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Abstract

Background: Demographic and infection-related characteristics have been identified as risk factors for long COVID,
but research on the influence of health behaviours (e.g., exercise, smoking) immediately preceding the index infection
is lacking. The aim of this study was to examine whether specific health behaviours in the month preceding infection
with COVID-19 act as upstream risk factors for long COVID as well as well as three specific long COVID symptoms.

Methods: One thousand five hundred eighty-one UK adults from the UCL COVID-19 Social Study and who had
previously been infected with COVID-19 were analysed. Health behaviours in the month before infection were weekly
exercise frequency, days of fresh air per week, sleep quality, smoking, consuming more than the number of recom-
mended alcoholic drinks per week (> 14), and the number of mental health care behaviours (e.g., online mental health
programme). Logistic regressions controlling for covariates (e.g., COVID-19 infection severity, socio-demographics,
and pre-existing health conditions) examined the impact of health behaviours on long COVID and three long COVID
symptoms (difficulty with mobility, cognition, and self-care).

Results: In the month before infection with COVID-19, poor quality sleep increased the odds of long COVID (odds
ratio [OR]: 3.53; (95% confidence interval [Cl]: 2.01 to 6.21), as did average quality sleep (OR: 2.44; 95% Cl: 1.44 t0 4.12).
Having smoked (OR: 8.39; 95% Cl: 1.86 to 37.91) increased and meeting recommended weekly physical activity guide-
lines (3h hours) (OR: 0.05; 95% Cl: 0.01 to 0.39) reduced the likelihood of difficulty with self-care (e.g., washing all over
or dressing) amongst those with long COVID.

Conclusions: Results point to the importance of sleep quality for long COVID, potentially helping to explain previ-
ously demonstrated links between stress and long COVID. Results also suggest that exercise and smoking may be
modifiable risk factors for preventing the development of difficulty with self-care.
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Background

Long COVID, which includes both ongoing sympto-

matic COVID-19 (the presence of symptoms from 4 to
12weeks post-onset), and post-COVID-19 syndrome

Department of Behavioural Science and Health, University College London, .

1-19 Torrington Place, London WC1E 7HB, UK (the presence of symptoms >12weeks post-onset) [1] is

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

*Correspondence: e.paul@uclac.uk



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-022-14123-7&domain=pdf

Paul and Fancourt BMC Public Health (2022) 22:1716

rapidly becoming a major public health concern [2]. The
most common symptoms are weakness, fatigue, cognitive
difficulties (e.g., concentration and remembering), and
breathlessness [3-5]. Findings from studies representa-
tive of the general adult population suggest that as of July
2022, around 1.8 million people in the UK self-report
COVID-19 symptoms lasting at least 4 weeks (long
COVID), with nearly three quarters (72%) reporting that
their ongoing symptoms significantly impacted their abil-
ity to carry out their day to day activities [5]. Additionally,
a large portion of patients suffering from long COVID
report reduced quality of life [3, 4].

Most research on long COVID has focused on socio-
demographic factors, with female sex, increasing age, and
living in a more deprived area as risk factors [5-7]. There
is also some emerging evidence of the role of pre-infec-
tion health factors such as being obese or overweight and
asthma in the development of long COVID [6-10], likely
via mechanisms involving chronic systemic inflammation
[11]. Focusing on modifiable behavioural risk factors for
long COVID is logical, given that several health behav-
iours, including smoking [12] physical inactivity [13],
poor sleep [14, 15] and excessive alcohol consumption
not only increase the risk of infectious diseases, but can
also impede vaccine response [11].

However, such work on health behaviours and long
COVID remains in its infancy. Although COVID-19
symptom severity shows somewhat inconsistent asso-
ciations with long COVID development [4, 16-18],
there is some evidence that health behaviours assessed
prior to infection increase the likelihood of long COVID.
In a large sample of adults who had tested positive for
COVID-19, consistent physical inactivity recorded in the
2 years before COVID-19 infection increased the risk
of hospitalisation, ICU admission, and death compared
to patients who had consistently met physical activity
guidelines [19]. A Mendelian randomisation study found
that UK adults predisposed to smoking and to smoking
more cigarettes per day were more likely to have been
hospitalised and to have died from COVID-19 [20]. Cur-
rent smoking status increased the likelihood of persistent
COVID symptoms (12weeks or more) in a cross-sec-
tional study of randomly selected community based sam-
ples of adults in England [7], it remains unclear whether
other behavioural factors occurring before infection with
COVID-19influence risk of developing long COVID.

This is important to ascertain, as negative changes have
been observed in many of these health behaviours dur-
ing the pandemic [21, 22] If such behavioural factors
are found to increase risk for long COVID it could help
inform public health programmes designed to reduce the
risk of further cases of long COVID. Thus, the aim of this
study was to identify whether specific health behaviours
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in the month preceding infection with COVID-19 act
as upstream and potentially modifiable markers of long
COVID as well as three long COVID symptoms.

Methods

Study design and participants

Data were drawn from the COVID-19 Social Study; a
large panel study of the psychological and social experi-
ences of over 75,000 adults (aged 18+) in the UK dur-
ing the COVID-19 pandemic. The study commenced
on 21 March 2020 and involves online data collection
from participants for the duration of the COVID-19
pandemic. Data were initially collected weekly (through
August 2020), then monthly thereafter. The study is not
random and therefore is not representative of the UK
population. But it does contain a well-stratified sample
that was recruited using three primary approaches out-
lined in the Supplemental Materials and in the study User
Guide (https://osf.io/jm8ra/). The study was approved
by the UCL Research Ethics Committee [approval num-
ber 12467/005], performed in accordance with the Dec-
laration of Helsinki, and all participants gave informed
consent. Participants were not compensated for
participation.

We included participants who met the five criteria out-
lined in Fig. 1. First, participants were included if they
had participated in the November 2021 survey and said
that they had at some prior point been infected with
COVID-19 (see Supplemental Table S1 for question
wording). Second, the date given for their COVID-19
infection had to be non-missing and had to be no earlier
than 27 April 2020 and at least 5weeks prior to comple-
tion of the specific questions on long COVID. 27 April
2020 was chosen as we were interested in health behav-
iours in the month prior to COVID-19 infection, and the
collection of all individual items comprising these vari-
ables commenced 13 April 2020. Five weeks was chosen
as the minimum time period as many studies on long
COVID apply a threshold of “more than four weeks of
symptoms” to be experienced for the term long COVID
to be applied [5, 6]. Third, participants who had had
COVID-19 only once were included; participants who
reported more than one infection were excluded to avoid
overlapping symptoms from the two infections. Fourth
participants had to have participated in the study in the
month prior to the date of their infection to gather health
behaviour data. Fifth, participants had to have non-miss-
ing data on long COVID outcome variables (presence/
absence and specific long COVID symptoms) and study
variables required to calculate statistical weights (gender,
age, ethnicity, country, and education). The final analytic
sample comprised 1581.
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Participated in the November 2021
survey and had been infected with Excluded
COVID-19 N = 25,315
N =7,298
Provided date of COVID-19 infection that
was >= 27 April 2020 to > four weeks
before date of participation in November Excluded
2021 survey N = 29,469
N=3,132
Had been infected with COVID-19 only
once Excluded
N = 3,061 N = 29,540
Participated in the survey in the month
prior to COVID-19 infection* Excluded
N=1,890 N =30,711
Non-missing data on outcome variables Excluded
and varlabl.es‘reqwr.ed to create N = 30,790
statistical weights
N=1,3811
Fig. 1 Flow chart of sample selection. * Data from 2 weeks prior to COVID-19 infection were used, and when unavailable, consecutively further
weeks prior, up to 6 weeks, were used

We used multiple imputation by chained equations
to generate 50 imputed datasets for participants who
met all study inclusion criteria but had missing data on
other study variables (Supplemental Table S2). Imputa-
tion models included all study variables as well as aux-
iliary variables (e.g., home ownership status, depressive

symptoms at baseline). Substantive results using cases
without any missing data and the imputed sample were
similar (Supplemental Tables S3-S6). See Supplemen-
tal Table S7 for a comparison of excluded and included
participants on study variables.
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Patient and public involvement

The research questions in the UCL COVID-19 Social
Study built on patient and public involvement as part
of the UKRI MARCH Mental Health Research Net-
work, which focuses on social, cultural and community
engagement and mental health. This highlighted pri-
ority research questions and measures for this study.
Patients and the public were additionally involved in the
recruitment of participants to the study and are actively
involved in plans for the dissemination of findings from
the study.

Measures

Outcome variables

The presence of long COVID was measured with a binary
variable in response to a study-developed question (Sup-
plemental Table S1): no vs yes (formally diagnosed or
suspected). Sensitivity analyses tested whether results
were consistent when including participants who were
“unsure” about whether they had had long COVID within
the case group.

To look at the presence of three specific long COVID
symptoms, three variables were operationalised from
questions assessing the extent to which participants had
difficulty with (i) mobility, (ii) cognition, and (iii) self-care
(Supplemental Table S7). Response options were treated
as binary (present vs absent) in analyses due to low num-
bers within response categories.

Predictor variables

Health behaviours Six health behaviours in the month
prior to COVID-19 infection were considered (Supple-
mental Table S1). Data starting with 2 weeks before the
COVID-19 infection were used, and if unavailable, data
from 3 weeks, then four, up to 6 weeks (Supplemental
Table S8). Weekly exercise frequency was operationalised
as none vs < 30 minutes to 2 hours vs 3 hours or more, the
latter of which reflects current weekly physical activity
recommendations in the UK [23]. A count of the number
of days participants had left the house in the past week
for at least 15minutes was also included. Weekly sleep
quality was operationalised as very good/good vs aver-
age vs not good/very poor. Smoking (non-smoker/no
smoking vs any smoking), and a binary variable indicat-
ing 14 or more weekly alcoholic drinks (vs < 14) were also
included. Fourteen was chosen as the cut-off for alcohol
consumption to reflect current recommendations on
alcohol intake per week in the UK [24]. Finally, the num-
ber of mental health care behaviours was included (e.g.,
taken medications, spoke to somebody on a support line).
Because increasing weight and obesity are associated
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with long COVID [6, 8, 9], and are also risk factors for
chronic disease independent of physical activity [25], we
conducted sensitivity analyses with a variable reflecting
overweight status collected in June 2020 (slightly under-
weight or normal weight vs slightly overweight or very
overweight).

Covariates

COVID-19 infection variables

COVID-19 infection severity in the first 2 weeks was
categorised into (i) asymptomatic, (ii) mild (experienced
symptoms but was able to carry on with daily activities),
(iil) moderate (experienced symptoms and had to rest in
bed), and (iv) severe (participant was hospitalised).

A variable indicating which strain of the virus was
dominant in the UK [26] at the time of infection was
coded as (0) the original COVID-19 variant (31 January
to 31 October 2020, (1) Alpha (1 November 2020 to 30
June 2021), (2) Delta (1 July 2021 to 30 November 2021),
and (3) Omicron (1 December 2021 onwards).

Socio-demographics

Socio-demographics were collected at baseline, which
was participants’ first time taking part in the study: gen-
der (male vs female), age (60+, 45—59, 30—44, and 18-29)
ethnicity (white vs ethnic minority groups [i.e., Asian/
Asian British, etc. See Supplemental Table S1 for a full
listing of response options]), education (undergraduate
degree or higher, A-levels/vocational training, and up to
GCSE (General Certificate of Secondary Education), low
income (<£30,0000), employment status (not employed
[ie., at school/ university, unable to work due to disabil-
ity, etc] vs employed, government’s identified key worker
status (vs not a key worker), crowded household (< one
room per person), living arrangement (living alone vs liv-
ing with others but not including children vs living with
others, including children), and area of dwelling (urban
vs rural).

Pre-existing health conditions

Participants reported whether they had received a clini-
cal diagnosis of a mental health condition (e.g., depres-
sion, anxiety) or chronic physical health condition (e.g.,
high blood pressure, diabetes). Two binary variables to
indicate the presence of pre-existing physical and mental
health conditions.

Statistical analysis

First, binary logistic regression models were fitted to
examine associations of health behaviours in the month
before infection with COVID-19 and the development
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of long COVID. Second, binary logistic regression mod-
els were fitted to examine associations between health
behaviours in the month prior to COVID-19 infec-
tion and the presence of each of the three specific long
COVID symptoms (difficulty with mobility, cognition,
and self-care) amongst participants with long COVID.

For both sets of analyses, Model 1 included only
health behaviours in the same model, Model 2 addition-
ally adjusted for COVID-19 infection variables, Model 3
additionally adjusted for socio-demographic character-
istics, and Model 4 additionally adjusted for pre-existing
health conditions. Robust standard errors were used in
all analyses. Coefficients from the binary logistic regres-
sions were exponentiated and presented as odds ratios
(OR).

To and increase representativeness of the UK general
population, weights were applied throughout all analyses.
The sample was weighted to the proportions of gender,
age, ethnicity, country, and education in the UK popula-
tion obtained from the Office for National Statistics [27].
A multivariate reweighting method was implemented
using the Stata user written command ‘ebalance’ [28].
Analyses were conducted using Stata version 16 [29].

Results

One in five (20.48%) in the sample self-reported long
COVID (Supplemental Table S9). The most often
reported long COVID symptom amongst those with
long COVID was difficulty with cognition (62.58%), fol-
lowed by difficulty with mobility (55.49 (Table 1). Peo-
ple living in crowded accommodation, had a physical or
mental health condition, lived with children, had low lev-
els of education or income, and had moderate or severe
COVID-19 were all more likely to have developed long
COVID.

In the fully adjusted model, compared to people who
had had very good or good quality sleep prior to infec-
tion, those who reported average and not good or very
poor sleep were 2.4-3.5 times as likely to have developed
long COVID (average sleep: odds ratio [OR]: 2.44; 95%
confidence interval [CI]: 1.44 to 4.12; not good/very poor
sleep: OR: 3.53; 95% CI: 2.01 to 6.21) (Table 2).

For individuals with long COVID (Table 3), more days
of fresh air for at least 15 minutes reduced the likelihood
of difficulty with mobility (OR: 0.85; 95% CI: 0.72 to 0.99;
Table 4) but in the fully adjusted model (OR: 0.85; 95% CI:
0.71 to 1.00). Not good/very poor-quality sleep increased
the likelihood of difficulty with cognition (OR: 3.16; 95%
CI: 1.15 to 8.69) (Table 5), but not once covariates were
included (OR: 3.06; 95% CI: 0.96 to 9.74). Having smoked
in the month prior to infection with COVID-19 was asso-
ciated with a more than eight-fold increased risk (OR:

Page 5 of 14

8.39; 95% CI: 1.86 to 37.91; Table 6) of having difficulty
with self-care, whilst weekly exercise of at least 3 hours
reduced this likelihood (OR: 0.05; 95% CI: 0.01 to 0.39) in
the fully adjusted model.

Results from sensitivity analyses indicated similar
findings, but with some minor exceptions (Supplemen-
tal Tables S10-S17). Smoking increased the likelihood
of long COVID (OR: 1.90; 95% CI: 1.05 to 3.43), having
engaged in more mental health care behaviours predicted
difficulty with mobility amongst those with long COVID
(OR: 1.38; 95% CI: 1.03 to 1.85; Supplemental Table S11),
whilst consumption of more than 14 alcoholic drinks in
a single week increased the likelihood of difficulty with
self-care by 5.24 (95% CI: 1.34 to 19.58; Supplemental
Table S13). Being slightly or very overweight was associ-
ated with 1.63 times greater odds (95% CI: 1.04 to 2.55)
of long COVID (Supplemental Table S14). Not good/very
poor-quality sleep and more mental health care behav-
iours predicted difficulty with cognition (Supplemental
Table S16), and none of the health behaviours associated
with the other long COVID symptoms.

Discussion

This study explored the relationship between modifi-
able health behaviours in the month preceding COVID-
19 infection and the risk of developing long COVID in a
longitudinal study of UK adults. Notably, there was lit-
tle evidence of associations, with no relationship found
in unadjusted or adjusted models in exercise, fresh air,
smoking, alcohol consumption or mental health care
behaviours. The only association with long COVID that
was found was with sleep, with poorer sleep in the month
prior to infection associated with a 2.4—3.5-fold increase
in risk of developing long COVID. Amongst participants
who had developed long COVID, regular exercise was
associated with 95% lower odds of developing difficul-
ties with self-care, whilst smoking was associated with
more than an 8-fold increase in risk of developing such
difficulties.

Comparison with other research on pre-infection
health behaviours is difficult, as the vast majority of this
work has focused on health conditions such as obesity,
asthma, and higher pre-pandemic levels of psychologi-
cal distress [6—10], Several of the health behaviours we
examined, such as not smoking, a healthy diet, regular
physical activity, and consuming fewer than 14 alcoholic
drinks per week are all inversely associated with all-cause
mortality and longer lifespan [30]. Nevertheless, our null
findings are congruent with other research showing that
identifying who is most at risk for long COVID is difficult
to determine, even with factors such as symptom severity
sometimes showing inconsistent associations with long
COVID development [4, 16—18].



Paul and Fancourt BMC Public Health ~ (2022) 22:1716 Page 6 of 14

Table 1 Descriptive characteristics and bivariate associations between study variables and long COVID, weighted (N=1581)

No self-reported long  Self-reported long OR 95% ClI
CovID CovID
N=1288 N=293
Prop. Prop.
Long COVID variables
Long COVID status
Yes, but not formally diagnosed - 81.47% - -
Yes, formally diagnosed - 18.53% - -
Presence of specific long COVID symptoms - -
Mobility (e.g., walking or climbing steps) - 55.49% - -
Cognition (e.g., remembering or concentrating) - 62.58% - -
Self-care (e.g., washing all over or dressing) - 15.81% - -
Weekly health behaviours in month prior to COVID-19 infection
Exercise frequency (ref no exercise)
<30min to 2 hours 62.53% 66.66% 0.73 040 1.35
3h hours 30.07% 22.55% 0.51 0.25 1.08
Days of fresh air (> 15minutes) 5.72(1.99) 5.31(2.35) 0.92 0.83 1.01
Sleep quality (ref very good/good)
Average 42.80% 45.14% 246 1.50 4.04
Not good/very poor 21.49% 41.09% 459 275 7.68
Smoking (ref non-smoker) 5.72% 10.14% 1.86 0.79 438
More than 14 weekly alcoholic drinks (ref=< 14) 11.44% 6.97% 0.58 032 1.04
Number of mental health care behaviours (range 0-9) 0.59 (1.00) 0.74 (1.10) 1.14 0.96 1.35
COVID-19 infection variables
COVID-19 infection severity in first 2 weeks (ref asymptomatic)
Mild 48.45% 23.35% 137 041 4.60
Moderate 41.37% 65.67% 450 142 14.23
Severe 1.32% 7.85% 16.85 4.16 68.26
Dominant strain in the UK at time of COVID-19 infection (ref original variant)®
Alpha (1 November 2020 to 30 June 2021) 35.34% 4744% 134 0.78 227
Delta (1 July to 30 November 2021) 47.74% 35.56% 0.74 041 133
Socio-demographics
Female (ref male) 53.00% 43.62% 0.69 047 1.00
Age (ref 60+)
45-59 30.41% 33.26% 1.04 0.67 1.61
30-44 20.60% 20.63% 0.95 0.54 1.68
18-29 11.42% 6.70% 0.56 022 141
Ethnic minority groups (ref White) 5.00% 11.46% 246 1.00 6.04
Education (ref degree or higher)
A-levels or vocational 31.93% 29.57% 145 0.97 2.18
Up to GCSE 26.85% 44.09% 257 1.66 397
Low household income (<£30,000) 39.63% 47.11% 1.36 091 2.02
Employed (ref not employed) 59.32% 59.82% 1.02 0.68 1.53
Key worker 25.18% 25.06% 0.99 0.65 1.52
Crowded household 9.93% 17.78% 1.96 1.05 368
Living arrangement (ref alone)
With others, not with children 55.77% 49.52% 0.89 0.53 1.50
With others, including children 26.79% 33.06% 1.24 0.70 2.20
Live in a rural area (ref urban) 18.77% 23.77% 135 0.84 218
Pre-existing conditions
Long-term physical health condition (ref none) 40.11% 55.34% 1.85 1.25 2.74
Long-term mental health condition (ref none) 13.88% 16.19% 1.20 0.75 191

Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. GCSE refers to General
Certificate of Secondary Education. ®No infections occurred after 30 November 2021 in the study sample
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Table 2 Logistic regressions predicting self-reported long COVID from health behaviours in the month prior to COVID-19 infection,
weighted (N=1581)

Self-reported long COVID

OR SE T P 95% ClI 95% ClI
Model 1
Exercise frequency (ref no exercise)
<30min to 2hours 091 0.30 —0.29 0.77 047 1.74
3h hours 0.65 0.25 —1.11 027 0.31 1.38
Days of fresh air (> 15minutes) 0.96 0.05 —0.72 047 0.87 1.07
Sleep quality (ref very good/good)
Average 2.39 0.59 3.54 <0.01 1.47 3.86
Not good/very poor 4.13 1.14 5.11 <0.01 2.40 7.11
Smoking (ref non-smoker) 1.74 0.84 1.16 0.25 0.68 447
More than 14 weekly alcoholic drinks (ref =< 14) 0.60 0.18 —1.65 0.10 033 1.10
Number of mental health care behaviours 1.03 0.09 039 0.70 0.88 1.22
Model 2
Exercise frequency (ref no exercise)
<30min to 2 hours 0.99 033 —0.04 0.97 0.51 191
3h hours 0.71 0.28 —0.87 0.39 033 1.54
Days of fresh air (> 15 minutes) 098 0.06 —0.28 0.78 0.88 1.10
Sleep quality (ref very good/good)
Average 2.40 0.64 3.31 <0.01 143 4.04
Not good/very poor 3.72 1.07 4.57 <0.01 2.12 6.54
Smoking (ref non-smoker) 2.19 1.22 1.40 0.16 0.73 6.54
More than 14 weekly alcoholic drinks (ref=< 14) 0.70 0.24 —-1.02 0.31 0.36 1.38
Number of mental health care behaviours 097 0.08 —035 0.72 0.82 1.14
Model 3
Exercise frequency (ref no exercise)
<30min to 2 hours 1.02 0.36 0.06 0.95 0.51 2.05
3h hours 0.62 024 —-1.22 0.22 0.28 1.34
Days of fresh air (> 15 minutes) 1.00 0.06 —0.05 0.96 0.89 1.12
Sleep quality (ref very good/good)
Average 243 0.64 3.35 <0.01 1.44 4.08
Not good/very poor 3.54 1.02 441 <0.01 2.02 6.21
Smoking (ref non-smoker) 1.71 0.66 141 0.16 0.81 362
More than 14 weekly alcoholic drinks (ref=< 14) 0.72 0.27 —0.86 039 0.35 1.51
Number of mental health care behaviours 1.06 0.09 0.73 047 0.90 1.26
Model 4
Exercise frequency (ref no exercise)
<30min to 2hours 095 034 —0.13 0.89 048 1.91
3h hours 057 0.23 —1.39 0.16 0.26 1.26
Days of fresh air (> 15minutes) 1.00 0.06 —0.07 0.94 0.89 1.11
Sleep quality (ref very good/good)
Average 244 0.65 3.33 <0.01 1.44 4.12
Not good/very poor 3.53 1.02 4.38 <0.01 2.01 6.21
Smoking (ref non-smoker) 172 0.64 147 0.14 0.83 3.57
More than 14 weekly alcoholic drinks (ref =< 14) 0.73 0.27 —0.83 0.40 0.35 1.53
Number of mental health care behaviours 1.10 0.10 1.13 0.26 093 1.31

Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. Model 1 included
only health behaviours (in the same model), Model 2 additionally adjusted for COVID-19 infection variables, Model 3 additionally adjusted for socio-demographic
characteristics, and Model 4 additionally adjusted for pre-existing conditions
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Table 3 Descriptive characteristics of participants with long COVID by specific long COVID symptom, weighted (N=293)
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Difficulty with mobility Difficulty with cognition

Difficulty

N=159 N=199 with self-care
N=45
Prop. Prop. Prop.
Long COVID variables
Long COVID status
Yes, but not formally diagnosed 73.42% 76.61% 62.14%
Yes, formally diagnosed 26.58% 23.39% 37.86%
Presence of specific long COVID symptoms
Mobility (e.g., walking or climbing steps) - 58.81% 100.00%
Cognition (e.g., remembering or concentrating) 66.33% - 84.85%
Self-care (e.g., washing all over or dressing) 28.49% 21.44% -
Weekly health behaviours in month prior to COVID-19 infection
Exercise frequency (ref no exercise)
<30min to 2 hours 65.22% 64.15% 66.67%
3h hours 20.29% 24.83% 10.37%
Days of fresh air (> 15minutes) 4.89 (2.54) 5.19(241) 4.38(231)
Sleep quality (ref very good/good)
Average 40.71% 41.26% 28.36%
Not good/very poor 46.33% 49.04% 62.21%
Smoking (ref non-smoker) 8.41% 13.26% 13.43%
More than 14 weekly alcoholic drinks (ref =< 14) 8.84% 7.44% 8.36%
Number of mental health care behaviours (range 0-9) 0.85 (1.26) 0.80(1.11) 0.93(1.12)
COVID-19 infection variables
COVID-19 infection severity in first 2 weeks (ref asymptomatic)
Mild 18.12% 16.68% 3.96%
Moderate 65.58% 71.58% 74.85%
Severe 11.83% 8.53% 13.99%
Dominant strain in the UK at time of COVID-19 infection (ref original variant)
Alpha (1 November 2020 to 30 June 2021) 47.39% 51.48% 39.89%
Delta (1 July to 30 November 2021) 35.03% 37.98% 40.67%
Omicron (1 December 2021-) 0.00% 0.00% 0.00%
Socio-demographics
Female (ref male) 39.48% 51.61% 46.72%
Age (ref 60+)
45-59 31.89% 36.73% 32.44%
30-44 12.36% 22.66% 345%
18-29 1.21% 0.62% 0.00%
Ethnic minority groups (ref White) 491% 14.75% 8.97%
Education (ref degree or higher)
A-levels or vocational 26.03% 26.08% 30.11%
Up to GCSE 51.14% 50.58% 50.34%
Low household income (<£30,000) 63.72% 47.78% 75.89%
Employed (ref not employed) 50.71% 66.19% 27.54%
Key worker 16.03% 27.71% 11.80%
Crowded household 13.65% 15.32% 14.30%
Living arrangement (ref alone) With others, not with children 52.90% 49.62% 50.55%
With others, including children 24.68% 33.01% 26.26%
Live in a rural area (ref urban) 23.19% 23.12% 24.38%
Pre-existing conditions
Long-term physical health condition (ref none) 66.34% 57.66% 82.25%
Long-term mental health condition (ref none) 16.80% 18.78% 21.89%

Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. GCSE refers to General

Certificate of Secondary Education
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Table 4 Logistic regressions predicting the development of difficulty with mobility from health behaviours in the month prior to
COVID-19 infection, weighted (N =293)

Difficulty with mobility

OR SE T P 95% Cl 95% Cl
Model 1
Exercise frequency (ref no exercise)
<30min to 2hours 0.69 043 —0.59 0.55 0.20 235
3h hours 0.54 037 —0.91 037 0.14 2.06
Days of fresh air (> 15minutes) 0.84 0.07 -2.12 0.03 0.71 0.99
Sleep quality (ref very good/good)
Average 1.02 047 0.05 0.96 042 249
Not good/very poor 142 0.68 0.74 046 0.56 363
Smoking (ref non-smoker) 0.75 0.51 —042 0.68 0.20 2.82
More than 14 weekly alcoholic drinks (ref =< 14) 224 1.28 141 0.16 0.73 6.84
Number of mental health care behaviours 1.13 0.16 087 0.39 0.85 1.50
Model 2
Exercise frequency (ref no exercise)
<30min to 2hours 061 042 —-0.73 047 0.16 2.32
3h hours 047 035 —1.03 0.30 (OAN 1.99
Days of fresh air (> 15minutes) 0.85 0.07 —2.06 0.04 0.72 0.99
Sleep quality (ref very good/good)
Average 1.16 0.55 0.30 0.76 045 295
Not good/very poor 147 0.73 0.78 044 0.56 3.90
Smoking (ref non-smoker) 0.79 0.54 —0.35 0.73 0.20 3.04
More than 14 weekly alcoholic drinks (ref=< 14) 246 1.55 143 0.15 0.71 847
Number of mental health care behaviours 1.09 0.17 0.54 0.59 0.80 147
Model 3
Exercise frequency (ref no exercise)
<30min to 2hours 1.16 0.88 0.20 0.84 0.26 510
3h hours 0.60 049 —0.62 0.53 0.12 298
Days of fresh air (> 15minutes) 0.85 0.07 —1.95 0.05 0.72 1.00
Sleep quality (ref very good/good)
Average 1.28 0.69 047 0.64 0.45 367
Not good/very poor 1.46 0.78 0.72 047 0.52 4.14
Smoking (ref non-smoker) 1.07 0.69 0.11 0.91 0.30 378
More than 14 weekly alcoholic drinks (ref=< 14) 3.21 215 1.74 0.08 0.87 11.92
Number of mental health care behaviours 1.22 0.20 1.25 0.21 0.89 1.68
Model 4
Exercise frequency (ref no exercise)
<30min to 2hours 1.06 0.78 0.08 093 0.25 447
3h hours 0.51 042 —0.83 041 0.10 2.53
Days of fresh air (> 15minutes) 0.85 0.07 —1.91 0.06 0.71 1.00
Sleep quality (ref very good/good)
Average 1.16 0.64 0.28 0.78 0.39 344
Not good/very poor 137 0.75 0.58 0.56 047 4.02
Smoking (ref non-smoker) 1.07 0.69 0.11 091 0.30 3.78
More than 14 weekly alcoholic drinks (ref =< 14) 3.53 245 1.81 0.07 0.90 13.78
Number of mental health care behaviours 137 0.26 1.64 0.10 0.94 1.98

Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. Model 1 included
only health behaviours (in the same model), Model 2 additionally adjusted for COVID-19 infection variables, Model 3 additionally adjusted for socio-demographic
characteristics, and Model 4 additionally adjusted for pre-existing conditions
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Table 5 Logistic regressions predicting the development of difficulty with cognition from health behaviours in the month prior to
COVID-19 infection, weighted (N =293)

Difficulty with cognition

OR SE T P 95% ClI 95% ClI
Model 1
Exercise frequency (ref no exercise)
<30min to 2hours 154 0.98 0.68 0.50 0.44 538
3h hours 1.85 1.28 0.88 038 047 7.20
Days of fresh air (> 15minutes) 0.92 0.09 —0.85 0.40 0.77 1.11
Sleep quality (ref very good/good)
Average 1.27 0.59 052 0.60 0.51 3.15
Not good/very poor 3.16 1.63 2.23 0.03 1.15 8.69
Smoking (ref non-smoker) 327 2.68 145 0.15 0.66 16.30
More than 14 weekly alcoholic drinks (ref =< 14) 1.26 0.66 0.44 0.66 0.45 3.54
Number of mental health care behaviours 1.08 0.26 031 0.76 0.67 1.72
Model 2
Exercise frequency (ref no exercise)
<30min to 2 hours 1.18 0.79 0.25 0.80 032 436
3h hours 1.36 0.99 042 0.67 032 5.68
Days of fresh air (> 15 minutes) 0.92 0.08 —0.99 0.32 0.78 1.08
Sleep quality (ref very good/good)
Average 1.20 053 0.40 0.69 0.50 2.84
Not good/very poor 263 1.32 1.92 0.05 0.98 7.03
Smoking (ref non-smoker) 403 414 1.36 0.18 0.54 30.18
More than 14 weekly alcoholic drinks (ref=< 14) 1.68 0.90 0.97 033 0.59 4.81
Number of mental health care behaviours 1.01 0.26 0.03 097 0.61 1.67
Model 3
Exercise frequency (ref no exercise)
<30min to 2 hours 0.94 0.79 —0.07 0.95 0.18 487
3h hours 0.88 0.78 —0.14 0.89 0.16 498
Days of fresh air (> 15 minutes) 091 0.08 —1.06 0.29 0.76 1.09
Sleep quality (ref very good/good)
Average 1.05 0.57 0.09 093 036 3.06
Not good/very poor 3.09 1.81 1.92 0.05 0.98 9.76
Smoking (ref non-smoker) 2.50 1.96 1.17 0.24 0.54 11.65
More than 14 weekly alcoholic drinks (ref=< 14) 141 0.97 0.50 0.62 037 545
Number of mental health care behaviours 117 0.31 061 0.54 0.70 1.97
Model 4
Exercise frequency (ref no exercise)
<30min to 2 hours 0.94 0.78 —0.08 094 0.18 4.80
3h hours 0.87 0.77 —0.16 0.88 0.15 492
Days of fresh air (> 15 minutes) 0.90 0.08 —1.10 027 0.76 1.08
Sleep quality (ref very good/good)
Average 1.02 0.57 0.04 097 0.35 3.02
Not good/very poor 3.06 1.81 1.89 0.06 0.96 9.74
Smoking (ref non-smoker) 246 1.91 1.16 0.25 0.54 11.30
More than 14 weekly alcoholic drinks (ref =< 14) 136 0.94 0.45 0.65 0.35 526
Number of mental health care behaviours 1.17 0.32 0.58 0.56 0.69 2.00

Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. Model 1 included
only health behaviours (in the same model), Model 2 additionally adjusted for COVID-19 infection variables, Model 3 additionally adjusted for socio-demographic
characteristics, and Model 4 additionally adjusted for pre-existing conditions
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Table 6 Logistic regressions predicting the development of difficulty with self-care from health behaviours in the month prior to
COVID-19 infection, weighted (N =293)

Difficulty with self-care

OR SE T P 95% ClI 95% ClI
Model 1
Exercise frequency (ref no exercise)
<30min to 2 hours 0.82 0.58 —0.28 0.78 0.20 3.30
3h hours 0.27 0.26 —-133 0.18 0.04 1.85
Days of fresh air (> 15 minutes) 0.83 0.08 —1.89 0.06 0.68 1.01
Sleep quality (ref very good/good)
Average 0.94 0.65 —0.09 0.93 0.24 3.66
Not good/very poor 2.36 1.56 1.29 0.20 0.64 8.63
Smoking (ref non-smoker) 1.75 0.98 1.00 032 0.58 526
More than 14 weekly alcoholic drinks (ref=< 14) 1.39 0.85 0.55 0.59 042 461
Number of mental health care behaviours 097 0.17 —0.14 0.89 0.69 1.38
Model 2
Exercise frequency (ref no exercise)
<30min to 2 hours 0.78 0.64 —0.30 0.76 0.16 3.84
3h hours 0.25 0.28 —1.22 022 0.03 2.31
Days of fresh air (> 15 minutes) 0.82 0.09 —1.73 0.08 0.66 1.03
Sleep quality (ref very good/good)
Average 093 0.75 —0.08 0.93 0.19 449
Not good/very poor 2.02 1.59 0.89 037 043 945
Smoking (ref non-smoker) 1.83 1.23 0.90 037 0.49 6.83
More than 14 weekly alcoholic drinks (ref=< 14) 1.70 1.20 0.75 045 043 6.80
Number of mental health care behaviours 0.89 0.16 —0.66 0.51 0.62 1.27
Model 3
Exercise frequency (ref no exercise)
<30min to 2 hours 0.99 0.79 —0.01 0.99 0.21 4.74
3h hours 0.16 0.15 —1.95 0.05 003 1.01
Days of fresh air (> 15 minutes) 0.84 0.09 —1.52 0.13 0.68 1.05
Sleep quality (ref very good/good)
Average 0.54 045 —0.74 0.46 0.1 2.73
Not good/very poor 0.69 0.58 —044 0.66 0.13 3.56
Smoking (ref non-smoker) 3.95 2.75 1.97 0.05 1.01 15.46
More than 14 weekly alcoholic drinks (ref =< 14) 1.85 147 0.77 0.44 039 8.80
Number of mental health care behaviours 0.78 0.16 —-1.17 0.24 0.52 1.18
Model 4
Exercise frequency (ref no exercise)
<30min to 2 hours 0.66 048 —0.56 0.57 0.16 278
3h hours 0.05 0.05 —-2.83 <0.01 0.01 0.39
Days of fresh air (> 15 minutes) 0.80 0.10 —1.85 0.06 0.63 1.01
Sleep quality (ref very good/good)
Average 0.41 037 —0.99 0.32 0.07 2.36
Not good/very poor 0.71 0.66 —0.37 0.71 0.12 435
Smoking (ref non-smoker) 8.39 6.45 2.76 0.01 1.86 37.91
More than 14 weekly alcoholic drinks (ref=< 14) 1.01 0.81 0.01 0.99 0.21 488
Number of mental health care behaviours 0.86 0.23 —057 0.57 0.50 146

Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. Model 1 included
only health behaviours (in the same model), Model 2 additionally adjusted for COVID-19 infection variables, Model 3 additionally adjusted for socio-demographic
characteristics, and Model 4 additionally adjusted for pre-existing conditions
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However, we did find associations between poor sleep
and subsequent long COVID. Whilst sleep disturbances
have been commonly reported in people suffering from
long COVID [31, 32], to our knowledge this is the first
study to examine pre-infection sleep quality in relation to
long COVID development. Lack of sleep can compromise
both innate and adaptive immune function, making indi-
viduals more susceptible to infectious disease, and reduce
the effectiveness of vaccine response [14, 15]. Therefore, it
is possible that poor sleep places the body in a more vul-
nerable state for tackling COVID-19 infection. However,
it is also possible that poor sleep is an indicator of other
psychological stressors that could in fact be the cause of
a heightened risk of developing long COVID [33]. Expe-
riencing adversities as well as worrying about adversities
also predicted lower sleep quality in the first months of the
pandemic [34], suggesting a potential biobehavioural path-
way from stress to long COVID via impaired sleep [35].

We also found that meeting weekly physical activ-
ity guidelines (at least 3hours a week) reduced odds
of self-care difficulties, but this was not found for
less frequent physical activity (e.g., 30 mins — 2hours
a week). Our findings echo those from a study that
focused on physical activity pre-pandemic and adverse
COVID-19 outcomes including hospitalisation and
mortality [19]. Regular physical activity plays a criti-
cal role in reducing risk for acquiring and death from
infectious disease, strengthening the immune system,
and enhancing vaccine response [13]. Exercise may
therefore attenuate COVID-19 sequelae and persistent
symptoms by moderating the inflammatory response
[36]. However, the relationship between exercise and
long COVID symptoms may be complex. Although
exercise may improve symptoms of long COVID, long
COVID symptoms can also be triggered by physical
activity [37], and should therefore be titrated accord-
ing to individual patient needs [1, 38]. In potential
future pandemics, public health guidelines should
include an emphasis on maintaining physical activity,
as this could help to reduce long-term consequences
of infection.

Finally, having smoked in the month prior to becom-
ing infected with COVID-19 was by far the largest
predictor of difficulties with self-care amongst adults
with long COVID. Although smoking has been associ-
ated with increased likelihood of more severe COVID-
19 outcomes [39], to our knowledge only one other
study has examined smoking as a risk factor for long
COVID. In a cross-sectional study designed to be rep-
resentative of the adult population in England, the
odds of persistent COVID-19 symptoms (12 weeks or
more) from smoking (OR: 1.35) were higher than those
of being overweight (OR: 1.16) [7]. Our study extends
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these findings by showing a temporal relationship
between smoking and the development of specific long
COVID symptoms. Although the prevalence of smok-
ers in England decreased over the last decade, certain
groups continue to be more likely to smoke: people
with a mental health condition and those working in
lower skilled occupations [22]. Lower socio-economic
status and pre-existing mental health conditions
have both been found to be risk factors for develop-
ing long COVID [7, 10, 33], underscoring the impor-
tance of smoking cessation particularly for vulnerable
groups. Some long COVID management guidelines
recommend not smoking to manage symptoms such
as breathlessness [40], but this advice is currently only
within a subsection of the National Health Service’s
COVID recovery guidance for patients which advises
people to avoid smoking or vaping near their oxygen
tank at home [41].

This study has several strengths as well as limitations. A
major strength is its longitudinal design, particularly the
measurement of health behaviours prior to infection with
COVID-19, the latter of which is random and cannot be
predicted. However, due to data limitations, we were not
able to include important health behaviours such as diet
and nutrition, which are key behavioural risks for mor-
bidity [22]. We also assessed a limited number of long
COVID symptoms, and did not assess fatigue, which is
often the most commonly reported [3]. Although well-
stratified across major demographic groups, the study
sample is also not representative of the general UK popu-
lation, and results therefore cannot be generalised. Finally,
multiple associations were tested in the analyses, and false
discovery rate is therefore possible. The hypotheses in the
current study should be tested on larger samples which
are also representative of the general UK population.

Conclusions

Our findings add to the dearth of research on health
behaviours prior to infection with COVID-19 and the
development of long COVID and suggest the impor-
tance of regular physical activity and smoking cessa-
tion, as early interventions to reduce the likelihood of
long COVID. Poor quality sleep prior to infection with
COVID-19 is also associated with the development of
long COVID. More research on modifiable risk factors
for long COVID is important, given that at the time of
writing, the estimated proportion of the UK popula-
tion experiencing long COVID is estimated to be 2.8%
[5]. With the removal of free testing, it is important to
promote public health messages to help people mini-
mise their risk of developing long-term debilitating
symptoms.
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