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Covid-19 and measures to contain spreading the disease have led to changed physical activity behavior. This
study aims to investigate the relationship between socioeconomic status (SES) and changes in the amount of
moderate to vigorous physical activity (MVPA) during the Covid-19 crisis. Using the Dutch Lifelines Covid-19
cohort study (n = 17,749), the amount of MVPA was measured at 15 time-points between March and
December 2020, and compared with the amount before the Covid19 pandemic. For SES, the population was
stratified in three education and income levels. Logistic regression models were used to estimate the odds ratio
(OR) and confidence interval (CI) of altered MVPA for low and high SES groups, with the middle SES category as
the reference group. A clear socioeconomic gradient in changes in MVPA behavior was observed. Low educated
individuals had significantly higher odds (OR = 1.14; CI: 1.03-1.27) of decreasing MVPA, while the high
educated had significantly lower odds of decreased MVPA (OR = 0.84, CI: 0.79-0.90). Both low education (OR =
0.87; CI: 0.77-0.98) and low income (OR = 0.85; CI 0.78-0.92) had significantly lower odds to increase MVPA,
while high education (OR = 1.21, CI: 1.12-1.30) and high income (OR = 1.17; CI: 1.07-1.28) had significantly
higher odds to increase MVPA. Most findings were consistent over the full research period. Socioeconomic in-
equalities in MVPA have increased during the Covid-19 pandemic, even when Covid-19 containment measures
were relaxed. Our findings suggest that future public health policies need to increase efforts to improve physical
activity behavior with an even larger focus on low SES groups.

1. Introduction by SARS-CoV-2 virus that can lead to severe respiratory distress (Lai
et al., 2020). Covid-19 was declared a global pandemic by the World
Health Organization on March 11, 2020. To limit the spread of the

disease, most national governments implemented social distancing and

The social distancing measures and lockdowns implemented by
many countries around the world to contain the coronavirus disease

2019 (Covid-19) pandemic have led to dramatic changes in physical
activity levels (Wilke et al., 2021; Tison et al., 2020a). These changes
may vary between different societal groups. The aim of this study is to
investigate the association between socioeconomic status and the
probability of decreasing or increasing the amount of moderate to
vigorous physical activity (MVPA), compared with the amount of MVPA
before Covid-19 containing measures were implemented. Using a large
population-based panel, this is the first longitudinal study is the first to
examine the socioeconomic gradient of changes in MVPA behavior
during the Covid-19 pandemic.

Covid-19 is a highly infectious and potentially deadly disease caused
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other measures (Wilder-Smith and Freedman, 2020). Many of these,
such as the closure of schools and businesses, as well as bans on social
gatherings and sporting events, have severely affected the opportunities
to engage in physical activity (Parnell et al., 2020). As a result, MVPA
participation levels have shifted. For many populations, a significant
decrease in MVPA levels has been observed (Tison et al., 2020b; Mar-
tinez-de-Quel et al., 2021).

Physical activity is an important determinant of health. MVPA re-
duces the risk of obesity, type 2 diabetes mellitus, cardiovascular disease
as well as mental illness such as dementia and depression (Pedersen and
Saltin, 2015; Reiner et al., 2013; Chekroud et al., 2018). Regular MVPA
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is also associated with longer life expectancy (Reimers et al., 2012) and
lower healthcare costs (de Boer et al., 2020).

It is well-established that physical activity exhibits a strong socio-
economic gradient. There are socioeconomic differences in being
physically active (Mackenbach et al., 2008; Beenackers et al., 2012).
This socioeconomic gradient in MVPA can be partially explained by
differences in available resources, such a time and money (Spinney and
Millward, 2010), availability and proximity of facilities for sport and
exercise (Wicker et al., 2013), a supportive physical environment (Giles-
Corti and Donovan, 2002), social capital (Lindstrom et al., 2001), as well
as beliefs about the benefits of MVPA (Wardle and Steptoe, 2003). In
turn, socioeconomic differences in MVPA can contribute to disparities in
health outcomes (Petrovic et al., 2018). The Covid-19 pandemic co-
incides with and exacerbates the ongoing global crisis in physical
inactivity and sedentary behavior (Hall et al., 2021). Reducing socio-
economic inequalities has been a priority of international health policies
aimed at challenging physical inactivity (DiPietro et al., 2020). It is
therefore important to understand socioeconomic disparities of the
impact of the Covid-19 pandemic and the related government measures
on MVPA behavior.

In the Netherlands, the government initiated the first Covid-19
related social-distancing measures on March 12, 2020 (Dutch National
Government, 2021). Schools were closed and bans were introduced on,
among others, group and indoor sports activities. In June 2020, when
the first wave of the pandemic was contained, some of these measures
were relaxed. However, in the autumn of 2020, as the pandemic entered
a second wave, increasingly tight measures were (re)instated. From
October onwards, sports competitions were suspended, and from
December 15, the Netherlands went in full lockdown. As a result, many
Dutch residents changed their physical activity behavior. While many
individuals became less physically active during 2020, others increased
their amount of physical activity (National Institute for Public Health
and Environment (RIVM), 2021). A full timeline of the relevant Dutch
Covid-19 measures is presented in Table Al in the Appendix.

Using panel data from the Lifelines Covid-19 cohort, we were able to
follow individuals over the course of the pandemic across 15 time points
from April until December 2020. Our research reveals the socioeco-
nomic groups that have been most vulnerable with regard to changes
into MVPA behavior during the Covid-19 pandemic. The outcomes may
help policy makers to curb the negative MVPA trends and improve
public health.

2. Methods
2.1. Data

The Lifelines Covid-19 cohort study is a large population-based
cohort study in the North of the Netherlands, that was specifically
established to investigate the health and societal impacts of Covid-19
(Mc Intyre et al., 2021). Participants were recruited from the general
Lifelines prospective cohort study (Scholtens et al., 2015; Mc Intyre
et al., 2021). They were asked to fill out detailed online questionnaires
about their physical and mental health and experiences on a weekly
basis, starting in late March of 2020, and on a bi-weekly basis from June
2020 (Time points are specified in Table A2 of the Appendix) (Mc Intyre
et al.,, 2021). Unfortunately, no data were available for August and
September 2020, because the Lifelines Covid-19 questionnaire in these
months did not include questions on physical activity.

The baseline MVPA measurement was part of the first (inquiry date
30/3) and the second (7/4) time-point of the Lifelines Covid-19 study.
Baseline measurement from the first time-point was added to that of the
second time-point to maximize the size of the cohort. Hence, partici-
pants retrospectively estimated their baseline MVPA. The participants
without baseline MVPA measurement were excluded from the study
sample.

Participants with missing or incomplete data on either education or
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income level (at baseline) as well as the covariates were omitted (see
Fig. Al in the appendix for the flow chart). Respondents aged 25 or
below were excluded from the analysis because their final education
level might not yet be known. Pregnant women were also dropped since
pregnancy could confound with changes in MVPA. The remaining
sample consisted of 17,749 individuals.

For baseline MVPA assessment, respondents were asked: ‘before the
corona crisis, how many minutes of (moderately) intense activity did
you do each week (e.g. walking, bicycling or running)?’ The answer
categories were: 0-50 min, 50-100 min, 100-150 min, 150-180 min,
more than 180 min. At the first seven time-points, respondents were
asked about the amount of MVPA they did in the previous 7 days. The
answer possibilities were the same as for the baseline measurement.
From the 8th measurement, the Covid-19 questionnaire was biweekly,
with the corresponding question: ‘in the last 14 days, how many minutes
of (moderately) intense activity did you do?’, and answer categories
with double the size of the weekly measurements. The dependent vari-
ables were constructed by comparing the amount of MVPA with the
baseline measurement and categorized as ‘decreased’, ‘equal’ or
‘increased’, for each individual. The incidences of decreased and
increased MVPA were the subject of our investigation and formed
separate dependent variables in the research models.

In our study, educational attainment and net personal income
functioned as indicators of socioeconomic status. For education, re-
spondents were categorized as ‘low education’ if they had finished no,
low or middle secondary, or lower vocational education; ‘middle edu-
cation’ for higher secondary education or middle vocational education;
and ‘high education’ for higher vocational education or university. For
net personal income, respondents were asked: ‘what was your personal
net income before the corona crisis?’; with €500-step answer categories.
We redistributed these categories to three roughly equal-sized groups.
Individuals with a net income of €1500 or below were categorized as the
‘low income’ group. The ‘high income’ group consisted of people with a
net income of €2500 or higher.

To adjust for confounding, sociodemographic factors sex (male/fe-
male) and age (years) were included. Since research shows that major
life events (van Houten et al., 2017; O’Donoghue et al., 2018) can
impact MVPA behavior, binary indicators for being single and having
one or more children aged 12 or below living at home (yes/no) were
strongly correlated with changes in MVPA behavior and therefore
included in the analysis. Because smoking and MVPA can be strongly
related (Audrain-McGovern et al., 2003), smoking (non-smokers/cur-
rent smokers) was included as a potential confounder. Also the amount
of MVPA practiced at baseline was included in the model. For all
covariates, only the measurement at baseline was included, since in-
formation at other time-points was either unavailable or incomplete.

2.2. Analysis

In this study, we estimated the associations between socioeconomic
status (education and income), and decreased and increased MVPA.
First, we estimated a logistic regression model (Model 1) for whether
MVPA had decreased, for each time-point separately. The same model
was estimated for whether MVPA had increased. The resulting odds
ratios are visualized in graphs showing, for low and high SES categories,
the development of the resulting odds ratios for an increase or decrease
in MVPA behavior, over the full span of our panel from March to
December 2020. Finally, we estimated a random effects (RE) logistic
regression model (Model 2) to estimate the socioeconomic gradient in
MVPA changes for the complete panel, with a dummy variable for each
of the first 14 time-points and the final time-point (t = 15) serving as the
reference point. In both Model 1 and Model 2, age, sex, baseline MVPA,
living alone, having little children living at home and smoking were
included as potential confounders. The (econometric) specifications of
Model 1 and Model 2 are presented in the Appendix. For each model, the
odds ratio (OR) for the SES indicators (with middle category as
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reference) and 95% confidence intervals (CIs) are presented. ORs with a
p-value below 0.05 were identified as statistically significant. For the
analysis, Stata 16 was used (Stata Corp. LLC, College Station, Texas,
USA).

3. Results

The characteristics of the population at the first measurement point
(inquiry at 31/3) are presented in Table 1, with breakdowns by educa-
tion and income levels. At baseline, 61.3% of the included individuals
were female and the average age was 58.1 years. One in ten people was
low educated, while 38% had completed higher education. Further-
more, 12.5% were living alone, while 10.6% had little children aged 12
or below living at home and 7.3% were current smokers. Low-SES cat-
egories included relatively more elderly people, smokers and people
performing less than 100 min of MVPA per week. High-SES categories
consisted of relatively many males, adults with little children at home
and people performing 150 min or more MVPA at baseline. Compared
with the full population of the north of the Netherlands, the dataset
consists of relatively many females and older persons and relatively few
low-educated individuals and persons with a low income.

At the first time-point, 40% of the individuals decreased their
amount of MVPA compared to before the pandemic, while 13%
increased the amount (see Table A3 in the Appendix). From the second
time-point, decreased MVPA was more or less stable around 23%, until
the middle of May when it jumped to around 28%. The percentage of
people who increased MVPA grew gradually, to stabilize around 27% in
the second half of 2020. The differences between SES categories here
were relatively small. Over the period of March to December 2020, the
incidence of decreased and increased MVPA (Figs. A2 and A3 in the
Appendix) did not appear different among the three education types. It
is important to realize that these are the outcomes for the whole sample.
Because they had a relatively many people in the category with little
(<50 min per week) MVPA, the low-SES categories included a relatively
larger number of people that were unable to decrease their amount of
MVPA. Similarly, the high-SES categories included relatively many
people unable to be included in the ‘increased MVPA’ category.

In Model 1, the association of education or income with changes in
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MVPA behavior is estimated, for each time-point. Table 2 shows the
outcomes of these models for the first (¢t = 1) and last (t = 15) time-point.
At t =1, a clear socioeconomic gradient was found for increased MVPA,
but less so for decreased MVPA. At t = 15, both high education and low
education were associated with significantly lower risk of decreased
MVPA and significantly higher risk of increased MVPA, while the
opposite is true for low education and low income. However, for low
income these findings were not significant.

Fig. 1 shows the odds ratios, with confidence intervals, for each time-
point for Model 1 that represent the association of SES with decreased or
increased MVPA. For increased MVPA, odds ratios shift around 1 for the
first time-points. Over time, the model outcomes shifted to higher ORs of
around 1.2 for low education and lower odds of around 0.8 for higher
education (Fig. 1a). Both these estimates differed significantly from the
middle education group (ORs defined as 1). For income (Fig. 1b), the
differences between the groups were small and insignificant.

Fig. 1c shows the odds ratios for increased MVPA. For high educa-
tion, the ORs were consistently around 1.25. They also differed signifi-
cantly from the middle education group for all time-points. The low-
education group had initially low odds ratios (OR = 0.71 for begin-
ning of April), but these odds ratios steadily increased over the year,
only to drop dramatically at the end of the year (from 0.97 early
November to 0.83 for the final measurement). Mostly these odds ratios
did not differ significantly from the middle education group. For income
groups (Fig. 1d), the differences between groups were somewhat smaller
but for most time-points the odds ratios for increasing MVPA were
significantly higher for high-income groups than for low-income groups.

Table 3 shows the results of the random effects logit models for the
full panel (Model 2). The outcomes show that lower education was
associated with significantly higher odds for decreased MVPA (OR =
1.14) and a significantly lower probability of increased MVPA (OR =
0.87), compared with middle education. Similarly, individuals with high
education had significantly higher odds of increased MVPA (OR = 1.21),
while they also had lower odds of decreased MVPA (OR = 0.84).
Meanwhile, the differences between income levels for decreasing MVPA
were not significant, although their ORs were in the expected directions.
Nevertheless, low income was associated with significantly lower odds
of increased MVPA (ORs = 0.85) and the high-income group with

Table 1
Summary statistics, by SES categories and total (at first measurement).
Education Income (net monthly) Total

Variable Low Middle High Low Middle High
Observations (N) 1766 9150 6833 5922 7313 4514 17,749
Sex (% female) 52.5 65.4 58.1 86.8 59.9 30.2 61.3
Age: Mean (SD)" 63.5 (8.0) 58.6 (9.7) 56.1 (10.8) 60.2 (9.6) 57.1 (10.6) 57.2(9.9) 58.1 (10.2)
Education: Highest competed level (%)
Low” 100.0 16.8 8.8 2.9 9.9
Middle” 100.0 63.4 53.6 32.6 51.6
Highb 100.0 19.8 37.6 64.6 38.5
Income: Net monthly personal income (%)
Low (<€1500) 56.2 411 17.2 100.0 33.4
Middle (€1500-€2500) 36.5 42.9 40.2 100.0 41.2
High (€2500 or higher) 7.3 16.1 42.6 100.0 25.4
Living alone (%) 14.5 12.6 11.9 11.4 14.9 10.2 12.5
Child 0-12 years living at home (%) 3.6 8.5 15.2 7.1 11.6 13.6 10.6
Current smoker (%) 10.6 8.4 5.2 7.9 7.6 6.4 7.4
PA at baseline, in minutes per week (%)
0-50 min 11.5 9.2 7.0 9.0 9.0 7.3 8.6
50-100 min 22.9 19.0 16.1 19.1 18.1 17.4 18.3
100-150 min 16.3 17.1 17.9 17.8 17.2 17.1 17.4
150-180 min 31.5 35.9 40.6 35.7 37.1 39.7 37.3
180 min or more 17.8 18.8 18.4 18.4 18.7 18.4 18.5

2 SD = standard deviation;

b Respondents were categorized as ‘low education’ if they had no, lower vocational, or low or middle secondary education as their highest finished education level.
Respondents were classified as ‘middle education’ if they finished higher secondary education or middle vocational education and ‘high education’ for completing

higher vocational education or university.
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Table 2
Model outcomes of the logistic regressions (Model 1) for decreased MVPA and increased MVPA for education and income, at first and last measurement.
Education Income
Variable First measurement (t = 1) Last measurement (t = 15) First measurement (t = 1) Last measurement (t = 15)
Decreased MVPA  Increased Decreased MVPA  Increased Decreased MVPA Increased MVPA Decreased MVPA Increased MVPA
MVPA MVPA
OR P- OR P- OR P- OR p- OR P- OR P- OR P- OR P-
value value value value value value value value
Sex 1.02 0.635 1.14 0.011 1.05 0.277 1.12 0.016 0.991 0.835 1.274 0.000 0.980 0.697 1.229 0.000
Age 0.92 0.000 1.07 0.002 0.97 0.114 1.01 0.726 0.921 0.000 1.061 0.006 0.976 0.201 1.001 0.951
Age2 1.00 0.000 1.00 0.001 1.00 0.491 1.00 0.913 1.001 0.000 0.999 0.004 1.000 0.638 1.000 0.722
Education
Low 0.91 0.128 0.86 0.077 1.23 0.008 0.83 0.021
Middle Ref. Ref. Ref. Ref.
High 0.88 0.001 1.26 0.000 0.80 0.000 1.21 0.000
Income
Low 1.062 0.180 0.852 0.008 1.046 0.411 0.911 0.100
Middle Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
High 0.956 0.350 1.193 0.006 0.838 0.003 1.208 0.002
Living
alone 1.15 0.014 0.99 0.928 1.14 0.047 0.89 0.079 1.150 0.012 0.984 0.829 1.145 0.045 0.882 0.069
Child 1.06 0.367 1.21 0.025 1.36 0.000 0.95 0.517 1.054 0.438 1.231 0.014 1.339 0.000 0.956 0.604
Smoker 1.16 0.038 0.69 0.000 1.27 0.006 0.77 0.002 1.167 0.033 0.674 0.000 1.301 0.003 0.752 0.001
PA at baseline (minutes per week)
0-50 n/a 1.18 0.017 n/a 0.87 0.064 n.a. 1.164 0.029 n/a n/a 0.859 0.043
50-100 0.82 0.000 0.83 0.001 0.76 0.000 0.81 0.000 0.827 0.001 0.820 0.001 0.772 0.001 0.802 0.000
100-150 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
150-180 0.97 0.483 0.05 0.000 1.15 0.025 0.08 0.000 0.967 0.475 0.048 0.000 1.143 0.031 0.080 0.000
>180 21.57 0.000 n/a 12.67 0.000 n/a 21.587 0.000 12.675 0.000 n/a n/a
Constant 5.83 0.000 0.06 0.000 0.93 0.884 0.76 0.624 5.073 0.000 0.076 0.000 0.760 0.604 0.899 0.852

OR = Odds ratio. Significant odds ratios (P<0.05) in bold.
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Fig. 1. a: Model 1 outcomes for decreased MVPA in odds ratios, by education level. b: Model 1 outcomes for decreased MVPA in odds ratios, by income level. c:
Model 1 outcomes for increased MVPA in odds ratios, by education level. d: Model 1 outcomes for increased MVPA in odds ratios, by income level.

Legend: the firm lines with markers show the odds ratios for low education/income (black) and high education (dark grey), with middle education/income (light
grey) the reference (OR = 1). The markers are the actual estimated odds ratios for the 15 measurement moments. The dashed lines show the confidence intervals.
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Table 3
Model outcomes of the RE logistic panel data analysis (Model 2) for decreased MVPA and increased MVPA for education.
Variable Education Income
Decreased MVPA Increased MVPA Decreased MVPA Increased MVPA
OR (CD P-value OR (CD P-value OR (CI) P-value OR (CD P-value
Sex 1.13 (1.06-1.20) 0.000 1.22 (1.13-1.31) 0.000 1.09 (1.01-1.17) 0.018 1.36 (1.25-1.47) 0.000
Age 0.96 (0.93-0.98) 0.001 1.00 (0.97-1.03) 0.862 0.96 (0.94-0.99) 0.003 0.99 (0.96-1.02) 0.583
Age2 1.00 (1.00-1.00) 0.074 1.00 (1.00-1.00) 0.980 1.00 (1.00-1.00) 0.100 1.00 (1.00-1.00) 0.732
Education

Low 1.14 (1.03-1.27) 0.015 0.87 (0.77-0.98) 0.020

Middle Ref. Ref.

High 0.84 (0.79-0.90) 0.000 1.21 (1.12-1.30) 0.000
Income

Low 1.05 (0.97-1.13) 0.246 0.85 (0.78-0.92) 0.000

Middle Ref. Ref.

High 0.94 (0.87-1.02) 0.113 1.17 (1.07-1.28) 0.001
Living alone 1.23 (1.12-1.35) 0.000 0.94 (0.84-1.04) 0.223 1.23 (1.12-1.35) 0.000 0.93 (0.83-1.03) 0.159
Child 1.20 (1.07-1.35) 0.001 1.08 (0.95-1.23) 0.211 1.18 (1.06-1.33) 0.003 1.10 (0.97-1.25) 0.148
Smoker 1.39 (1.23-1.57) 0.000 0.64 (0.56-0.73) 0.000 1.42 (1.26-1.60) 0.000 0.63 (0.55-0.72) 0.000
PA at baseline (minutes per week)

0-50 n.a 0.66 (0.58-0.74) 0.000 n.a 0.65 (0.58-0.74) 0.000

50-100 0.76 (0.69-0.84) 0.000 0.53 (0.48-0.58) 0.000 0.77 (0.70-0.85) 0.000 0.52 (0.47-0.57) 0.000

100-150 Ref. Ref. Ref. Ref.

150-180 1.18 (1.08-1.28) 0.000 0.02 (0.02-0.02) 0.000 1.17 (1.08-1.28) 0.000 0.02 (0.02-0.02) 0.000

>180 32.96 (29.90-36.34) 0.000 n.a. 33.08 (30.00-36.48) 0.000 n.a.

Time dummies Incl. Incl. Incl. Incl.
Constant 0.68 (0.33-1.40) 0.300 1.75 (0.77-3.99) 0.185 0.58 (0.29-1.20) 0.143 2.06 (0.91-4.68) 0.085

OR = Odds ratio; CI = 95% confidence interval.

significantly higher odds of increased MVPA (OR = 1.17).

In addition, living alone, living with little children and smoking were
associated with significantly higher odds of decreased MVPA. Smoking
was associated with significantly lower odds of increasing MVPA, while
women had significantly higher odds for both decreasing and increasing
than men.

For sensitivity analysis, we estimated Model 2 for males and females
and age groups 26-45, 46-60, and 61-75 separately (see Table A6 for
the descriptive statistics). The odds ratios for doing decreasing and
increasing MVPA were similar between the sexes (Table A7). Hence, the
differences between the sexes were small and insignificant. The same
was true for the differences in odds ratios between the three age groups
(Table A8).

4. Discussion

This study is the first to investigate the socioeconomic differences in
physical activity behavior during the Covid-19 pandemic over a longer
period. Using unique, large, population-based panel data, it was possible
not only to document these difference but also follow the trends in the
socioeconomic gradient in physical activity behavior over a 9-month
period.

We found that, a large proportion of the population decreased their
amount of MVPA in the first few weeks after the first Covid-19 measures
were introduced. This effect was more or less similar for all socioeco-
nomic groups. However, from May 2020 onwards, a clear socioeco-
nomic gradient emerged, with low-educated individuals having
significantly higher odds of decreasing MVPA, than high-educated in-
dividuals, ceteris paribus. Also, for increased MVPA, a strong positive
socioeconomic gradient was observed. This finding was consistent
throughout the whole measurement period. In addition, smoking, living
alone or having little children living at home were also factors that
significantly increased socioeconomic inequalities in MVPA. The socio-
economic gradient in MVPA change that was observed is consistent with
the gradient in MVPA level, that was found before the Covid-19
pandemic, both in this study many others (Giles-Corti and Donovan,
2002; Wilson et al., 2004).

The model outcomes show that socioeconomic differences are

relatively stable over time. In the Summer of 2020, many Covid-19
containment measures were relaxed, but this seems to have had a
limited effect on the socioeconomic differences in MVPA behavior that
was established during the preceding period with severe measures. In
November 2020, when new measures reduced the opportunities to
practice sports and physical activities, socioeconomic inequalities in
MVPA increased even more. The evidence from this study suggests that
in the long run, when the Covid-19 pandemic is contained, socioeco-
nomic inequalities in MVPA levels may remain significantly larger than
before theCovid-19 pandemic.

Our analysis has several limitations. First, our study depends on
subjective reporting of MVPA instead of more reliable observation
measurement methods (e.g. with accelerometers). However, research
shows a strong correlation between questionnaire and accelerometer
MVPA measurements, especially when time interval levels are used, as
was the case in the current study (Hart et al., 2011). Second, for the
baseline measurement, respondents were asked about the amount of
MVPA they performed “before the Covid-19 crisis”, which lacks speci-
ficity. Respondents may have interpreted this question as the amount of
MVPA in a specific week or as an average week before the first Covid-19
measures were taken. Also, they could be referring to a week immedi-
ately before the corona crisis (March 2020) or for instance the same
week exactly a year before the time-point. In all cases, each time-point
would include seasonal, as well as weather effects. The lack of clarity
is somewhat problematic for both internal consistency of the data and
interpretation of the outcomes. Third, MVPA is operationalized as
ordinal categories. This means that changes within a category will go
unnoticed, while equally small changes across categories (e.g. going
from 45 to 55 min MVPA per week) will be reported as MVPA changes.
Nevertheless, this issue likely has very limited effect on our results
because we have a large sample, from 15 time-points and our results
seem very robust to various sensitivity analyses. Fourth, for the lowest
(0-50 min./week) and highest (>180 min) baseline MVPA categories, it
is only possible to change behavior in one direction. This limits the
possibilities and data available for e.g. multinomial logistic regression
analysis. Therefore, we have chosen for separate regression analysis for
increased and decreased MVPA and use the baseline MVPA categories as
controls. Fifth, the study panel was not perfectly representative of the
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general population of the northern part of the Netherlands. Although we
control for several demographic and socioeconomic variables, this may
also be an indication (but not necessarily so) of selection bias in the
dependent variables (changes in MVPA). In addition, other factors, such
as the respondent’s physical or mental health status, were possible
confounders of the associations with MVPA, but due to a lack of data we
could not control for them. Similar research on Covid-19-related
changes in MVPA behavior showed decreased MVPA was relatively
more prevalent in the Netherlands (National Institute for Public Health
and the Environment, 2021) than in our data, while a study for Flanders
study (Constandt et al., 2020) found the opposite. Moreover, the rela-
tively small number of low-SES respondents might lower the predicting
power of our analysis. This might be partly due to the online set-up of the
survey (e.g. the absence of persons that cannot afford a computer). Sixth,
although panel data were used to determine socioeconomic differences
in MVPA over time, changes over time in the SES variables and cova-
riates themselves were not measured in the Lifelines Covid-19 survey.
Although there might have been changes in, for example, the income
levels during the pandemic, we believe this bias would be relatively
small because most of the variables that we use cannot change
dramatically over a 9-month period and employment and income was
protected by the economic measures implemented by the Dutch gov-
ernment. Finally, because our study included only demographic and
lifestyle covariates, it is possible that the model estimates suffer from
omitted variable bias, such as being infected by the Covid-19 virus.
Although this study examines the extend of socioeconomic differences in
MVPA behavior, it did not investigate the underlying mechanisms.
Future research should look into mediating factors such as psychologi-
cal, environmental, infrastructural or social aspects, that were known to
be important for explaining socioeconomic differences in MVPA
behavior before the Covid-19 crisis (Yen and Li, 2019; Brug et al., 2017).

5. Conclusion

Before the Covid-19 pandemic, socioeconomic inequalities in phys-
ical activity were substantial. This study shows that because of this
pandemic and the measures to contain the virus, the gap in MVPA be-
tween low- and high-SES groups has widened. The low-SES group was
much more likely to decrease MPVA and less likely to increase MVPA
during the Covid-19 crisis, compared with higher-SES groups. This
gradient is present for both education and income. Alarmingly, our
findings show a widening socioeconomic gradient in MVPA that per-
sisted over 9 months, including a period when many Covid-19
containment measures that harm physical activity opportunities were
lifted. This means that even after the Covid-19 crisis, the socioeconomic
inequalities in MVPA behavior may remain larger than before the
pandemic. This suggests that during the current and future pandemics
public health policies need to take into account possible effects on
physical activity of specific pandemic containment measures. Public
health policymakers should be especially very cautious with imple-
menting measures that reduce the opportunities for sports and exercise,
because they may harm the physical activity behavior and thus the
health in the long run, especially for low-SES groups. Our findings also
emphasize the need for public health policies to increase efforts to
stimulate physical activity, while taking into account differences across
socioeconomic groups. The Covid-19 pandemic may not only coincide
with, but also exacerbate, an ongoing global crisis of physical inactivity
and sedentary behavior.

Funding sources

The Lifelines initiative has been made possible by subsidy from the
Dutch Ministry of Health, Welfare and Sport, the Dutch Ministry of
Economic Affairs, the University Medical Center Groningen, Groningen
University and the Provinces in the North of the Netherlands (Drenthe,
Friesland, Groningen). Funding for access to the Lifelines Covid-19

Preventive Medicine 153 (2021) 106823

cohort study for this project was provided by the Dutch Knowledge
Centre for Sports and Exercise (www.kenniscentrumsportenbewegen.
nl). The project was also supported by the ZonMw grant nr. 10430
03201 0013.

Patient consent for publication

Not required.

Ethics approval

The Lifelines study is conducted according to the principles of the
Declaration of Helsinki and approved by the Medical Ethics Committee
of the University Medical Center Groningen, The Netherlands (2007/
152). Before study entry, a signed informed consent form was obtained
from each participant.

Declaration of Competing Interest

The authors declare to have no conflict of interests for this research.

Acknowledgments

The Lifelines Biobank initiative has been made possible by funding
from the Dutch Ministry of Health, Welfare and Sport, the Dutch Min-
istry of Economic Affairs, the University Medical Center Groningen
(UMCG the Netherlands), the University of Groningen, the Northern
Provinces of the Netherlands, FES (Fonds Economische Structuurver-
sterking), SNN (Samenwerkingsverband Noord Nederland) and REP
(Ruimtelijk Economisch Programma). We acknowledge funding for the
LifeLines Corona Research project from the University of Groningen and
the University Medical Centre Groningen. The authors wish to
acknowledge the efforts of the Lifelines Corona Research Initiative and
the following initiatives participants: HM Boezen (1), Jochen O. Mierau
(2,3), H. Lude Franke (4), Jackie Dekens (4,6), Patrick Deelen (4),
Pauline Lanting (4), Judith M. Vonk (1), Ilja Nolte (1), Anil P. (4,5),
Annique Claringbould (4), Floranne Boulogne (4), Marjolein X.L. Dij-
kema (4), Henry H. Wiersma (4), Robert Warmerdam (4), Soesma A.
Jankipersadsing (4). Irene van Blokland (4,7).

1) Department of Epidemiology, University of Groningen, University
Medical Center Groningen, Groningen, The Netherlands.

2) Faculty of Economics and Business, University of Groningen,
Groningen, The Netherlands.

3) Aletta Jacobs School of Public Health, Groningen, The
Netherlands.

4) Department of Genetics, University of Groningen, University
Medical Center Groningen, Groningen, The Netherlands.

5) Department of Psychiatry, University of Groningen, University
Medical Center Groningen,

6) Center of Development and Innovation, University of Groningen,
University Medical Center Groningen, Groningen, The Netherlands.

7) Department of Cardiology, University of Groningen, University
Medical Center Groningen, Groningen, The Netherlands.

We also would like to thank Joy Koopman for carefully reading the
manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ypmed.2021.106823.

References

Audrain-McGovern, J., Rodriguez, D., Moss, H.B., 2003. Smoking progression and
physical activity. Cancer Epidemiol. Biomark. Prev. 12 (11 Pt 1), 1121-1129.


http://www.kenniscentrumsportenbewegen.nl
http://www.kenniscentrumsportenbewegen.nl
https://doi.org/10.1016/j.ypmed.2021.106823
https://doi.org/10.1016/j.ypmed.2021.106823
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0005
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0005

W.LJ. de Boer et al.

Beenackers, M.A., Kamphuis, C.B., Giskes, K., et al., 2012. Socioeconomic inequalities in
occupational, leisure-time, and transport related physical activity among european
adults: a systematic review. Int. J. Behav. Nutr. Phys. Act. 9 (1), 116.

Brug, J., van der Ploeg, Hidde P., Loyen, A,, et al., 2017. Determinants of diet and
physical activity (DEDIPAC): A summary of findings. Int. J. Behav. Nutr. Phys. Activ.
14 (1), 1-24.

Chekroud, S.R., Gueorguieva, R., Zheutlin, A.B., et al., 2018. Association between
physical exercise and mental health in 1- 2 million individuals in the USA between
2011 and 2015: a cross-sectional study. Lancet Psychiatry 5 (9), 739-746.

Constandt, B., Thibaut, E., De Bosscher, V., Scheerder, J., Ricour, M., Willem, A., 2020.
Exercising in times of lockdown: an analysis of the impact of COVID-19 on levels and
patterns of exercise among adults in Belgium. Int. J. Environ. Res. Public Health 17
(11), 4144.

de Boer, W.I.J., Dekker, L.H., Koning, R.H., Navis, G.J., Mierau, J.O., 2020. How are
lifestyle factors associated with socioeconomic differences in health care costs?
Evidence from full population data in the netherlands. Prev. Med. 130, 105929.
https://doi.org/10.1016/j.ypmed.2019.105929.

DiPietro, L., Al-Ansari, S.S., Biddle, S.J., et al., 2020. Advancing the global physical
activity agenda: recommendations for future research by the 2020 WHO physical
activity and sedentary behavior guidelines development group. Int. J. Behav. Nutr.
Phys. Act. 17 (1), 1-11.

Dutch National Government, 2021. Coronavirus timeline. https://www.rijksoverheid.
nl/onderwerpen/coronavirus-tijdlijn. Updated. Accessed 3/19, 2021.

Giles-Corti, B., Donovan, R.J., 2002. Socioeconomic status differences in recreational
physical activity levels and real and perceived access to a supportive physical
environment. Prev. Med. 35 (6), 601-611.

Hall, G., Laddu, D.R., Phillips, S.A., Lavie, C.J., Arena, R., 2021. A tale of two pandemics:
how will COVID-19 and global trends in physical inactivity and sedentary behavior
affect one another? Prog. Cardiovasc. Dis. 64, 108-110.

Hart, T.L., Ainsworth, B.E., Tudor-Locke, C., 2011. Objective and subjective measures of
sedentary behavior and physical activity. Med. Sci. Sports Exerc. 43 (3), 449-456.

Lai, C., Shih, T., Ko, W., Tang, H., Hsueh, P., 2020. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-19): the
epidemic and the challenges. Int. J. Antimicrob. Agents 55 (3), 105924.

Lindstrom, M., Hanson, B.S., Ostergren, P., 2001. Socioeconomic differences in leisure-
time physical activity: the role of social participation and social capital in shaping
health related behaviour. Soc. Sci. Med. 52 (3), 441-451.

Mackenbach, J.P., Stirbu, I., Roskam, A.R., et al., 2008. Socioeconomic inequalities in
health in 22 european countries. N. Engl. J. Med. 358 (23), 2468-2481.

Martinez-de-Quel, O., Sudrez-Iglesias, D., Lépez-Flores, M., Pérez, C.A., 2021. Physical
activity, dietary habits and sleep quality before and during COVID-19 lockdown: a
longitudinal study. Appetite. 158, 105019.

Mec Intyre, K., Lanting, P., Deelen, P., et al., 2021. Lifelines COVID-19 cohort:
investigating COVID-19 infection and its health and societal impacts in a dutch
population-based cohort. BMJ Open 11 (3), e044474.

National Institute for Public Health and Environment (RIVM), 2021. Research on
behavioural rules and well-being: Round 9. https://www.rivm.nl/en/novel-coron

Preventive Medicine 153 (2021) 106823

avirus-covid-19/research/behaviour/-behavioural-rules-and-well-being-round-7.
Updated. Accessed 3/8, 2021.

National Institute for Public Health and the Environment, 2021. Study on behavioural
measures and well-being. Study on behavioural measures and well-being related to
Covid-19 Web site. https://www.rivm.nl/en/novel-coronavirus-covid-19/research/
behaviour. Updated. Accessed 3/18, 2021.

O’Donoghue, G., Kennedy, A., Puggina, A., et al., 2018. Socio-economic determinants of
physical activity across the life course: a“ DEterminants of Dlet and physical
ACtivity” (DEDIPAC) umbrella literature review. PLoS One 13 (1), e0190737.

Parnell, D., Widdop, P., Bond, A., Wilson, R., 2020. COVID-19, networks and sport.
Manag. Sport Leisure. 1-7.

Pedersen, B.K., Saltin, B., 2015. Exercise as medicine—evidence for prescribing exercise as
therapy in 26 different chronic diseases. Scand. J. Med. Sci. Sports 25, 1-72.

Petrovic, D., de Mestral, C., Bochud, M., et al., 2018. The contribution of health
behaviors to socioeconomic inequalities in health: a systematic review. Prev. Med.
113, 15-31. https://doi.org/10.1016/j.ypmed.2018.05.003.

Reimers, C.D., Knapp, G., Reimers, A.K., 2012. Does physical activity increase life
expectancy? A review of the literature. J. Aging Res. 2012.

Reiner, M., Niermann, C., Jekauc, D., Woll, A., 2013. Long-term health benefits of
physical activity—-a systematic review of longitudinal studies. BMC Public Health 13
(1), 813.

Scholtens, S., Smidt, N., Swertz, M.A., et al., 2015. Cohort profile: LifeLines, a three-
generation cohort study and biobank. Int. J. Epidemiol. 44 (4), 1172-1180.

Spinney, J., Millward, H., 2010. Time and money: a new look at poverty and the barriers
to physical activity in Canada. Soc. Indic. Res. 99 (2), 341-356.

Tison, G.H., Avram, R., Kuhar, P., et al., 2020a. Worldwide effect of COVID-19 on
physical activity: a descriptive study. Ann. Intern. Med. 173 (9), 767-770.

Tison, G.H., Avram, R., Kuhar, P., et al., 2020b. Worldwide effect of COVID-19 on
physical activity: a descriptive study. Ann. Intern. Med. 173 (9), 767-770.

van Houten, J.M., Kraaykamp, G., Breedveld, K., 2017. When do young adults stop
practising a sport? An event history analysis on the impact of four major life events.
Int. Rev. Sociol. Sport 52 (7), 858-874.

Wardle, J., Steptoe, A., 2003. Socioeconomic differences in attitudes and beliefs about
healthy lifestyles. J. Epidemiol. Community Health 57 (6), 440-443.

Wicker, P., Hallmann, K., Breuer, C., 2013. Analyzing the impact of sport infrastructure
on sport participation using geo-coded data: evidence from multi-level models. Sport
Manage. Rev. 16 (1), 54-67.

Wilder-Smith, A., Freedman, D.O., 2020. Isolation, quarantine, social distancing and
community containment: pivotal role for old-style public health measures in the
novel coronavirus (2019-nCoV) outbreak. J. Travel Med. 27 (2), taaa020.

Wilke, J., Mohr, L., Tenforde, A.S., et al., 2021. A pandemic within the pandemic?
Physical activity levels substantially decreased in countries affected by COVID-19.
Int. J. Environ. Res. Public Health 18 (5), 2235.

Wilson, D.K., Kirtland, K.A., Ainsworth, B.E., Addy, C.L., 2004. Socioeconomic status and
perceptions of access and safety for physical activity. Ann. Behav. Med. 28 (1),
20-28.

Yen, H., Li, C., 2019. Determinants of physical activity: a path model based on an
ecological model of active living. PLoS One 14 (7), €0220314.


http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0010
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0010
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0010
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0015
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0015
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0015
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0020
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0020
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0020
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0025
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0025
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0025
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0025
https://doi.org/10.1016/j.ypmed.2019.105929
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0035
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0035
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0035
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0035
https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn
https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0045
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0045
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0045
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0050
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0050
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0050
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0055
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0055
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0060
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0060
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0060
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0065
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0065
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0065
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0070
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0070
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0075
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0075
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0075
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0085
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0085
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0085
https://www.rivm.nl/en/novel-coronavirus-covid-19/research/behaviour/-behavioural-rules-and-well-being-round-7
https://www.rivm.nl/en/novel-coronavirus-covid-19/research/behaviour/-behavioural-rules-and-well-being-round-7
https://www.rivm.nl/en/novel-coronavirus-covid-19/research/behaviour
https://www.rivm.nl/en/novel-coronavirus-covid-19/research/behaviour
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0100
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0100
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0100
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0105
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0105
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0110
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0110
https://doi.org/10.1016/j.ypmed.2018.05.003
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0120
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0120
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0125
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0125
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0125
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0130
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0130
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0135
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0135
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0140
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0140
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0145
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0145
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0150
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0150
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0150
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0155
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0155
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0160
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0160
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0160
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0165
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0165
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0165
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0170
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0170
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0170
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0175
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0175
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0175
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0180
http://refhub.elsevier.com/S0091-7435(21)00392-3/rf0180

