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Abstract: In the second wave of the COVID-19 pandemic in Germany, lockdown measures were
reinstalled and were in place between November 2020 and April 2021, including the closure of
physical activity facilities. The aim of the current online survey was to assess the lockdown effects on
physical activity and well-being in the general population. Pre-lockdown vs. lockdown differences
were tested with the X2 test and the Student’s t-test for paired data. Predictor variables to explain
compliance with physical activity recommendations were identified using a fixed-effects binary
logistic regression analysis. Data of 993 respondents were analyzed. Transport-related and leisure-
time physical activity decreased (p < 0.001, d = 0.25, and p < 0.001, d = 0.33, respectively). Compliance
with physical activity recommendations decreased from 42.2% to 29.4% (chi2 (1, 1986) = 35.335,
p < 0.001, V = 0.13). Well-being decreased significantly (t (990) = 23.405, p < 0.001) by 16.3 points
(d = 0.74). Physical activity and well-being declined in German adults during the second COVID-19-
related lockdown. Physical activity should be promoted also in light of the emerging evidence on its
protective effects against COVID-19.

Keywords: confinement; coronavirus; cycling; leisure-time activity; walking; mood

1. Introduction

The COVID-19 disease pandemic, caused by the novel coronavirus, has progressed in
waves in Germany [1]. The first wave lasted from week 10 until week 20 in 2020 [1]. After
the summer with relatively low levels of incidence, hospitalization and mortality, the second
wave hit the country in late September 2020, peaked at the end of the year and lasted until
the end of February 2021 [1]. The second wave was considerably longer than the first one,
with diffused outbreaks and exponential growth of the number of cases [1]. Conditional
marketing authorization of preventive vaccines was issued on 21 December 2020 [2], but
vaccination rates increased very slowly in the first months of 2021 [3]. Therefore, traditional
public health measures that had been in force during the first wave were reintroduced
in late 2020. In order to curb infection and mortality, a moderately strict lockdown came
into force on 2 November 2020 in Germany [4]. Upon the failure of these measures to
effectively reduce the spread of the virus, stricter lockdown measures were implemented
as of 16 December 2020, including closure of schools, non-essential shops, restaurants and
hotels. Already the measures of the 2 November included the closure of physical activity
(PA) facilities, such as sports and fitness clubs and swimming pools. On 23 April 2021 a
unified “Federal Emergency Brake” was implemented, which made all potential future
restrictions and reopening measures dependent on regional incidence values [5]. Though
with some regional differences, widespread reopening of PA facilities did not take place
before April 2021, which means they were closed for about six months.
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Some risk factors for severe symptoms and mortality related to the COVID-19 disease
have been established relatively early during the pandemic. These include non-modifiable
factors, such as male sex and older age, and acquired conditions, including obesity, hy-
pertension, diabetes and cardiovascular disease [6]. Now there is a growing recognition
of the potentially protective effect of PA and physical fitness against severe symptoms,
hospitalization, intensive care and mortality. In a sample of 48,440 patients in the US, PA in
compliance with current recommendations was associated with a reduced risk of hospital-
ization, intensive care unit admission and mortality [7]. Similar results were reported in a
nationwide study in South-Korea [8]. Brawner and colleagues found that cardiorespiratory
fitness was independently and inversely associated with the risk of COVID-19-related
hospitalization [9].

Given these results, findings from the first wave of the pandemic and the ensuing
lockdowns are alarming. Numerous studies worldwide and in Germany have documented
reduced PA at the level of overall samples [10–12]. We found that all PA measures declined
during the first lockdown; compliance with current PA recommendations sunk from 38.1%
to 30.4% [11]. In contrast to the first lockdown, data on PA during the second lockdown
are scarce. A representative study in children and youth in Germany found that, during
the first lockdown, unorganized PA (e.g., walking and playing) could, to some extent,
compensate for the complete loss of organized sports including physical education [13].
During the second lockdown, however, unorganized PA fell to less than half of the level
of the first lockdown, and organized PA was as low as 3.7 min per day [13]. The data of
the nationwide, school-based physical fitness surveillance program “SLOfit” in Slovenia
documented a dramatic drop in fitness in both boys and girls [14].

Social distancing was judged indispensable until higher vaccination rates were achieved.
It has been shown that quarantine can induce detrimental mental health symptoms such
as depression, stress, low mood, irritability, insomnia, post-traumatic stress symptoms
and anxiety [15]. A recent systematic review and meta-analysis of studies worldwide
observed a small increase in anxiety and a moderate increase in depressive symptoms in
the general population in the early phase of the pandemic [16]. Ahrens and colleagues
found that, in Germany, the first lockdown exerted heterogeneous mental health effects;
i.e., while vulnerable groups such as patients with psychiatric disorders and people with
weak social networks reported deteriorated mental health, the large majority (83.6%) of the
sample maintained or even improved their mental health [17]. Similarly, the representative
National Health Survey came to the conclusion that the level of depressive symptoms
remained stable until September 2020 [18]. More recent data from Norway [19] and
Austria [20], however, indicated substantial negative changes in psychosocial well-being
during the second lockdown. Coping mechanisms that were adequate in the early stage
might be exhausted in the face of ongoing, accumulated and diffused stressors [19].

In light of these findings, it is plausible that the second lockdown had different effects
on people’s behavior and mood. We, therefore, aimed to assess PA and mental well-being
in the general German population during the second COVID-19-related lockdown in the
spring of 2021.

2. Materials and Methods
2.1. Study Design

The present study used the methodology of our previous survey, with a slight mod-
ification in the questionnaire content [11]. We used the SoSci Survey tool (SoSci Survey
GmbH, Munich, Germany, https://www.soscisurvey.de/ (accessed on 8 April–2 July 2021))
to conduct a cross-sectional survey in the general German public. Ethical approval was
given by Goethe University, Frankfurt (reference number 2020-18). Potential participants
received an invitation with a disclosure statement on study aims, data handling and se-
curity and the possibility of discontinuation of the study at any time. After reading the
information, participants provided informed consent. The identity of respondents was
not traceable. The authors’ professional and personal networks were used to distribute

https://www.soscisurvey.de/
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the link to the survey with the snowball method (addressees of the mailings were invited
to recruit other participants using their respective networks). Addressees were asked to
communicate the survey link as applicable and appropriate, e.g., on their websites or in
their newsletters. The survey link was accessible between 8 April and 2 July 2021.

2.2. Questionnaire

The survey questionnaire was identical to the one we used in our previous re-
search [11], with the difference that we included the assessment of well-being. In short, we
investigated habitual PA, the use of and attitude toward virtual PA offers and well-being.
In the present study, we report on habitual PA and well-being. PA, anthropometric data and
data on self-reported health were assessed using the relevant questions of the European
Health Interview Survey (EHIS) questionnaire [21]. Participants indicated their highest
level of education according to the International Standard Classification of Education
(ISCED 2011) [22]. Further, participants provided information on their family status, on
whether they worked on a short-term work scheme [23] and whether they were working
remotely during the COVID-19-related lockdown.

Well-being was assessed using the World Health Organization Well-Being Index
(WHO-5). The WHO-5 is a five-item generic global rating scale to measure subjective
well-being with adequate validity as a screening tool for depression [24]. Participants
provide answers on a five-point Likert scale (0 to 5 points; 0 = never, 1 = sometimes,
2 = less than half of the time, 3 = more than half of the time, 4 = mostly, 5 = always) to
five positively phrased items. General population mean scores are available for a large
number of countries, and the cut-off value of 50 out of the maximal 100 has been established
for depression [24].

Questions relating to PA and well-being were posed twice, once referring to pre-
COVID-19 times (“normal”) and once referring to the second lockdown, specifically to the
time period March–April 2021, thus providing a clear anchor point [25].

2.3. Data Processing and Statistical Analysis

PA data were analyzed and operationalized based on the official EHIS scoring protocol
and as in our previous study [11,26]. In short, we computed the following PA measures:
(a) work-related PA (WRPA), (b) transport-related PA (transport-related walking and cy-
cling minutes per week; TRPA), (c) leisure-time PA (total minutes of sports, fitness and
recreational leisure-time activities in at least 10 min bouts per week; LTPA), (d) days of
muscle-strengthening activities per week (DMSA) and (e) compliance with World Health
Organization (WHO) PA recommendations [23] (aerobic activities > 150 min/week de-
termined from LTPA and cycling from TRPA and ≥2 days muscle-strengthening activi-
ties/week; active vs. inactive). For participants under 18 years old, the respective WHO PA
recommendations (at least 60 min/day aerobic activities and ≥3 days muscle-strengthening
activities/week) were applied [27].

We calculated body mass index (BMI) using self-reported body weight and height.
Well-being data were scored according to the WHO-5 scoring protocol [24]. A sum

score of 50 points or less is deemed to indicate a depressive mood state (0 = non-normal =
depressive mood state vs. 1 = normal = no depressive mood state), and changes of 10 points
or more indicate clinically relevant changes [24].

Categorical data are presented as frequencies and scaled parameters as mean and
standard deviation (SD). Differences between conditions were tested via Chi2-test (X2 test)
for categorical variables, with Cramer’s V as a measure for the effect size (small, moderate
or large V = 0.1, V = 0.3 and V = 0.5, respectively) in case of significant differences, and via
the Student’s t-test for paired data for scaled datasets, including the respective confidence
interval for difference of means (95% CI) and effect size (Cohen’s d; small, moderate and
large effect sizes were indicated by |d| = 0.2, |d| = 0.5 and |d| = 0.8, respectively). We
ran a two-way repeated measures ANOVA (rANOVA) to identify probable interaction
effects with specific factors, e.g., family status (living with or without a partner, with or
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without child(ren)) and COVID-19-related working condition changes such as remote work
or no remote work. In the case of a significant interaction, an additional one-way ANOVA
was computed for the two conditions separately (normal, lockdown) if there were more
than two groups (e.g., family status). We analyzed the change in PA (increases, no changes
or decreases) as counts and % values from the normal to the lockdown condition separately
for participants complying and not complying with WHO PA recommendations in the
normal condition.

We employed a fixed-effects binary logistic regression analysis to identify relevant
predictor variables to explain the compliance with WHO recommendations (0 = inactive/
1 = active). Measures used in the analysis included WRPA (work effort: 0 = no task
(newly encoded), 1 = sitting/standing, 2 = moderate, 3 = demanding interpreted as scaled
variable), TRPA, LTPA and DMSA plus the WHO-5 well-being score interpreted as scaled
variable and demographic data including sex (0 = female, 1 = male), education level
(1 = secondary I (middle school/junior high school), 2 = secondary II (senior high school),
3 = post-secondary (college foundation course), 4 = master craftsman, 5 = university
bachelor’s degree, 6 = university master’s degree, 7 = doctoral degree) interpreted as scaled
variable, age and BMI. Additionally, remote working condition (encoded as 0 = non-normal
= remote, 1 = normal) and the “normal” and “lockdown” conditions (encoded as 0 = non-
normal = lockdown, 1 = normal) were entered as categorical variables.

Statistical analyses were conducted using IBM SPSS software (V.22, IBM, Armonk, VA,
USA). Significance was accepted for p-values ≤ 0.05.

3. Results
3.1. Descriptive Statistics

After excluding 12 datasets because of missing values for sex, age and BMI and
because of an age under fifteen, a sample size of 993 datasets (n = 708, 71.3% females;
n = 285, 28.7% males) underwent detailed analysis. Respondents were 45.8 ± 14.7 years old
and had a BMI of 24.9 ± 5.1 kg/m2). In total, 1.8%, 59.0%, 26.8% and 11.9% of respondents
were underweight (BMI < 18.5), normal weight (BMI 18.5–24.9), overweight (BMI 25–29.9)
and obese (BMI ≥ 30), respectively. Sample characteristics are presented in Table 1.

Table 1. Sample characteristics.

n Mean ± SD

Age (y) females 707 44.9 ± 14.2
males 285 47.9 ± 15.8

Weight (kg) females 704 69.4 ± 14.9
males 284 84.6 ± 14.2

Height (m) females 705 1.68 ± 0.06
males 284 1.81 ± 0.08

BMI (kg/m2)
females 704 24.5 ± 5.0
males 284 26.0 ± 5.3

BMI = body mass index.

Little less than one third (n = 322 or 32.4%) of respondents reported very good, 544
or 54.8% good, 114 or 11.5% moderate, 11 or 1.1% poor and 2 or 0.2% very poor health,
respectively, demonstrating a central tendency (median) of “good”. Almost four in ten
participants (39.8%) reported having at least one chronic disease.

Highest educational attainment is presented in Table 2, and family status is shown
in Table 3. Over two thirds (69.2%) of the study participants had an academic degree
(bachelor’s, master’s, doctoral degree), and none of them had only primary education.
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Table 2. Highest educational attainment.

Highest Educational Attainment n (%)

Missing 1 (0.1)
Lower secondary education 85 (8.6)
Higher secondary education 151 (15.2)

Post-secondary non-tertiary education 44 (4.4)
Short-cycle tertiary education 25 (2.5)
Bachelor’s or equivalent level 169 (17.0)
Master’s or equivalent level 383 (38.6)
Doctoral or equivalent level 135 (13.6)

Total 993 (100)

Table 3. Family status.

Family Status n (%)

Missing 0 (0.0)
No partner, no child(ren) 215 (21.7)

With partner, no child(ren) 421 (42.4)
With partner, child(ren) 217 (21.9)
No partner, child(ren) 32 (3.2)

Other 108 (10.9)

Total 993 (100)

During the survey period, 68 (6.8%) participants were on short-term work, while 754
(75.9%) were not, and 171 (17.2%) were retired, students or pupils. In addition, 441 (44.4%)
participants were working remotely, while 403 (40.6%) were not, and 149 (15.0%) answered
that they were retired, students or pupils.

3.2. Inferential Statistics
3.2.1. Transport-Related Physical Activity (TRPA)

We documented significant declines in walking minutes per week and in the respective
MET minutes, as well as in cycling minutes per week and in the respective MET minutes
(p < 0.001, d = 0.21, and p < 0.001, d = 0.18, respectively). In addition, the combined measure
TRPA (walking and cycling) showed a significant decrease with a small effect size (p < 0.001,
d = 0.25), cf. also Table 4.

Table 4. Change in transport-related physical activity from normal to lockdown condition (n = 993).

Mean SD SEM Mean
Diff t-Value p-Value Cohen’s d 95% CI

Lower
95% CI
Upper

Walking
(min/week)

normal 216.6 219.0 7.0
35.7 6.614 <0.001 0.21 25.1 46.3lockdown 181.0 218.5 6.9

Walking (MET
min/week)

normal 714.9 722.8 22.9
117.7 6.614 <0.001 0.21 82.8 152.6lockdown 597.2 720.9 22.9

Cycling
(min/week)

normal 85.3 144.2 4.6
21.3 5.553 <0.001 0.18 13.8 28.8lockdown 64.0 136.7 4.3

Cycling (MET
min/week)

normal 511.6 865.0 27.5
127.8 5.553 <0.001 0.18 82.6 173.0lockdown 383.8 820.5 26.0

TRPA (MET
min/week)

normal 1226.5 1167.1 37.0
245.5 7.883 <0.001 0.25 184.4 306.6lockdown 981.0 1162.9 36.9

TRPA = transport-related physical activity, MET min/week = metabolic-equivalent-of-task minutes per week.
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3.2.2. Leisure-Time Physical Activity (LTPA) and Muscle-Strengthening Activities (DMSA)

We observed a significant drop in time spent on LTPA (p < 0.001) with a small effect
size (d = 0.33). DMSA declined slightly but significantly on average by 0.2 days (p < 0.001)
and with a trivial effect size (d = 0.13), cf. Table 5.

Table 5. Change in leisure-time physical activity (LTPA) and muscle-strengthening activities (DMSA) from normal to
lockdown condition (n = 993).

Mean SD SEM Mean Diff t-Value p-Value Cohen’s d 95% CI
Lower

95% CI
Upper

LTPA (min/week) normal 238.2 210.6 6.7
52.7 10.321 <0.001 0.33 42.7 62.7lockdown 185.5 206.0 6.5

DMSA
normal 1.7 1.7 0.1

0.2 3.999 <0.001 0.13 0.1 0.3lockdown 1.5 2.0 0.1

LTPA = leisure-time physical activity, DMSA= days of muscle-strengthening activities per week.

3.2.3. Subjective Well-Being

Well-being decreased significantly (t (990) = 23.405, p < 0.001) by 16.3 points on average
indicating a more depressive mood under lockdown conditions with a high-moderate
effect size (d = 0.74), cf. Table 6.

Table 6. Change in subjective well-being from normal to lockdown condition (n = 991).

Mean SD SEM Mean Diff t-Value p-Value Cohen’s d 95% CI
Lower

95% CI
Upper

WHO-5 (pts.) normal 67.8 15.2 0.5
16.3 23.405 <0.001 0.74 14.9 17.6lockdown 51.5 21.3 0.7

Changes in well-being differed markedly between the individuals (16.3 ± 22 points)
ranging from a drop of −92 points to an increase of +68 points. We found that 565 (56.9%)
respondents showed clinically relevant decreases of 10 or more points from normal to
lockdown conditions in their well-being.

Applying the WHO-5 cut-off value of ≥50 points, we identified a significant increase
of the proportion of persons showing a depressive mood state from normal (11.8%) to
lockdown (46.8%) conditions demonstrating a moderate effect size (chi2 (1, 1986) = 294.339,
p < 0.001, V = 0.39), cf. Table 7.

Table 7. Depressive mood state under normal and lockdown conditions (WHO-5 pts. ≤50 vs. >50 pts.).

Depressive Mood
(≤50 pts.)

Non-Depressive Mood
(>50 pts.) Total

normal
condition

n 117 876 993
(percent) 11.8% 88.2% 100%

lockdown
condition

n 465 528 993
(percent) 46.8% 53.2% 100%

3.2.4. Confounding Effects of Short-Term Work, Remote Working or Family Status on
Physical Activity or Subjective Well-Being

In a two-factorial model with normal vs. lockdown and changed working conditions
(remote working) (n = 441) vs. no changes of working conditions (no remote working, incl.
retired, students, pupils) (n = 552) or short-term work (n = 68) vs. no short-term work
(incl. retired, students, pupils) (n = 925), respectively, we found a significant interaction
for differences in decreases in TRPA, with a larger decrease in the remote-work subsample
compared to the non-remote-working part of the sample (F (1, 911) = 28.105, p < 0.001,
eta2p = 0.028) (Figure 1).
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Figure 1. Transport-related physical activity (MET min/week) changes from normal to lockdown conditions in respondents
working remotely under COVID-19-related social distancing rules vs. not working remotely (mean ± SEM). TRPA =
transport-related physical activity, MET min/week = metabolic-equivalent-of-task minutes per week.

No significant interaction effects were found of remote working on LTPA (F(1, 991) = 0.380,
p = 0.537, eta2p < 0.001) or of short-term work on TRPA (F(1, 991) = 1.276, p = 0.259,
eta2p = 0.001) or on LTPA (F(1, 991) = 0.155, p = 0.694, eta2p < 0.001).

Furthermore, there was no significant interaction effect of remote working on decreases
in well-being (F(1, 989) = 0.095, p = 0.758, eta2p < 0.001), cf. Table 8.

Table 8. Two-way rANOVA results.

Normal Condition Lockdown Condition Group Condition Group X Condition
M SD M SD F-Value p-Value eta2 Part. F-Value p-Value eta2 Part. F-Value p-Value eta2 Part.

TRPA

short-
work 1046.5 1023.7 930.8 904.9 0.866 0.352 0.001 9.045 0.003 0.009 1.276 0.259 0.001

no short-
work 1239.7 1176.4 984.7 1179.9

remote
work 1233.1 1160.5 805.4 1008.8 5.091 0.024 0.005 72.799 <0.001 0.068 28.10 <0.001 0.028

no remote
work 1221.2 1173.4 1121.3 1256.0

LTPA

short-
work 249.9 284.1 189.8 255.9 0.125 0.723 0.000 30.810 <0.001 0.030 0.155 0.694 0.000

no short-
work 237.4 204.3 185.2 202.1

remote
work 236.8 198.6 180.6 190.7 0.223 0.637 0.000 106.54 <0.001 0.097 0.380 0.537 0.000

no remote
work 239.4 219.9 189.5 217.6

family 1 265.4 234.5 186.7 219.6 2.148 0.073 0.009 34.320 <0.001 .034 3.707 0.005 0.015
family 2 241.3 216.0 186.2 208.8
family 3 195.6 166.2 166.8 175.9
family 4 214.1 149.0 219.1 226.4
family 5 264.8 223.3 208.5 217.1

Well-
being

remote
work 66.7 15.1 50.2 20.9 5.372 0.021 0.005 542.03 <0.001 0.354 0.095 0.758 0.000

no remote
work 68.7 15.3 52.6 21.5

family 1 68.0 15.8 49.5 22.4 0.309 0.872 0.001 234.37 <0.001 0.192 1.772 0.132 0.007
family 2 67.8 15.5 51.7 20.5
family 3 68.7 14.0 51.8 21.5
family 4 66.4 14.5 53.6 23.5
family 5 66.1 15.9 54.0 20.7

Family 1 = no partner and no child(ren), family 2 = with partner and no child(ren), family 3 = with partner and child(ren), family 4 = no
partner and child(ren), family 5 = other, TRPA= transport-related physical activity, LTPA = leisure-time physical activity.

In the two-factorial model with normal vs. lockdown condition and family status (no
partner and no child(ren) (n = 215) vs. with partner and no child(ren) (n = 421) vs. with
partner and child(ren) (n = 217) vs. no partner and child(ren) (n = 32) vs. other (n = 108)), we
found a significant interaction for differences in the decreases in LTPA (F (4, 988) = 3.707,
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p = 0.005, eta2p = 0.015). The small (n = 32) subsample of respondents without a partner
but with child(ren) showed an unaltered LTPA level from normal to lockdown conditions,
while all other subsamples demonstrated a decline in LTPA, although these decreases
occurred at different LTPA levels (Figure 2).
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Figure 2. Changes in leisure-time physical activity (min/week) from normal to lockdown conditions according to family
status (mean ± SEM).

An additional one-way ANOVA was significant for the time under normal conditions
(F (4, 988) = 3.713, p = 0.005, eta2p = 0.015) revealing a significantly lower LTPA level for
the participants with a partner and child(ren) compared to those having no partner and
no child(ren) (p = 0.006). This difference was no longer apparent at the time point under
lockdown conditions (F (4, 988) = 1.001, p = 0.406, eta2p = 0.004).

We did not observe an interaction effect of family status on well-being under normal
or lockdown conditions (F (4, 986) = 1.772, p = 0.132, eta2p = 0.007), cf. Table 8.

3.2.5. Compliance with WHO Physical Activity Recommendations

We documented a significant decrease in the compliance with both parts of the WHO
recommendations (aerobic activity from 72.9% to 55.7% (chi2 (1, 1986) = 64.141, p < 0.001,
V = 0.18); muscle-strengthening activity from 48.2% to 38.9% (chi2 (1, 1986) = 17.714, p < 0.001,
V = 0.09)) in the lockdown condition. The compliance with the combined recommendations
dropped from 42.2% to 29.4% (chi2 (1, 1986) = 35.335, p < 0.001, V = 0.13).

In the normal condition, 419 respondents were active (met the combined WHO PA rec-
ommendations), and 574 respondents were inactive (failed to meet the combined WHO PA
recommendations). The type of changes (decreasers, increasers, maintainers) from normal
to lockdown conditions partly differ markedly between active and inactive respondents.
The number of decreasers among the inactive is lower, e.g., for LTPA, 34.8% vs. 58.0%, and
for DMSA, 12.9% vs. 48.4% (Table 9 and Figure 3).

3.2.6. Binary Logistic Regression Analysis

We ran binary logistic regressions to predict compliance with WHO PA recommen-
dations using demographic data (sex (male vs. female), age and BMI, education, remote
working (yes vs. no)) as well as PA (WRPA, TRPA, LTPA and DMSA), well-being (cate-
gorical WHO-5 ≤ 50 points = 0 = non-normal = depressive) and the categorical variable
“lockdown vs. normal” condition.
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Table 9. Counts (%) changes from normal to lockdown in the total, active and inactive subsamples.

Total (n = 993) Active (n = 419) Inactive (n = 574)

Counts (%) Counts (%) Counts (%)

walking (MET
min/week)

decreasers 376 37.9 169 40.3 207 36.1
increasers 140 14.1 66 15.8 74 12.9

maintainers 477 48.0 184 43.9 293 51.0

cycling (MET
min/week)

decreasers 270 27.2 145 34.6 125 21.8
increasers 88 8.9 41 9.8 47 8.2

maintainers 635 63.9 233 55.6 402 70.0

TRPA (MET
min/week)

decreasers 459 46.2 213 50.8 246 42.9
increasers 173 17.4 78 18.6 95 16.6

maintainers 361 36.4 128 30.5 233 40.6

LTPA
(min/week)

decreasers 443 44.6 243 58.0 200 34.8
increasers 192 19.3 65 15.5 127 22.1

maintainers 358 36.1 111 26.5 247 43.0

DMSA
decreasers 277 27.9 203 48.4 74 12.9
increasers 170 17.1 62 14.8 108 18.8

maintainers 546 55.0 154 36.8 392 68.3
TRPA = transport-related physical activity, LTPA = leisure-time physical activity, DMSA = days of muscle-
strengthening activities per week, MET min/week = metabolic-equivalent-of-task minutes per week.

Sustainability 2021, 13, x FOR PEER REVIEW  10 of 15 
 

 

Figure 3. Counts (%) changes from normal to lockdown in the active and inactive subsamples. 

3.2.6. Binary Logistic Regression Analysis 

We ran binary logistic regressions to predict compliance with WHO PA recommen‐

dations using demographic data (sex (male vs. female), age and BMI, education, remote 

working (yes vs. no)) as well as PA (WRPA, TRPA, LTPA and DMSA), well‐being (cate‐

gorical WHO‐5 ≤ 50 points = 0 = non‐normal = depressive) and the categorical variable 

“lockdown vs. normal” condition. 

The regression model explained 64.2% of the total variance of the compliance with 

the WHO recommendations  (R2Nagelkerke = 0.723) with a correct estimation of 89.0%. 

Only the predictors LTPA and DMSA (p < 0.001), as well as the lockdown vs. normal cat‐

egorical variable (p < 0.001), showed a significant contribution, while sex (p = 0.427), age 

(p = 0.098), BMI (p = 0.124), education level (p = 0.477), remote working (p = 0.417), WRPA 

(p = 0.921), TRPA (p = 0.717) and well‐being (p = 0.821) did not. We found small or negli‐

gible odds ratios for the non‐significant parameters and LTPA but relevant for DMSA and 

the lockdown condition. The odds ratio (OR 0.468, 95% CI 0.334–0.654) indicates a reduced 

chance (−53.2%) to comply with WHO PA recommendations under the lockdown condi‐

tion (p < 0.001). Respondents not working remotely and categorized as non‐depressed had 

an increased chance (+13.9% and +4.6%, respectively) to be active according to WHO PA 

recommendations during lockdown, even though results did not reach statistical signifi‐

cance. Males showed a non‐significantly reduced chance (−13.6%) to fulfill the PA recom‐

mendations. DMSA indicated a highly increased chance (+483.2%) to comply with WHO 

PA recommendations, cf. Table 10. 

Table 10. Binary  logistic  regression model with odds  ratios  (95% CI)  for  the explanation of compliance with physical 

activity recommendations including sex, age, BMI, WRPA, TRPA, LTPA and DMSA and well‐being (categorical variable) 

and the categorical variable “lockdown vs. normal” condition. 

  B  SE  Wald  df  Sig.  Exp(B) 
95% CI EXP(B) 

Lower  Upper 

Lockdown  −0.760  0.171  19.693  1  0.000  0.468  0.334  0.654 

Sex  −0.142  0.178  0.631  1  0.427  0.868  0.612  1.231 

Age  −0.009  0.006  2.730  1  0.098  0.991  0.980  1.002 

BMI  −0.026  0.017  2.371  1  0.124  0.974  0.943  1.007 

Education  0.029  0.041  0.505  1  0.477  1.030  0.950  1.116 

Remote working  0.130  0.160  0.659  1  0.417  1.139  0.832  1.558 

WRPA  −0.016  0.161  0.010  1  0.921  0.984  0.718  1.349 

TRPA  0.000  0.000  0.131  1  0.717  1.000  1.000  1.000 

LTPA  0.006  0.001  134.587  1  0.000  1.006  1.005  1.007 

DMSA  1.575  0.081  379.839  1  0.000  4.832  4.124  5.662 

Well‐being  0.045  0.198  0.051  1  0.821  1.046  0.710  1.541 

40 36 35
22

51
43

58

35
48

13

16
13 10

8

19

17

16

22

15

19

44
51 56

70

31
41

26

43
37

68

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

active inactive active inactive active inactive active inactive active inactive

walking (METmin/week)               cycling (METmin/week)              TRPA (METmin/week)                    LTPA (min/week)        DMSA 

co
un

ts
 (

%
)

maintainers

increasers

decreasers

Figure 3. Counts (%) changes from normal to lockdown in the active and inactive subsamples.

The regression model explained 64.2% of the total variance of the compliance with
the WHO recommendations (R2Nagelkerke = 0.723) with a correct estimation of 89.0%.
Only the predictors LTPA and DMSA (p < 0.001), as well as the lockdown vs. normal
categorical variable (p < 0.001), showed a significant contribution, while sex (p = 0.427),
age (p = 0.098), BMI (p = 0.124), education level (p = 0.477), remote working (p = 0.417),
WRPA (p = 0.921), TRPA (p = 0.717) and well-being (p = 0.821) did not. We found small or
negligible odds ratios for the non-significant parameters and LTPA but relevant for DMSA
and the lockdown condition. The odds ratio (OR 0.468, 95% CI 0.334–0.654) indicates a
reduced chance (−53.2%) to comply with WHO PA recommendations under the lockdown
condition (p < 0.001). Respondents not working remotely and categorized as non-depressed
had an increased chance (+13.9% and +4.6%, respectively) to be active according to WHO
PA recommendations during lockdown, even though results did not reach statistical
significance. Males showed a non-significantly reduced chance (−13.6%) to fulfill the PA
recommendations. DMSA indicated a highly increased chance (+483.2%) to comply with
WHO PA recommendations, cf. Table 10.
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Table 10. Binary logistic regression model with odds ratios (95% CI) for the explanation of compliance
with physical activity recommendations including sex, age, BMI, WRPA, TRPA, LTPA and DMSA
and well-being (categorical variable) and the categorical variable “lockdown vs. normal” condition.

B SE Wald df Sig. Exp(B)
95% CI EXP(B)

Lower Upper

Lockdown −0.760 0.171 19.693 1 0.000 0.468 0.334 0.654
Sex −0.142 0.178 0.631 1 0.427 0.868 0.612 1.231
Age −0.009 0.006 2.730 1 0.098 0.991 0.980 1.002
BMI −0.026 0.017 2.371 1 0.124 0.974 0.943 1.007

Education 0.029 0.041 0.505 1 0.477 1.030 0.950 1.116
Remote
working 0.130 0.160 0.659 1 0.417 1.139 0.832 1.558

WRPA −0.016 0.161 0.010 1 0.921 0.984 0.718 1.349
TRPA 0.000 0.000 0.131 1 0.717 1.000 1.000 1.000
LTPA 0.006 0.001 134.587 1 0.000 1.006 1.005 1.007

DMSA 1.575 0.081 379.839 1 0.000 4.832 4.124 5.662
Well-being 0.045 0.198 0.051 1 0.821 1.046 0.710 1.541
Constant −3.345 0.608 30.290 1 0.000 0.035

WRPA = work-related physical activity, TRPA = transport-related physical activity, LTPA = leisure-time physical
activity, DMSA = days of muscle-strengthening activity, Well-being = WHO-5 sum score ≤ 50 pts. indicating
depression: 0 = non-normal = depressive, 1 = normal = not depressive.

4. Discussion

We present here data on the changes in PA and well-being in the second COVID-19-
related lockdown in Germany. We documented significant declines in all PA measures and
well-being in the overall sample.

Participants reported about 16% less walking MET minutes and 25% less cycling MET
minutes during the lockdown than under normal circumstances. LTPA was also reduced
by 20%, and compliance with current PA recommendations also dropped from 42.2% to
29.4%. We found in both the active and inactive subsamples different behavioral patterns—
decreasers, maintainers and increasers—the numbers of which were quite similar in the
two subsamples, except for the measures LTPA and DMSA. While large proportions of
inactive respondents further reduced their activities, 22% and 19% increased LTPA and
muscle-strengthening activities, respectively.

During the lockdown, remote working was highly encouraged, whenever possible.
Transport-related activities declined in respondents working from their homes, which is
easily explained by the loss of active commuting, but remote working did not affect LTPA
nor did it lead to depressive mood in these respondents.

The regression analysis underscored the significance of muscle-strengthening activities.
Muscle strengthening had received less attention than endurance type of activities, but
now there is a growing appreciation of the health-related effects of these activities. A
recent review of prospective cohort studies found epidemiologic evidence that muscle-
strengthening activities might contribute to reducing the risk of major chronic diseases [28],
and even small-to-moderate increases might bring measurable public health benefits [29].
Muscle strength has been shown to be associated with a lower risk to be hospitalized
because of COVID-19 in older adults even after adjusting for established risk factors
for severe COVID-19 [30]. Prevalence of muscle-strengthening activities is, generally
speaking, lower than that of endurance activities [31]. Aerobic type of activities can be more
easily performed in daily life, e.g., by brisk walking or cycling, while engaging in muscle-
strengthening activities might be more challenging without fitness studios and similar
PA facilities. There seems to be an explicit need to also promote muscle-strengthening
activities that are easily adoptable [32].

There is a paucity of comparable studies during the second wave of the pandemic.
A small study in German university students, conducted in February 2021, also reported
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reductions in PA, but these declines cannot be directly compared to our results because of
different methodologies employed [33].

Respondents’ well-being during normal conditions (67.8 points) compares very well
with norm values (65.7 points) for Germany [24]. However, the decline during the lock-
down period is truly alarming. Almost 57% of respondents reported a decline of 10 points
or more, which is classified as clinically relevant [24]. The number of participants with
values indicating depressive symptoms has increased almost fourfold from normal to
lockdown conditions. Moradian and colleagues also found increased depressive symptoms
in November 2020 (i.e., at the beginning of the second lockdown in Germany) compared to
March 2020 (during the first lockdown) [34]. Similar findings were reported from Norway
and Austria [19,20]. It is likely that the ongoing state of alert and seemingly unending
uncertainty made people weary and led to emotional exhaustion.

Interestingly, in our sample, well-being was not related to PA. This is in line with the
large Mannheim Corona Study [35] but in contrast to the aforementioned study in German
students [33]. Investigations from the first wave of the pandemic also found positive
associations between PA and well-being [36,37]. However, it is not clear to what extent
results from the first wave are generalizable to the second one.

Data on the decline in PA compare well but with larger effect sizes with our previous
study conducted in the first lockdown in a sample that was very similar to the present one
in terms of sample size, sex distribution, age, BMI, educational attainment, general self-
rated health, prevalence of chronic conditions, remote working and PA levels in the normal
condition [11]. In addition, the proportions of decreasers, increasers and maintainers from
normal to lockdown conditions were similar to those during the first lockdown in [11]. The
larger effect sizes in the current study might reflect the cumulative effects of prolonged
and recurring coronavirus restrictions.

Based on our data, we cannot say whether PA has reverted to normal levels between
the lockdowns. In the Mannheim Corona Study, PA levels in the overall sample sur-
passed pre-lockdown values in June 2020 (i.e., after the lifting of the restrictions), but
certain groups, such as women, parents and people with compromised health, were less
active [35]. In Canada, moderate-vigorous PA returned to pre-lockdown levels after the
first wave; incidental PA and walking, however, remained significantly lower [38]. In a
US study conducted in middle-aged and older adults, moderate-intensity PA returned to
pre-pandemic levels after the lockdown; walking, vigorous PA and overall PA, however,
did not [39]. Smartphone-tracked PA data from the United Kingdom also indicated het-
erogeneous changes post-lockdown: while previously active people managed to increase
their activity upon the lifting of the restrictions, moderately active people remained at
their lockdown low [40]. The COVID-19 Social Study with 35,915 participants identified
six different trajectories in the longitudinal change of PA [41]. Almost 30% of respondents
reduced their activities, and 12% remained inactive over time [41]. Taken together, it seems
plausible that at least some PA measures in certain population groups could have been
reduced sustainably following the first lockdown. Health effects of temporarily reduced
levels of PA vary depending on fitness and health status, reductions in PA volume and
intensity and the length of the period with reduced PA [42,43]. Decreased levels of PA
might, however, also contribute to increased energy storage in the adipose tissue [44] and
lead to loss of newly acquired improvement in cardiorespiratory fitness [42]. Reduced
levels of PA imply reduced overall energy expenditure, which might lead to a positive
energy balance in the absence of a reduced energy intake [45]. Indeed, the representative
German National Health Survey documented a mean weight increase of about 1 kg and a
BMI increase of 0.5 kg/m2 between April-August 2019 and April-August 2020 [18]. Taken
together, ongoing and recurrent reduced levels of PA might further enhance the public
health challenge of widespread physical inactivity [46]. It might not be realistic to expect
PA levels to automatically revert to pre-pandemic values just because most restrictions
have been lifted. Rather, targeted PA programming seems to be needed to reach the “old”
and “new” inactive.
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In the meantime, evidence that PA and fitness might protect against severe COVID-19
symptoms and mortality has been accumulating [7]. Indeed a current systematic review
and meta-analysis concluded that higher levels of PA are associated with a 31% lower risk
of contracting infectious diseases and 37% lower risk of infectious disease mortality [47].
These protective effects can be explained by various PA-induced mechanisms. Regular PA
strengthens the immune system, reduces low-level systemic inflammation and improves
mitochondrial fitness [47–49].

Our study has several strengths but also some limitations that have to be mentioned.
The use of the validated EHIS PAQ helped collect detailed PA data and included a variety
of PA measures. The explicit assessment of muscle-strengthening activities allows the
establishment of compliance with current PA guidelines. In addition, the WHO-5 is a
validated and often used tool. We could analyze data of a reasonably large sample, which,
however, was not representative. Since all our data were based on self-report, reporting
bias and the effects of social desirability must be considered. Our respondents were highly
educated and predominantly female, which might limit the generalizability of our results
to other samples. Further, self-selection bias cannot be ruled out either.

5. Conclusions

Our study is one of the first on PA and well-being in the second wave of the COVID-19
pandemic. We documented considerable declines in all PA measures as well as a dramatic
increase in depressive mood during the second lockdown in Germany in 2021. Our data
expand the existing body of evidence from the first wave of the pandemic and highlight
the importance of intensifying efforts to relaunch PA offers and take measures to improve
psychological well-being.
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