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Abstract

Background: Most studies of long COVID (symptoms of COVID-19 infection beyond 4 weeks) have focused on people
hospitalized in their initia illness. Long COVID isthought to be underrecorded in UK primary care electronic records.

Objective: We sought to determine which symptoms people present to primary care after COVID-19 infection and whether
presentation differsin people who were not hospitalized, as well as post-ong COVID mortality rates.

Methods: We used routine data from the nationally representative primary care sentinel cohort of the Oxford—Royal College
of Genera Practitioners Research and Surveillance Centre (N=7,396,702), applying a predefined long COVID phenotype and
grouped by whether the index infection occurred in hospital or in the community. We included COVID-19 infection cases from
March 1, 2020, to April 1, 2021. We conducted a before-and-after analysis of long COVID symptoms prespecified by the Office
of National Statistics, comparing symptoms presented between 1 and 6 months after the index infection matched with the same
months 1 year previously. We conducted logistic regression analysis, quoting odds ratios (ORs) with 95% Cls.

Results: In total, 5.63% (416,505/7,396,702) and 1.83% (7623/416,505) of the patients had received a coded diagnosis of
COVID-19infection and diagnosis of, or referral for, long COVID, respectively. People with diagnosisor referral of long COVID
had higher odds of presenting the prespecified symptoms after versus before COVID-19 infection (OR 2.66, 95% Cl 2.46-2.88,
for those with index community infection and OR 2.42, 95% CI 2.03-2.89, for those hospitalized). After an index community
infection, patients were more likely to present with nonspecific symptoms (OR 3.44, 95% CI 3.00-3.95; P<.001) compared with
after a hospital admission (OR 2.09, 95% CI 1.56-2.80; P<.001). Mental health sequelae were more strongly associated with
index hospital infections (OR 2.21, 95% Cl 1.64-2.96) than with index community infections (OR 1.36, 95% CI 1.21-1.53;
P<.001). People presenting to primary care after hospital infection were more likely to be men (OR 1.43, 95% CI 1.25-1.64;
P<.001), more socioeconomically deprived (OR 1.42, 95% CI 1.24-1.63; P<.001), and with higher multimorbidity scores (OR
1.41, 95% CI 1.26-1.57; P<.001) than those presenting after an index community infection. All-cause mortality in people with
long COVID was associated with increasing age, male sex (OR 3.32, 95% CI 1.34-9.24; P=.01), and higher multimorbidity score
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(OR 2.11, 95% CI 1.34-3.29; P<.001). Vaccination was associated with reduced odds of mortality (OR 0.10, 95% CI 0.03-0.35;
P<.001).

Conclusions: The low percentage of people recorded as having long COVID after COVID-19 infection reflects either low
prevalence or underrecording. The characteristics and comorbidities of those presenting with long COVID after a community
infection are different from those hospitalized. This study provides insights into the presentation of long COVID in primary care

and implications for workload.

(JMIR Public Health Surveill 2022;8(8):e37668) doi: 10.2196/37668
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Introduction

Background

Long COVID (LC) is defined as fatigue, breathlessness,
cognitive dysfunction, and a variety of other symptoms
occurring after COVID-19 infection [1,2]. More than 1 million
peoplein the United Kingdom are estimated to have prolonged
symptoms after COVID-19 infection, with 60% of the patients
withlong COV D reporting extended symptoms|asting months
and 240,000 people reporting symptoms that limit day-to-day
activity [3,4]. The spectrum of symptoms implies widespread
involvement of organs, and there is a recognizable pattern of
long COVID disease resulting from autonomic dysfunction and
mast cell disorder [5]. The Officefor National Statistics (ONS)
suggeststhat the prevalence of long COVID isgreater in women,
middle-aged people, those from the most deprived areas, and
those with an activity-limiting health condition or disability [4].
Symptoms are wide ranging, but fatigue, shortness of breath,
and cognitive difficulties (termed brain fog by patients) are
most commonly reported [6-8]. In late 2020, therewas arelease
of International Classification of Disease and Systematized
Nomenclature of Medicine Clinical Terms (SNOMED CT) to
support long COVID coding (termed post—COV 1D-19 condition)
but recording in primary care electronic records varied [9,10].
However, primary care data remain the most useful source of
epidemiological data outside hospital records and bespoke
surveys to understand the symptoms that patients with long
COVID present to primary care after documented COVID-19
infection [6]. There is a need to characterize the prevalence,
risk factors, and symptom patternsin patientswith long COVID
using routine clinical data to understand the symptoms that
people present with at primary care facilities after COVID-19
infection and whether presentation and postacute mortality differ
in people who were not hospitalized.

This Study

This study reports the symptoms, sociodemographic profile,
and outcomes of people identified as having long COVID in
English primary care. Our study has four components. (1) a
comparison of clinical symptoms of people with long COVID
before and after COVID-19 infection, (2) a description of the
characteristics of peoplewithlong COVID compared with those
without long COVID, (3) a comparison of those with long
COVID who were hospitalized with COVID-19 infection versus
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those who were not, and (4) an analysis of all-cause mortality
in people with long COVID.

Methods

Overview

This study was conducted as part of the Predicting Risk of
Hospital Admission in Patients With Suspected COVID-19 in
a Community Setting (Remote COVID-19 Assessment in
Primary Care) project [11-13]. The project included creating a
phenotype for LC through an observational study. The
popul ation characteristics, baseline data, and our L C phenotype
were published in the study protocol [14]. The protocol also set
out the details of the comparisons undertaken in this study.
These were as follows: (1) undertaking a before-and-after
comparison of the number of symptoms identified by the ONS
as more common in LC; (2) comparing sociodemographic,
comorbid, and exposure characteristics of people who had
received acoded diagnosisof L C from their general practitioner
(GP) with those of people who had not; (3) comparing
characteristics of peoplewith LC who had contracted their index
infection in hospital with those of people who had contracted
acommunity infection; and (4) an analysis of all-cause mortality
in people with LC. The study period included COVID-19
infection cases between March 1, 2020, and April 1, 2021, with
afollow-up period of a further 6 months, up to September 30,
2021.

Study Population

We used pseudonymized data extracted from the primary care
sentinel cohort (PCSC) of the Oxford-Royal College of General
Practitioners Research and Surveillance Centre[15]. The PCSC
includes 743 practices (N=7,396,702) that were recruited to be
nationally representative of the English population, anditisone
of Europe's oldest sentinel systems[11]. PCSC data have been
widely used in COVID-19 research [16]. Practices are
encouraged to have high-quality records and to record cases of
LC[10]. Key diagnosesin primary carein England are recorded
in computerized medical records (CMRs) using SNOMED CT
[17]. Thisincludes COVID-19 test results and vaccination. Over
the period of the study, all community COVID-19 test and
vaccination data were posted electronically back into patients
CMRs. We have previously found that 7.81% (58/743) of the
practices did not have any LC cases recorded in their CMR
systems, and these practices were excluded from the study. The
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registered population of the PCSC was 7,396,702 patients at  patients were included, and 6.15% (428,588/6,968,114) had

thetime of the study; after exclusions, approximately 6.9 million

COVID-19 infection recorded in their CMR (Figure 1).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram of the English primary care sentinel cohort population, the people with
COVID-19infection, those with long COVID, and the numbers of people with index community infection and those hospitalized for treatment for their
index infection. Oxford-RCGP RSC: Oxford—Royal College of General Practitioners Research and Surveillance Centre.
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Long COVID Cases

LC cases were defined using our phenotype, with LC cases
being defined by a clinical term for a case, referral to an LC
service, or asymptom score suggestive of LC based onthe ONS
set of possible L C symptoms. The phenotype a so differentiated
community cases from hospital cases. Using this phenotype,
1.83% (7623/416,505) of the population who had been exposed
to COVID-19infection wererecorded inthe GP CMR as having
LC; 82.85% (6316/7623) were index community COVID-19
infection cases, and 17.15% (1307/7623) had been hospitalized
for treatment for their primary COVID-19 infection; and 0.3%
(23/7623) of the peoplewith aprior record of LC diagnosis had
died. Most (7347/7623, 96.38%) of our LC cases had not
received a vaccination dose before their diagnosis, 3.49%
(266/7623) had received a single vaccine dose, and 0.13%
(10/7623) had received 2 doses. We have set out how the PCSC
population was subdivided to identify peoplewith LCin Figure
1. Sociodemographic detailsincluded age, sex, use of the Index
of Multiple Deprivation as a measure of deprivation, ethnicity,
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population density, obesity, and smoking. The Index of Multiple
Deprivation score was dichotomized into the top 3 (least) and
bottom 2 (most) deprived quintiles. Ethnicity was aso
dichotomized into White and non-White. Population density
categories were based on the ONS nationa figures and
categorized into conurbation (highest density), town and city
(medium density), and rural (lowest density). Obesity was
reported based on BMI>30 kg/m? or a term for obesity from
SNOMED CT. Symptoms associated with L C were those present
>28 days after the index infection.

Before-and-After Study

We compared the recording of symptoms associated with LC
inthe period between 1 and 6 months after theindex COVID-19
infection. We made a historical comparison matched by month
in the year before the index COVID-19 infection. We did this
to make allowance for seasonality in symptom presentationsin
primary care.

Reporting frequencies and underreporting arelikely to be similar
to unrecorded cases of patients with LC. The comparisons
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between before-and-after symptoms reported among patients
with L C before the pandemic were matched by month, provided
that an acute COVID-19 infection code was present; for
example, patients with a COVID-19 infection code entered on
January 1, 2021, would have afollow-up period beginning from
February 1, 2021, to July 31, 2021, with a historic comparator
period from February 1, 2019, to July 31, 2019. This
comparative method demonstrated the clinical phenotype
variation.

Comparing LC and Uncomplicated COVID-19
I nfection

We compared people with LC with those with COVID-19
infection uncomplicated by subsequent LC. We made this
comparison across all variables of interest, identified through
aliteraturereview reportedin our protocol [14]. In addition, we
included the Cambridge Multimorbidity Score (CMS) as an
overall measure of comorbidity; although CMS was initialy
developed using the Read clinical terminology, we have
subsequently validated it using SNOMED CT [17]. An
increasing CM Sisassociated with greater levels of comorbidity
and associated with increased risk of mortality [18]. We
conducted a multivariate logistic regression analysis to
characterize people with LC.

Comparison of Hospitalized and Community I nitial
Infections

We used the same variables to make comparisons between
patients who were hospitalized with their index COVID-19
infection and those who were not. We compared people with
posthospitalization LC with those who had index community
COVID-19 infection followed by LC.

All-Cause Mortality asan Outcomefor LC

We measured all-cause mortality as an outcome for al patients
with LC drawn from the hospitalized and community groups.
We conducted a multivariate analysis using age, sex,
geographical location, CMS, and whether the patients had
received their vaccination doses before or after their COVID-19
infection diagnosis.

Statistical M ethods

We conducted this secondary analysis of routine data from the
PCSC, and full details are available in our protocol [18]. We
reported descriptive statistics of mean, median, and proportion,
with measures of dispersion such as SD and IQR for normally
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distributed data and nonparametric data, respectively. We
conducted aunivariate analysisreporting oddsratios (ORs) and
95% Cls. We used the Bonferroni correction to correct for
multiple testing in our before-and-after study of symptoms
associated with LC. The probability of an observed difference
happening by chance (P values) were reported for categorical
variables using chi-square tests. ANOVA was used for
continuous variables.

Multivariate logistic regression modelling was used to identify
comorbidities, demographics, and exposure covariates associated
with (1) LC diagnosis, (2) hospitalization, and (3) al-cause
mortality as binary outcomes in separate models. For each
model, relevant risk factorsidentified in the literature underwent
univariate analysis, and all covariates were then included in a
3-step backward elimination using thresholds of o levelsof .20,
.10, and .05 in each step respectively, where a 2-sided a value
of .05 was considered statistically significant. Age and sex were
forced into the model at each step. Results were presented
through forest plots.

Ethics Approval

Retrospective pseudonymized routine data were used for this
study. These data are held at the Oxford—Roya College of
Genera Practitioners Clinical Informatics Digital Hub, atrusted
research environment [19] that meets the NHS Digital Data
Security and Protection standards [20]. Ethics approval was
granted by the North West—Greater Manchester East Research
Ethics Committee and Health Research Authority on May 27,
2021 (Integrated Research Application System number: 283024;
Research Ethics Committee reference number: 20/NW/0266).

Results

Cohort Summary

A total of 416,505 people had a record of acute COVID-19
infection between March 1, 2020, and April 1, 2021. Baseline
characteristics of the population are reported in Table 1. The
mean age of the patients was 44.5 (SD 21.7) years, with a
majority being women (232,775/416,505, 55.89%). The most
common comorbid conditionswere obesity, anxiety, depression,
eczema, hypertension, and asthma. The all-cause mortality rate
within the study population was 4.08% (16,993/416,505). Only
1.81% (7531/416,505) of the deaths were attributable to
complications related to COVID-19 infection.
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Table 1. Frequencies of baseline characteristics and univariate odds ratios for people with COVID-19 infection stratified by long COVID statusin the

primary care sentinel cohort in England (March 1, 2020, to April 1, 2021; N=416,505).

Meza-Torres et d

Variable and category COVID-19 infection, Long COVID, n=7623  Unadjusted oddsratio (95%Cl) P value
n=408,882
Sociodemographic characteristics
Age (years), mean (SD)
Continuous 445 (21.77) 47.7 (14.82) 1.01 (1.01-1.02) <.001
Sex, n (%)
Female (reference) 227,849 (55.7) 4926 (64.6) 1.00 (N/AY) N/A
Male 181,033 (44.3) 2697 (35.4) 0.69 (0.66-0.72) <.001
Deprivation, n (%)
L east deprived (reference) 164,001 (40.1) 3048 (40) 1.00 (N/A) N/A
Most deprived 244,881 (59.9) 4575 (60) 1.01 (0.96-1.05) 83
Ethnicity, n (%)
White (reference) 268,624 (65.7) 5529 (72.5) 1.00 (N/A) N/A
Non-White 56,645 (13.9) 1094 (14.4) 0.94 (0.88-1.00) .06
Missing 83,613 (20.4) 1000 (13.1) 0.58 (0.54-0.62) <.001
Population density, n (%)
City (reference) 205,159 (50.2) 3191 (41.9) 1.00 (N/A) N/A
Conurbation 137,378 (33.6) 3196 (41.9) 1.50(1.42-1.57) <.001
Rural 66,345 (16.2) 1236 (16.2) 1.20 (1.12-1.28) <.001
BMI, n (%)
Nonobese (reference) 252,114 (61.7) 4522 (59.3) 1.00 (N/A) N/A
Obese 101,386 (24.8) 2575 (33.8) 1.42 (1.35-1.49) <.001
Missing 55,382 (13.5) 526 (6.9) 0.53 (0.48-0.58) <.001
Smoker, n (%)
Nonsmoker (reference) 210,505 (51.5) 4458 (58.5) 1.00 (N/A) N/A
Smoker or former smoker 149,583 (36.6) 2945 (38.6) 0.93 (0.89-0.97) <.001
Missing 48,794 (11.9) 220 (2.9) 0.21 (0.19-0.24) <.001
Comorbidities
Depression, n (%)
No (reference) 315,510 (77.2) 4862 (63.8) 1.00 (N/A) N/A
Yes 93,372 (22.8) 2761 (36.2) 1.92 (1.83-2.01) <.001
Anxiety, n (%)
No (reference) 313,782 (76.7) 4969 (65.2) 1.00 (N/A) N/A
Yes 95,100 (23.3) 2654 (34.8) 1.76 (1.68-1.85) <.001
Asthma, n (%)
No (reference) 333,083 (81.5) 5821 (76.4) 1.00 (N/A) N/A
Yes 75,799 (18.5) 1802 (23.6) 1.36 (1.29-1.43) <.001
Chronic lung disease, n (%)
No (reference) 394,414 (96.5) 7429 (97.5) 1.00 (N/A) N/A
Yes 14,468 (3.5) 194 (2.5) 0.71 (0.62-0.82) <.001
COPD®, n (%)
No (reference) 396,024 (96.9) 7473 (98) 1.00 (N/A) N/A
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Variable and category COVID-19 infection, Long COVID, n=7623  Unadjusted oddsratio (95%Cl) P vaue
n=408,882

Yes 12,858 (3.1) 150 (2) 0.62 (0.53-0.73) <.001
Hypertension, n (%)

No (reference) 328,025 (80.2) 6001 (78.7) 1.00 (N/A) N/A

Yes 80,857 (19.8) 1622 (21.3) 1.10 (1.04-1.16) <.001
I schemic heart disease

No (reference) 387,015 (94.7) 7283 (95.5) 1.00 (N/A) N/A

Yes 21,867 (5.3) 340 (4.5) 0.83(0.74-0.92) <.001
Atrial fibrillation, n (%)

No (reference) 395,170 (96.6) 7490 (98.3) 1.00 (N/A) N/A

Yes 13,712 (3.4) 133(1.7) 0.51 (0.43-0.61) <.001
Congestive heart failure, n (%)

No (reference) 400,573 (98) 7558 (99.1) 1.00 (N/A) N/A

Yes 8309 (2) 65 (0.9) 0.41 (0.32-0.53) <.001
CKDS n (%)

No (reference) 385,985 (94.4) 7350 (96.4) 1.00 (N/A) N/A

Yes 22,897 (5.6) 273 (3.6) 0.63 (0.55-0.71) <.001
Type 2 diabetes, n (%)

No (reference) 378,258 (92.5) 7042 (92.4) 1.00 (N/A) N/A

Yes 30,624 (7.5) 581 (7.6) 1.02 (0.94-1.11) 67
Type 1 diabetes, n (%)

No (reference) 406,311 (99.4) 7581 (99.4) 1.00 (N/A) N/A

Yes 2571 (0.6) 42 (0.6) 0.88 (0.64-1.19) 38
Cirrhosis, n (%)

No (reference) 407,827 (99.7) 7607 (99.8) 1.00 (N/A) N/A

Yes 1055 (0.3) 16 (0.2) 0.81 (0.50-1.33) 40
Eczema, n (%)

No (reference) 318,124 (77.8) 5891 (77.3) 1.00 (N/A) N/A

Yes 90,758 (22.2) 1732 (22.7) 1.03 (0.98-1.09) 28
cMsY, mean (SD)

Continuous 0.45 (1.59) 0.29 (1.12) 0.94 (0.92-0.95) <.001

Exposures

|CU® admission, n (%)

No (reference) 406,302 (99.4) 7351 (96.4) 1.00 (N/A) N/A

Yes 2580 (0.6) 272 (3.6) 5.83 (5.13-6.62) <.001
Vaccination at any time, n (%)

No vaccine (reference) 84,094 (20.6) 872 (11.4) 1.00 (N/A) N/A

One dose 25,571 (6.3) 371 (4.9) 1.40 (1.24-1.58) <.001

Two doses 299,217 (73.2) 6380 (83.7) 2.06 (1.92-2.21) <.001
Pre-long COVID vaccination, n (%)

No vaccine (reference) 392,324 (96) 7347 (96.4) 1.00 (N/A) N/A

One dose 15,832 (3.9) 266 (3.5) 0.90 (0.79-1.01) .08

https://publichealth.jmir.org/2022/8/e37668

JMIR Public Health Surveill 2022 | vol. 8| iss. 8| e37668 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Meza-Torres et d

Variable and category COVID-19 infection, Long COVID, n=7623  Unadjusted oddsratio (95%Cl) P vaue
n=408,882
Two doses 726 (0.2) 10 (0.2) 0.74 (0.39-1.37) 31
Outcomes
All-cause mortality, n (%)
No (reference) 391,912 (95.8) 7600 (99.7) 1.00 (N/A) N/A
Yes 16,970 (4.2) 23(0.3) 0.07 (0.05-0.11) <.001

8N/A: not applicable.

PCOPD: chronic obstructive pulmonary disease.
SCKD: chronic kidney disease.

dems: Cambridge Multimorbidity Score.
€ICU: intensive care unit.

Before-and-After Study

Overall, symptomatic presentations to primary care increased
in people after their diagnosis compared with amatched historic
period. The odds of presenting with these symptoms more than
doubled. Theincreased ORswere 2.66 (95% Cl 2.46-2.88) and
242 (95% CI 2.03-2.89) for community and hospitalized
patients, respectively (Figure 2).

There were no differences between people who had been
hospitalized with COVID-19 infection and those who had
contracted community infections by category, other than the
differences in general and mental health symptoms. Patients
presented with more general symptoms after an index
community infection (OR 3.44, 95% CI 3.00-3.95) than after
an index hospital infection (OR 2.09, 95% Cl 1.56-2.80;
P<.001). Presentations with mental health sequelae were

associated more with index hospital infections (OR 2.21, 95%
Cl 1.64-2.96) than with index community infections (OR 1.36,
95% Cl 1.21-1.53).

Therewasan overall increasein reporting individual symptoms
for 95% (20/21) of the symptoms monitored in both the index
hospital and community infection groups. Among those
hospitalized, shortness of breath (OR 15.8, 95% CI 9.5-26.4),
loss of taste (OR 6.0, 95% CI 0.73-50.0), and memory loss and
confusion (OR 5.0, 95% CI 0.58-43.32) were the symptoms
that showed a higher increase after LC. For the community
group, difficulty concentrating (OR 11.7, 95% CI 3.6-38.0),
loss of taste (OR 8.7, 95% CI 3.4-21.7), and loss of smell (OR
7.5, 95% CI 4.2-13.2) showed ahigher increase after LC. Only
abdominal pain in the hospitalized group saw a decrease after
LC versus before LC (Table 2).

Figure2. Changeinlong COVID symptom presentation by symptom category for people who contracted a posthospitalization and index community
COVID-19 infection. Univariate odds ratios (ORs) and 95% Cls are presented for COVID-19 infection cases in the primary care sentinel cohort in
England between March 1, 2020, and April 1, 2021. ONS: Office for National Statistics.
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Table2. Changein symptomsin the hospitalized and community groups before and after devel oping long COVID for people presenting with COVID-19
infection in the primary care sentinel cohort in England between March 1, 2020, and April 1, 2021 (N=7609).

ONS? symptom variables Long COVID: hospitalized Unadjusted P Long COVID: community Unadjusted P
(n=1294) ORP (95%Cl) value (n=6315) OR(95%Cl)  yaue
Before, n  After,n  Differ- Before, After,n Differ-
(%) (%) ence, % n (%) (%) ence, %
Overall, oneor moreONS 315 567 19.48 2.42 (2.03- <.001 1326 2616 20.43 2.66 (2.46- <.001
symptom® (24.34) (43.82) 2.89) (22) (41.43) 2.88)
Central nervous system® 65(5.02) 103 294 164 (1.2 .004 250 578 5.19 2.44 (2.09- <.001
(7.96) 2.24) (396) (9.15) 2.86)
Memory lossandconfu- 1(0.08) 5(0.39) 0.31 5.02 (0.58- 22 4(0.06) 14 0.16 351(1.15 .03
sion 43.32) (0.22) 10.71)
Difficulty concentrating 0 6(0.46) 0.46 Infd .04 3(0.23) 35 0.32 11.73 (3.62- <.001
(0.55) 38.01)
Loss of smell 3(0.23) 6(046) 0.23 2(0.5-8.06) .50 14 103 141 7.46 (4.23- <.001
(022) (1.63) 13.17)
Trouble sleeping 9(0.7) 21(1.62) 0.92 2.36 (1.08- .05 19(0.3) 46 0.43 243 (1.43- <.001
5.16) (0.73) 4.13)
Headache 37(2.86) 48(3.71) 0.85 1.31 (0.85- .28 158 306 235 1.98 (1.63- <.001
2.01) (2.5 (4.85) 2.41)
Loss of taste 1(0.08) 6(046) 0.38 6.02 (0.73- A2 5(0.08) 43 0.6 8.65 (3.44- <.001
50.02) (0.68) 21.74)
Vertigo and dizziness  16(1.24) 30(2.32) 1.08 1.9(1.03- .05 66 (1) 137 117 2.1(1.56- <.001
3.48) (2.17) 2.82)
Respiratory® 118 294 13.6 2.93(2.32- <.001 416 1088 10.65 2.95 (2.62- <.001
(9.12) (22.72) 3.71) (659 (17.29) 3.32)
Sore throat 16(1.24) 18(1.39) 0.15 0.36 (0.21- .86 83 77 -0.09 0.93 (0.68- 71
0.62) (131 (122 1.27)
Shortness of breath 49 (3.79) 214 12.75 15.83(9.51- <.001 150 714 8.93 5.24 (4.39- <.001
(16.54) 26.35) (238) (11.31) 6.25)
Cough 70(5.41) 114 34 1.69 (1.23- .002 250 544 4.65 2.29 (1.96- <.001
(8.81) 2.31) (396) (8.61) 2.68)
Cardiovascular® 46 (3.55) 113 5.18 2.6(1.82- <.001 171 468 47 2.88 (2.41- <.001
(8.73) 3.69) (27 (741 3.43)
Palpitations 9(0.7) 26 (2) 13 2.93(1.36- .007 38(0.6) 128 141 3.42(2.35- <.001
6.29) (2.01) 4.96)
Chest pain 38(294) 97(75 4.6 2.68(1.81- .001 143 371 3.61 2.69 (2.21- <.001
3.96) (226) (5.87) 3.28)
General® 78(6.03) 153 5.79 2.09 (1.56- <.001 341 1037 11.02 3.44(3-3.95) <.001
(11.82) 2.8) 54 (16.42)
Weaknessandtiredness 26 (2.01) 95(7.34) 5.33 3.86 (2.51- .001 123 786 10.5 7.16 (5.88- <.001
5.95) (1.95) (12.45) 8.71)
Fever 11(0.85) 20(1.55) 0.7 1.83(0.87- .16 48 105 0.9 2.21(1.55- <.001
3.86) (0.76)  (1.66) 3.14)
Muscle aches 8(0.62) 24(185 1.23 3.04 (1.36- .004 33 121 14 3.72(2.51- <.001
6.79) (052) (192 5.5)
Abdominal pain 40 (3.09) 37(2.86) -0.23 0.92 (0.59- .83 158 178 0.32 1.13(0.91- .30
1.45) (2.5 (2.82) 1.4)
Gastrointestinal® 23(1.78) 45(348) 1.7 1.99 (1.2 .01 64 167 1.63 2.65(1.98- <.001
3.31) (1.01) (269 3.56)
Nauseaand vomiting  7(0.54) 23(1.78) 1.24 3.33(1.43- .006 27 72 0.71 2.69 (1.71- <.001
7.73) 043 (119 4.22)
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ONS? symptom variables ~ Long COVID: hospitalized Unadjusted P Long COVID: community Unadjusted P
(n=1294) ORb (95% C|) value (n=6315) OR (95% C|) value
Before, n  After,n  Differ- Before, After,n Differ-
(%) (%) ence, % n (%) (%) ence, %
Loss of appetite 2(0.15 6(046) 031 3.01(0.6- .29 9(0.14) 35 041 3.9(1.89- <.001
15.01) (0.55) 8.06)
Diarrhea 16 (1.24) 25(1.93) 0.69 1.57 (0.84- 21 34 79 0.71 2.34 (1.55- <.001
2.95) (054) (1.25) 3.53)
Mental health® 70(5.41) 145 5.8 2.21(1.64- <.001 457 607 2.37 1.36 (1.21- <.001
(11.21) 2.96) (7.24)  (9.61) 1.53)
Worry and anxiety 33(255) 82(6.34) 3.79 259 (1.71- <.001 274 407 21 152 (13- <.001
3.9) (434) (644 1.78)
Lowmoodandnoten- 57(44) 97(75 31 1.76 (1.26- .002 292 389 154 1.35(1.16- <.001
joying anything 2.45) (462) (6.16) 1.58)

30ONS: Office for National Statistics.
POR: odds ratio.

“The P values by category of symptoms have had the Bonferroni correction applied for multiple testing.

dinf: infinite.

Comparison of People With COVID-19 Infection
Without LC and Those With LC

The frequencies of baseline characteristics and univariate ORs
for people with COVID-19 infection stratified by LC status are
shown in Table 1 (n=416,505). The mean age was 44.5 (SD
21.77) years for the COVID-19 infection group and 47.7 (SD
14.8) yearsfor the LC group. A higher proportion of those with
L C was found among women (4926/7623, 64.62%), and male
sex was associated with alower odds of an LC diagnosis (OR
0.69, 95% CI 0.66-0.72). The proportion of those with arecord
of intensve care unit (ICU) admission was 0.63%
(2580/408,882) in people with COVID-19 infection and 3.57%
(272/7623) in people with LC, and arecord of ICU admission
was associated with ahigher odds of an L C diagnosis (OR 5.83,
95% Cl 5.13-6.62). A moderate association with LC wasfound
for history of depression, anxiety, living in a conurbation, and
COVID-19 vaccination at any time. A lower association was
found for people with obesity, asthma, and hypertension.

The multivariate logistic regression analysis using LC as an
outcome (Figure 3) showed that a greater odds of having LC
was associated with increasing age, higher population density

https://publichealth.jmir.org/2022/8/e37668

(conurbation), mental health problems (anxiety and depression),
and ICU admission. By contrast, male sex, being more deprived,
chronic kidney disease (CKD), and a higher comorbidity score
(measured using the CMS) were not.

An additional year of age was associated with a5% increasein
odds of an LC diagnosis (OR 1.05, 95% CI 1.04-1.05). After
adjusting for confounders, the demographic factors associated
with a decreased odds of an LC diagnosis among people with
COVID-19 infection included mae sex (OR 0.9, 95% CI
0.85-0.94) and higher deprivation (OR 0.94, 95% CI 0.9-0.99).
However, residing in a conurbation was associated with
increased odds of an L C diagnosis (OR 1.46, 95% CI 1.39-1.53).
Among the history of comorbidities and exposures, depression
(OR 1.55, 95% CI 1.47-1.64), anxiety (OR 1.35, 95% CI
1.28-1.35), asthma (OR 1.28, 95% CI 1.21-1.35), type 2 diabetes
(OR 1.18, 95% CI 1.07-1.29), eczema (OR 1.06, 95% CI
1-1.12), and a record of ICU admission (OR 5.74, 95% CI
5.02-6.53) were associated with increased odds of an LC
diagnosis. By contrast, history of CKD (OR 0.76, 95% CI
0.67-0.87) and a higher CMS (OR 0.54, 95% CI 0.52-0.56)
were associated with lower odds of an LC diagnosis (Figure 3).
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Figure 3. Multivariate logistic regression analysis showing associations with long COVID among people with COVID-19 infection diagnosed in the
primary care sentinel cohort in England (March 1, 2020, to April 1, 2021). Results are shown as odds ratios (ORs) with 95% Cls. CKD: chronic kidney
disease; CMS: Cambridge Multimorbidity Score; ICU: intensive care unit; Q: quintiles.

Cases of long COVID: N=416,505; cases evaluated: n=7623 (1.83%)

OR [95%CI]  p=Chi2
Age - 1.05[1.04-1.05]  <0.001
Sex (male) — 0.9[0.85-0.94] <0.001
More deprived (Q1-3) —-— 0.94 [0.9 - 0.99] 0.01
Population: conurbation —— 1.46[1.39 - 1.53] <0.001
Depression — 1.55[1.47 - 1.64] <0.001
Anxiety ——— 1.35[1.28 - 1.43]  «0.001
Asthma —— 1.28[1.21-1.35] <0.001
CKD e 0.76 [0.67 - 0.87]  <0.001
Type 2 diabetes e 1.18 [1.07-1.29]  <0.001
Eczema —— 1.06 [1-1.12] 0.03
CMS - 0.54 [0.52- 0.56]  <0.001
ICU admission I I I I : I I I—HI 5.74[5.02-6.53] <0.001
0.50 0.75 1.0 1.5 2.0 3.0 40 50 6.0
ORs
with LC after both index community infection and

Comparison of Posthospitalization- and
Postcommunity Infection With LC

The frequencies of baseline characteristics and univariate ORs
for people with LC stratified by community versus hospital
index infection are shown in Table 3 (n=7623). Among baseline
characteristics, the mean age was 54.8 (SD 14.3) years for the
posthospitalization-infection L C group and 46.2 (SD 14.5) years
for the postcommunity-infection LC group, whereas the
proportion of female patients was 53.94% (705/1307) in the
posthospitalization-infection L C group and 66.83% (4221/6316)
in the postcommunity-infection L C group. Demographic factors
associated with higher odds of hospitalization included male
sex, higher deprivation, and non-White ethnicity. Among
comorbidities, congestive heart failure, type 2 diabetes, CKD,
ischemic heart disease, hypertension, chronic lung disease,
obesity, and atria fibrillation were al significantly associated
with higher odds of a posthospitalization L C diagnosis.

The multivariate logistic regression anaysis using
posthospitalization L C as an outcome produced results (Figure
4) that contrasted with the previous analysis. Although
increasing age, asthma, and type 2 diabetes remained associated
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hospitalization for the index COVID-19 infection, people who
had received a diagnosis of LC after hospitalization were more
likely to be men, more deprived, of non-White ethnicity, and
have CKD and higher comorbidity scores (Figure 4).

An additional year of age was associated with a1% increasein
odds of having been hospitalized for COVID-19 infection (OR
1.01, 95% CI 1-1.02). After adjusting for confounders, the
demographic factors associated with an increased odds of an
LC diagnosis after hospitaization for COVID-19 infection
included male sex (OR 143, 95% CI 1.25-1.64), higher
deprivation (OR 1.42, 95% CI 1.24-1.63), non-White ethnicity
(OR 1.78, 95% CI 1.5-2.12), and obesity (OR 2.18, 95% ClI
1.9-2.5). Asthma (OR 1.27, 95% CI 1.1-1.47), CKD (OR 1.44,
95% CI 1.08-1.09), and type 2 diabetes (OR 1.66, 95% ClI
1.35-2.02) were also associated with LC after hospitalization
for COVID-19 infection. An increase in CMS was also
associated with a41% increase in odds of a posthospitalization
LC diagnosis (OR 1.41, 95% CI 1.26-1.57). Only history of
depression was associated with lower odds (OR 0.84, 95% Cl
0.73-0.96).
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Table 3. Frequencies of baseline characteristics and univariate odds ratios (ORs) for people with long COVID stratified by community versus hospital
index infection in the primary care sentinel cohort in England (March 1, 2020, to April 1, 2021; N=7623).

Variable and category Community, n=6316 Hospitalized, n=1307 Unadjusted oddsratio (95% Cl) P value

Sociodemographic characteristics

Age (years), mean (SD)

Continuous 46.2 (14.49) 54.8 (14.3) 1.04 (1.04-1.05) <.001
Sex, n (%)

Female (reference) 4221 (66.83) 705 (53.94) 1.00 (N/A®) N/A

Male 2095 (33.17) 602 (46.06) 1.72 (1.52-1.94) <.001
Deprivation, n (%)

Least deprived (reference) 2639 (41.78) 409 (31.29) 1.00 (N/A) N/A

Most deprived 3677 (58.22) 898 (68.71) 1.58 (1.39-1.79) <.001
Ethnicity, n (%)

White (reference) 4619 (73.13) 910 (69.63) 1.00 (N/A) N/A

Non-White 844 (13.36) 250 (19.13) 1.50 (1.28-1.76) <.001

Missing 853 (13.51) 147 (11.25) 0.87 (0.72-1.06) 16

Population density, n (%)

City (reference) 2639 (41.78) 552 (42.23) 1.00 (N/A) N/A

Conurbation 2621 (41.5) 575 (43.99) 1.05 (0.92-1.19) 47

Rural 1056 (16.72) 180 (13.77) 0.81 (0.68-0.98) .03
BMI, n (%)

Nonobese (reference) 3957 (62.65) 565 (43.23) 1.00 (N/A) N/A

Obese 1882 (29.8) 693 (53.02) 2.58(2.28-2.92) <.001

Missing 477 (7.55) 49 (3.75) 0.72 (0.53-0.98) .03
Smoker, n (%)

Nonsmoker (reference) 3696 (58.52) 762 (58.3) 1.00 (N/A) N/A

Smoker or former smoker 2411 (38.17) 534 (40.86) 1.07 (0.95-1.21) .25

Missing 209 (3.31) 11 (0.84) 0.26 (0.14-0.47) <.001

Comorbidities
Depression, n (%)
No (reference) 4029 (63.79) 833 (63.73) 1.00 (N/A) N/A
Yes 2287 (36.21) 474 (36.27) 1.00 (0.89-1.13) 97
Anxiety, n (%)

No (reference) 4094 (64.82) 875 (66.95) 1.00 (N/A) N/A

Yes 2222 (35.18) 432 (33.05) 0.91 (0.80-1.03) 14
Asthma, n (%)

No (reference) 4869 (77.09) 952 (72.84) 1.00 (N/A) N/A

Yes 1447 (22.91) 355 (27.16) 1.25 (1.10-1.44) <.001

Chronic lung disease, n (%)
No (reference) 6185 (97.93) 1244 (95.18) 1.00 (N/A) N/A
Yes 131 (2.07) 63 (4.82) 2.39(1.76-3.25) <.001

COPD®, n (%)

No (reference) 6218 (98.45) 1255 (96.02) 1.00 (N/A) N/A
Yes 98 (1.55) 52 (3.98) 2.63(1.87-3.70) <.001
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Variable and category Community, n=6316 Hospitalized, n=1307 Unadjusted oddsratio (95% Cl) P value

Hypertension, n (%)

No (reference) 5168 (81.82) 833 (63.73) 1.00 (N/A) N/A

Yes 1148 (18.18) 474 (36.27) 2.56 (2.25-2.92) <.001
I schemic heart disease, n (%)

No (reference) 6102 (96.61) 1181 (90.36) 1.00 (N/A) N/A

Yes 214 (3.39) 126 (9.64) 3.04 (2.42-3.82) <.001
Atrial fibrillation, n (%)

No (reference) 6228 (98.61) 1262 (96.56) 1.00 (N/A) N/A

Yes 88 (1.39) 45 (3.44) 2.52(1.75-3.63) <.001
Congestive heart failure, n (%)

No (reference) 6283 (99.48) 1275 (97.55) 1.00 (N/A) N/A

Yes 33(0.52) 32 (2.45) 4,78 (2.93-7.80) <.001

CKDS n (%)

No (reference) 6155 (97.45) 1195 (91.43) 1.00 (N/A) N/A

Yes 161 (2.55) 112 (8.57) 3.58 (2.79-4.60) <.001
Type 2 diabetes, n (%)

No (reference) 5082 (94.71) 1060 (81.1) 1.00 (N/A) N/A

Yes 334 (5.29) 247 (18.9) 4.17 (3.50-4.98) <.001
Type 1 diabetes, n (%)

No (reference) 6282 (99.46) 1299 (99.39) 1.00 (N/A) N/A

Yes 34(0.54) 8(0.61) 1.14 (0.53-2.46) 75
Cirrhosis, n (%)

No (reference) 6305 (99.83) 1302 (99.62) 1.00 (N/A) N/A

Yes 11(0.17) 5(0.38) 2.20 (0.76-6.35) 7

Eczema, n (%)
No (reference) 4871 (77.12) 1020 (78.04) 1.00 (N/A) N/A
Yes 1445 (22.88) 287 (21.96) 0.95 (0.82-1.09) 47
cMsY, mean (SD)
Continuous 0.16 (1.03) 0.95 (1.33) 1.75(1.66-1.84) <.001
Exposures
|CU® admission, n (%)
No (reference) 6316 (100) 1035 (79.19) 1.00 (N/A) N/A
Yes 0(0) 272 (20.81) inf <.001

Vaccination at any time, n (%)

No vaccine (reference) 743 (11.76) 129 (9.87) 1.00 (N/A) N/A

One dose 326 (5.16) 45 (3.44) 0.80 (0.55-1.14) 21

Two doses 5247 (83.07) 1133 (86.69) 1.24 (1.02-1.52) .03

Pre-long COVID vaccination, n (%)

No vaccine (reference) 6108 (96.71) 1239 (94.8) 1.00 (N/A) N/A

One dose 199 (3.15) 67 (5.13) 1.66 (1.25-2.20) <.001
Two doses 9(0.14) 1(0.08) 0.55 (0.07-4.33) 54

Outcomes
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Variable and category Community, n=6316

Hospitalized, n=1307 Unadjusted oddsratio (95% Cl) P value

All-cause mortality, n (%)
No (reference) 6310 (99.91)

Yes 6 (0.09)

N/A
<.001

1290 (98.7)
17 (1.3)

1.00 (N/A)
13.9 (5.5-35.2)

3N/A: not applicable.

BCOPD: chronic obstructive pulmonary disease.
SCKD: chronic kidney disease.

dems: Cambridge Multimorbidity Score.
€ICU: intensive care unit.

finf: infinite.

Figure 4. Multivariate logistic regression analysis showing associations with long COVID acquired after hospitalization. Results are shown as odds
ratios (ORs) with 95% Cls. CKD: chronic kidney disease; CM S: Cambridge Multimorbidity Score; Q: quintiles.

Cases of hospitalization: N=7623; cases evaluated: n=1307 (17.15%)

OR [95%CIl]  p=Chiz
Age . 1.01[1-1.02]  <0.01
Sex (male) _— 1.43[1.25- 1.64]  <0.001
More deprived (Q1-3) —_— 1.42[1.24-1.63] <0.001
Ethnicity (non-White) —_— 1.78[1.5-2.12] <0.001
Obesity —_— 2.18[1.91-2.49] <0.001
Depression —_— 0.84 [0.73 - 0.96] 0.01
Asthma —— 1.27[1.1-1.47]  <0.01
CKD —_— 1.44 [1.08 - 1.9] 0.01
Type 2 diabetes 1.66 [1.35-2.02]  <0.001
CMS ——— 1.41[1.26-1.57]  <0.001
[ I T I I I I 1 I
0.50 0.75 1.0 1.5 2.0 3.0 4.0 50 6.0
ORs

LC and All-Cause Mortality

The frequencies of baseline characteristics and univariate ORs
for people with LC stratified by vital status are shown in Table
4 (n=7623). We paired data for people with LC who died
(23/7623, 0.3%) and those who remained alive within the study
period (7600/7623, 99.7%). Demographic factors associated
with ahigher risk of mortality include male sex (OR 4.19, 95%
Cl 1.72-10.21) and age, where the mean agewas 75.7 (SD 8.23)
years in the mortality group and 47.6 (SD 14.75) yearsin the
living group. Every additional year of age was associated with
a 10% increased risk of death (OR 1.15, 95% CI 1.11-1.19).
Among comorbidities, all cardiovascular comorbidities were
associated with ahigher risk of mortality, particularly congestive
heart failure (OR 26, 95% CI 8.60-78.74) and atrial fibrillation
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(OR 20.8, 95% CI 8.06-53.54). Pulmonary conditions, including
chronic obstructive pulmonary disease (OR 14.3, 95% CI
5.23-38.99) and chronic lung disease (OR 13.9, 95% CI
5.43-35.69) were al so associated with higher mortality. Among
metabolic and inflammatory conditions, cirrhosis, type 1
diabetes, type 2 diabetes, and eczema were associated with
all-cause mortality. Finally, ICU admission (OR 7.63, 95% ClI
2.81-20.70) was associated with a higher risk of death.

The results for the multivariate logistic regression analysis for
people with LC using all-cause mortality as an outcome are
presented in Figure 5. Age (OR 1.08, 95% CI 1.02-1.14), male
sex, and ahigher CM S were all associated with higher odds of
mortality. By contrast, COVID-19 vaccination at any time and
living in a conurbation were associated with lower odds of
mortality (Figure 5).
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Table 4. Frequencies of baseline characteristics and univariate odds ratios for people with LC stratified by vital status in the primary care sentinel
cohort in England (March 1, 2020, to April 1, 2021; N=7623).

Variable and category Alive, n=7600 All-cause mortality, =23  Unadjusted oddsratio (95%Cl) P vaue

Sociodemographic characteristics

Age (years), mean (SD)

Continuous 47.6 (14.75) 75.7 (8.23) 1.15 (1.11-1.19) <.001
Sex, n (%)

Female (reference) 4919 (64.72) 7(30.43) 1.00 (N/A®) N/A

Male 2681 (35.28) 16 (69.57) 4.19 (1.72-10.21) <.001
Deprivation, n (%)

Least deprived (reference) 3042 (40.01) 6 (26.09) 1.00 (N/A) N/A

Most deprived 4558 (59.97) 17 (73.9) 1.89 (0.74-4.80) 16
Ethnicity, n (%)

White (reference) 5509 (72.49) 20 (86.96) 1.00 (N/A) N/A

Non-White 1092 (14.37) 2(8.7) 0.50 (0.12-2.16) 31

Missing 999 (13.14) 1(4.35) 0.28 (0.04-2.06) 12

Population density, n (%)

City (reference) 3179 (41.83) 12 (52.17) 1.00 (N/A) N/A

Conurbation 3191 (42) 5(21.74) 0.42 (0.15-1.18) .08

Rural 1230 (16.18) 6 (26.09) 1.29 (0.48-3.45) 61
BMI, n (%)

Nonobese (reference) 4506 (59.29) 16 (69.57) 1.00 (N/A) N/A

Obese 2568 (33.79) 7 (30.43) 0.77 (0.32-1.87) 55

Missing 526 (6.92) 0(0) 0.26 (0.02-4.33) .06
Smoker, n (%)

Nonsmoker (reference) 4447 (58.51) 11 (47.82) 1.00 (N/A) N/A

Smoker or former smoker 2933 (38.59) 12 (52.17) 1.65 (0.73- 3.75) .23

Missing 220 (2.89) 0(0) 0.88 (0.05-14.93) 30

Comorbidities
Depression, n (%)
No (reference) 4843 (63.72) 19 (82.61) 1.00 (N/A) N/A
Yes 2757 (36.28) 4(17.39) 0.37 (0.13-1.09) .05
Anxiety, n (%)

No (reference) 4952 (65.16) 17 (73.91) 1.00 (N/A) N/A

Yes 2648 (34.84) 6 (26.09) 0.66 (0.26-1.68) 37
Asthma, n (%)

No (reference) 5802 (76.34) 19 (82.61) 1.00 (N/A) N/A

Yes 1798 (23.66) 4(17.39) 0.68 (0.23-2.00) 47

Chronic lung disease, n (%)
No (reference) 7412 (97.53) 17 (73.91) 1.00 (N/A) N/A
Yes 188 (2.47) 6 (26.09) 13.91 (5.43-35.69) <.001

COPD" , n (%)

No (reference) 7455 (98.09) 18 (78.26) 1.00 (N/A) N/A
Yes 145 (1.91) 5(21.74) 14.28 (5.23-38.99) <.001
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Variable and category Alive, n=7600

All-cause mortality, n=23

Unadjusted oddsratio (95% Cl) P value

Hypertension, n (%)

No (reference) 5993 (78.86)

Yes 1607 (21.14)
I schemic heart disease, n (%)

No (reference) 7265 (95.59)

Yes 335 (4.41)
Atrial fibrillation, n (%)

No (reference) 7473 (98.33)

Yes 127 (1.67)
Congestive heart failure, n (%)

No (reference) 7539 (99.2)

Yes 61 (0.8)

CKDC " (%)

No (reference) 7332 (96.47)

Yes 268 (3.53)
Type 2 diabetes, n (%)

No (reference) 7028 (92.47)

Yes 572 (7.53)
Type 1 diabetes, n (%)

No (reference) 7559 (99.46)

Yes 41 (0.54)
Cirrhosis, n (%)

No (reference) 7585 (99.8)

Yes 15(0.2)

Eczema, n (%)
No (reference) 5878 (77.34)
Yes 1722 (22.66)
cMsY, mean (SD)
Continuous 0.28 (1.11)
Exposures
|CU® admission, n (%)
No (reference) 7333 (96.49)
Yes 267 (3.51)

Vaccination at any time, n (%)

No vaccine (reference) 867 (11.41)
One dose 367 (4.83)
Two doses 6366 (83.76)

Pre-long COVID vaccination, n (%)
No vaccine (reference) 7326 (96.39)
One dose 264 (3.47)

8(34.78)
15 (65.22)

18 (78.26)
5 (21.74)

17 (73.92)
6 (26.09)

19 (82.61)
4 (17.39)

18 (78.26)
5 (21.74)

14 (60.87)
9(39.13)

22 (95.65)
1(4.35)

22 (95.65)
1(4.35)

13 (56.52)
10 (43.48)

3.37(L1)

18 (78.26)
5(21.74)

5(21.74)
4(17.39)
14 (60.87)

21 (91.3)
2(8.7)

1.00 (N/A)
6.99 (2.96-16.52)

1.00 (N/A)
6.02 (2.22-16.32)

1.00 (N/A)
20.77 (8.06-53.54)

1.00 (N/A)
26.02 (8.60-78.74)

1.00 (N/A)
7.60 (2.80-20.62)

1.00 (N/A)
7.90 (3.40-18.33)

1.00 (N/A)
8.38 (1.10-63.64)

1.00 (N/A)
22.98 (2.91-181.62)

1.00 (N/A)
2.63 (1.15-6.00)

3.24(2.55-4.11)

1.00 (N/A)
7.63 (2.81-20.70)

1.00 (N/A)
1.89 (0.50-7.08)
0.38 (0.14-1.06)

1.00 (N/A)
2.64 (0.62- 11.33)

N/A
<.001

N/A
<.001

N/A
<.001

N/A
<.001

N/A
<.001

N/A
<.001

N/A
a2

N/A

N/A
.03

<.001

N/A
<.001

N/A
.35
.09

N/A
25
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Variable and category Alive, n=7600

All-cause mortality, n=23  Unadjusted oddsratio (95%Cl) P vaue

Two doses 10 (0.13)

0(0) inft N/A

3N/A: not applicable.

BCOPD: chronic obstructive pulmonary disease.
SCKD: chronic kidney disease.

dems: Cambridge Multimorbidity Score.
€ICU: intensive care unit.

fInf: infinite.

Figure5. Multivariate logistic regression analysis of risk factors for all-cause mortality in people with long COVID. Results are shown as odds ratios

(ORs) with 95% Cls. CM'S: Cambridge Multimorbidity Score.

Cases of all-cause mortality: N=7623; cases evaluated: n=23 (0.3%)

Age

Sex (male)

Population: conurbation

CMS

Any vaccine dose at any time =

OR[95%Cl]  p=Chi2

= 1.08[1.02-1.14]  <0.01
B 3.32 [1.32 - 9.24] 0.01

0.38 [0.12 - 0.99] 0.07

B 211[1.34-3.28]  <0.001
0.1[0.03-0.35] <0.001

[ I T I
0.05 0.10 0.20

[ T T T

0.35 0.50 0.751.00 1.502.00 3.004.00 6.00

ORs

Discussion

Principal Findings

Although rates of recording of LC are low, an LC diagnosis
was associated with an odds of more than twice as many
consultations with ONS-defined L C-related symptomsin the 6
months after contracting the index infection compared with a
historical control period. The increase in symptoms did not
differ between those who had their initial COVID-19 infection
managed in the hospital and those who were acommunity case.
However, people with L C after hospitalization had greater odds
of presenting with mental health problems, and those with LC
after community infection had greater odds of presenting with
general symptoms (weakness and tiredness, fever, myalgia, and
abdominal pain).

There were some similarities, but there were marked contrasts
between the characteristics of people who had been diagnosed
with LC after a hospital infection and those who had been
diagnosed with L C after acommunity infection. Thesimilarities
were associations with increasing age, asthma, and type 2
diabetes. The differences in the posthospitalization LC group
were male sex, more deprivation, history of CKD, and higher
multimorbidity scores, whereasthosein the postcommunity LC
group were female sex, less deprived, and more likely to have
depression and anxiety aswell aslower levelsof comorbidities.

All-cause mortality in people with LC was higher in older men
and those with higher multimorbidity scores, associations that
were similar to those with hospitalized patients. COVID-19

https://publichealth.jmir.org/2022/8/e37668

RenderX

vaccination was associated with lower odds of al-cause
mortality in patients with LC.

Comparison With the Literature

Posthospitalization L C was associated with higher deprivation,
non-White ethnicity, obesity, CKD, and type 2 diabetes
compared with postcommunity LC. There are similarities
between our study, Living Risk Prediction Algorithm
(QCOVID) study [21], and other studies[6,7] that reported the
samerisk factors, although with different outcomes. Datafrom
the UK Health Security Agency and ONS indicated economic
disadvantage to the prevalence of sex, obesity, diabetes,
hypertension, and cardiovascular disease. These disparities may
have been exacerbated because of the COVID-19 pandemic,
especialy among ethnic groups. However, there remains
uncertainty regarding the degree to which therisk of developing
posthospitalization LC in more deprived segmentsis linked to
the severity of the disease (COVID-19) and more comorbidities
[22] or to the propensity to consult in primary care, as reported
for other respiratory conditions [23]. Disentangling the
relationship between LC and hospital versus community is
confounded by the presence of post-ICU syndrome in patients
admitted to the ICU, many of the features of which (anxiety,
cognitive difficulties, and breathlessness) overlap with LC. It
is possible that the differences in the 2 groups are due to this
confounding.

There are similarities between our study, Living Risk Prediction
Algorithm (QCOVID) study [21], and other reports [3,24]
regarding sociodemographic and comorbidity variables
associated with mortality. These include cardiometabolic
conditions (eg, CKD, type 2 diabetes, ischemic heart disease,
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and atria fibrillation), chronic obstructive pulmonary disease,
and asthma. However, we additionally report on vaccination
status and conurbation as associated with lower odds of desth.
A UK Health Security Agency report indicated twice the risk
of death due to COVID-19 infection among people from
Bangladesh in comparison with White British people. Caribbean,
Indian, Pakistani, Chinese, and Black ethnic groups were
identified to have a 10% to 50% higher risk of mortality in
comparison with White British people. We do not report
differences on mortality per ethnicity because the number of
deaths in the LC group was too small to enable us to find
differences across groups.

We identified a lower prevalence of LC compared with
self-report population surveys (eg, ONS) [4], but the prevalence
was higher than those reported by other studies using routine
data[9]. The OpenSAFELY study found that 27% of practices
had no L C recording compared with 7.8% in our sentinel cohort
[9]. Low rates of clinical coding of LC and interpractice
variation are a national problem. COVID-19 coding evolved
over the course of the pandemic, and the United Kingdom also
has a region-specific version of SNOMED CT, which further
complicatestheissue[19,25]. LC clinical codeswereintroduced
to SNOMED CT in January 2021; therefore, primary care staff
did not have access to these until February 2021 [9,10]. Levels
recorded in GP CM Rs are dependent both on patients consulting
their GP (many do not) and the GP both recognizing LC and
coding it; therefore, our estimate of 1.83% (7623/416,505) will
be very conservative. In addition, vaccination has been shown
to decrease the risk of developing LC by approximately half;
therefore, risks will have fallen over time (ONS).

Strengths and Limitations

The data were sourced from a representative network (PCSC)
where practices have received feedback throughout the
pandemic. Data on COVID-19 infection diagnoses and
comorbidity are likely to be of good quality [17,26]. Linkage
to hospital and mortality data adds reliability compared with
only using coded data. Clinicians may well be underrecording
L C, either by not recognizing it or by coding it with apresenting
symptom code. The ONS symptoms are the most well-validated
set of LC symptoms available at present; however, avalidation
study is pending. In addition, LC may be diagnosed as other
conditions and coded as such; for example, a patient with
pre-existing anxiety may well havetheir L C-related tachycardia
and breathl essness diagnosed as worsening anxiety. It isknown
that GPstend not to record symptomsreliably in the record and
tend to only record symptoms that support their working

Meza-Torres et d

diagnosis, introducing bias[27]. Asaresult, vital datamay not
be coded and included in this study because of these being
available as free text within CMRs. Considerable care needsto
betakenininterpreting these very granular datafromthe CMR.

Implications of the Findings

Itisvery likely that L C was underrecorded, and clinicians should
continue to be encouraged to record this condition in clinical
records. LC is an important comorbidity that needs to be
captured so that it can be taken into consideration in health
service planning and assessment of vaccine benefit risk.

The differences between those presenting to community and
hospital care may have represented the propensity of different
groups to consult (eg, women more than men in primary care)
and the possibility that some groups experienced more serious
disease (eg, men and increasing age), as well as the potential
for disparitiesin presentation.

As COVID-19 continues to circulate in the community, abeit
with lower death and morbidity rates because of vaccines and
a current less-virulent strain, learning to recognize groups of
patientsat greatest risk of acquiring L C and managing associated
risk factors may affect presentations and disease impact.
Comorbid conditions that increase the risk of acquiring LC,
such as asthma, may shed light on possible etiological risk
factors.

Call for Further Research

LC case identification within primary care requires improved
datarecording. Better case identification will enable successful
interventions to be implemented. A range of incentives to
improve case ascertainment and data quality have been
successfully implemented in primary care. This would further
aid in understanding communicabl e disease risk and to develop
better controlsin the future.

Conclusions

LC recording in primary care records was low, reflecting either
low prevalence or underrecording. There are differences between
the sociodemographic profiles and comorbidities of LC
symptoms presented after an index community infection
compared with those hospitalized with a COVID-19 infection.
Factors associated with hospital presentation are al so associated
with higher all-cause mortality, athough vaccination is
protective. Thissuggeststhat the disparities flagged throughout
the COVID-19 pandemic may also apply to LC, where better
tools to identify and intervene are needed in those at greatest
risk.
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