOMED CT codes 
with extensive clinical input. We also assessed the outcome of long 
COVID using the WHO case definition as well as a new definition 
that incorporated symptoms that were statistically associated with a 
history of SARS-CoV-2 infection.

A key limitation of the study is the use of routinely coded health-
care data. Coded symptom data in primary care records is likely 
to underrepresent the true symptom burden experienced by indi-
viduals with long COVID. This could be due to reduced access to 
primary care (especially during the first surge of the pandemic), 
patients not consulting their general practitioner (GP) about symp-
toms or the reason for the GP consultation being unrelated to 
COVID-19, thereby leading patients to underreport the full extent 
and breadth of their symptoms. In addition, much of a patient’s 
clinical history, in terms of the symptoms reported, are recorded 
as free text, rather than as SNOMED CT codes21. The symptom 
data we used for the study thus cannot be used to make infer-
ences about the absolute prevalence of these symptoms; however, 
as this underrepresentation would be expected to affect both the 
infected and propensity score-matched comparator cohorts equally, 
the data used in the present analysis can still be used to examine 
relative differences in the reporting of symptoms between patients 

infected with SARS-CoV-2 and patients with no recorded evidence 
of SARS-CoV-2 infection. Conversely, with the evolving aware-
ness of long COVID, it is possible that patients with a history of 
COVID-19 may have been more likely than those without to access 
primary care and alert clinicians of their symptoms, which could 
potentially lead to an inflation of the observed effect sizes. This is 
potentially supported by the increased aHRs observed for symp-
toms such as cough, sneezing, fever and allergies among patients 
who were infected during the second surge of the pandemic, com-
pared to those infected during the first surge, although this could 
also potentially be attributed to other reasons, such as changes in 
the dominant variants.

Another limitation of the study is potential misclassification 
bias. Community testing for SARS-CoV-2 was very limited dur-
ing the first surge of the pandemic, and many hospitalized indi-
viduals who were not hospitalized with COVID-19 were not tested. 
Furthermore, antigen test positive results may not be routinely 
coded within primary care. There is some evidence that as much as 
20–30% of SARS-CoV-2 test positive cases may be missing from pri-
mary care records22,23. It is therefore possible that some members of 
our propensity score-matched comparator cohort had been infected 
with SARS-CoV-2 but had simply not been tested or coded as con-
firmed COVID-19 within primary care. We attempted to account 
for this bias by excluding individuals from the comparator cohort if 
they had a coded diagnosis of suspected COVID-19; however, this 
is unlikely to be completely sensitive in identifying individuals with 
unverified SARS-CoV-2 infection from the comparator cohort, 
which would potentially have the effect of attenuating the observed 
effect sizes. Similarly, it is possible that some members of our cohort 
were hospitalized, as we were limited to using SNOMED CT codes 
for hospitalization within primary care records rather than using 
linked Hospital Episode Statistics data, of which timely access was 
unavailable for our study.

Finally, we were unable to incorporate all aspects of the WHO 
clinical case definition for long COVID, such as ‘impact on everyday 
functioning’ due to the lack of data on these domains within coded 
primary care data. Our findings support the results from our pre-
vious systematic review and meta-analysis on long COVID symp-
toms11. That review found the most prevalent symptoms to be fatigue, 
shortness of breath, muscle pain, joint pain, headache, cough, chest 
pain, altered sense of smell, altered taste and diarrhea. Our current 
analysis was not able to assess symptom prevalence but rather the 

Risk factor Total numbers per strata 
(n = 384,137)

Long COVID symptoms 
(n = 29,869) (7.78) n (%)

unadjusted HR  
(95% CI)

Adjusted HRa (95% CI)

 Learning disability 3,283 295 (9.0) 1.22 (1.09–1.37) 1.24 (1.11–1.40)

 IBS 27,492 3,691 (13.4) 1.84 (1.78–1.91) 1.20 (1.15–1.24)

 Endometriosis 5,727 800 (14.0) 1.92 (1.79–2.06) 1.19 (1.11–1.28)

 Low Hb 20,039 2,683 (13.4) 1.78 (1.71–1.85) 1.18 (1.13–1.23)

 Deafness 3,767 514 (13.6) 1.53 (1.40–1.67) 1.16 (1.06–1.27)

 Eating disorder 3,488 504 (14. 5) 1.92 (1.75–2.09) 1.16 (1.06–1.27)

 Substance misuse 6,449 775 (12.0) 1.69 (1.58–1.82) 1.15 (1.07–1.23)

 Back pain 5,483 718 (13.1) 1.76 (1.64–1.90) 1.15 (1.07–1.24)

 Asthma 76,946 8,527 (11.1) 1.59 (1.55–1.63) 1.15 (1.12–1.18)

 Chronic sinusitis 6,838 873 (12.8) 1.63 (1.52–1.74) 1.14 (1.07–1.22)

 PCOS 9,599 1,166 (12.2) 1.73 (1.63–1.84) 1.14 (1.07–1.21)
aaHRs estimated using a multivariable Cox proportional hazards model, including age, sex, ethnic group, socioeconomic status, index year, vaccination status, symptoms recorded before COVID-19 and 
comorbidities. bThe Asian category consisted of participants with origin from all over Asia including India, Pakistan, China, Cambodia, Thailand, Vietnam, Malaysia, Sri Lanka, Nepal, Bangladesh, Japan or 
Taiwan. cThe other ethnicity category consisted of patients with native American, Middle Eastern or Polynesian origin. COPD, chronic obstructive pulmonary disease; BPH, benign prostatic hyperplasia; IBS, 
irritable bowel syndrome; Hb, hemoglobin; PCOS; polycystic ovary syndrome; Ref., reference.

Table 2 | Risk factors associated with the development of long COVID (WHO definition) (Continued)
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relative difference in symptoms between a large sample of indi-
viduals with and without recorded evidence of SARS-CoV-2 infec-
tion at ≥12 weeks after infection. We similarly identified anosmia,  

shortness of breath, fatigue and chest pain to be symptoms signifi-
cantly associated with SARS-CoV-2 infection. By contrast, we also 
identified new symptoms such as hair loss, sneezing, symptoms 
of sexual dysfunction (difficulties ejaculating and reduced libido), 
hoarse voice and fever as significantly associated. Also, like our 
review11, we found that female sex and the presence of a range of 
comorbidities were associated with an increased risk of developing 
persistent symptoms; however, it is likely that pre-existing comor-
bidities may have influenced the likelihood of GP consultations and 
symptom reporting.

In contrast to our review, the present analysis found that risk of 
reporting symptoms at ≥12 weeks after infection increased along a 
gradient of decreasing age in our cohort. This could partly be due 
to the adjustment for an extensive range of comorbidities or the dif-
ferences in the populations studied. Most studies included in our 
review were based on hospitalized cohorts, whereas our present 
study excluded hospitalized patients. Older patients with COVID-19 
were more likely to be hospitalized than younger patients and, there-
fore, to be excluded from our study. Older non-hospitalized patients 
might, therefore, have had mild disease with low symptom burden.

We also found that patients from Black, mixed ethnicity and 
other minority ethnic backgrounds were at increased risk of per-
sistent symptoms. This contradicts the findings from the analy-
sis of the COVID-19 Infection Survey data, which found a lower 
prevalence of long COVID among all ethnic minority subgroups 
compared to those of white ethnicity24; however, the COVID-19 
Infection Survey analysis included children, was restricted to those 
living in private residences and considered self-reported diagnosis 
of long COVID, defined as unexplained persistence of symptoms, 4 
weeks after SARS-CoV-2 infection.

An international online cohort study of people with confirmed 
and suspected long COVID found that respondents reported an 
average of 56 symptoms across an average of nine organ systems8. A 
Norwegian prospective study of 312 home-isolated patients found 
persistent symptoms 6 months after infection25. Both studies were 
comprehensive analyses of symptom burden but lacked a control 
group and were therefore unable to make strong inferences about 
the relative contribution of SARS-CoV-2 infection to these symp-
toms over and above pre-existing health conditions or psychosocial 
effects related to the pandemic; however, like these studies, we also 
found that individuals with a history of confirmed SARS-CoV-2 
reported a broad range of symptoms, with a total of 62 symptoms 
being associated at 12 or more weeks after infection. We were also 
able to control for potential confounders, including whether the 
symptoms of interest were reported before infection.

The COVID Symptom Study provided data on self-reported 
symptoms among participants enrolled on an app16. Among those 
with symptoms persisting 28 d or longer after infection, key symp-
toms included fatigue, headache, dyspnea and anosmia, which were 
all also significantly associated at ≥12 weeks in our cohort. The 
COVID Symptom Study also found that long COVID was associ-
ated with increasing BMI and female sex, which is in keeping with 
our findings; however, the study also found that the risk of report-
ing long COVID symptoms increased with age, whereas our study 
observed the opposite trend after adjustment for a comprehensive 
range of potential confounders. Although the COVID Symptom 
Study is community-based, it includes individuals with a history 
of hospitalized and non-hospitalized COVID-19, so the reasons 
for the discrepant age trend may be due to the exclusion of older 
patients in our study who are more likely to be hospitalized.

One of the largest population-based surveys on COVID-19 
and long COVID is the UK Office for National Statistics COVID 
Infection Survey26. This survey estimated that as of 7 April 2022, 
1.7 million people living in private households in the UK (2.7% of 
the population) were experiencing symptoms persisting beyond 
4 weeks from SARS-CoV-2 infection and with 70% experiencing 
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Circulation
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Ear, nose and throat

Stomach and digestion

Muscles and joints

Mental health and wellbeing

Hair, skin and nails

Eyes

Reproductive health

Other symptoms

Wheezing
Shortness of breath
Shortness of breath on exertion

Pleuritic chest pain
Chest pain
Pain

Palpitations
Tachycardia
Limb swelling

Fatigue

Brain fog

Insomnia
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Sneezing
Hoarse voice
Dysphagia
Cough
Nasal congestion
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Ear pain

Bowel incontinence
Vomitting
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Weight loss
Bloating
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Abdominal pain
Constipation
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Asthenia
Parasthesia
Joint pain

Anhedonia
Anorexia
Anxiety
Depression

Hair loss
Itchy skin
Dry and scaly skin
Rash
Nail changes

Red eye
Dry eye

Ejaculation difficulty
Reduced libido
Erectile dysfunction
Vaginal discharge
Menorrhagia

Fever
Mouth ulcer
Urinary retention
Dry mouth
Hot flushes
Body ache
Hemoptysis
Urinary incontinence
Allergies
Headache
Polyuria
Dizziness
Vertigo

Symptoms aHR (95% CI)*

2.20 (1.57–3.08)
1.42 (1.27–1.59)
1.31 (1.24–1.38)
1.26 (1.18–1.33)

1.86 (1.41–2.46)
1.42 (1.35–1.50)
1.25 (1.23–1.27)

1.53 (1.40–1.67)
1.44 (1.21–1.72)
1.25 (1.15–1.36)

1.92 (1.81–2.03)

1.37 (1.17–1.59)

1.34 (1.23–1.46)

6.49 (5.02–8.39)
2.77 (1.40–5.50)
1.78 (1.44–2.20)
1.60 (1.41–1.82)
1.44 (1.37–1.51)
1.34 (1.20–1.50)
1.33 (1.19–1.48)
1.16 (1.06–1.27)

1.58 (1.33–1.88)
1.48 (1.31–1.67)
1.37 (1.20–1.56)
1.34 (1.17–1.53)
1.31 (1.14–1.50)
1.29 (1.19–1.41)
1.21 (1.16–1.27)
1.20 (1.11–1.30)
1.20 (1.07–1.36)

1.45 (1.07–1.96)
1.34 (1.20–1.50)
1.23 (1.13–1.35)

1.36 (1.16–1.59)
1.28 (1.08–1.52)
1.12 (1.08–1.16)
1.09 (1.05–1.13)

3.99 (3.63–4.39)
1.34 (1.19–1.51)
1.30 (1.10–1.53)
1.24 (1.17–1.32)
1.20 (1.05–1.37)

1.34 (1.19–1.51)
1.28 (1.10–1.49)

2.63 (1.61–4.28)
2.36 (1.61–3.47)
1.26 (1.10–1.44)
1.26 (1.17–1.35)
1.18 (1.07–1.31)

1.75 (1.54–1.98)
1.60 (1.32–1.95)
1.58 (1.28–1.97)
1.56 (1.18–2.07)
1.52 (1.27–1.84)
1.46 (1.22–1.75)
1.39 (1.05–1.85)
1.37 (1.24–1.52)
1.30 (1.19–1.42)
1.30 (1.24–1.35)
1.27 (1.15–1.40)
1.23 (1.13–1.33)
1.15 (1.03–1.28)

0.25 1.00 4.00 20.00

*Adjusted for age, sex, BMI, ethnicity, smoking status, deprivation status and symptom of interest at baseline
cohort of patients infected with SARS CoV-2 (n = 384,137); comparator cohort (n = 1,501,689)

Fig. 1 | Symptoms associated with SARS-CoV-2 ≥ 12 weeks after infection.
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symptoms beyond 12 weeks. Fatigue, shortness of breath, anosmia 
and difficulty concentrating were the main symptoms reported. The 
prevalence was greatest in females, those from more socioeconomi-
cally deprived areas, people working in health and social care and 
individuals living with health conditions and disabilities. Our analy-
sis showed similar symptoms, including cognitive effects, as well as 
similar risk factors; however, we were unable to assess the associa-
tion between occupational status and reporting of symptoms due to 
a lack of occupational data in UK primary care records.

Whittaker and colleagues undertook an analysis of 456,002 
patients with COVID-19 in England using the Clinical Practice 
Research Datalink (CPRD) Aurum database to determine the rates 
of GP consultations for post-COVID-19 sequelae27. This analysis 
included both hospitalized and non-hospitalized patients and two 
control groups consisting of patients without COVID-19 and those 
with influenza before the pandemic. Patients with COVID-19 man-
aged in the community were significantly more likely to consult for 
loss of taste or smell and other symptoms such as joint pain, anxiety, 
depression, abdominal pain and diarrhea at ≥ 4 weeks after infec-
tion compared to 12 months before infection. They also found that 
GP consultation rates for symptoms, prescriptions and healthcare 
use were mostly reduced in those who were managed in the commu-
nity after the first COVID-19 vaccination dose; however, this study 
investigated only 23 symptoms based on the NICE 2020 guidelines4 
on managing the long-term effects of COVID-19, whereas in our 
study, we investigated 115 symptoms derived from a systematic 
assessment of previous studies and discussions with patients with 
lived experience of long COVID and clinicians11.

We were unable to estimate the effect of vaccination and infec-
tion year on long COVID symptoms in our study due to the very 
short follow-up period among those vaccinated and infected in the 
year 2022 (median 8 (IQR 4–14) and 12 (7–16) days, respectively) 
compared to those unvaccinated and infected in the year 2021 
(33 (16–77) and 64 (31–90) days, respectively). Furthermore, the 
majority (81%) of patients vaccinated before infection in our cohort 
were infected with SARS-CoV-2 within 2 weeks of vaccination, 
which would be before acquiring immunity from vaccination, thus 
restricting the validity of our data to assess the effects of vaccination 
on long COVID.

Further research is needed to estimate the prevalence of per-
sistent symptoms associated with SARS-CoV-2 infection among 
patients presenting to primary care. Much of the symptom data 
in primary care records is held in free-text entries rather than as 
clinically coded data. Natural language processing could be used to 
leverage these textual data to gain more accurate estimates of the 
prevalence of these symptoms.

The 50 consolidated symptoms that were found to be associ-
ated with SARS-CoV-2, 12 weeks after infection in our study, were 
clustered into three phenotypes with varying risk factors. Further 
research is needed to confirm the identified clusters using prospec-
tive and routinely recorded patient-reported symptom data. This 
analysis would allow for assessment of whether clinical outcomes 
and the underlying pathophysiology differ between these subgroups 
and potentially develop targeted therapies for the different pheno-
typic subgroups. There is also a need to obtain patient-reported data 
on symptoms and assess the association between symptom burden, 
quality of life and work capability to ascertain which symptoms have 
the greatest impact on individuals. Finally, there is a need to under-
stand the natural history of long COVID by assessing symptom bur-
den serially over time in a population-representative cohort with a 
history of COVID-19 alongside a matched control population.

Infection with SARS-CoV-2 is independently associated with 
the reporting of 62 symptoms spanning multiple organ systems 12 
weeks or longer after infection. A wide range of both sociodemo-
graphic and clinical factors are independently associated with the 
development of persistent symptoms. Additional research is needed 

to describe the natural history of long COVID and characterize 
symptom clusters, their pathophysiology and clinical outcomes. 
Further research is also needed to understand the health and social 
impacts of these persistent symptoms, to support patients living 
with long-term sequelae and to develop targeted treatments.
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Methods
Study design and setting. This analysis was undertaken as part of the National 
Institute for Health and Care Research (NIHR) and UK Research and Innovation 
(UKRI)-funded Therapies for Long COVID in non-hospitalized individuals 
(TLC) study28. We conducted a population-based retrospective matched-cohort 
study between 31 January 2020 and 15 April 2021 using data from the Medicines 
and Healthcare products Regulatory Agency (MHRA) CPRD Aurum. CPRD 
Aurum is an anonymized database of primary care medical records of over 7 
million actively registered patients in general practices that use the EMIS clinical 
information system29. It captures data on patient demographics, diagnoses, 
symptoms, prescriptions, referrals and tests. Structured data on diagnoses, 
symptoms and referrals are recorded using SNOMED CT coding terminology. 
Selection of SNOMED CT codes for data extraction was conducted by a team of 
clinical researchers using an inhouse developed software platform called Code 
Builder, with systematic searching of existing code lists, reference to the SNOMED 
CT terminology browser and through clinical knowledge and discussion. Data 
extraction was performed using the data extraction for epidemiological research 
(DExTER) tool for automated clinical epidemiological studies30.

Participants. Patients aged 18 years and older with a minimum registration period 
of 12 months were included in the study. Practices were considered eligible 12 
months after they were deemed to be providing research quality data. The cohort 
of patients with SARS-CoV-2 infection was defined as patients with a coded record 
of a positive RT–PCR test or antigen test result for SARS-CoV-2 and without 
a record of hospitalization 14 d before or 42 d after infection (within 28 d of 
infection with a ± 14-d grace period for clinical coding delays) in the primary care 
record. Their index date was assigned as the date of confirmation of SARS-CoV-2 
infection. SNOMED CT codes for defining COVID-19 are listed in Supplementary 
Table 12a,b. For each patient infected with SARS-CoV-2, a pool of patients 
without a record of suspected or confirmed COVID-19 were selected from the 
database. These patients were assigned the same index date as the index date of the 
corresponding patient infected with SARS-CoV-2 to mitigate immortal time bias31.

Propensity score matching. To control for confounding, each patient infected 
with SARS-CoV-2 was propensity score-matched with up to four patients with 
no recorded evidence of SARS-CoV-2 infection using a logistic regression model 
including the covariates listed in the covariates section below and a caliper width 
of 0.2. The SMD between patients infected with SARS-CoV-2 and patients with 
no recorded evidence of infection was reported for each variable before and after 
matching, and a variable with SMD > 0.1 after matching was considered to indicate 
imbalance in baseline characteristics. Kernel density plots were drawn for the two 
groups before and after matching to check the distribution of propensity scores.

Outcomes and follow-up. We identified 115 relevant symptoms coded within 
primary care records (Supplementary Table 13) through a systematic review 
and meta-analysis of long COVID symptoms11, a scoping search of long COVID 
clinical assessment questionnaires, qualitative interviews with patients, a clinician 
survey and refinement of the symptom list using psychometric methods32. These 
were grouped into 15 domains: (1) breathing, (2) pain, (3) circulation, (4) fatigue, 
(5) cognitive health, (6) movement, (7) sleep, (8) ear, nose and throat, (9) stomach 
and digestion, (10) muscles and joints, (11) mental health, (12) hair, skin and nails, 
(13) eyes, (14) reproductive health and (15) other symptoms. SNOMED CT code 
lists for the symptoms are published on GitHub (https://github.com/AnuSub/
LongCOVID_Symptoms_CodeList).

Our primary outcome definition of long COVID was pre-defined as the 
presence of at least one symptom included in the WHO case definition at ≥12 
weeks after infection (Supplementary Table 13)6. Our secondary outcome 
definition of long COVID was derived post hoc as the presence of at least one 
symptom that was statistically associated with SARS-CoV-2 infection at ≥12 weeks 
after infection within this study (Supplementary Table 13).

The 115 symptoms were consolidated into 50 distinct symptoms to be included 
as categorical indicator variables for latent class analysis. This was carried out 
to avoid producing clusters of (1) commonly occurring symptoms that are not 
associated with COVID-19, (2) symptoms with mutually inclusive SNOMED CT 
codes (such as pain and chest pain) and (3) symptoms that commonly co-appear 
(such as nausea and vomiting).

Patients were followed up from the index date until the earliest of the following 
end points (patient exit date): (1) recording of symptoms of interest within the time 
interval studied, (2) death, (3) transfer out of practice, (4) end of general practice 
data and (5) study end date (15 April 2021). The follow-up period was split into 
three time periods from the index date: (1) the first 4 weeks (‘acute COVID-19’ 
among the cases), (2) 4–12 weeks (‘ongoing symptomatic COVID-19’) and (3) after 
12 weeks (period of ‘post-COVID-19 condition’ or ‘long COVID’), in accordance 
with the current NICE guidelines on managing the long-term effects of COVID-194.

Covariates. We extracted data on demographic characteristics (age, sex, ethnic 
group, socioeconomic status and IMD), index week, BMI, smoking status and 
87 chronic health conditions (Supplementary Table 1). We extracted data on 115 
symptoms recorded in the period between 12 months and 3 months before the 

index date (at baseline). These variables were used to generate propensity scores for 
symptom burden to ensure that pre-existing health conditions and symptoms did 
not differ between the cohort of patients with and without recorded evidence of 
SARS-CoV-2 infection.

BMI was categorized as underweight (<18.5 kg m−2), healthy weight (18.5–
24 kg m−2), overweight (25–29 kg m−2) and obese (≥30 kg m−2). Smoking status was 
categorized as never smoked, ex-smoker and current smoker. Ethnic group was 
categorized as either white, Asian (origin from India, Pakistan, China, Cambodia, 
Thailand, Vietnam, Malaysia, Sri Lanka, Nepal, Bangladesh, Japan or Taiwan), 
Black Afro-Caribbean, mixed or other ethnic group (native American, Middle 
Eastern and Polynesian origin). Missing data on ethnic group, socioeconomic 
status, BMI and smoking status were denoted by a ‘missing’ category within the 
corresponding variable.

Statistical analysis. Continuous variables were summarized as mean and s.d. and 
categorical variables as frequencies and percentages. A series of Cox proportional 
hazards regression models were used to provide aHRs for each of the individual 
symptoms among patients with SARS-CoV-2 infection compared to patients 
with no recorded evidence of SARS-CoV-2 infection separately during the first 4, 
4–12 and 12 weeks after the index date, with follow-up initiating from the index 
date, 4 weeks after the index date and 12 weeks after the index date, respectively. 
Patients with a minimum follow-up period of 4 and 12 weeks were included in 
the symptom outcome analyses at 4–12 and 12 weeks, respectively. Adjustments 
were made for age, sex, ethnic group, socioeconomic status, BMI, smoking status 
and the specified symptom recorded at baseline between 3 and 12 months before 
the index date. Multiple testing was accounted for by incorporating a Bonferroni 
correction to adjust the P value thresholds for statistical significance. Symptoms 
with statistically significant aHRs after Bonferroni correction in the period 12 
weeks after the index date were presented in a forest plot. A post hoc-subgroup 
analysis was performed in a cohort of patients who were infected before and 
after 31 August 2020 (first and second surge of the pandemic) and propensity 
score-matched patients within the same sub-study period.

In a cohort restricted to patients with a positive RT–PCR or antigen test result 
for SARS-CoV-2 and a minimum of 12 weeks follow-up, unadjusted and adjusted 
Cox proportional hazards models were used to assess the association between the 
risk factors described in the covariates section and the primary (at least one of the 
symptoms in the WHO case definition for long COVID) and secondary (at least 
one of the symptoms statistically associated with SARS-CoV-2 infection) outcome 
definitions of long COVID. The median follow-up period and IQR were reported 
for patients within each risk factor strata. Hazard ratios were obtained by taking 
exponentiated coefficients from the Cox proportional hazards models, and we 
considered covariates with a P value <0.05 to be statistically significant.

A post hoc latent class analysis was performed on the 50 consolidated 
symptoms, and the model with the elbow point of fit for the Bayesian Information 
Criteria was considered optimal33,34. A multinomial logistic regression model was 
performed to identify the demographic features associated with each of the latent 
long COVID classes compared to patients without long COVID. All analyses were 
performed in Stata IC v.16 or R v.4.0.4.

Ethical approval. CPRD obtains annual research ethics approval from the UK’s 
Health Research Authority Research Ethics Committee (East Midlands, Derby; 
reference no. 05/MRE04/87) to receive and supply patient data for public health 
research. Therefore, no additional ethics approval is required for observational 
studies using CPRD Aurum data for public health research, subject to individual 
research protocols meeting CPRD data governance requirements. The use of CPRD 
Aurum data for the study was approved by the CPRD Independent Scientific 
Advisory Committee (reference no. 21_000423).

Reporting summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Access to anonymized patient data from CPRD is subject to a data sharing agreement 
containing detailed terms and conditions of use following protocol approval from 
the MHRA Independent Scientific Advisory Committee. This study-specific 
analyzable dataset is therefore not publicly available but can be requested from 
the corresponding author at K.Nirantharan@bham.ac.uk subject to research data 
governance approvals. Details about Independent Scientific Advisory Committee 
applications and data costs are available on the CPRD website (cprd.com).

Code availability
Stata and R codes are available at https://github.com/AnuSub/Stata-and-R-codes
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Extended Data Fig. 1 | Kernel density plot of propensity scores of patients infected with SARS CoV-2 and comparator cohort of patients with no recorded 
evidence of SARS CoV-2 infection, before and after propensity score matching.
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Extended Data Fig. 2 | Symptoms associated with SARS CoV-2 ≥ 12 weeks post-infection before and after 31 August 2020 (first and second surges of the 
pandemic in the UK) – Part A.
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Extended Data Fig. 3 | Symptoms associated with SARS CoV-2 ≥ 12 weeks post-infection before and after 31 August 2020 (first and second surges of the 
pandemic in the UK) – Part B.
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Extended Data Fig. 4 | Symptoms associated with SARS CoV-2 ≥ 12 weeks post-infection before and after 31 August 2020 (first and second surges of the 
pandemic in the UK) – Part C.
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Extended Data Fig. 5 | Elbow plot to determine the optimal number of classes.
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Extended Data Fig. 6 | Symptom clusters among patients with long COVID from latent class analysis.
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