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ABSTRACT

Objectives: The COVID-19 pandemic has led to changes in behaviours, which may have different health
effects in population subgroups. We investigated whether within-individual changes in health behav-
iours from before to during the pandemic differ by socio-economic deprivation, age or sex.
Study design: Prospective cohort study.
Methods: Participants were recruited from the existing UK Fenland cohort study with measurements of
health behaviours twice prepandemic (2005 to February 2020) and three times during the pandemic
(July 2020 to April 2021). Health behaviours included daily servings of fruit and vegetables, units of
alcohol consumed per week, smoking status, sleep duration and total and domain-specific physical ac-
tivity energy expenditure. Sociodemographic information (English indices of multiple deprivation, ed-
ucation, occupation and ethnicity) and COVID-19 antibody status were also collected. Participants were
grouped into three categories based on their English indices of multiple deprivation score: most, middle
and least deprived.
Results: Participants were included if they had completed at least one measurement during the
pandemic and one prepandemic (n = 3212). Fruit and vegetable consumption, total physical activity
energy expenditure and smoking prevalence decreased during the pandemic compared with prepan-
demic, whereas average sleep duration increased and alcohol consumption did not change. Decreases in
fruit and vegetable intake and physical activity energy expenditure were most pronounced in the most
deprived group compared with the least deprived group and were greater in women than men.
Conclusions: Socio-economic inequalities in health behaviours have worsened during the pandemic. As
the country emerges from the COVID-19 pandemic, strategies to reduce health inequalities need to be
put at the forefront of recovery plans.
© 2022 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

included higher risk of avoidable death from COVID-19 for those
aged <75 years, which was substantially greater for those living in

The COVID-19 pandemic has given rise to unprecedented re-
strictions on people's lives and has resulted in more than 380
million confirmed cases and 5.6 million deaths worldwide' as of
January 2022. The pandemic has had differential health, social and
economic effects on different groups in society.> As with most
patterns of disease, the most deprived groups in the United
Kingdom were affected particularly by the pandemic. Direct effects
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the most deprived areas of England compared with those in the
least deprived areas during 2020.> This pattern was also reported
in other countries, for example, in the United States where people
living in a more deprived area had a higher risk of COVID-19
hospitalisation.”

In addition to the differential direct effects that the virus itself
had on health, there were also a range of indirect effects of both the
pandemic and the associated non-pharmaceutical interventions
that were likely to impact groups in society differentially. For
example, those from more deprived groups were more likely to
experience loss of income and unemployment during the pandemic
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compared with less deprived groups and were therefore more
likely to feel the associated negative impact that loss of income has
on health behaviours, health and well-being.? A systematic review
including 87 studies reported that health behaviours including
poor diet, alcohol consumption and physical inactivity had been
exacerbated in the first year of the pandemic.® However, a high
proportion of the studies were cross-sectional, and the review did
not assess how these health behaviours differed between socio-
economic groups or with deprivation measures.

The aim of this study was to investigate changes in health be-
haviours during the pandemic compared with before the pandemic
and whether these changes were influenced by deprivation. The
health behaviours of interest were self-reported fruit and vegetable
consumption, alcohol consumption, smoking status, sleep duration,
and physical activity (PA) energy expenditure. Data were collected
prospectively in participants of the Fenland cohort study, the
United Kingdom, at five different time points over 2005—2021
using the same measurement instruments. The first two time
points were before the pandemic, and the other three were during
the pandemic. Specifically, we aimed to investigate whether health
behaviours differed between before the pandemic and during the
COVID-19 pandemic by deprivation group.

Methods
Study design

The Fenland cohort study was established in 2005; participants
were recruited from general practice sampling frames in Cam-
bridgeshire (http://www.mrc-epid.cam.ac.uk/research/studies/
fenland-study/; n ~ 46,000). All participants were invited to Phase
1 (P1), Phase 2 (P2) and then to the Fenland COVID-19 substudy. A
total of 12,435 people took part in P1 of the study (P1: 2005—2015)
and 7795 in P2 of the study (P2: 2014—2020). P2 clinical visits were
stopped at the start of the COVID-19 pandemic, and P2 ended early.
A substudy of the Fenland cohort, the Fenland COVID-19 study was
conducted remotely. Participants were recruited between July and
October 2020 and followed up at three time points over a period of
6 months from enrolment date to April 2021 (CO, C3 and C6).” For
the present study, participants were included if they had (1) taken
part in the Fenland COVID-19 study, (2) had diet and PA data from at
least the first time point during the pandemic (C0) (3) and had data
from at least one prepandemic time point (P1 and/or P2).

Ethics and patient and participant involvement

Ethics approvals for Phases 1 and 2 were obtained from Cam-
bridge East Research Ethics committee on 11 May 2004 and 5 July
2014, respectively. Written informed consent was obtained from all
participants, and participants were made aware that they were able
to request to leave the study at any point. For the Fenland COVID-19
substudy, ethical approval was obtained from South West Cornwall
and Plymouth Research Ethics committee on 30 June 2020. Consent
for the Fenland COVID-19 substudy was completed online. The
Fenland cohort participant panel was involved in the planning,
conducting and reporting of the Fenland COVID-19 study as part of
patient and public involvement.

Setting and participants

Participants born between 1950 and 1975 were originally
recruited from general practice registers, a population-based
sampling frame across Cambridgeshire, United Kingdom. Inclu-
sion and exclusion criteria have been described.” As part of the
Fenland COVID-19 substudy, participants who were known to be
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still alive and had not withdrawn previously from the study, who
had a valid email or telephone number, were approached via phone
call, email or text message (n = 11,469) and asked whether they
would like to participate. There was no specific exclusion criterion
for the substudy.

Deprivation

The English indices for multiple deprivation 2019 (IMD) were
derived from participants' current address available at the start of
the Fenland COVID-19 study.® IMD measures relative levels of area
deprivation among the 32,844 Lower Layer Super Output Area
(LSOAs) in England and is calculated based on seven domains of
deprivation, which includes income, employment, health depriva-
tion and disability, education and skills training, crime, barriers to
housing and services and living environment.®

Participants were grouped into three categories based on na-
tional IMD tertiles whereby Group 1 (most deprived) included IMD
ranks from 1 to 10,947, Group 2 (middle) included IMD ranks from
10,948 to 21,896, and Group 3 (least deprived) included ranks from
21,897 to 32,844.

Outcome variables

Five different health behaviours were investigated; fruit and
vegetable consumption, alcohol consumption, smoking status,
sleep duration and PA measured using the same measurement in-
struments at all the five study time points.

Diet

Habitual dietary patterns over the previous 4 weeks were ob-
tained using a validated food frequency questionnaire.’ Individuals
were asked how frequently they consumed servings of specific fruit
or vegetables: never or less than once a month, 1-3 times per
month, once a week, 2—4 times per week, 5—6 times per week,
once a day, 2—3 times per day, 4—5 times per day, or 6 or more
times per day. For computational purposes, we used the midpoint
of food frequencies reported in ranges and O for people reporting
‘never or less than once a month’. Total daily reported servings of
fruit and vegetables were calculated by adding the number of re-
ported servings of different types of fruit and vegetables consumed.
Adequate fruit or vegetable consumption was categorised as
consuming 5 or more servings of fruit or vegetables a day based on
National Health Service (NHS) recommendations.'°

Participants reported frequency of intake of different types of
alcohol, which was converted into units of alcohol; a small glass of
wine (125 mL) was defined containing 1.36 units of alcohol, a half
pint (192 mL) of beer, lager or cider as 1.4 units, a small glass
(50 mL) of port, sherry, vermouth or liqueur as 0.8 units, and a
single measure of spirits (23 mL) as 0.9 units of alcohol. Total units
of alcohol consumed per week were then calculated by adding the
number of units of different types of alcoholic beverages consumed
per week. Excessive alcohol consumption was categorised as
consuming 14 or more units of alcohol per week based on NHS
recommendations. !’

Smoking status
At P1, P2 and CO, participants were asked whether they
currently smoked, had smoked in the past or had never smoked.

Time spent sleeping

Reported sleep duration was ascertained by asking participants
to record the average time that they went to bed and woke up over
the last 4 weeks on weekdays and on weekends, and a weighted
average per day was calculated.!" This question was only


http://www.mrc-epid.cam.ac.uk/research/studies/fenland-study/
http://www.mrc-epid.cam.ac.uk/research/studies/fenland-study/

V.S. Braithwaite, S.J. Sharp, A. Koulman et al.

introduced halfway through Phase 1, and therefore, data are not
available on all participants at Phase 1.

Physical activity

Recent PA over the previous 4 weeks was determined using the
validated Recent Physical Activity Questionnaire (RPAQ).> The
RPAQ is a self-completion questionnaire designed to assess physical
activity in four domains: at home, at work, commuting and during
leisure time over the previous 4 weeks. RPAQ has been validated
against doubly labelled water and accelerometry for the assess-
ment of physical activity energy expenditure (PAEE) in adults. The
electronic web-based version of RPAQ was used for this study.
Reported frequency and duration were used to compute time spent
in specific activities, which was multiplied by energy costs of each
activity taken from the reported metabolic equivalent of tasks from
the physical activity compendium'® to calculate activity-specific
PAEE, which were summated by domain and across all domains
as total PAEE. If reported time spent in activities was >18 h
(assuming 6 h sleep), all reported durations of activity were scaled
back to 18 h. PAEE was expressed in KJ/kg/day.

Baseline characteristics

Age at Phase 1 of the study was used in analyses, and four cat-
egories were used in subgroup analyses (30—40, 40—50, 50—60 and
60+ years). Highest educational attainment was classified using
international standards'# (lower secondary education, upper sec-
ondary education or postsecondary non-tertiary education and
Bachelor's degree or equivalent level), and ethnicity and occupation
were self-reported during Phase 1 of the study. The degree level
category included having a university degree, and no differentia-
tion was made for those with further degree qualifications (such as
Master's or PhD). Self-reported ethnicity was reported in 17 cate-
gories. As most participants identified as ‘White’, ethnicity was
categorised as ‘White’ and ‘not White’. Self-reported occupation
was categorised into three occupation groups:'> Group 1, routine
manual and service, semi-routine and technical; Group 2, middle or
junior managers, clerical and intermediate; Group 3, traditional
professional, modern professional and senior managers.'®

Height in centimetres and weight in kilograms were measured
by a trained member of the study team at P1 and P2, and weight
was also self-reported at CO in those participants who had access to
weighing scales at home. Body mass index (BMI) (weight in kilo-
gram/height in square metres) was calculated; overweight
(including obese participants) was defined as BMI >25 kg/m?, and
obesity was defined as >30 kg/m?. BMI at CO was calculated using
height measured from P2. To ascertain whether participants had
been exposed to the SARS-CoV-2 virus before and during the
Fenland COVID-19 substudy period, participants completed remote
blood sample collections at three time points (CO, C3 and C6).
Participants collected blood from their upper arm or thigh using
self-administered OneDraw devices and the dried blood spot
samples were posted back to the MRC Epidemiology Laboratory,
University of Cambridge, UK. The samples were analysed for SARS-
CoV-2 immunoglobulin G antibodies using commercial enzyme-
linked immunosorbent assay.” The study focussed on seroposi-
tivity. Therefore, all negative results and borderline results were
classed as not seropositive.

Statistical analysis and data handling

Statistical analysis was performed using Stata version 14 (Sta-
tacorp LLC, Texas, USA)."” Skewed variables were summarised using
median and interquartile range, normally distributed variables
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using mean and standard deviation (SD) and categorical variables
with n (%).

Analyses at each time point

To test for associations between IMD groupings 1 and 3 and each
outcome variable, a Wilcoxon rank-sum test was used, and Chi-
squared test was used for categorical variables. To test for a trend
across IMD grouping, (1-3) non-parametric rank tests were used.

Assessing the effect of the pandemic overall and within subgroups

A two-level random intercepts linear (for all outcomes except
smoking) or logistic (for smoking) regression model was used to
investigate whether health behaviours differed between during
pandemic (at least CO time point, and C3 and/or C6 if completed)
and prepandemic (P1 and/or P2) time points. The model was
adjusted for age at Phase 1, time to follow-up from Phase 1, season
(spring/summer/autumn/winter) and sex. Continuous outcomes
were log transformed to address non-normality of the residuals.
The pandemic effect was reported as a ratio of geometric means
(RGM) of the outcome (>1 implies an increase, <1 implies a
decrease) comparing during vs. prepandemic, overall and stratified
by (1) IMD group,(2) gender and (3) age group (30—40, 40—50,
50—60 and 60+ years). The interaction with each of these variables
was tested by including the relevant parameters in the model and
applying a Wald test.

Sensitivity analysis

To assess the effect of using occupation as an individual marker
of deprivation rather than IMD, which is a group level marker,
analyses were repeated using the three occupation groups as the
exposure variable instead of IMD group.

To assess the impact of COVID-19 infection on changes in health
behaviour, the analyses were repeated after removing participants
who were seropositive for COVID-19 at any of the three time points
measured during the pandemic (CO, C3 or C6).

Role of the funding source

The funders were not involved in the study design, collection
analysis or interpretation of the data in the writing of the report or
the decision to submit the paper for publication.

Results

Of the 12,435 participants originally recruited in the Fenland
cohort, 11,469 participants were contactable and invited to take
part in the COVID-19 substudy, of whom 4031 (35%) consented to
participate. This analysis included 3231 (80%) participants who had
completed both a food frequency questionnaire and RPAQ ques-
tionnaire at CO (Fig. 1 and Supplementary Fig. 1). Those participants
included in this analysis were compared with participants origi-
nally recruited in the Fenland cohort who did not take part in the
COVID-19 substudy and were not included in the analysis (n = 3231
vs. n = 9204). A higher proportion of those in the analysis group
were women than Fenland cohort participants not in the analysis
(57.5% vs. 52.5%); they were also older (mean [SD]: 49.3 [7.3] vs.
48.3 [7.6]), more likely to be in the highest occupation group
(traditional professional, modern professional, or higher manage-
rial; 65.6% vs. 48.8%), have a Bachelor's degree or equivalent (47.8%
vs. 32.1%) and less likely to be in the most deprived IMD group
(15.7% vs. 26.2%).



V.S. Braithwaite, S.J. Sharp, A. Koulman et al.

Fenland Cohort:
Phase 1
N=3210

(2005-2015)

v

Fenland Cohort:
Phase 2
N=2837

(2014-2020)

v

Fenland COVID-19 sub-
study: CO
N=3231
(July- December 2020)

v

Fenland COVID-19 sub-
study: C3
N=2400
(October 2020- March 2021)

v

Fenland COVID-19 sub-
study: C6
N=2185
(February- April 2021)

Pre-
COVID-19
Pandemic

During
COVID-19 >
Pandemic

Fig. 1. Participant flow diagram. Participants were included in the present study if
they had completed health behaviour questionnaires at CO (Fenland COVID-19 sub-
study, baseline), n = 3231. The flowchart indicates the number of participants who
were included from the prepandemic time points (Phase 1: n = 3210 and Phase 2:
n = 2837, shaded white) and during the pandemic (baseline CO: n = 3231, C3: n = 2400
and C6: n = 2185, shaded grey), and the dates during which the health behaviours
were measured.

Baseline characteristics

Of the 3231 participants included, 58% were women, and 98% of
participants were White (Table 1). At Phase 1 (P1: baseline), par-
ticipants had a mean (SD) age of 49.3 (7.3) years, 48% had a Bach-
elor's degree or equivalent, and 66% reported traditional
professional, modern professional or higher managerial as their
occupation (Group 3). At baseline, 16% of participants were in the
most deprived IMD group, 35% in the middle deprived group and
49% in the least deprived group. When stratifying by IMD group,
participants in the most deprived group (Group 1) were on average
4 kg heavier than those in the least IMD deprived group and were
more likely to be overweight (65% vs 52%) or obese (24% vs 15%)
than those in the least IMD deprived group (P < 0.0001 for all). The
mean time interval from P1 to the first time point during the
pandemic (CO) was 9.8 years (SD 2.3), range (5.5—15.7 years). The
mean time interval was higher in the most deprived IMD group
compared with the middle and least deprived groups (most
deprived: 10.2 years [SD 2.3], middle: 9.6 years [SD 2.3], 9.9 years
[SD 2.3] and least deprived: 9.9 years [SD 2.3], respectively,
P < 0.001).

At baseline, participants in the most deprived IMD group ate
fewer portions of fruit and vegetables per day, consumed fewer
units of alcohol per week and were more likely to smoke compared
with the least deprived IMD group (Health behaviours in Table 1).
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At baseline, the average reported sleep duration and total PA was
similar across IMD groups, although the most deprived IMD group
expended more PA at work and home and less PA during leisure
time compared with the least deprived IMD group.

Change in health behaviours before and during the COVID-19
pandemic

Fruit and vegetable consumption was estimated to have
decreased by 12% during the pandemic compared with before the
pandemic (RGM: 0.88 [95% confidence interval: 0.87—0.90];
P < 0.0001). In relation to the primary hypothesis, this decrease was
greatest in the most deprived IMD group (RGM: 0.86 [0.82—0.91]; P
interaction = 0.02), and in women (RGM: 0.86 [0.84—0.88]; P
interaction < 0.0001). Fruit and vegetable intake decreased among
all age groups but more so in the youngest (those aged 30—40 years
at P1: baseline) and oldest (60+ years) age groups (P
interaction = 0.05; Fig. 2A, Supplementary Table 1).

Reported alcohol consumption did not differ significantly
overall before compared with during the pandemic. However, men
tended to report an increase in alcohol consumption, and women
tended to report a decrease (P interaction = 0.03), and those in the
youngest age group (30—40 years at P1: baseline) reported a 9%
increase in alcohol consumption during the pandemic compared
with before the pandemic (RGM: 1.09 [0.98-1.21]; P
interaction = 0.007).

The average sleep duration increased overall by 3% during the
pandemic compared with before the pandemic (RGM: 1.03
[1.02—1.03]; P < 0.0001). Sleep duration increased more so in men
(P interaction < 0.0001) but did not differ significantly by IMD or
age group.

Total PAEE decreased overall by 17% (RGM: 0.83 [0.81—0.86],
P < 0.0001). In relation to the primary hypothesis, this decrease was
greatest in the most and middle deprived IMD groups (RGM: 0.81
[0.73—0.90] and 0.81 [0.77—0.86], P interaction = 0.04), in women
(RGM: 0.80[0.77—0.84]; Pinteraction < 0.0001) and in the over 60 s
(RGM: 0.76 [0.65—0.91]; P interaction = 0.13).

Smoking decreased during the pandemic (odds ratio [95% con-
fidence interval]: 0.45 [0.22—0.92]; P = 0.03) compared with before
the pandemic. Because of the small number of participants who
smoked (3.6% during the pandemic), it was not possible to perform
stratified analyses for this outcome of the primary hypothesis.

Participants who worked at each time point

The percentage of participants who reported they were working
at the different time points decreased from 92% at baseline (P1) to
60% by C6 (Supplementary Table 3). This decrease was similar
among the three IMD groups. This did not distinguish between
those who continued to work in their workplace and those who
were working from home.

Sensitivity analysis: occupation

The use of occupation group in place of IMD in the multilevel
mixed-effects generalised linear model was very similar in terms of
the interpretation of the results with the exception of two minor
differences in the statistical significance of interaction terms in the
models for change in total PAEE (Supplementary Table 2). The
biggest difference was for a model investigating domain-specific
PAEE at home, for which there was a highly statistical interaction
between occupational grouping and the term for the pandemic
(P < 0.0001), which was not evident at all in a model for the same
outcome exploring the potential interaction between IMD and the
pandemic (P = 0.99). The direction of the interaction was that



V.S. Braithwaite, S.J. Sharp, A. Koulman et al.

Table 1

Public Health 212 (2022) 46—54

Characteristics of participants of the Fenland Study at Phase 1 (n = 3231) by indices for multiple deprivation category (1: most deprived [n = 508, 16%], 2: middle [n = 1132,

35%]), 3: least deprived [n = 1591, 49%]).

Characteristics All (n = 3231) IMD category 1: IMD category 2: IMD category 3: Test for trend”?,
most deprived middle least deprived P-value

Age (y), mean (SD) 49.3(7.3) 49.2 (7.3) 494 (7.2) 49.2 (7.3) 0.68

Sex, n (%)

Female 1858 (57.5) 286 (56.3) 651 (57.5) 921 (57.9) 0.49

Male 1373 (42.5) 222 (43.7) 481 (42.5) 670 (42.1)

Occupation, n (%)

Technical, semi-routine and routine 478 (15.3) 136 (27.4) 187 (16.9) 155 (10.1) 0.0001

Lower managerial and intermediate occupations 597 (19.1) 113 (22.8) 218 (19.8) 266 (17.4)

Traditional and modern professional and higher managerial 2054 (65.6) 247 (49.8) 697 (63.3) 1110 (72.5)

Education®, n (%)

Bachelor's degree or equivalent 1501 (47.8) 126 (26.1) 495 (44.3) 880 (56.3) 0.0001

Upper secondary/non-tertiary education 1351 (43.0) 281 (58.3) 489 (44.7) 581 (37.2) 0.0001

Lower secondary 288 (9.2) 75 (15.6) 110 (10.1) 103 (6.6) 0.0001

Ethnicity, n (%)

White 3071 (97.9) 493 (99.4) 1079 (97.5) 1499 (97.9) 0.05

Not White 64 (2.1) 3(0.6) 28 (2.5) 33(2.1)

Anthropometry

Weight (kg), mean (SD) 76.8 (15.7) 79.8 (17.6) 76.9 (15.4) 75.7 (15.1) 0.0001

Height (cm), mean (SD) 170.5(9.2) 169.9 (9.2) 170.5 (9.2) 170.7 (9.3) 0.09

BMI (kg/m?), mean (SD) 26.3 (4.6) 27.5(4.9) 26.4 (4.6) 25.9 (44) 0.0001

>BMI 25 kg/m?, n (Y%) 1808 (55.9) 331 (65.2) 646 (57.1) 831 (52.3) 0.0001

>BMI 30 kg/m?, n (Y%) 563 (17.4) 122 (24.0) 205 (18.1) 236 (14.8) 0.0001

Health behaviours

Fruit and vegetable (servings/day), median (IQR) 7.4 (5.4-10.1) 7.1 (5.1-10.1) 7.6 (5.4—10.1) 7.5 (5.5-9.9) 0.07

Alcohol consumption (units/week), median (IQR) 5.5(1.4-10.3) 4.8 (0.7-8.9) 4.9 (1.3-9.5) 5.9 (2.0-11.8) 0.0001

Current smoker, n (%) 238(12.6) 53 (16.4) 94 (13.8) 91 (10.4) 0.0001

Ever smoker, n (%) 1365 (42.4) 244 (48.1) 498 (44.1) 625 (39.5) 0.0001

Sleep (hours/day), median (IQR) 8.0 (7.5-8.5) 8.0 (7.5-8.5) 8.0 (7.5-8.4) 8.0 (7.6—8.5) 0.53

Total PAEE (kJ/kg/day), median (IQR) 26.6 (19.1-37.5) 26.8 (18.5—-38.3) 26.2 (18.9-37.4) 26.7 (19.4-37.4) 0.8

PAEE at work (k]/kg/day), median (IQR) 12.5(9.2—-16.4) 13.3(10.5—18.1) 12.6 (9.2—-16.5) 12.4 (9.0-15.2) 0.0001

PAEE at home (Kk]/kg/day), median (IQR) 2.6 (0.85—6.4) 2.9 (0.77-7.5) 2.6 (0.85—6.5) 2.6 (0.89—-6.2) 0.6

PAEE at leisure (kJ/kg/day), median (IQR) 7.2 (2.9-13.6) 6.1 (1.9-11.9) 7.1 (2.6—13.5) 7.5 (3.3—14.1) 0.06

PAEE during commute (kJ/kg/day), median (IQR) 1.0 (0.34-3.1) 0.81(0.27-1.8) 1.0 (0.34-2.9) 1.0 (0.41-3.1) 0.05

BMI, body mass index (kg/m?); IMD, English indices for multiple deprivation 2019; IQR, interquartile range; PAEE, physical activity energy expenditure; SD, standard

deviation.
2 Education level available for 3140 participants.

particularly among those reporting lower managerial and
intermediate-level occupations, there was a statistically significant
reduction in activity at home during the pandemic, which was not
seen in other occupational groups.

Sensitivity analysis: COVID-19 seropositivity

Overall, 14% of participants were seropositive for COVID-19 an-
tibodies at one or more of the three time points during the early
waves of the pandemic from July 2020 to April 2021. This per-
centage did not differ significantly by IMD (IMD Group 1: 14% vs
Group 3: 13%; P < 0.47). Excluding participants who were sero-
positive for COVID-19 antibodies at CO, C3 or C6 (n = 428) made
little difference to the models for change in health behaviour pre-
and post-pandemic (Supplementary Fig. 2A—C).

Discussion
Main findings

Our study confirmed the primary hypothesis that observed in-
equalities in some health behaviours further increased during the
pandemic; fruit and vegetable consumption and total PAEE
declined more so in the most deprived group compared with the
least deprived group during the pandemic relative to prepandemic
health behaviours. The average sleep duration increased during the
pandemic, but this did not differ by deprivation group.

Socio-economic inequalities in health behaviours existed before
the pandemic in this population-based cohort study in which
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participants from more deprived areas were more likely to be
smokers and to report eating fewer portions of fruit and vegetables.
Overall, obesity prevalence was 1.6-fold higher in the participants
from the most deprived areas (24%) compared with those from the
least deprived areas (15%).

We found that changes in health behaviours during the
pandemic differed by gender and age. Women reported a greater
decrease in fruit and vegetable consumption and total PAEE
compared with men, and the decline in total PAEE was most pro-
nounced in those aged > 60 years; this finding is in line with other
studies that have reported a greater decrease in self-reported PA in
older age groups during the pandemic.'®!® We did not have infor-
mation on the types of work people were doing and whether this
was from home or in the workplace, which could have impacted
their total PAEE. However, we did find that activity from
commuting was higher in the most deprived group during the
pandemic (Supplementary Table 1), which suggests that they were
more likely to be in the workplace than working at home.

Limitations and strengths of the study

This study was embedded in an existing prospective cohort and
had repeated data on health behaviours from before the COVID-19
pandemic as well as during the pandemic using the same mea-
surement tools at all time points. This study design therefore
diminished recall or measurement bias and allowed for direct
comparison of health behaviours across the five time points. Other
published studies assessing change in health behaviours in relation
to the pandemic have not collected prepandemic data prospectively
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Health Behaviour

Fruit and vegetable consumption (servings per day)
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*Ratio of means
(95%CI)

p-interaction

Overall pandemic effect - 0.88 (0.87. 0.90)
IMD Group 1: Most deprived —se——— 0.86 (0.82, 0.91)
IMD Group 2: Middle + 0.87 (0.85,090) ©0.02
IMD Group 3: Least deprived —— 0.90 (0.88. 0.92)
Men —— 0.92 (0.90, 0.95)
Women —— 0.86 (0.84, 0.88)  0.0001
Age: 30-40 years —_— 0.86 (0.81, 0.91)
Age: 40-50 years —_—— 0.89 (0.87,092) 0.05
Age: 50-60 years —— 0.89 (0.86, 0.91)
Age: 60+ years —_—— 0.86 (0.81, 0.92)
Alcohol consumption (units per week)
Overall pandemic effect —r— 1.01 (0.97, 1.04)
IMD Group 1: Most deprived $ 1.04(095, 114
IMD Group 2: Middle 1.00 (0.94,1.06) 0.05
IMD Group 3: Least deprived 1.00 (095, 1.03)
Men 1.02 (0.96, 1.07)
Wotnen 1.00 (095, 1.04) 0.03
Age: 30-40 years & 1.09 (0.98, 1.21) B
Age: 40-50 years 1.01 (0.95,1.07) 0.007
Age: 50-60 years 0.99 (0.94, 1.04)
Age: 60+ years 1.01 (0.88, 1.15)
Sleep (hours per day)
Overall pandemic effect L 2 1.03 (1.02. 1.03)
IMD Group 1: Most deprived -:— 1.02 (1.01, 1.04)
IMD Group 2: Middle 1.02(1.01,1.03) 042
IMD Group 3: Least deprived ’ 1.03 (1.02, 1.04)
Men 4 1.03 (1.02, 1.04)
Women & 1.02(1.02,1.03) 0.0001
Age: 30-40 years -~ 1.03 (1.01, 1.04)
Age: 40-50 years b 1.03(1.02,1.04) 0.28
Age: 50-60 vears g 1.02 (1.02, 1.03)
Age: 60+ years —— 1.02 (1.00, 1.04)
| I I | *geometric means
8 9 1 1.1 1.2

Decreases during the pandemic

Increases during the pandemic

Fig. 2. (A—C) Effect of the pandemic on health behaviours, overall and within subgroups. The effect of the pandemic (during vs. pre) is presented as the ratio of geometric means
(95% confidence intervals). A ratio <1 indicates that the health behaviour declined during the pandemic compared with before the pandemic, and a ratio >1 indicates that the health
behaviour increased during the pandemic compared with before the pandemic. A ratio of 1 indicates no difference.

and therefore had to rely on participant recall of prior behaviour,
which is open to bias.!820~31

Other strengths of this study were the availability of two time
measurement time points prepandemic. Models were adjusted for
age at Phase 1 and time to follow-up from Phase 1, thus allowing
consideration of the rate of change of health behaviours with age
under normal circumstances. We also considered the effect of
seasonality by adjusting for the season at each time point in the
analyses, unlike other studies.’®! It is well established that certain
health behaviours differ by season, for example, reported fruit and
vegetable consumption is known to be lower in the winter. As
Phases 1 and 2 of the cohort study recruited participants across
several complete years, we were able to account for the effect of the
season when assessing changes in health behaviour. This would
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otherwise have been an issue as the three measurements during
the pandemic were largely taken in the autumn and winter
months.

The study was able to compare the results using both a group
level indicator of deprivation (IMD), a multifaceted marker of area
deprivation that considers income, employment, education,
health, crime, housing and living environment and an individual
marker of socio-economic status, namely, occupation. Sensitivity
analysis indicated that the two measurements of social in-
equalities produced broadly similar results, with the exception of
total PAEE, largely due to the domain-specific PAEE at home,
where there were distinct differences between men and women.
This is in line with previous studies that have shown that IMD
concordance with occupation type is reasonable.>?
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Health Behaviour

Total physical activity energy expenditure (kJ/kg/day)
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*Ratio of means
(95%CI)

p-interaction

Overall pandemic effect 0.83 (0.81. 0.86)
IMD Group 1: Most deprived T 0.81 (0.73, 0.90)
IMD Group 2: Middle 0.81(0.77,0.86) 0.04
IMD Group 3: Least deprived - 0.85 (0. 82 0.89)
Men - 0.87 (0.83, 0.92)
Women - 0.80 (0.77,0.84)  0.0001
Age: 30-40 years —_t 0.83 (0.76, 0.90)
Age: 40-50 vears 0.83 (0.79,0.87) 013
Age: 50-60 years —— 0.86 (0.82, 0.90)
Age: 60+ vears —y— 076065 0013
Home: physical activity energy expenditure (kJ/kg/day)
Overall pandemic effect —- 0.97 (0.91, 1.02)
IMD Group 1: Most deprived —_—y— 0.90 (0.76, 1.06)
IMD Group 2: Middle —_—— 0.89(0.81,099) 099
IMD Group 3: Least deprived —t—— 1.05 (0.97. 1.13)
Men —— 1.08 (0.99, 1.18)
Women —— 0.89 (0.83,0.96) 0.0001
Age: 30-40 years 1.01 (0.86, 1.19)
Age: 40-50 years 0.99 (090, 1.08) 0.0007
Age: 50-60 vears —_—— 0.95 (0.87, 1.04)
Age: 60+ years s 0.73 (0.57, 0.92)
Leisure: physical activity energy expenditure (kJ/kg/day)
Overall pandemic effect —— 0.94 (0.90, 0.99)
IMD Group 1: Most deprived —_—— 0.90 (0.77, 1.05)
IMD Group 2: Middle —y— 0.91(0.83,0.99) 0.0001
IMD Group 3: Least deprived + 098 (091, 1.05)
Men —_—— 0.87 (0.80, 0.94)
Women —_—y— 1.00 (0.94, 1.0y 0.002
Age: 30-40 years —y— 0.91 (0.79, 1.05)
Age: 40-50 years —— 0.95(0.87,1.03) 0.02
itge 50-60 years —— 0.97 (0.90, 1.05)
Age: 60+ years ‘ 0.72 (0.59, 0.88)
I I I | 1 *geometric means
6 7 8 9 1 11 12

Decreases during the pandemic

Increases during the pandemic

Fig. 2. (continued)

A limitation of this study was that recruitment was undertaken
via telephone and email, which may exclude some population
groups who do not have access to a telephone or email. This study
was conducted in an established and well-characterised cohort,
which provided information on socio-demographic characteristics
of all participants so that differences could be investigated between
those who were included in this study of prepandemic and during
pandemic health behaviours and those who did not participate.
Those who consented to take part in the study were less likely to
come from deprived areas and more likely to have a higher edu-
cation level and be in the highest occupation group. This cohort
study recruited from across Cambridgeshire, where there is low
ethnic diversity in the study population, which reflects the low
ethnic diversity of the region; we were unable to comment on
ethnic differences and changes in health behaviours as a result of

the pandemic. In addition, the time from baseline to follow-up was
slightly longer in the most deprived group compared with the least
deprived group; however, time to follow-up was adjusted for as a
covariate in the statistical models.

Implications of the study and future research

Previous studies have shown that health behaviours in adults
are often mirrored in their children, so it is likely that the change
in health behaviours seen in adults in this study could affect other
family members too and not only their own personal health.
Therefore, the effect of the pandemic on health behaviour may
extend beyond the population subgroup that we studied here.
Whether those effects are temporary or long-lasting remains to be
determined.
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*Ratio of means p-interaction

Health Behaviour
(95%CI)
Work: physical activity energy expenditure (kJ/kg/day)
Ovwerall pandemic effect & 0.60 (0.58, 0.63)
IMD Group 1: Most deprived - 0.62 (0.56, 0.69)
IMD Group 2: Middle ‘ 0.60 (0.56, 0.64) 0.79
IMD Group 3: Least deprived 0.60 (0.57, 0.64)
Men L 2 0.71 (0.67, 0.75)
Women & 0.52 (0.49, 0.56)  0.0001
Age: 30-40 years -§- 0.69 (0.62, 0.76,
Age: 40-50 vyears & 0.62 (0.58, 0.66)  0.0001
Age: 50-60 years L 2 0.57 (0.53, 0.61)
Age: 60+ years —y— 0.31 (022, 0.43)
Commute: physical activity energy expenditure (kJ/kg/day)
Overall pandemic effect '. 0.77 (0.73, 0.83)
IMD Group 1: Most deprived — - 093 (0.79, 1.09)
IMD Group 2: Middle :z: 0.75(0.67,0.84) 0.02
IMD Group 3: Least deprived 0.75 (0.68, 0.83)
Men - 0.69 (0.63, 0.76)
Women - 0.85(0.78,0.93) :0.0001
Age: 30-40 years —— 0.76 (0.64, 0.89)
Age: 40-50 vears 0.78 (0.71,0.86) 0.08
Age: 50-60 vears 0.78 (0.70, 0.86)
Age: 60+ years —_— 0.94 (0.57, 1.54)
! ! ! ! ! I *geometric means
2 4 6 8 112 16

Decreases during the pandemic

Increases during the pandemic

Fig. 2. (continued)

The study suggests that strategies to reduce health inequalities
need to be at the forefront of local and national government re-
covery plans, not just in continued support for disadvantaged
groups during the pandemic, like enhanced access to fresh fruit and
vegetables, for example, but also through more long-term ap-
proaches, which seek to make systematic efforts to reduce
inequalities.

Conclusions

The study has shown that socio-economic inequalities in health
behaviours, particularly fruit and vegetable consumption and total
PAEE, have worsened during the pandemic. As the country emerges
from the COVID-19 pandemic, strategies to reduce inequalities
need to be put at the forefront of recovery plans.
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