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Abstract

Background: COVID-19 related lockdowns may have affected engagement in health behaviours among the UK
adult population. This prospective observational study assessed socio-demographic patterning in attempts to change
and maintain a range of health behaviours and changes between two time points during the pandemic.

Methods: Adults aged 18 years and over (n=4,978) were recruited using Dynata (an online market research plat-
form) and the HealthWise Wales platform, supplemented through social media advertising. Online surveys were con-
ducted in August/September 2020 when lockdown restrictions eased in the UK following the first major UK lockdown
(survey phase 1) and in February/March 2021 during a further national lockdown (survey phase 2). Measures derived
from the Cancer Awareness Measure included self-reported attempts to reduce alcohol consumption, increase fruit/
vegetable consumption, increase physical activity, lose weight and reduce/stop smoking. Multivariable logistic regres-
sions were used to assess individual health behaviour change attempts over time, adjusted for age, sex, ethnicity,
employment and education.

Results: Around half of participants in survey phase 1 reported trying to increase physical activity (n=2607, 52.4%),
increase fruit/vegetables (n =2445, 49.1%) and lose weight (n= 2413, 48.5%), with 19.0% (n =948) trying to reduce
alcohol consumption among people who drink. Among the 738 participants who smoked, 51.5% (n = 380) were
trying to reduce and 27.4% (n =202) to stop smoking completely. Most behaviour change attempts were more com-
mon among women, younger adults and minority ethnic group participants. Efforts to reduce smoking (@OR: 0.98,
95% Cl: 0.82-1.17) and stop smoking (@OR: 0.98, 95% Cl: 0.80-1.20) did not differ significantly in phase 2 compared to
phase 1. Similarly, changes over time in attempts to improve other health behaviours were not statistically significant:
physical activity (@OR: 1.07; 95% Cl: 0.99-1.16); weight loss (@OR: 0.95; 95% Cl: 0.90-1.00); fruit/vegetable intake (@OR:
0.98, 95% Cl: 0.91-1.06) and alcohol use (aOR: 1.32, 95% Cl: 0.92-1.91).
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Conclusion: A substantial proportion of participants reported attempts to change health behaviours in the initial
survey phase. However, the lack of change observed over time indicated that overall motivation to engage in healthy
behaviours was sustained among the UK adult population, from a period shortly after the first lockdown toward the

end of the second prolonged lockdown.
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Introduction
The importance of maintaining healthy behaviours to
protect against chronic diseases such as cancer, heart
disease and diabetes is well documented [1]. During the
COVID-19 pandemic, the benefits of adopting healthy
behaviours were reiterated due to associations between
the severity of COVID-19 and tobacco smoking [2, 3]
obesity [4] and alcohol dependence [5]. When the World
Health Organisation declared COVID-19 a pandemic on
11" March 2020, over 100 countries around the world
went into partial or full lockdown to control the spread
of the virus. While lockdown rules varied by country,
many countries initially imposed strict ‘Stay at Home’
protection orders [6-9]. The UK government, for exam-
ple, mandated people to stay at home unless leaving for
essential reasons, including food, medicine, medical help,
exercise and travel to/from work if they could not work
from home. These measures resulted in more people
staying at home for longer, which may have influenced
engagement in health behaviours. Strict ‘Stay at Home’
orders remained for several months, with gradual easing
from late spring/early summer of 2020, with some varia-
tion between UK nations. COVID-19 cases remained rel-
atively low through the summer of 2020, but rose rapidly
again from the Autumn onwards, leading to additional
short lockdowns in Autumn 2020 and another prolonged
period of lockdown from December 2020 to March 2021.
Recent systematic reviews report a seemingly nega-
tive impact of the pandemic on health behaviours, with
greater sedentary time [10, 11], increased snacking [12]
and decreased physical activity [11, 13] associated with
weight gain [12, 14]. However, over three-quarters of
studies included in these reviews used a cross-sectional
design, limiting the inferences that can be drawn regard-
ing health behaviour change due to the pandemic [10—
14]. In one systematic review of cross-sectional studies,
most participants reported no change in alcohol con-
sumption during the pandemic [12]. However, in those
who did report increased alcohol use, between 10.4% and
38.5% of participants reported increased alcohol con-
sumption during the COVID-19 lockdowns [12]. Empiri-
cal studies have found no change in smoking behaviours
for most participants during the pandemic [15-17],
although significant increases in quit attempts and ces-
sation have been observed [18, 19]. Increased smoking

prevalence and increased quit attempts were observed
among younger adults [9] and increased high-risk drink-
ing among all adults [10]. There may be variation between
countries in relation to health behaviour changes; for
example, alcohol purchasing behaviour during the pan-
demic increased in North England but reduced in Wales
and Scotland [20].

Evidence points to the unequal burden of COVID-19,
with higher infection rates and worse outcomes among
people with smoking histories, people from Black, Asian
and minority ethnic backgrounds and those in lower
socioeconomic groups [21, 22]. Significant disparities
in engagement with health behaviours have also been
observed, including a possible polarising effect of alco-
hol consumption [23] higher rates of high-risk drinking
among women and people from lower socioeconomic
groups [10], and decreased levels of physical activity
among lower socioeconomic groups [11], with more bar-
riers to accessing healthy food among low-income groups
during the pandemic [24].

We report prospective data from the COVID-19 Can-
cer Attitudes and Behaviours study (CABs) [25, 26] and
the COVID-19 Cancer Awareness Measure regarding
efforts among the UK adult population to change self-
reported health behaviours, including smoking, alcohol
consumption, fruit and vegetable intake, physical activity
and weight loss during the COVID-19 pandemic. Phase 1
survey data were collected in late summer of 2020 when
COVID-19 infection control measures were eased, and
people’s motivation for behaviour change may have been
higher than at earlier stages of the pandemic and prior to
the escalation of the second pandemic wave. Phase 2 data
were collected in early spring of 2021 toward the end of
two further prolonged periods of national lockdown fol-
lowing the emergence of the Alpha variant in Autumn
2020 (see Fig. 1). We therefore examined the prevalence
and demographic patterning of behaviour change efforts
during a period of relative quiescence, and the extent to
which these efforts changed through the second pan-
demic wave.

Methods

Study design

The study used prospective observational data derived
from a broader study of cancer symptom help-seeking
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Phase 1 data Phase 2 data
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Lockdown e
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Fig. 1 Timeline of UK COVID-19 pandemic restrictions and data collection

and screening behaviour in the UK adult population dur-
ing COVID-19. The study protocol and analysis plans
were pre-registered on Open Science Framework [26].
Findings are reported in accordance with the STROBE
guidelines for surveys and observational studies. [27, 28].

Participants and data

Participants were English-speaking adults aged 18 years
and over, resident in the UK and recruited using Cancer
Research UK’s online panel provider (Dynata), Health-
Wise Wales (a national register of ‘research ready’ par-
ticipants) [29] and social media platforms (Facebook and
Twitter), then followed up over time. Representation of
people who smoke and those from ethnic minority and
lower socioeconomic groups was increased by using tar-
geted advertising and placing quotas on sample size rela-
tive to UK population statistics. Two online surveys were
conducted in parallel: CABs (participants recruited via
HealthWise Wales and social media) and the COVID-
19 Cancer Awareness Measure (COVID-CAM; partici-
pants recruited via Dynata). Survey data were pooled
where appropriate [25, 26]. Prospective data were col-
lected in two phases from the same participants during
August-September 2020 (phase 1) and February—March
2021 (phase 2). Sampling and recruitment methods are
reported in detail elsewhere [25].

Measures

Measures of behaviour change attempts were derived
from the Cancer Awareness Measure 2019 [30]. Par-
ticipants were asked “Are you currently trying to do
any of the following?” for each of the following behav-
iours: “Reduce the amount you smoke”; “Stop smok-
ing completely”; “Reduce the amount of alcohol you

drink”; “Increase the amount of fruit and vegetables you

», «

eat”; “Increase the amount of physical activity you do’,
and “Lose weight” Response options were “Yes’, “No’,
“Maybe’, “Prefer not to say’, and “This is not applicable
to me”.

Smoking status was ascertained by asking partici-
pants “Which of the following best describes you?” with
response options “I have never smoked’, “I used to smoke
but have given up’, “I smoke but not every day’, “I smoke
every day’, “Other” and “Prefer not to say” Demographic
variables included age, sex, ethnicity, employment and
educational qualification [25].

Variables

Outcome variables were binary measures of smoking sta-
tus and attempts to change five behaviours: smoking (i.e.
attempts to reduce smoking and attempts to stop smok-
ing), alcohol consumption, fruit and vegetable intake,
physical activity and weight loss. The predictor variable
was a time variable with a binary measure to indicate the
first (August—September 2020) and second (February-
March 2021) survey phases.

Handling missing data

The rate of missing values in the outcome variables
ranges from 0 to 8% (see Supplementary Table 1). We
examined whether missingness in the health behaviour
variables was patterned by participants’ characteristics
(gender, age, ethnicity, country, occupation, and edu-
cational qualification). Although missing values in the
outcome variables were mostly not patterned by partici-
pants’ demography, we found differences in the odds of
missing data in some health behaviour variables accord-
ing to educational qualification (those with other quali-
fications or no qualification were more likely to have
missing value for fruit and vegetable intake, physical
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activity and alcohol use than those with a degree) and
occupation (those unemployed and retired were more
likely to have missing data for alcohol use and weight loss
compared to those employed).

In order to minimise bias, missing values were han-
dled using multiple imputation, which ensures that all
observed values in a dataset with some systematic dif-
ferences between the missing and observed values are
retained [31, 32]. Outcome and demographic variables
informed the multiple imputations model. Results were
averaged across ten imputed datasets, and the sample
characteristics of the imputed sample did not differ con-
siderably from those of the fully observed person-years.

Statistical analysis

Analyses were conducted using Stata (version 17).
Descriptive statistics were used to analyse the proportion
of participants (overall and by demographic variables)
engaging in each health behaviour attempt at each time
point. Univariable and multivariable logistic regression
analyses were carried out to assess differences in attempts
to change each behaviour (smoking, alcohol, fruit/vegeta-
ble intake, physical activity and weight loss) between the
two phases. Results for all models are presented as odds
ratios with 95% confidence intervals. Participants’ age,
sex, ethnicity, UK country, employment status and edu-
cational qualification were included as hypothesised con-
founders. Complete case analyses were conducted, with
sensitivity analysis using the imputed dataset to account
for potential attrition bias.

Subgroup analyses were pre-specified and conducted
by introducing interaction terms between the predictor
(time) and demographic variables (sex, ethnicity, employ-
ment and education).

Results

Sample characteristics

Participants (n=4,978) were adults aged 18 years and
over from the four UK countries (37.9% from England,
32.4% from Wales, 4.0% from Scotland, 0.70% from
Northern Ireland) who completed the surveys at both
time points. Over half of the participants were males
(53.5%) and the majority identified as White (91.8%). The
majority of participants were aged below 65 years (61.4%)
and employed (47.2%). For educational attainment, 40%
of participants had a degree or higher. In phase 1, around
half of participants reported trying to increase physical
activity (n=2607, 52.4%), increase fruit/vegetable intake
(n=2445, 49.1%) and lose weight (n=2413, 48.5%), with
19.0% (n=948) trying to reduce alcohol. Among the 738
participants who smoked, 51.5% (n=380) were trying to
reduce and 27.4% (n=202) to stop smoking completely.
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Behaviour change attempts

In Phase 1, across all outcomes other than attempts to
reduce or stop smoking, there were more behaviour
change efforts among women and for the two younger
age groups, with a tendency for behaviour change efforts
to become less common with increased age (Table 1).
In Phase 1, retired people consistently reported fewer
behaviour change efforts across all outcomes, with
smaller and less consistent patterning in differences
between employed and unemployed respondents. For all
behaviour change attempts, respondents from minority
ethnic groups reported more efforts to change in Phase 1.
The evidence of consistent socio-demographic patterning
in behaviour change attempts in Phase 1 (i.e. sex, age and
ethnicity) remained largely unchanged in Phase 2.

Logistic regression analyses
Univariable models with each health behaviour regressed
against the covariates are reported in Tables 2 and 3.

As depicted in Table 2, for the model without adjust-
ment, the likelihood of smoking did not differ in Phase 2
compared to Phase 1 (OR: 0.97, 95% CI: 0.93-1.02). The
OR remained consistent after extending the model to
adjust for confounders, including sex, age, ethnicity, UK
country, employment and education (aOR: 0.98, 95% CI:
0.93-1.04). Efforts to reduce and stop smoking did not
differ substantially over time for the adjusted and unad-
justed models (reducing smoking: aOR: 0.98, 95% CI:
0.82-1.17; stop smoking: aOR: 0.98, 95% CI: 0.80—1.20).

There were no substantial differences in attempts to
improve other health behaviours over time: increased
physical activity (aOR: 1.07; 95% CI: 0.99-1.16); weight
loss (aOR: 0.95; 95% CI: 0.90—1.00); increased fruit intake
(aOR: 0.98, 95% CI: 0.91-1.06) and reduced alcohol use
(aOR: 1.32, 95% CI: 0.92—-1.91) (see Table 3 for unad-
justed estimates).

Subgroup analyses

We introduced interaction terms to the models to inves-
tigate whether any difference in behaviours between the
first and second phases was moderated by sex, ethnicity,
employment and education. Consistent with descriptive
data, which indicated similar demographic patterning
in behaviour change attempts at both phases, subgroup
analyses for all health behaviours showed no significant
interaction effect between the time variable and the
moderators.

Sensitivity analyses

The results of complete case analyses were broadly con-
sistent with those using the imputed set (see Supple-
mentary Table 2), with some differences in the results for
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Table 2 Univariable models for smoking behaviours

Page 6 of 9

Predictors Smoking status

Reducing smoking Stop smoking

Odds Ratio 95%

Odds Ratio 95% Odds Ratio 95%

Confidence Confidence Confidence
Intervals Intervals Intervals
Lower Upper Lower Upper Lower Upper
Phase (ref: phase 1) 097 093 102 098 085 112 089 072 104
Sex (ref: female) 097 083 112 080 062 103 067 051 090
Age in years 75 and above 0.13 0.07 0.23 0.19 0.07 0.50 0.10 0.02 048
(ref: 18 to 24) 65to 74 023 015 035 046 023 093 040 019 083
55 t0 64 043 029 065 073 036 146 064 031 130
451054 0.70 047 104 093 046 186 083 041 170
351044 0.85 057 128 1.6 057 235 103 051 211
251034 114 075 173 094 046 190 103 050 212
Ethnic minorities (ref: White) 141 110 180 198 127 309 225 143 352
Country Northern Ireland 0.78 0.30 2.02 0.97 0.16 590 044 040 4.25
(ref: England) Scotland 111 077 160 071 037 137 043 019 102
Wales 045 036 055 032 023 045 041 028 060
Employment Retired 031 025 037 036 026 050 024 016 036
(ref: employed) Unernployed 123 100 152 076 053 110 047 031 071
Education No qualification 142 1.02 1.96 0.82 047 141 0.53 0.25 1.12
(ref: Degree or higher) Other qualifications 139 118 163 143 100 188 114 085 154

increased physical activity and weight loss. Although the
ORs for the predictor variable (indicating phase 1 or 2)
on both outcomes were similar in the analyses with com-
plete cases and imputed datasets, they were significant
in the imputed set analyses for increased physical activ-
ity (aOR: 1.09; 95% CI: 1.01-1.17) and weight loss (aOR:
0.92; 95% CI: 0.87—0.99), meaning there were more phys-
ical activity attempts but less attempts to lose weight at
Phase 2 compared to Phase 1.

Discussion

This prospective study assessed attempts to change a
range of health behaviours among UK adults during the
COVID-19 pandemic. Around half of the participants
were attempting to change health behaviours, includ-
ing smoking, during a relatively dormant phase of the
pandemic in late summer 2020, with no observable
changes by early spring 2021 when two further national
lockdowns had taken place. When continued infection
control measures might have compromised people’s
health motivation during the pandemic’s life course, we
observed consistency in willingness to engage in health
behaviours.

Our findings indicating the absence of significant
change over time in smoking behaviours are similar to
those of other studies during the pandemic, from a period
of relative normality after the first prolonged lockdown
through the end of the second major wave of infection

and lockdown in the UK nations [15, 33]. Although the
timeline of our study differs from that of Naughton et al.
[33] (their follow-up period coincided with our first
survey phase), our study mirrors their findings related
to smoking behaviour; they reported no difference in
smoking status and smoking frequency during the UK
COVID-19 lockdown. Similar to our study, Niedzwiedz
et al. [34] did not observe any differential impact of the
pandemic lockdown on smoking across age, sex, ethnic-
ity or socioeconomic subgroups. However, we noted that
the proportion of participants in ethnic minority groups
who self-reported as smokers in our study increased by
2.8% in the second compared to the first study phase.

In contrast with systematic reviews that have described
reduced physical activity [11, 13] in the UK popula-
tion during the pandemic, we observed a slight overall
increase in self-reported attempts to increase physical
activity. Attempts to lose weight appeared to diminish
over time in our study, in line with previous studies that
reported increased behaviours related to weight gain
[10-12]. Changes in fruit/vegetable intake and alcohol
consumption were not observed [12].

The current study findings suggest that health behav-
iour change attempts were generally higher among
younger adults and people in ethnic minority groups. A
similar trend in behaviour change attempts by age dur-
ing the COVID-19 pandemic was reported in another
UK study where older-aged cohorts were less likely to
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report changes in exercise, alcohol, and fruit and veg-
etable consumption than the younger cohorts [35].
However, their finding on health behaviour change by
ethnicity differed from our study. Contrary to our find-
ings, they reported lower fruit and vegetable consump-
tion and lower exercise rates among ethnic minorities
than white participants.

Although a higher risk of severe outcomes of COVID-
19 is seen in men than women [36, 37] attempts towards
health behaviour change were overall higher in women
in both phases of our study compared to men. Our uni-
variable models with sex showed that behaviour change
attempts were significantly lower in men than in women
for five out of the seven health behaviours tested in our
study. A similar association was reported in a Taiwanese
study where females had higher odds of adopting health-
protective behaviours during the COVID-19 pandemic
than men [38]. In the US, older men were reported to
have implemented the fewest behaviour changes during
the pandemic [39].

Limitations

Our analyses were strengthened by using a repeated-
measures dataset, addressing the gap in evidence from
cross-sectional studies. However, our study has some
limitations. A larger proportion of our participants were
recruited from a database of individuals interested in
health-related research (HealthWise Wales). Therefore,
it is possible that participants in our study were more
motivated to change health behaviours and that the lack
of observed demographic patterning in health behaviour
change efforts reflects limited sample variation. Addi-
tionally, while we have adjusted for important confound-
ers and effect modifiers, other factors might explain the
consistency in health behaviours between both waves.
For instance, unmeasured variables such as the living
conditions of participants (e.g. whether they lived with
other household members who attempted to change
their behaviours during the pandemic) and the presence
of underlying chronic conditions that increase the risk
of COVID-19 complications have been reported to be
associated with smoking cessation during the COVID-19
lockdown in other countries [40].

Some of our variables had missing values. The higher
rate of missing values among those of lower education
and unemployed for some of the health behaviours could
lead to underestimation of effect; however, consistency
between the results of complete case analysis and sen-
sitivity analysis using an imputed dataset demonstrated
a low risk of attrition bias. Finally, self-report measures
used in the current study may not accurately reflect
actual change in health behaviours.
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Conclusion

A substantial proportion of participants reported
attempts to change health behaviours in the initial survey
phase. The lack of observed differences in self-reported
health behaviours over time suggests an unexpected
degree of behavioural consistency at a time when pan-
demic restrictions might have been expected to worsen
motivation. This is encouraging, and suggests that public
health messaging could build on the public’s willingness
to engage in healthy behaviours. In addition, our findings
will enable intervention developers to target behavioural
messaging to specific demographic groups who are less
likely to engage in behaviour change.
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