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ABSTRACT
Introduction  The influence of the COVID-19 pandemic 
on physical activity behaviour in older adults is of 
particular concern. However, little is yet known about 
how pre-existing socioeconomic inequalities in older 
adults’ physical activity have been affected by the 
COVID-19 pandemic. The aim of this study was to 
explore socioeconomic disparities in physical activity 
levels and change over time among older adults in 
England, using data collected before and during the 
COVID-19 pandemic.
Methods  This longitudinal cohort study analysed data 
from 3720 older adults (aged 60+ years) who participated 
in wave 9 (2018/2019) of the main English Longitudinal 
Study of Ageing (ELSA) survey and wave 2 of the ELSA 
COVID-19 substudy (November/December 2020). Using 
multilevel ordinal logistic models, we investigated 
associations between socioeconomic variables (education, 
occupational class and wealth) and physical activity, 
adjusting for potential confounders. We also examined 
interactions between socioeconomic variables and time 
(prepandemic vs intrapandemic) to investigate changes in 
the magnitude of inequalities in physical activity across the 
two survey periods.
Results  The proportion of participants considered 
‘inactive’ rose from 5.7% before the COVID-19 pandemic 
to 12.5% in November and December 2020. Higher 
education, occupational class and wealth were positively 
associated with physical activity before the lockdown. 
These socioeconomic disparities generally persisted 
during the COVID-19 pandemic. There was some evidence 
that differences in physical activity based on education 
and occupational class reduced during the COVID-19 
pandemic, relative to prepandemic data. However, these 
associations were no longer statistically significant when 
the three socioeconomic variables and their interactions 
with time corrected for one another (p>0.05).
Conclusion  Our results suggest there was no additional 
influence of the COVID-19 pandemic on pre-existing 
socioeconomic inequalities in older adults’ physical activity 
levels.

INTRODUCTION
The global population of older adults aged 60+ 
years is projected to double from 1 billion in 
2020 to 2.1 billion by 2050.1 The health impli-
cations of population ageing have commonly 
been framed in negative terms, with older 
adults depicted as a social and economic 
burden.2 Yet, substantial interindividual vari-
ability exists in the health and functional 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Socioeconomic disparities in physical activity were 
observed in older adult populations before the coro-
navirus outbreak.

	⇒ Older adults have been disproportionately affected 
by the COVID-19 pandemic and associated restric-
tions on physical and social contact.

	⇒ The influence of the COVID-19 pandemic on socio-
economic inequalities in the physical activity levels 
of older people in England remains unclear.

WHAT THIS STUDY ADDS
	⇒ Pre-existing inequalities based on education, oc-
cupational class and wealth in older adults’ phys-
ical activity largely remained during the COVID-19 
pandemic.

	⇒ The magnitude of change in physical activity among 
older adults during the COVID-19 pandemic did 
not vary according to indicators of socioeconomic 
status.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The rising rate of physical inactivity calls for a 
stepped-up policy response to prevent adverse pop-
ulation health outcomes of the COVID-19 pandemic.

	⇒ This study informs practitioners and policymakers 
about specific subgroups of older adults who may 
benefit most from interventions to support physical 
activity.
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status of older adults, which is only loosely associated 
with chronological age.2 3 While more work is needed to 
understand these variations, there is clear evidence of the 
importance of maintaining healthy lifestyle behaviours in 
older age, particularly physical activity.2 It is well docu-
mented that regular physical activity in older adults plays 
a critical role in the prevention of chronic disease, pres-
ervation of physical independence and improvement of 
quality of life.4 5 However, the majority of older adults in 
England do not meet recommended aerobic or muscle-
strengthening physical activity guidelines.6

Health disparities in older age are often a consequence 
of cumulative advantages or disadvantages experienced 
over an individual’s life course.7 Although a variety 
of measures have been used to characterise socioeco-
nomic status in the literature, some of the most common 
individual-level indicators include education, occupa-
tional class and income/wealth.8–10 Interestingly, these 
indicators may be associated with different types of phys-
ical activities, suggesting that multiple indicators of socio-
economic status should be considered in physical activity 
research.11 12 Individuals classified as being of higher 
socioeconomic status (according to diverse indicators 
of socioeconomic position) consistently report higher 
physical activity levels than individuals of lower socioeco-
nomic status across the lifespan.11 12 This socioeconomic 
gradient in physical activity participation widens in older 
age.13 Furthermore, research suggests that older adults of 
lower socioeconomic status experience a greater number 
of individual and environmental barriers to physical 
activity than the general older adult population.14 Never-
theless, despite being the least active of all adult groups, 
older adults of low socioeconomic status remain largely 
absent from the physical activity literature.6 15

Since the first recorded case of the SARS-CoV-2 in 
December 2019, the lives of many people have been 
disrupted.16 Older adults are disproportionately vulner-
able to the physiological risks of infection from the coro-
navirus disease (COVID-19), as well as the psychosocial 
impacts of distancing and lockdown, such as loneliness 
and social exclusion.17 18 Moreover, lockdown regulations 
and social isolation during the COVID-19 pandemic 
have likely contributed to a decline in physical activity 
among older adults.19 20 A recent study, using data from 
a large representative sample of the English population 
(n=726 257, aged 16+ years) participating in the Sport 
England Active Lives Surveys, found that the odds of 
reporting physical activity were approximately 30% lower 
during the first national lockdown (April to May 2020), 
compared with the same time period in previous years; 
however, the magnitude of these declines differed across 
sociodemographic groups.21

Physical inactivity in older adults is associated with 
numerous health risks, including more severe COVID-19 
outcomes among infected individuals.22 23 Therefore, a 
deeper understanding of changes in older adults’ phys-
ical activity levels during the COVID-19 pandemic is 
warranted.19 23 Emerging evidence suggests the COVID-19 

pandemic may have exacerbated socioeconomic inequal-
ities in physical activity.24 25 While the mechanisms under-
lying these associations have not yet been explored, it is 
possible that a range of psychosocial (eg, higher social 
participation) and environmental factors, known to be 
important mediators in explaining prepandemic socio-
economic differences in physical activity, may have helped 
individuals of higher socioeconomic status to main-
tain healthy lifestyle behaviours during the COVID-19 
pandemic.24–26 Importantly, it remains unclear whether 
the widening socioeconomic gradients in physical activity 
participation observed in previous studies conducted 
during the COVID-19 pandemic are mirrored among the 
older adult population in England.

The aim of this study was to investigate associations 
between indicators of socioeconomic status (ie, educa-
tion, occupational class and wealth), physical activity 
levels and change over time among older adults in 
England, using data collected before and during the 
COVID-19 pandemic. We hypothesised that individuals 
of higher socioeconomic status would present higher 
physical activity levels at the prepandemic and intrapan-
demic assessments, and that socioeconomic inequalities 
would increase during the COVID-19 pandemic.

MATERIALS AND METHODS
Study design and participants
In this study, we used the most recent prepandemic 
data (wave 9, collected in 2018/2019) from the main 
English Longitudinal Study of Ageing (ELSA) survey 
as a baseline assessment,27 and data from wave 2 of the 
ELSA COVID-19 substudy as a follow-up assessment 
(November/December 2020).28 The physical activity 
items assessed at the first wave (June/July 2020) of the 
ELSA COVID-19 substudy differed from the other time-
points; data from this wave were therefore not consid-
ered in the present study. The sample was limited to core 
members who participated at both waves of interest, and 
were aged 60+ years at baseline, to align with WHO’s defi-
nition of older age.1

ELSA is a longitudinal, biannual survey of adults aged 
50+ years living in private households in England. The 
main survey was established in 2002; the original sample 
comprised respondents who had participated in the 
Health Survey for England in 1998, 1999 or 2001. The 
sample was refreshed periodically to reflect and maintain 
the complete 50+ years age profile. Further details on the 
cohort profile are available elsewhere.29

The ELSA COVID-19 substudy is a follow-up on select 
registered participants from the existing ELSA sample in 
the context of the coronavirus outbreak. Participants in 
the ELSA COVID-19 substudy were invited to complete 
the survey online or via computer-assisted telephone 
interviews. Of the 5378 core members who were success-
fully interviewed in both wave 9 of ELSA and wave 2 of 
the ELSA COVID-19 substudy, 4407 were aged 60+ years 
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at baseline. Information about the methods and protocol 
for the ELSA COVID-19 substudy can be found online.30

Procedures were performed in line with national 
regulations and guidelines for research activities, and 
all participants provided informed consent. ELSA data 
from the main survey and COVID-19 substudy are avail-
able to access through the UK Data Service (SN 5050 
and SN 8688). This study followed the Strengthening 
the Reporting of Observational Studies in Epidemiology 
reporting guidelines31; the checklist is available online 
(online supplemental appendix 1).

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of this 
research.

Measures
Physical activity
Physical activity data were collected in both waves used 
for the longitudinal analysis (ie, baseline and wave 2 of 
the ELSA COVID-19 substudy). Participants were asked 
to self-report the frequency of their participation in 
sports or activities that were vigorous, moderately ener-
getic and mildly energetic (more than once a week, once 
a week, one to three times a month, hardly ever or never). 
Physical activity was then categorised into four groups 
in accordance with previous literature: (1) inactive (no 
activity on a weekly basis); (2) only mild activity at least 
once per week; (3) at least moderate but no vigorous 
activity at least once per week; and (4) vigorous activity at 
least once per week.32

Socioeconomic variables
Three baseline proxy measures represented socioeco-
nomic status: education, occupational class and wealth.9 
Education was recoded from six items into three catego-
ries: (1) low education (no qualifications); (2) medium 
education (school qualifications); and (3) high educa-
tion (at least some higher education). Participants who 
reported ‘foreign/other’ as their highest educational 
qualification (~7.6%) were excluded due to their inability 
to be classified within the educational levels generated for 
the present study. Occupational class, based on respond-
ents’ current or most recent occupation, was assessed 
using the three-class National Statistics Socio-Economic 
Classification.9 Participants who had never worked and 
were long-term unemployed (~0.5%) were excluded 
from analyses. Wealth was operationalised as total non-
pension wealth (quintiles, redefined for the 4407 partici-
pants aged 60+ years at baseline) at the benefit unit level.9

Covariates
Potential confounding variables were chosen based on 
existing studies. Sociodemographic and health-related 
covariates retrieved at baseline were biological sex, age 
(60–69, 70–79 and 80+ years),33 ethnicity (dichotomised 
as white vs non-white in ELSA to avoid disclosure), the 
number of people in the household (coded as living 

alone vs not living alone), self-reported limiting long-
standing illness, disability, or infirmity (yes/no), and 
depressive symptoms, assessed with the 8-item Centre for 
Epidemiologic Studies Depression Scale.34 In addition, at 
the follow-up assessment, respondents were categorised 
as shielding (yes/no) if they reported staying at home at 
all times in April 2020.

Statistical analyses
We defined our complete case sample as participants 
with complete data on socioeconomic variables and 
covariates at baseline, and physical activity at both time-
points (prepandemic and intrapandemic). A flow chart 
depicting the formation of the analytical sample is avail-
able in online supplemental figure S1. Analyses were 
performed using Stata/BE V.17.0 (College Station, Texas: 
StataCorp). Statistical significance was defined as p≤0.05.

Descriptive statistics were calculated as unweighted 
frequencies (n) and weighted percentages (%), or 
weighted mean (SD), using the baseline or follow-up 
cross-sectional sampling weight as appropriate. The 
longitudinal ELSA data can be viewed as having a two-
level hierarchical structure, with repeated measures 
(level 1) nested within persons (level 2). Therefore, we 
constructed a series of multilevel ordered logistic models 
using the ‘meologit’ command, each containing a random 
intercept at the individual level.

First, we estimated three separate models testing inter-
actions between each of the socioeconomic variables 
described and time (a binary variable indicating whether 
the outcome was measured at baseline or during the 
COVID-19 pandemic), together with their respective 
constituent main effects (models 1–3). Interaction terms 
were included to investigate whether the modification 
effects of each socioeconomic factor varied according 
to timepoint. In model 4, we fitted a mutually adjusted 
model with all three socioeconomic variables, time and 
their interactions considered simultaneously. All models 
adjusted for covariates. Socioeconomic variables and 
covariates were treated as time invariant. Analyses were 
weighted using longitudinal sampling weights to correct 
for non-response between wave 9 of the main ELSA 
survey and wave 2 of the ELSA COVID-19 substudy.30 
Predictive margin probabilities were estimated using the 
postestimation ‘margins’ command for the fixed effects in 
models 1–3, controlling for the distribution of covariates.

Although single-level tests for the proportional odds 
assumption are routinely available, these lack applica-
bility to multilevel frameworks. To explore whether the 
proportional odds assumption was viable for the multi-
level models, we fit the underlying series of hierarchical 
logistic models (models 1–4) ad hoc by creating two 
dummy variables for the ordinal outcome: (1) inactive 
versus mild, moderate or vigorous physical activity; and 
(2) inactive, mild or moderate physical activity versus 
vigorous physical activity. We then examined departure 
from consistent patterns of association between the 
explanatory variables and physical activity. Considering 
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the direction of associations using the binary outcomes 
was congruous (online supplemental tables S1 and S2), 
full proportional odds models are presented in this paper. 
However, we also fit two-level ordinal logistic regression 
models (models 1–3, unadjusted) using the ‘gllamm’ 
command to relax the proportional odds assumption.35 
These results are presented in online supplemental 
tables S3 and S4 for interested readers.

Sensitivity analyses were performed using multiple 
imputation by chained equations on all variables with 
missing values under the missing at random assumption. 
All variables included in analyses were entered as predic-
tors in the imputation model, as well as several auxiliary 
variables including self-reported general health (1: poor, 
5: excellent), alcohol consumption (less than once a week, 
one to four times per week, five or more times per week) 
and smoking status (non-smoker vs current smoker). The 
sample consisted of the 4407 core members who partic-
ipated in both survey periods of interest. The responses 
‘foreign/other’ for participants’ highest educational 
qualification and ‘never worked and long-term unem-
ployed’ for occupational class were treated as extended 
missing values and subsequently were not imputed. 
Twenty imputed data sets were created and combined for 
analyses using Rubin’s rules. Patterns of missing data are 
shown in online supplemental table S5. The unadjusted 
estimates for the complete case and multiple imputation 
models are presented in online supplemental tables S6 
and S7 but are not discussed in the text.

RESULTS
Descriptive statistics
The characteristics of the complete case analytical sample 
are presented in table  1. Of the 3720 included partici-
pants, 52.6% were female, 96.4% were white and the 
mean (SD) age was 70.5 (7.2) years. At baseline, 5.7% of 
participants were classified as ‘inactive’, compared with 
12.5% during the COVID-19 pandemic.

Associations between socioeconomic variables and physical 
activity before and during the COVID-19 pandemic
Results for models 1–4 are reported in table 2. In models 
1–3, there was a clear gradient in physical activity from 
highest to lowest education, occupational class and 
wealth at baseline (all p≤0.01). The odds of engaging 
in physical activity for participants of high (interaction 
term: OR=0.64, p=0.006) versus low education (model 
1), and in higher (interaction term: OR=0.67, p=0.003) 
versus routine and manual occupations (model 2), 
decreased prepandemic to intrapandemic. Baseline 
associations between socioeconomic variables and phys-
ical activity largely remained but were attenuated in the 
mutually adjusted model (model 4). Patterns of associa-
tion for interactions between education or occupational 
class and time were maintained, although statistical 
significance was lost (all p>0.05). Older participants, 
respondents of non-white ethnic origin, as well as those 

Table 1  Participant characteristics

(n=3720)

Physical activity, n (%)

Baseline

 � Inactive 196 (5.7)

 � Mild activity 513 (14.1)

 � Moderate activity 1806 (48.1)

 � Vigorous activity 1205 (32.1)

During COVID-19

 � Inactive 367 (12.5)

 � Mild activity 503 (15.5)

 � Moderate activity 1748 (45.5)

 � Vigorous activity 1102 (26.5)

Education, n (%)

 � Low 626 (19.4)

 � Medium 1390 (38.5)

 � High 1704 (42.0)

Occupational class, n (%)

 � Routine and manual occupations 1199 (35.3)

 � Intermediate occupations 1034 (27.7)

 � Higher managerial, administrative and 
professional occupations 1487 (36.9)

Wealth, n (%)

 � 1st quintile (lowest) 702 (21.0)

 � 2nd quintile 759 (20.3)

 � 3rd quintile 745 (19.6)

 � 4th quintile 758 (19.7)

 � 5th quintile (highest) 756 (19.5)

Age, mean (SD)* 70.5 (7.2)

Age, n (%)

 � 60–69 years 1600 (49.9)

 � 70–79 years 1559 (36.5)

 � 80+ years 561 (13.6)

Biological sex, n (%)

 � Male 1678 (47.4)

 � Female 2042 (52.6)

Ethnicity, n (%)

 � White 3617 (96.4)

 � Non-white 103 (3.6)

Living status, n (%)

 � Living alone 959 (23.4)

 � Not living alone 2761 (76.6)

Limiting long-standing illness, disability or infirmity, n (%)

 � No 2509 (67.7)

 � Yes 1211 (32.3)

Depressive symptoms, mean (SD) 1.2 (1.7)

Shielding, n (%)

Continued
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reporting a limiting long-standing illness, disability, or 
infirmity, more depressive symptoms, or shielding during 
the COVID-19 pandemic had significantly lower odds of 
physical activity in all tested models (all p≤0.05).

The predictive margin probabilities (expressed as 
percentages) across the four levels of the ordinal physical 
activity outcome variable before and during the COVID-19 
pandemic, by socioeconomic groups, are presented in 
online supplemental table S8. The collapsed (for ease 
of visualisation) predicted probabilities of engaging in 
moderate or vigorous physical activity at prepandemic 
and intrapandemic across socioeconomic groups are 
represented graphically in figure  1. Participants with 
higher education, occupations and wealth had greater 
probabilities of reporting moderate or vigorous phys-
ical activity at both survey periods, suggesting that socio-
economic inequalities persisted during the COVID-19 
pandemic.

Sensitivity analyses
When performing multilevel ordinal logistic models with 
imputed data (online supplemental table S9), results 
were broadly similar. Some additional interactions that 
were not observed in the complete case analyses emerged 
in the separate models (ie, second, third and fourth quin-
tiles vs first quintile of wealth), suggesting the differential 
in the odds of physical activity between participants in 
higher quintiles of the wealth distribution, relative to the 
lowest quintile, reduced during the COVID-19 pandemic. 
However, these associations were no longer statistically 
significant in the mutually adjusted model (model 4).

DISCUSSION
In this study, we investigated associations between socioec-
onomic variables and physical activity before and during 
the COVID-19 pandemic (when the second national 
lockdown restrictions and social distancing regulations 
were in place in the UK) in a sample of older adults 
living in England, aged 60+ years. Although there was no 
statistically significant difference in physical activity levels 
before versus during the COVID-19 pandemic in the 
multilevel models, the descriptive statistics suggested a 
slight decrease over time, with more participants classified 

as inactive (12.5% vs 5.7%) at follow-up. As hypothe-
sised, we found evidence of pre-existing socioeconomic 
inequalities in physical activity based on education, occu-
pational class and wealth. Results also suggested that soci-
oeconomic disparities persisted during the COVID-19 
pandemic. However, in contrast to our hypothesis, there 
was inconclusive evidence regarding any socioeconomic 
differences in physical activity change between the two 
survey periods. All models controlled for biological sex, 
age, ethnicity, living status, the presence of any limiting 
long-standing illness, disability, or infirmity, depressive 
symptoms, and shielding during the COVID-19 pandemic. 
The main findings remained unchanged when analyses 
were performed using multiple imputation.

Our result that older adults with higher education, 
occupational class and wealth had increased odds of 
engaging in physical activity before the lockdown agrees 
with previous work.11 12 This study contributes to the 
extant literature by providing evidence of persistent 
socioeconomic disparities in older adults’ physical activity 
levels during the COVID-19 pandemic, a finding that 
may extend to other age groups.25 Although the separate 
models showed some evidence of decreasing socioeco-
nomic gradients in physical activity based on education 
and occupational class, these results were not observed 
in the mutually adjusted model, where socioeconomic 
variables and their interactions with time corrected for 
one another. Interestingly, previous studies found that 
socioeconomic inequalities (based on education, occupa-
tional class and income) in physical activity were exacer-
bated during the COVID-19 pandemic.25 36 Nevertheless, 
these studies used different physical activity measurement 
instruments and examined associations in samples across 
the adult age range. It is therefore possible that socioeco-
nomic indicators are less pertinent explanatory variables 
of physical activity change in older adults. Another plau-
sible explanation is that younger adults were more reliant 
on the physical activities most affected by the COVID-19 
pandemic and showed declines in activity levels due to 
changes in employment status (eg, furlough) or child-
care responsibilities among other factors.21 These 
postulations warrant confirmation in future studies. In 
addition, age, ethnicity, the presence of any limiting long-
standing illness, disability, or infirmity, depressive symp-
toms, and shielding during the COVID-19 pandemic 
were important covariates and may be useful candidates 
for interaction with indicators of time or socioeconomic 
status in further research.

This study was strengthened by the large, nationally 
representative sample of older adults in ELSA, as well as 
the longitudinal design which enabled the comparison 
of prepandemic and intrapandemic associations. Never-
theless, our findings should be interpreted in light of 
several limitations. Notably, in longitudinal studies with 
older adults, considerable attrition occurs due to death, 
which is only partially corrected by applying weights to 
statistical analyses.33 37 Second, the follow-up assessment 
for physical activity took place in November/December 

(n=3720)

 � No 3271 (85.7)

 � Yes 449 (14.3)

Unweighted frequencies and weighted percentages are 
presented. All other values are weighted estimates. All 
socioeconomic variables and covariates were retrieved 
at baseline, except for shielding, which was assessed at 
follow-up. Two participants had missing cross-sectional 
weight values at follow-up.
*Age was collapsed to 90 for participants aged 90+ years.
n, number of participants; SD, standard deviation.

Table 1  Continued
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Table 2  Multilevel ordered logistic model of physical activity at prepandemic and intrapandemic across socioeconomic 
groups, adjusted for covariates

Model 1 Model 2 Model 3 Model 4

Fixed effects

Time

 � Baseline (reference) 1.00 1.00 1.00 1.00

 � During COVID-19 0.95 (0.73, 1.25) 0.89 (0.73, 1.09) 0.88 (0.67, 1.16) 1.09 (0.77, 1.54)

Education

 � Low education (reference) 1.00 1.00

 � Medium education 1.54 (1.18, 2.01)** 1.23 (0.94, 1.61)

 � High education 3.48 (2.64, 4.59)*** 2.06 (1.53, 2.79)***

Occupational class

 � Routine and manual occupations (reference) 1.00 1.00

 � Intermediate occupations 1.90 (1.48, 2.43)*** 1.41 (1.09, 1.81)**

 � Higher occupations 2.76 (2.20, 3.45)*** 1.50 (1.16, 1.93)**

Wealth

 � 1st quintile (reference) 1.00 1.00

 � 2nd quintile 1.82 (1.35, 2.47)*** 1.54 (1.14, 2.09)**

 � 3rd quintile 2.20 (1.63, 2.97)*** 1.74 (1.29, 2.36)***

 � 4th quintile 3.20 (2.33, 4.40)*** 2.24 (1.62, 3.10)***

 � 5th quintile 5.03 (3.61, 7.00)*** 3.08 (2.19, 4.33)***

Education×Time*

 � Medium versus low 0.76 (0.55, 1.05) 0.82 (0.59, 1.13)

 � High versus low 0.64 (0.47, 0.88)** 0.74 (0.52, 1.05)

Occupational class×Time*

 � Intermediate versus routine and manual 0.77 (0.57, 1.03) 0.82 (0.60, 1.11)

 � Higher versus routine and manual 0.67 (0.52, 0.87)** 0.75 (0.56, 1.02)

Wealth×Time*

 � 2nd quintile versus 1st quintile 0.78 (0.54, 1.11) 0.85 (0.60, 1.22)

 � 3rd quintile versus 1st quintile 0.80 (0.55, 1.14) 0.90 (0.62, 1.30)

 � 4th quintile versus 1st quintile 0.73 (0.50, 1.05) 0.88 (0.59, 1.31)

 � 5th quintile versus 1st quintile 0.83 (0.58, 1.19) 1.06 (0.72, 1.56)

Biological sex

 � Male (reference) 1.00 1.00 1.00 1.00

 � Female 0.92 (0.77, 1.09) 0.84 (0.70, 1.00)* 0.82 (0.69, 0.98)* 0.88 (0.74, 1.05)

Age (years)

 � 60–69 (reference) 1.00 1.00 1.00 1.00

 � 70–79 0.75 (0.62, 0.90)** 0.72 (0.60, 0.86)*** 0.69 (0.58, 0.83)*** 0.72 (0.60, 0.86)***

 � 80+ 0.29 (0.22, 0.37)*** 0.25 (0.20, 0.33)*** 0.24 (0.19, 0.31)*** 0.27 (0.21, 0.35)***

Ethnicity

 � White (reference) 1.00 1.00 1.00 1.00

 � Non-white 0.51 (0.32, 0.82)** 0.54 (0.33, 0.88)** 0.57 (0.35, 0.92)* 0.55 (0.34, 0.90)*

Living status

 � Living alone (reference) 1.00 1.00 1.00 1.00

 � Not living alone 1.23 (1.01, 1.50)* 1.25 (1.02, 1.52)* 0.98 (0.80, 1.20) 1.03 (0.84, 1.26)

Limiting long-standing illness, disability or infirmity

 � No (reference) 1.00 1.00 1.00 1.00

 � Yes 0.24 (0.20, 0.29)*** 0.24 (0.20, 0.29)*** 0.27 (0.22, 0.32)*** 0.27 (0.22, 0.33)***

Continued

 on N
ovem

ber 14, 2023 by guest. P
rotected by copyright.

http://bm
jpublichealth.bm

j.com
/

bm
jph: first published as 10.1136/bm

jph-2023-000100 on 20 S
eptem

ber 2023. D
ow

nloaded from
 

http://bmjpublichealth.bmj.com/


Malkowski OS, et al. BMJ Public Health 2023;1:e000100. doi:10.1136/bmjph-2023-000100 7

BMJ Public Health

2020. However, the starkest changes in physical activity 
may have occurred earlier in the COVID-19 pandemic 
during the critical phase of the national lockdown.20 38 
Although we performed hierarchical logistic regressions 
to examine departure from consistent patterns of asso-
ciation between the explanatory variables and physical 
activity, we could not formally test whether the propor-
tional odds assumption for models with ordinal outcome 

variables was violated. However, analyses with the binary 
physical activity outcomes, as well as the relaxed propor-
tional odds models (available in the online supplemental 
materials), suggested a similar pattern of results to the 
multilevel ordinal logistic proportional odds models.

This study relied on self-report measures, which are 
prone to recall and social desirability biases. In partic-
ular, the ordinal categorisation of physical activity 

Model 1 Model 2 Model 3 Model 4

 � Depressive symptoms 0.84 (0.80, 0.88)*** 0.84 (0.80, 0.88)*** 0.85 (0.81, 0.90)*** 0.86 (0.82, 0.90)***

Shielding

 � No (reference) 1.00 1.00 1.00 1.00

 � Yes 0.37 (0.29, 0.49)*** 0.36 (0.28, 0.48)*** 0.39 (0.29, 0.51)*** 0.39 (0.30, 0.51)***

Random effects

Variance intercept 2.66 (2.27, 3.12) 2.72 (2.33, 3.18) 2.59 (2.21, 3.04) 2.54 (2.16, 2.98)

Data are ORs and 95% CIs. All values are weighted estimates. *p≤0.05, **p≤0.01, ***p≤0.001.
Number of participants=3720 (level 2); number of observations=7440 (level 1).
*Interaction terms.

Table 2  Continued

Figure 1  Predicted probabilities of moderate or vigorous physical activity before and during the COVID-19 pandemic by 
education (A), occupational class (B) and wealth (C). Predicted values were derived from model 1 for education (A), model 2 
for occupational class (B) and model 3 for wealth (C). Error bars indicate 95% CIs. Predicted values were computed using 
the ‘predict (mu fixedonly)’ option to fix the random effects of the respective multilevel ordered logistic model to zero, the 
‘asobserved’ option for covariates and the ‘vce(unconditional)’ option.
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obscures small fluctuations within categories over time, 
whereas fluctuations between categories are reported as 
behavioural changes.25 Future research may therefore 
benefit from using a range of subjective and objective 
measures, to enable a more nuanced understanding of 
older adults’ physical activity behaviour.39 40 Moreover, 
while we controlled for numerous covariates, the influ-
ence of unmeasured or residual confounding variables 
cannot be dismissed. We treated socioeconomic factors 
and covariates as time-constant variables. Although this 
is common practice, it is plausible that participants’ 
income or occupational position fluctuated during the 
COVID-19 pandemic.33

ELSA participants were predominantly white, limiting 
generalisability to other populations. We found prelimi-
nary evidence that non-white participants displayed lower 
physical activity levels than white older adults. Neverthe-
less, research with minority ethnic and racial groups is 
necessary to replicate these findings.37 This is particularly 
important given that ethnic minority groups in the UK 
have been disproportionately affected by the COVID-19 
pandemic.41 Furthermore, as years of educational attain-
ment (which would have allowed the inclusion of older 
adults with foreign qualifications) were not available in 
ELSA, data relating to participants’ highest educational 
qualifications were used. While the three-class ordinal 
National Statistics Socio-Economic Classification neces-
sarily excludes participants who had never worked and 
were long-term unemployed from analyses, which could 
have affected our results, it is worth noting this response 
only applied to 0.5% of our sample.

Our findings have several implications. Notably, 
the results inform clinicians, policymakers and practi-
tioners about socioeconomic subgroups that require 
targeting via intervention. In the context of restrictions 
on social contact, remotely delivered physical activity 
interventions may be an area of future research.20 A 
recent analysis showed that the magnitude of change 
in adults’ physical activity levels during the COVID-19 
pandemic in England differed across activity modal-
ities and demographic groups.21 Therefore, studies 
should explore whether these findings are applicable 
to older adults of varying socioeconomic status. Given 
the sustained influence of the COVID-19 pandemic 
on individuals’ lives and behaviours, it will be essential 
to develop policies and health promotion strategies 
to support older adults to perform physical activity at 
home or in a limited space.42 43 Moreover, the results 
reiterate the need for further work eliciting the mech-
anisms underlying associations between socioeconomic 
status and physical activity. In a qualitative study, health 
limitations, neighbourhood safety and lack of knowl-
edge of physical activity guidelines were cited as the 
most prominent barriers among a subsample of older 
adults of low socioeconomic status in the UK.14 As such, 
identifying modifiable psychosocial and environmental 
factors differentially associated with physical activity 
behaviour in older adults of varying socioeconomic 

status, during and beyond the COVID-19 pandemic, 
should be a research priority.

Overall, the current study provides evidence for socio-
economic disparities in the physical activity levels of 
older adults in England, which largely persisted during 
the COVID-19 pandemic. Our findings emphasise the 
need to instate policies for the provision of targeted 
interventions to support physical activity in older adults, 
considering differences across socioeconomic groups 
in their design and implementation. Future research 
should replicate these findings over a longer follow-up 
period in cohorts with varying ethnic and sociocultural 
backgrounds to improve generalisability.
Twitter Olivia S Malkowski @OliviaMalkowski and Max J Western @MaxJWestern
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SUPPLEMENTAL MATERIAL 

Supplemental Appendix 1. STROBE checklist 

STROBE Statement—checklist of items that should be included in reports of observational 

studies 
 

Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 

the abstract (page 2) 

(b) Provide in the abstract an informative and balanced summary of what 

was done and what was found (pages 2–3) 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported (pages 5–7) 

Objectives 3 State specific objectives, including any prespecified hypotheses (page 7) 

Methods 

Study design 4 Present key elements of study design early in the paper (pages 7–8) 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection (pages 7–8) 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods 

of selection of participants. Describe methods of follow-up (pages 7–8 and 

10–11) 

Case-control study—Give the eligibility criteria, and the sources and 

methods of case ascertainment and control selection. Give the rationale 

for the choice of cases and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and 

methods of selection of participants 

(b) Cohort study—For matched studies, give matching criteria and number 

of exposed and unexposed N/A 

Case-control study—For matched studies, give matching criteria and the 

number of controls per case 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 

and effect modifiers. Give diagnostic criteria, if applicable (pages 8–10) 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods 

of assessment (measurement). Describe comparability of assessment 

methods if there is more than one group (pages 8–10) 

Bias 9 Describe any efforts to address potential sources of bias (pages 10–12) 

Study size 10 Explain how the study size was arrived at (pages 10–11) 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why (pages 8–12) 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding (pages 10–12) 

(b) Describe any methods used to examine subgroups and interactions 

(pages 10–12) 

(c) Explain how missing data were addressed (pages 10–11) 

(d) Cohort study—If applicable, explain how loss to follow-up was 

addressed (pages 10–11) 

Case-control study—If applicable, explain how matching of cases and 

controls was addressed 

Cross-sectional study—If applicable, describe analytical methods taking 

account of sampling strategy 

(e) Describe any sensitivity analyses (pages 11–12) 
Continued on next page  
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Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, completing 

follow-up, and analysed (Supplemental Material page 3) 

(b) Give reasons for non-participation at each stage (Supplemental Material page 3) 

(c) Consider use of a flow diagram (Supplemental Material page 3) 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders (pages 12–13) 

(b) Indicate number of participants with missing data for each variable of interest 

(Supplemental Material page 9) 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

(Supplemental Material page 3) 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

(page 12 and Supplemental Material page 12) 

Case-control study—Report numbers in each exposure category, or summary 

measures of exposure 

Cross-sectional study—Report numbers of outcome events or summary measures 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 

adjusted for and why they were included (pages 9–10 and 13–14 and Supplemental 

Material page 10) 

(b) Report category boundaries when continuous variables were categorized (page 

9) 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period N/A 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses (pages 11, 13–15 and Supplemental Material pages 4–8, and 

11–13) 

Discussion 

Key results 18 Summarise key results with reference to study objectives (pages 15–16) 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias (pages 17–

18) 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

(pages 15–19) 

Generalisability 21 Discuss the generalisability (external validity) of the study results (pages 16–19) 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based (page 20) 
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Supplemental Table S1. Multilevel logistic models of physical activity at pre- and intra-pandemic across socio-economic groups (unadjusted) 

 Model 1a Model 1b Model 2a Model 2b Model 3a Model 3b Model 4a Model 4b 

Fixed effects         

Time         

Baseline (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

During COVID-19 0.73 (0.43, 1.23) 1.08 (0.74, 1.57) 0.59 (0.39, 0.89)** 0.95 (0.72, 1.25) 0.70 (0.43, 1.14) 0.78 (0.52, 1.17) 0.90 (0.46, 1.76) 1.03 (0.63, 1.69) 

Education         

Low (ref.) 1.00 1.00     1.00 1.00 

Medium 3.01 (1.78, 5.10)*** 2.74 (1.80, 4.16)***     2.14 (1.26, 3.63)** 1.86 (1.21, 2.84)** 

High 5.16 (3.05, 8.73)*** 10.52 (6.90, 16.04)***     2.37 (1.33, 4.20)** 4.52 (2.88, 7.11)*** 

Occupational class         

Routine and manual (ref.)   1.00 1.00   1.00 1.00 

Intermediate   2.29 (1.35, 3.88)** 3.43 (2.40, 4.92)***   1.40 (0.81, 2.43) 1.93 (1.33, 2.80)*** 

Higher   3.75 (2.28, 6.15)*** 5.53 (3.94, 7.78)***   1.66 (0.92, 3.00) 1.69 (1.17, 2.44)** 

Wealth         

1st quintile (ref.)     1.00 1.00 1.00 1.00 

2nd quintile     2.78 (1.59, 4.84)*** 2.72 (1.72, 4.31)*** 2.28 (1.31, 3.97)** 2.05 (1.28, 3.27)** 

3rd quintile     5.15 (2.72, 9.74)*** 3.67 (2.32, 5.81)*** 3.89 (2.07, 7.31)*** 2.39 (1.50, 3.83)*** 

4th quintile     5.02 (2.64, 9.56)*** 7.56 (4.69, 12.18)*** 3.30 (1.69, 6.42)*** 4.07 (2.49, 6.65)*** 

5th quintile     8.25 (4.15, 16.39)*** 13.87 (8.52, 22.57)*** 4.82 (2.38, 9.75)*** 5.82 (3.54, 9.57)*** 

Education × Timec         

Medium vs low 0.57 (0.30, 1.06) 0.81 (0.51, 1.28)     0.62 (0.33, 1.16) 0.82 (0.51, 1.31) 

High vs low 0.55 (0.29, 1.05) 0.61 (0.40, 0.94)*     0.73 (0.37, 1.47) 0.63 (0.38, 1.02) 

Occupational class × Timec         

Intermediate vs routine and 

manual 

  0.90 (0.51, 1.59) 0.84 (0.56, 1.27)   1.04 (0.58, 1.86) 0.86 (0.56, 1.32) 

Higher vs routine and 

manual 

  0.57 (0.32, 1.02) 0.73 (0.51, 1.03)   0.70 (0.36, 1.34) 0.81 (0.54, 1.23) 

Wealth × Timec         

2nd quintile vs 1st quintile     0.55 (0.29, 1.06) 1.12 (0.65, 1.91) 0.60 (0.31, 1.15) 1.21 (0.70, 2.09) 

3rd quintile vs 1st quintile     0.52 (0.24, 1.09) 0.99 (0.59, 1.66) 0.58 (0.27, 1.23) 1.12 (0.66, 1.91) 

4th quintile vs 1st quintile     0.75 (0.35, 1.60) 0.94 (0.56, 1.58) 0.90 (0.41, 1.96) 1.12 (0.65, 1.94) 

5th quintile vs 1st quintile     0.54 (0.26, 1.10) 1.09 (0.66, 1.80) 0.67 (0.31, 1.44) 1.40 (0.82, 2.41) 

Random effects         

Variance intercept 3.14 (2.06, 4.78) 5.64 (4.56, 6.98) 3.15 (2.06, 4.82) 5.88 (4.77, 7.26) 2.91 (1.91, 4.44)  5.32 (4.32, 6.57) 2.93 (1.92, 4.45) 5.02 (4.07, 6.20) 

Data are odds ratios and 95 % confidence intervals. ref., reference category. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

Number of participants = 3,720 (Level 2); number of observations = 7,440 (Level 1). 
aOutcome is inactive (coded as 0) versus mild, moderate, or vigorous physical activity (coded as 1). 
bOutcome is inactive, mild physical activity, or moderate physical activity (coded as 0) versus vigorous physical activity (coded as 1). 
cInteraction terms. 
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Supplemental Table S2. Multilevel logistic models of physical activity at pre- and intra-pandemic across socio-economic groups, adjusted for 

covariates 

 Model 1a Model 1b Model 2a Model 2b Model 3a Model 3b Model 4a Model 4b 

Fixed effects         

Time         

Baseline (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

During COVID-19 0.72 (0.42, 1.24) 1.08 (0.74, 1.59) 0.59 (0.40, 0.89)** 0.95 (0.72, 1.26) 0.70 (0.43, 1.14) 0.78 (0.52, 1.17) 0.88 (0.46, 1.71) 1.03 (0.62, 1.71) 

Education         

Low (ref.) 1.00 1.00     1.00 1.00 

Medium 1.74 (1.06, 2.85)* 1.59 (1.05, 2.41)*     1.40 (0.85, 2.32) 1.23 (0.81, 1.87) 

High 2.59 (1.55, 4.30)*** 4.66 (3.09, 7.04)***     1.51 (0.85, 2.67) 2.66 (1.72, 4.11)*** 

Occupational class         

Routine and manual (ref.)   1.00 1.00   1.00 1.00 

Intermediate   1.51 (0.94, 2.43) 2.55 (1.81, 3.61)***   1.18 (0.71, 1.95) 1.85 (1.30, 2.65)*** 

Higher   2.55 (1.62, 4.02)*** 3.50 (2.54, 4.82)***   1.71 (0.99, 2.96)* 1.70 (1.19, 2.42)** 

Wealth         

1st quintile (ref.)     1.00 1.00 1.00 1.00 

2nd quintile     1.96 (1.17, 3.30)** 1.92 (1.22, 3.01)** 1.70 (1.01, 2.86)* 1.59 (1.00, 2.50)* 

3rd quintile     2.79 (1.54, 5.05)*** 2.12 (1.36, 3.29)*** 2.39 (1.31, 4.33)** 1.55 (0.98, 2.43) 

4th quintile     2.32 (1.28, 4.20)** 3.41 (2.16, 5.39)*** 1.73 (0.93, 3.21) 2.20 (1.38, 3.52)*** 

5th quintile     3.71 (1.90, 7.24)*** 6.07 (3.83, 9.62)*** 2.54 (1.28, 5.04)** 3.17 (1.97, 5.11)*** 

Education × Timec         

Medium vs low 0.58 (0.31, 1.08) 0.81 (0.51, 1.29)     0.65 (0.34, 1.21) 0.82 (0.51, 1.32) 

High vs low 0.56 (0.30, 1.08) 0.62 (0.40, 0.95)*     0.75 (0.37, 1.53) 0.63 (0.39, 1.03) 

Occupational class × Timec         

Intermediate vs routine and 

manual 

  0.90 (0.51, 1.58) 0.85 (0.56, 1.28)   1.04 (0.58, 1.86) 0.86 (0.56, 1.32) 

Higher vs routine and 

manual 

  0.57 (0.32, 1.01) 0.73 (0.51, 1.03)   0.69 (0.36, 1.33) 0.81 (0.54, 1.22) 

Wealth × Timec         

2nd quintile vs 1st quintile     0.55 (0.29, 1.06) 1.12 (0.65, 1.92) 0.62 (0.32, 1.18) 1.20 (0.69, 2.07) 

3rd quintile vs 1st quintile     0.53 (0.25, 1.11) 1.00 (0.59, 1.67) 0.58 (0.28, 1.23) 1.12 (0.66, 1.91) 

4th quintile vs 1st quintile     0.74 (0.35, 1.59) 0.95 (0.56, 1.59) 0.90 (0.41, 1.98) 1.12 (0.65, 1.94) 

5th quintile vs 1st quintile     0.54 (0.26, 1.11) 1.10 (0.66, 1.81) 0.68 (0.32, 1.47) 1.40 (0.82, 2.40) 

Biological sex         

Male (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Female 1.87 (1.43, 2.44)*** 0.73 (0.59, 0.92)** 1.80 (1.37, 2.35)*** 0.64 (0.52, 0.80)*** 1.76 (1.35, 2.29)*** 0.64 (0.52, 0.80)*** 1.83 (1.40, 2.39)*** 0.70 (0.56, 0.87)** 

Age         

60-69 years (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

70-79 years 1.01 (0.75, 1.36) 0.63 (0.50, 0.79)*** 0.99 (0.74, 1.33) 0.60 (0.47, 0.75)*** 0.95 (0.71, 1.28) 0.57 (0.45, 0.71)*** 0.97 (0.72, 1.30) 0.60 (0.48, 0.75)*** 
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80+ years 0.41 (0.29, 0.58)*** 0.19 (0.13, 0.27)*** 0.38 (0.27, 0.54)*** 0.16 (0.11, 0.23)*** 0.36 (0.26, 0.51)*** 0.16 (0.11, 0.23)*** 0.38 (0.27, 0.54)*** 0.18 (0.12, 0.26)*** 

Ethnicity         

White (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

non-White 0.69 (0.33, 1.42) 0.36 (0.19, 0.71)** 0.71 (0.34, 1.47) 0.40 (0.20, 0.78)** 0.72 (0.35, 1.49) 0.41 (0.21, 0.79)** 0.73 (0.35, 1.53) 0.39 (0.20, 0.76)** 

Living status         

Living alone (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Not living alone 1.04 (0.76, 1.42) 1.43 (1.10, 1.86)** 1.04 (0.76, 1.43) 1.46 (1.12, 1.90)** 0.91 (0.67, 1.25) 1.06 (0.82, 1.39) 0.94 (0.68, 1.29) 1.14 (0.88, 1.48) 

Limiting long-standing 

illness, disability, or infirmity 

        

No (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Yes 0.25 (0.19, 0.34)*** 0.27 (0.21, 0.35)*** 0.25 (0.19, 0.34)*** 0.27 (0.21, 0.35)*** 0.27 (0.20, 0.36)*** 0.31 (0.24, 0.39)*** 0.27 (0.20, 0.36)*** 0.31 (0.24, 0.40)*** 

Depressive symptoms 0.86 (0.80, 0.91)*** 0.83 (0.77, 0.89)*** 0.86 (0.80, 0.91)*** 0.83 (0.77, 0.90)*** 0.87 (0.81, 0.93)*** 0.85 (0.78, 0.91)*** 0.87 (0.82, 0.93)*** 0.85 (0.79, 0.92)*** 

Shielding         

No (ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Yes 0.39 (0.28, 0.55)*** 0.47 (0.31, 0.69)*** 0.39 (0.28, 0.54)*** 0.45 (0.30, 0.67)*** 0.40 (0.28, 0.56)*** 0.49 (0.33, 0.73)*** 0.40 (0.28, 0.56)*** 0.51 (0.34, 0.76)*** 

Random effects         

Variance intercept 1.62 (0.99, 2.65) 4.12 (3.34, 5.08) 1.58 (0.96, 2.60) 4.17 (3.39, 5.14) 1.56 (0.94, 2.59) 4.00 (3.24, 4.93) 1.61 (0.98, 2.63) 3.87 (3.13, 4.79) 

Data are odds ratios and 95 % confidence intervals. ref., reference category. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

Number of participants = 3,720 (Level 2); number of observations = 7,440 (Level 1). 
aOutcome is inactive (coded as 0) versus mild, moderate, or vigorous physical activity (coded as 1). 
bOutcome is inactive, mild physical activity, or moderate physical activity (coded as 0) versus vigorous physical activity (coded as 1). 
cInteraction terms. 
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Supplemental Table S3. Two-level ordinal logistic regression models (full proportional odds) 

of physical activity at pre- and intra-pandemic across socio-economic groups (unadjusted) 

 Model 1 Model 2 Model 3 

Fixed effects    

Time -0.05 (0.14) -0.12 (0.10) -0.14 (0.14) 

Education (reference: Low)    

Medium 1.06 (0.16)***   

High 2.09 (0.16)***   

Occupational class (reference: Routine and manual)    

Intermediate  1.03 (0.15)***  

Higher  1.51 (0.13)***  

Wealth (reference: 1st quintile)    

2nd quintile   0.99 (0.17)*** 

3rd quintile   1.40 (0.17)*** 

4th quintile   2.05 (0.18)*** 

5th quintile   2.50 (0.19)*** 

Education × Timea    

Medium vs low -0.28 (0.16)   

High vs low -0.44 (0.16)**   

Occupational class × Timea    

Intermediate vs routine and manual  -0.28 (0.15)  

Higher vs routine and manual  -0.41 (0.13)**  

Wealth × Timea    

2nd quintile vs 1st quintile   -0.24 (0.18) 

3rd quintile vs 1st quintile   -0.22 (0.18) 

4th quintile vs 1st quintile   -0.33 (0.19) 

5th quintile vs 1st quintile   -0.18 (0.18) 

Random effects    

Variance (Level 2) 4.13 4.36 3.92 

Data are estimates and standard errors. All values are weighted estimates. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

Number of participants = 3,720 (Level 2); number of observations = 7,440 (Level 1). 
aInteraction terms. 
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Supplemental Table S4. Two-level ordinal logistic regression models (relaxed proportional 

odds) of physical activity at pre- and intra-pandemic across socio-economic groups 

(unadjusted) 

 Model 1 Model 2 Model 3 

Fixed effects    
†Time -0.06 (0.14) -0.12 (0.10) -0.14 (0.14) 
†Education × Timea    

Medium vs low -0.28 (0.17)   

High vs low -0.42 (0.16)**   
†Occupational class × Timea    

Intermediate vs routine and manual  -0.27 (0.15)  

Higher vs routine and manual  -0.40 (0.13)**  
†Wealth × Timea    

2nd quintile vs 1st quintile   -0.24 (0.18) 

3rd quintile vs 1st quintile   -0.23 (0.19) 

4th quintile vs 1st quintile   -0.33 (0.19) 

5th quintile vs 1st quintile   -0.17 (0.18) 

Intercept 1    

Education (reference: Low)    

Medium -0.90 (0.21)***   

High -1.63 (0.22)***   

Occupational class (reference: Routine and manual)    

Intermediate  -0.95 (0.22)***  

Higher  -1.33 (0.19)***  

Wealth (reference: 1st quintile)    

2nd quintile   -0.89 (0.23)*** 

3rd quintile   -1.43 (0.24)*** 

4th quintile   -1.77 (0.26)*** 

5th quintile   -2.06 (0.28)*** 

Intercept 2    

Education (reference: Low)    

Medium -1.24 (0.18)***   

High -2.16 (0.18)***   

Occupational class (reference: Routine and manual)    

Intermediate  -0.88 (0.17)***  

Higher  -1.46 (0.16)***  

Wealth (reference: 1st quintile)    

2nd quintile   -0.97 (0.19)*** 

3rd quintile   -1.52 (0.20)*** 

4th quintile   -2.25 (0.21)*** 

5th quintile   -2.59 (0.22)*** 

Intercept 3    

Education (reference: Low)    

Medium -0.98 (0.19)***   

High -2.12 (0.18)***   

Occupational class (reference: Routine and manual)    

Intermediate  -1.18 (0.16)***  

Higher  -1.61 (0.15)***  

Wealth (reference: 1st quintile)    

2nd quintile   -1.05 (0.20)*** 

3rd quintile   -1.32 (0.21)*** 

4th quintile   -1.98 (0.21)*** 

5th quintile   -2.49 (0.21)*** 

Random effects    

Variance (Level 2) 4.10 4.37 3.92 

Data are estimates and standard errors. All values are weighted estimates. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

Number of participants = 3,720 (Level 2); number of observations = 7,440 (Level 1). 
†Full proportional odds. 
aInteraction terms. 
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Supplemental Table S5. Number of observations imputed per dataset 

Variable Complete Incomplete Imputed Total 

Overall     

Physical activity (baseline) 4,406 1 1 4,407 

Physical activity (follow-up) 4,405 2 2 4,407 

Education 4,069 2 2 4,071 (336 extended missing values 

Occupational class 4,157 228 213 4,385 (22 extended missing values) 

Wealth 4,368 39 37 4,407 

Biological sex 4,407 0 0 4,407 

Age 4,407 0 0 4,407 

Ethnicity 4,407 0 0 4,407 

Living status 4,407 0 0 4,407 

Limiting long-standing illness,  

disability, or infirmity 

4,403 4 4 4,407 

Depressive symptoms 4,298 109 101 4,407 

Shielding 4,405 2 2 4,407 

Self-reported general healtha 4,331 76 71 4,407 

Alcohol consumptiona 4,112 295 269 4,407 

Smoking statusa 4,407 0 0 4,407 
aAuxiliary variables included in the imputation model. 

Note: Due to extended missing values for education and/or occupational class, some missing imputed values were produced for the other 

variables. 
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Supplemental Table S6. Multilevel ordered logistic model of physical activity at pre- and 

intra-pandemic across socio-economic groups (unadjusted) 

 Model 1 Model 2 Model 3 Model 4 

Fixed effects     

Time     

Baseline (reference) 1.00 1.00 1.00 1.00 

During COVID-19 0.95 (0.73, 1.23) 0.89 (0.73, 1.08) 0.87 (0.66, 1.14) 1.08 (0.77, 1.52) 

Education     

Low (reference) 1.00   1.00 

Medium 2.87 (2.11, 3.90)***   1.96 (1.45, 2.65)*** 

High 8.09 (5.92, 11.04)***   3.56 (2.55, 4.97)*** 

Occupational class     

Routine and manual (reference)  1.00  1.00 

Intermediate  2.80 (2.10, 3.74)***  1.55 (1.16, 2.08)** 

Higher  4.52 (3.48, 5.88)***  1.51 (1.13, 2.02)** 

Wealth     

1st quintile (reference)   1.00 1.00 

2nd quintile   2.70 (1.91, 3.79)*** 2.07 (1.48, 2.89)*** 

3rd quintile   4.06 (2.88, 5.71)*** 2.80 (2.01, 3.91)*** 

4th quintile   7.73 (5.41, 11.04)*** 4.44 (3.09, 6.38)*** 

5th quintile   12.18 (8.43, 17.59)*** 5.93 (4.09, 8.60)*** 

Education × Timea     

Medium vs low 0.76 (0.55, 1.04)   0.82 (0.59, 1.13) 

High vs low 0.64 (0.47, 0.88)**   0.74 (0.52, 1.06) 

Occupational class × Timea     

Intermediate vs routine and manual  0.76 (0.57, 1.02)  0.81 (0.60, 1.10) 

Higher vs routine and manual  0.67 (0.51, 0.86)**  0.75 (0.55, 1.01) 

Wealth × Timea     

2nd quintile vs 1st quintile   0.79 (0.55, 1.12) 0.86 (0.60, 1.23) 

3rd quintile vs 1st quintile   0.80 (0.56, 1.15) 0.91 (0.63, 1.31) 

4th quintile vs 1st quintile   0.72 (0.49, 1.04) 0.87 (0.59, 1.30) 

5th quintile vs 1st quintile   0.83 (0.58, 1.18) 1.06 (0.72, 1.56) 

Random effects     

Variance intercept 4.11 (3.57, 4.74) 4.34 (3.79, 4.99) 3.91 (3.39, 4.51) 3.72 (3.21, 4.31) 

Data are odds ratios and 95 % confidence intervals. All values are weighted estimates. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

Number of participants = 3,720 (Level 2); number of observations = 7,440 (Level 1). 
aInteraction terms. 
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Supplemental Table S7. Multilevel ordered logistic model of physical activity at pre- and 

intra-pandemic across socio-economic groups using multiple imputation for missing data 

(unadjusted) 

 Model 1a Model 2b Model 3c Model 4d 

Fixed effects     

Time     

Baseline (reference) 1.00 1.00 1.00 1.00 

During COVID-19 0.96 (0.73, 1.26) 0.95 (0.78, 1.15) 0.99 (0.77, 1.28) 1.03 (0.74, 1.44) 

Education     

Low (reference) 1.00   1.00 

Medium 2.83 (2.05, 3.90)***   1.80 (1.32, 2.45)*** 

High 8.19 (5.88, 11.40)***   3.52 (2.49, 4.98)*** 

Occupational class     

Routine and manual (reference)  1.00  1.00 

Intermediate  2.59 (1.92, 3.50)***  1.51 (1.09, 2.07)** 

Higher  4.50 (3.41, 5.94)***  1.49 (1.08, 2.05)* 

Wealth     

1st quintile (reference)   1.00 1.00 

2nd quintile   3.12 (2.26, 4.30)*** 2.14 (1.55, 2.96)*** 

3rd quintile   4.35 (3.11, 6.10)*** 2.91 (2.07, 4.08)*** 

4th quintile   8.63 (6.06, 12.27)*** 4.71 (3.27, 6.79)*** 

5th quintile   11.89 (8.25, 17.15)*** 5.24 (3.57, 7.70)*** 

Education × Timee     

Medium vs low 0.77 (0.56, 1.06)   0.84 (0.61, 1.16) 

High vs low 0.68 (0.49, 0.92)**   0.75 (0.53, 1.07) 

Occupational class × Timee     

Intermediate vs routine and manual  0.75 (0.55, 1.00)*  0.84 (0.61, 1.17) 

Higher vs routine and manual  0.69 (0.53, 0.89)**  0.78 (0.57, 1.07) 

Wealth × Timee     

2nd quintile vs 1st quintile   0.73 (0.52, 1.02) 0.88 (0.62, 1.24) 

3rd quintile vs 1st quintile   0.71 (0.51, 1.00)* 0.89 (0.62, 1.26) 

4th quintile vs 1st quintile   0.64 (0.45, 0.92)* 0.91 (0.62, 1.34) 

5th quintile vs 1st quintile   0.83 (0.59, 1.18) 1.24 (0.84, 1.85) 

Random effects     

Variance intercept 4.08 (3.51, 4.74) 4.18 (3.62, 4.83) 3.78 (3.26, 4.39) 3.67 (3.15, 4.28) 

Data are odds ratios and 95 % confidence intervals. All values are weighted estimates. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
aNumber of participants = 4,071 (Level 2); number of observations = 8,142 (Level 1). 
bNumber of participants = 4,370 (Level 2); number of observations = 8,740 (Level 1). 
cNumber of participants = 4,405 (Level 2); number of observations = 8,810 (Level 1). 
dNumber of participants = 4,054 (Level 2); number of observations = 8,108 (Level 1). 
eInteraction terms. 

Note: The “cmdok” option was used to force the “meologit” command to run on imputed data. 
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Supplemental Table S8. Predictive margins probabilities of the ordinal physical activity 

outcome adjusted for each combination of the socio-economic and time variables 

 Inactive Mild activity Moderate activity Vigorous activity 

 Margin (95 % CI) Margin (95 % CI) Margin (95 % CI) Margin (95 % CI) 

Educationa     

Low     

     Baseline (reference) 7.92 (6.24, 9.61) 18.32 (16.05, 20.60) 58.46 (56.36, 60.57) 15.29 (12.32, 18.27) 

     During COVID-19 8.22 (6.53, 9.91) 18.73 (16.27, 21.19) 58.32 (56.20, 60.44) 14.73 (11.67, 17.79) 

Medium     

     Baseline (reference) 5.62 (4.55, 6.70) 14.79 (13.20, 16.39) 58.58 (56.47, 60.69) 21.01 (18.54, 23.47) 

     During COVID-19 7.30 (5.93, 8.67) 17.43 (15.60, 19.26) 58.69 (56.60, 60.78) 16.58 (14.21, 18.94) 

High     

     Baseline (reference) 2.79 (2.14, 3.44) 9.13 (7.86, 10.40) 53.30 (51.03, 55.56) 34.79 (31.84, 37.73) 

     During COVID-19 4.27 (3.32, 5.22) 12.33 (10.80, 13.86) 57.26 (55.09, 59.42) 26.14 (23.29, 29.00) 

Occupational classb     

Routine and manual     

     Baseline (reference) 7.41 (6.09, 8.74) 17.25 (15.50, 19.00) 58.25 (56.18, 60.31) 17.09 (14.72, 19.46) 

     During COVID-19 8.09 (6.67, 9.50) 18.19 (16.29, 20.08) 58.04 (55.98, 60.11) 15.68 (13.31, 18.06) 

Intermediate     

     Baseline (reference) 4.43 (3.39, 5.47) 12.38 (10.70, 14.05) 56.68 (54.46, 58.91) 26.51 (23.23, 29.80) 

     During COVID-19 6.04 (4.72, 7.36) 15.18 (13.25, 17.11) 58.15 (56.06, 60.25) 20.63 (17.53, 23.73) 

Higher     

     Baseline (reference) 3.21 (2.50, 3.93) 9.91 (8.59, 11.24) 53.84 (51.55, 56.13) 33.03 (30.05, 36.02) 

     During COVID-19 4.95 (3.89, 6.02) 13.34 (11.70, 14.98) 57.38 (55.21, 59.56) 24.32 (21.32, 27.32) 

Wealthc     

1st quintile     

     Baseline (reference) 8.46 (6.66, 10.26) 19.51 (17.11, 21.91) 58.52 (56.28, 60.75) 13.52 (10.78, 16.25) 

     During COVID-19 9.34 (7.44, 11.24) 20.67 (18.10, 23.23) 57.82 (55.43, 60.20) 12.17 (9.57, 14.77) 

2nd quintile     

     Baseline (reference) 5.21 (4.05, 6.37) 14.39 (12.47, 16.30) 59.17 (57.00, 61.33) 21.24 (18.03, 24.45) 

     During COVID-19 7.12 (5.55, 8.69) 17.57 (15.28, 19.86) 59.26 (57.12, 61.39) 16.05 (13.10, 19.00) 

3rd quintile     

     Baseline (reference) 4.44 (3.44, 5.45) 12.93 (11.14, 14.72) 58.49 (56.22, 60.76) 24.14 (20.78, 27.49) 

     During COVID-19 6.00 (4.61, 7.39) 15.78 (13.67, 17.89) 59.42 (57.32, 61.52) 18.80 (15.60, 21.99) 

4th quintile     

     Baseline (reference) 3.20 (2.34, 4.06) 10.28 (8.59, 11.97) 56.00 (53.49, 58.50) 30.52 (26.65, 34.39) 

     During COVID-19 4.74 (3.48, 6.00) 13.51 (11.35, 15.67) 58.81 (56.54, 61.09) 22.94 (18.92, 26.96) 

5th quintile     

     Baseline (reference) 2.13 (1.50, 2.76) 7.58 (6.09, 9.07) 51.28 (48.26, 54.31) 39.01 (34.58, 43.43) 

     During COVID-19 2.83 (2.00, 3.65) 9.39 (7.63, 11.15) 54.72 (51.89, 57.55) 33.06 (28.58, 37.54) 

CI, confidence intervals. Data are reported as percentages. All predicted values were computed using the “predict (mu fixedonly)” option to 

fix the random effects of the respective multilevel ordered logistic model to zero, the “asobserved” option for covariates, and the 

“vce(unconditional)” option. 
aCalculated after Model 1 with covariates (complete case sample). 
bCalculated after Model 2 with covariates (complete case sample). 
cCalculated after Model 3 with covariates (complete case sample). 
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Supplemental Table S9. Multilevel ordered logistic model of physical activity at pre- and 

intra-pandemic across socio-economic groups using multiple imputation for missing data, 

adjusted for covariates 

 Model 1a Model 2b Model 3c Model 4d 

Fixed effects     

Time     

Baseline (reference) 1.00 1.00 1.00 1.00 

During COVID-19 0.97 (0.74, 1.27) 0.95 (0.78, 1.15) 0.99 (0.76, 1.28) 1.05 (0.75, 1.46) 

Education     

Low (reference) 1.00   1.00 

Medium 1.62 (1.19, 2.20)**   1.21 (0.90, 1.64) 

High 3.74 (2.73, 5.12)***   2.16 (1.55, 3.02)*** 

Occupational class     

Routine and manual (reference)  1.00  1.00 

Intermediate  1.87 (1.43, 2.45)***  1.39 (1.03, 1.86)* 

Higher  2.77 (2.17, 3.55)***  1.48 (1.11, 1.98)** 

Wealth     

1st quintile (reference)   1.00 1.00 

2nd quintile   2.07 (1.56, 2.76)*** 1.58 (1.18, 2.12)** 

3rd quintile   2.56 (1.91, 3.44)*** 1.84 (1.37, 2.49)*** 

4th quintile   3.67 (2.69, 5.01)*** 2.39 (1.73, 3.32)*** 

5th quintile   4.97 (3.58, 6.89)*** 2.71 (1.91, 3.83)*** 

Education × Timee     

Medium vs low 0.77 (0.55, 1.06)   0.83 (0.60, 1.15) 

High vs low 0.67 (0.49, 0.91)**   0.74 (0.52, 1.05) 

Occupational class × Timee     

Intermediate vs routine and manual  0.75 (0.56, 1.01)  0.85 (0.61, 1.18) 

Higher vs routine and manual  0.69 (0.54, 0.90)**  0.79 (0.58, 1.08) 

Wealth × Timee     

2nd quintile vs 1st quintile   0.72 (0.52, 1.00)* 0.87 (0.62, 1.22) 

3rd quintile vs 1st quintile   0.71 (0.50, 1.00)* 0.88 (0.62, 1.25) 

4th quintile vs 1st quintile   0.65 (0.46, 0.93)* 0.91 (0.62, 1.34) 

5th quintile vs 1st quintile   0.83 (0.59, 1.18) 1.23 (0.83, 1.82) 

Biological sex     

Male (reference) 1.00 1.00 1.00 1.00 

Female 0.91 (0.75, 1.09) 0.82 (0.69, 0.97)* 0.79 (0.67, 0.93)** 0.90 (0.75, 1.07) 

Age     

60-69 years (reference) 1.00 1.00 1.00 1.00 

70-79 years 0.80 (0.67, 0.97)* 0.76 (0.63, 0.91)** 0.72 (0.61, 0.86)*** 0.76 (0.63, 0.91)** 

80+ years 0.31 (0.24, 0.41)*** 0.26 (0.20, 0.33)*** 0.25 (0.20, 0.32)*** 0.28 (0.22, 0.37)*** 

Ethnicity     

White (reference) 1.00 1.00 1.00 1.00 

non-White 0.64 (0.41, 1.02) 0.68 (0.44, 1.06) 0.73 (0.47, 1.14) 0.68 (0.42, 1.09) 

Living status     

Living alone (reference) 1.00 1.00 1.00 1.00 

Not living alone 1.31 (1.04, 1.65)* 1.26 (1.01, 1.58)* 0.99 (0.80, 1.22) 1.10 (0.88, 1.38) 

Limiting long-standing illness, 

disability, or infirmity 

    

No (reference) 1.00 1.00 1.00 1.00 

Yes 0.23 (0.18, 0.28)*** 0.23 (0.19, 0.29)*** 0.26 (0.21, 0.32)*** 0.26 (0.21, 0.32)*** 

Depressive symptoms 0.85 (0.80, 0.90)*** 0.85 (0.80, 0.90)*** 0.86 (0.82, 0.91)*** 0.88 (0.83, 0.93)*** 

Shielding     

No (reference) 1.00 1.00 1.00 1.00 

Yes 0.42 (0.32, 0.55)*** 0.43 (0.33, 0.55)*** 0.44 (0.35, 0.57)*** 0.47 (0.36, 0.61)*** 

Random effects     

Variance intercept 2.67 (2.26, 3.16) 2.61 (2.21, 3.08) 2.48 (2.10, 2.94) 2.54 (2.14, 3.01) 

Data are odds ratios and 95 % confidence intervals. All values are weighted estimates. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
aNumber of participants = 4,069 (Level 2); number of observations = 8,138 (Level 1). 
bNumber of participants = 4,365 (Level 2); number of observations = 8,730 (Level 1). 
cNumber of participants = 4,397 (Level 2); number of observations = 8,794 (Level 1). 
dNumber of participants = 4,054 (Level 2); number of observations = 8,108 (Level 1). 
eInteraction terms. 

Note: The “cmdok” option was used to force the “meologit” command to run on imputed data. 
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