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Abstract: The new coronavirus (COVID-19) pandemic and the resulting response measures have
led to severe limitations of people’s exercise possibilities with diminished physical activity (PA) and
increased sedentary behavior (SB). Since for migrant groups in Germany, no data is available, this
study aimed to investigate factors associated with changes in PA and SB in a sample of Turkish
descent. Participants of a prospective cohort study (adults of Turkish descent, living in Berlin,
Germany) completed a questionnaire regarding COVID-19 related topics including PA and SB since
February 2020. Changes in PA and SB were described, and sociodemographic, migrant-related,
and health-related predictors of PA decrease and SB increase were determined using multivariable
regression analyses. Of 106 participants, 69% reported a decline of PA, 36% reported an increase in
SB. PA decrease and SB increase seemed to be associated with inactivity before the pandemic as well
as with the female sex. SB increase appeared to be additionally associated with educational level
and BMI. The COVID-19 pandemic and the response measures had persistent detrimental effects on
this migrant population. Since sufficient PA before the pandemic had the strongest association with
maintaining PA and SB during the crisis, the German government and public health professionals
should prioritize PA promotion in this vulnerable group.
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1. Introduction
In November 2019, the first cases of the new coronavirus Sars-CoV-2 emerged in China.
From there, the virus and the coronavirus disease (COVID-19) spread all over the world.
In March 2020, the World Health Organization (WHO) declared the COVID-19 outbreak a
global pandemic [1]. As of July 2021, more than 180 million cases of COVID-19 had been
confirmed by WHO including more than 3.9 million deaths [2].
Many countries have imposed response measures, mostly called ‘lockdowns’, to contain the spread of the virus including social distancing, home confinement, or closure of
public spaces [3]. In Germany, the first case of COVID-19 was detected on 27 January
2020 [4]. As of 22 March 2020, a nationwide lockdown was implemented including the closure of schools, restaurants, bars, sports facilities, and other measures for social distancing
such as working from home, wearing masks, prohibition of mass events, as well as the
appeal to stay at home whenever possible [5]. These measures were gradually lifted at the
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end of May 2020 but had to be reimposed in November–December 2020 during the second
wave of the pandemic in Germany [6].
These lockdown measures have influenced people’s work, education, travel, and
recreation, and subsequently, their levels of physical activity (PA) and sedentary behaviors
(SB) all over the world, as two recent reviews show [7,8]. Research shows that physical
activity has many positive effects on physical and mental health and can lead to higher
social contentedness [9–11]. Additionally, it can help to overcome stress, anxiety, and
depressive symptoms, all symptoms that were reported by many persons due to the
pandemic [12–14]. Sedentary behavior, on the other hand, is associated with an increased
risk of musculoskeletal, metabolic, and cardiovascular diseases [15–17].
Although exercising alone or with one accompanying person was always allowed in
Germany, fitness centers, community sports grounds, public swimming pools, and outdoor
leisure facilities were closed. Since people were advised to work from home and to stay at
home whenever possible, active transport was reduced as well, while the time spent sitting
at home increased. As a consequence, many people reduced their activities, especially
persons with little children, older adults, as well as persons who did not cope well with
the pandemic-induced stress [18–21]. Less is known, however, about coping strategies
among migrant groups and if PA and SB changes occurred comparably. There is a study
from Australia that investigated coping strategies among migrants during the pandemic,
but without taking physical activity into account [22]. A recent study investigating a
Turkish migrant sample showed that PA and SB changes depended, among other things,
on migration-related factors like citizenship, and the preferred language when completing
a questionnaire; however, these results were reported before the COVID-19 pandemic [23].
From a public health perspective, it is important to better understand the underlying
mechanisms of PA and SB changes to be able to develop public health strategies for specific
population groups that are at higher risk of this undesirable behavior, e.g., due to their
living situation, work environment, or language barriers. In Germany, persons with Turkish
background have formed the largest migrant group (currently 2.82 million) since in the
1960s and 1970s, when Germany recruited so-called “guest workers” from predominantly
Southern Europe and the Mediterranean region [24].
The aim of our study was therefore to describe PA and SB changes during the COVID19 pandemic in a sample of adults of Turkish descent living in Berlin, Germany, and to
investigate sociodemographic, health-related, and migration-related factors associated
with those changes.
2. Materials and Methods
2.1. Study Design
This present study is a cohort study among adults of Turkish descent living in the
inner-city districts of Berlin. Three assessment points took place in 2011–2012, 2018–2019,
and 2020 during the COVID-19 pandemic. The baseline assessment was part of the pretest
phase of the German National Cohort (NAKO) intending to evaluate different recruitment
strategies (a register-based and a network approach) among persons of Turkish descent
using an onomastic procedure. Details of the recruitment are described by Reiss et al. [25].
2.2. Participants and Enrollment
For the baseline assessment, all eligible persons were invited to the study center.
Inclusion criteria were having Turkish descent and an age between 20 and 69. Persons who
were willing to participate completed a questionnaire and underwent medical examination
(measurement of body height and weight, a blood pressure test, had a blood sample taken).
After 6 to 7 years (between May 2018 and July 2019), a self-administered questionnaire was
sent out to all participants who did not refuse to be recontacted (n = 557). Participants were
asked about health status and behavior, health care utilization, among other questions.
A description of the follow-up recruitment has been provided by Krist et al. [26]. The
3rd assessment (2nd follow-up) took place during the COVID-19 pandemic between July
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than 150 min of PA per week according to WHO recommendations [27]. The created var2.3.3. Sociodemographic Variables
iable (‘WHO recommendations fulfilled yes/no’) was used as a covariate in all analyses.
We included age, sex, educational level (assessed at baseline), and employment status
(assessed at 2nd follow-up) as sociodemographic variables. Education was assessed as
years of education, school type, and country and categorized into <10 years, 10–12 years,
and >12 years, taking the Turkish schooling reform into account [28]. We obtained harmo-
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nized categories of formal education attained in Turkey and/or Germany. Employment
status was assessed as a dichotomous variable yes/no.
2.3.4. Migration-Related Variables
As the first migration-related variable, own migration experience (assessed at baseline)
was included. Participants who were born in Turkey or another country were categorized
into the group with their own migration experience, while participants who were born in
Germany were defined as the group without migration experience.
Second, the language skills of the participants were included using the chosen language of the questionnaire (German or Turkish) since lots of the participants reported two
mother tongues (Turkish and German).
2.3.5. Health-Related Variables
As health-related variables, body mass index (BMI), smoking behavior, subjective
health status, and mood were included. Body height and weight were measured at baseline by trained study personnel using a calibrated integrated measurement station (SECA
model 764, Seca® , Hamburg, Germany). From these measurements, BMI was calculated
as weight over height squared in kg/m2 and categorized into normal weight (BMI 18.5
to < 25.0 kg/m2 ), overweight (BMI 25.0 to <30.0 kg/m2 ), and obesity (BMI ≥ 30.0 kg/m2 ).
(There was no participant with a BMI below 18.5 kg/m2 .) For the analyses in this
manuscript, the BMI of the 1st follow-up was used, calculated using measured height at
baseline and self-reported weight at 1st follow-up.
Smoking status was assessed at 2nd follow-up and categorized into smoker (regular
smoking), ex-smoker, and never-smoker.
Health status was assessed at 2nd follow-up with the question, ‘How would you
describe your health status in general?’ The answers ‘excellent’, ‘very good’, ‘good’, ‘not so
good’, and ‘poor’ were dichotomized into ‘good’ (including ‘excellent’, ‘very good’, and
‘good’) and poor (including ‘not so good’ and ‘poor’).
2.3.6. Mental Health Variable
The mood of the participants was assessed at 2nd follow-up as well, using the depression module (PHQ-9) from the Patient Health Questionnaire, a validated 9-item tool for
measuring depressive symptoms based on DSM-IV criteria with good test–retest reliability [29]. The questionnaire asks for loss of interest, feelings of depression, tiredness, loss of
energy or concentration. Each question had four answer categories: ‘Not at all’, ‘several
days’, ‘more than half the days’, and ‘nearly every day’ resulting in a sum score. The scores
ranged from 0 to 27, the cut-off of ≥10 points representing moderate to severe levels of
depression [30,31].
2.4. Statistical Analyses
We used an explorative statistical approach rather than conducting strict hypothesis
testing, as it was not the aim to create a comprehensive prediction model. Participants’
characteristics were analyzed using descriptive methods of means and standard deviations
for continuous data and absolute and relative frequencies for categorical data. A pairwise
correlation analysis was performed to detect relations between the different PA settings that
were reported as contingency coefficients (Supplementary Table S1). The settings transport,
leisure time, and sports had a contingency coefficient of 0.7 indicating a strong correlation
and were subsequently combined to the outcome variable for PA change. Since changes in
the settings work and home were less nuanced, they were not included in the main analysis,
but only presented in the supplement (Supplementary Table S2). A multivariable logistic
regression analysis was conducted to investigate associations between variables assessed
at baseline, 1st, and 2nd follow-up (exposures) and changes of PA (combined settings)
and SB during the pandemic (outcomes). For the multivariable analyses, covariates with
p > 0.2 were removed using backward-stepwise elimination (Wald) (i.e., the least significant

Int. J. Environ. Res. Public Health 2021, 18, 9682

5 of 13

covariate was removed one at a time, then the model rerun). The remaining variables of the
final model were included in a complete case multivariable logistic regression model. As a
measure of goodness-of-fit, we report Nagelkerke’s R-squared values. Included variables
were not correlated with each other. Results of the multivariable regression analysis were
presented as odds ratios (OR) with 95% confidence intervals (CI). The analyses were
performed using SPSS Statistics for Windows (25.0.0.1, IBM Corp., Armonk, NY, USA).
3. Results
Out of 377 persons who were contacted between July and December 2020 for the 2nd
follow-up of our cohort study, 106 completed the questionnaire (44 after the first invitation,
57 after the first reminder, and 5 after the second reminder). Two hundred and sixty-three
persons did not answer, four persons actively declined to participate, three persons could
not be reached due to a wrong address, and one person had died.
Among the sample, mean age ± standard deviation (SD) was 53.9 ± 11.8 years,
58% were women, and 82% had their own migration experience. Before the COVID-19
pandemic, 22% were sufficiently active with at least 150 min of moderate PA per week. All
participants’ characteristics are presented in Table 1.
Table 1. Characteristics of the study sample.
Men
N = 44

Women
N = 62

Total
N = 106

% or mean ± standard deviation
Sociodemographics
Age in years
Educational level 1
<10 years
10–12 years
>12 years
Questionnaire language
German
Turkish
Own migration experience 1
Employed (half or full time)
Health-related variables
Body mass index (BMI) 2
Normal weight (18.5 to <25.0 kg/m2 )
Overweight (25.0 to <30.0 kg/m2 )
Obesity (≥30.0 kg/m2 )
Smoking behavior
Smoker
Ex-smoker
Never smoker
Physical activity before COVID-19 pandemic 2
At least 150 min/week of moderate physical activity
Health status, self-reported
Good (including good, very good, excellent)
Poor (including less good, poor)
Depressive symptoms (≥10 points on PHQ-9 scale 3 )

54.8 ± 10.9

53.2 ± 12.5

data
53.9 ± 11.8

22.7
47.7
27.3

41.9
33.9
16.1

34.0
39.6
20.8

61.4
38.6
88.6
54.8

48.1
41.9
77.8
38.3

59.4
40.6
82.0
45.1

29.7 ± 4.7
9.7
41.9
48.4

29.3 ± 5.3
23.2
33.9
42.9

29.5 ± 5.1
18.4
36.8
44.8

34.1
22.7
43.2

30.0
28.3
41.7

31.7
26.0
42.3

17.6

25.0

22.0

86.4
13.6
25.0

71.0
29.0
34.5

77.4
22.6
30.5

1

Variables assessed at baseline (2011/2012); 2 variables assessed at 1st follow-up (2018/2019); 3 PHQ-9: patient
health questionnaire depression.

Among all participants, 68.9% reported a decline of PA in any of the five settings
(55.6% among the formerly active, and 76.6% among the inactive, (Figure 3a)). The decline
was the strongest in sports (55.7%), followed by leisure time PA (43.1%), active transport
(42.3%), activities at work (28.3%), and at home (8.1%) (Figure 2). Regarding SB, 36%
reported an increase since the start of the pandemic (11.8% among the active, and 46.7%
among the inactive) (Figures 2 and 3b).
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When stratifying the participants for having fulfilled the WHO recommendations regarding PA (at least 150 min per week at least moderately active) before COVID-19,
changes in PA and SB differed between the strata (Figure 3a,b).
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Regression Analyses
Univariable regression analysis did not show any statistically significant association
between PA changes and the included predictor variables; SB changes were associated
with inactivity in the past (Tables 2 and 3).
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regarding PA (at least 150 min per week at least moderately active) before COVID-19,
changes in PA and SB differed between the strata (Figure 3a,b).
Regression Analyses
Univariable regression analysis did not show any statistically significant association
between PA changes and the included predictor variables; SB changes were associated
with inactivity in the past (Tables 2 and 3).
Table 2. Univariable and multivariable regression analysis for the outcome less physical activity
during the COVID-19 pandemic.
Less Physical Activity in Transport, Leisure Time,
and/or Sports

Predictors
n
Sociodemographics
Age per year
Sex 1
Male vs. female
Educational level 1
<10 years
10–12 years
>12 years
Employed
No vs. yes
Migration-related variables
Questionnaire language
Turkish vs. German
Own migration experience 1
No vs. yes
Health-related variables
Obesity vs. normal/overweight 2
Never/ex-smokers vs. smokers
<150 min PA per week vs. ≥150 min PA per week
(WHO recommendations)—before COVID-19 pandemic 2
Subjective health status: poor (not so good or poor) vs.
good (good, very good, or excellent)
Depressive symptoms (≥10 vs. <10 on PHQ-9 scale 3 )

Univariable
OR (95% CI)

p

Multivariable 4
p
OR (95% CI)

103

1.0 (1.0;1.1)

0.383

-

103

0.5 (0.2;1.1)

0.096

0.3 (0.1;0.9)

0.032

100

Ref
2.0 (0.8;5.2)
1.8 (0.6;5.5)

0.141
0.300

-

-

0.8 (0.4;1.9)

0.636

-

-

99
103

1.2 (0.5;2.8)

0.678

-

-

87

2.7 (0.7;10.2)

0.143

-

-

85
101

1.3 (0.5;3.2)
0.6 (0.2;1.4)

0.616
0.214

2.0 (0.6;6.9)
0.4 (0.1;1.4)

0.254
0.146

80

2.6 (0.9;7.8)

0.072

6.2 (1.7;22.6)

0.006

103

0.8 (0.3;2.1)

0.633

0.3 (0.1;1.3)

0.115

95

1.4 (0.5;3.7)

0.487

-

-

1

Variables assessed at baseline (2011/2012); 2 variables assessed at 1st follow-up (2018/2019); 3 PHQ-9: patient
health questionnaire depression. 4 Complete case analysis with remaining variables of the final model of Wald’s
backward elimination), n = 74; Nagelkerke’s R-squared: 0.2.

Table 3. Univariable and multivariable regression analysis for the outcome more sedentary behavior
during the COVID-19 pandemic.
Predictors

More Sedentary Behavior
n

Sociodemographics
Age per year
Sex 1
Male vs. female
Educational level 1
<10 years
10–12 years
>12 years
Employed
No vs. yes
Migration-related variables
Questionnaire language
Turkish vs. German
Own migration experience 1
No vs. yes
Health-related variables
Obesity vs. normal/overweight 2
Never/ex-smokers vs. smokers
<150 min PA per week vs. ≥150 min PA per week
(WHO recommendations)—before COVID-19 pandemic 2
Subjective health status: poor (not so good or poor) vs.
good (good, very good, or excellent)
Depressive symptoms (≥10 vs. <10 on PHQ-9 scale 3 )
1

Univariable
OR (95% CI)

p

Multivariable 4
p
OR (95% CI)

100

1.0 (1.0;1.0)

0.467

-

-

100

0.7 (0.3;1.6)

0.371

0.3 (0.1;0.9)

0.040

100

Ref
1.5 (0.6;4.0)
1.3 (0.4;4.2)

0.393
0.610

-

-

96

1.3 (0.5;3.0)

0.575

-

-

100

1.2 (0.5;2.7)

0.682

-

-

84

1.0 (0.3;3.0)

0.957

-

-

82
98

1.5 (0.6;3.6)
1.0 (0.4;2.4)

0.398
0.993

3.3 (1.0;10.4)
-

0.043
-

77

6.6 (1.4;31.2)

0.009

19.3 (2.2;170.0)

0.008

100

1.3 (0.5;3.4)

0.587

-

-

92

2.4 (0.9;5.9)

0.062

-

-

Variables assessed at baseline (2011/2012); 2 variables assessed at 1st follow-up (2018/2019); 3 PHQ-9: patient
health questionnaire depression. 4 Complete case analysis with remaining variables of the final model of Wald’s
backward elimination), n = 72; Nagelkerke’s R-squared: 0.3.
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Multivariable regression analyses revealed that female sex and low PA in the past
seemed to be associated with a decreased PA during the pandemic. Women had 70% higher
odds than men to engage in less PA during the pandemic (OR 0.3 (0.1;0.9)), and persons
who did not fulfill WHO recommendations at 1st follow-up were more than 6 times more
likely to report a decrease in PA during the pandemic than their active counterparts (OR
(95%CI): 6.2 (1.7;22.6)) (Table 2). Higher SB appeared to be associated with female sex, high
BMI, and inactivity in the past. Women had 70% higher odds of sitting more than men (OR
0.3 (0.1;0.9)). Persons who were obese compared to normal or overweight persons were
three times, and persons who were not physically active in the past 19 times more likely to
sit more during the pandemic (OR: 3.3 (1.0;10.4), and 19.3 (2.2;170.0), respectively) (Table 3).
4. Discussion
The present study aimed to investigate changes in PA and SB among a sample of
adults of Turkish descent in Berlin, Germany, during the COVID-19 pandemic, and to
determine predictors of these changes.
More than two-thirds of the participants reported a decline in PA since the start of the
pandemic, and more than one-third reported an increase in SB. Similar proportions have
been suggested by other authors ranging from 40–70%, however, only for non-migrant
populations [32,33]. The most important PA decrease was observed in sports, leisure time,
and transport, while PA at work decreased moderately and household activities decreased
only to a small extent. Since sports facilities were closed and people were advised to stay
at home, as well as to work from home, it is comprehensible that PA decreased the most
in these three settings and remained almost stable for household activities. A German
study supports this assumption by showing that 41% of the participants reported closed
sports infrastructure as a reason for reduced PA [21]. Another study from Germany reports
similar results for a non-migrant study sample as our study regarding different settings
with the highest decrease in sports, leisure time, and work PA, but unchanged household
activities [34]. Although our results did not show an association with age, it seems that
in younger individuals PA decrease was less nuanced than in older ones. Huber et al.
described a decrease of PA in 45% of a sample with a mean age of 23 years [35], and in a
German sample of children aged 4 to 17, almost no change of PA was shown; however,
screen time increased to a very large extent [36].
The second main finding from our study regards predictors of PA and SB changes.
Persons who did not meet the recommendations of being moderately active before the
pandemic for at least 150 min per week were more than six times more likely to report
decreased PA during the pandemic. This was in line with a study from Italy reporting
sufficient activity before the pandemic as one of the predictors to stay active during the
pandemic [33]. In contrast, two studies showed a reduction among persons who were
active before the pandemic, but not among the inactive [37,38], and a study from the UK
reported a reciprocal association between the intensity of PA performed before and its
reduction during the pandemic [39]. As reported by several other studies, female sex was
also associated with decreased PA in our sample, however, depressive symptoms and
health status were not associated, even though 30% of the participants reported depressive
symptoms [37,40,41]. Age was not associated with decreased PA either, and neither was
education, which is partly in line with another German study that did show an association
of higher education with being active during the pandemic, but no association of age and
sex, either [18].
Time spent sitting increased in 36% of the participants. This proportion is in the
range of 30–50% reported by other authors [33,37,42,43]. A Chinese study reported 67% of
persons indicating increased SB; however, the two-to-three month home confinement in
China was one of the strictest in the world [44].
Predictors for increased SB were female sex, being obese compared to normal or
overweight, and not meeting PA recommendations before the pandemic. This is in contrast
to several other studies where SB decrease was rather an overall phenomenon and not
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specific for some subgroups [37,43,45]. Among the studies that reported associated factors
with SB increase, factors were changes in working situation (working from home or having
lost a job) [46], male sex, and non-smoking [47]. While the previous results of this cohort
study showed that German citizenship and German as preferred questionnaire language
were associated with a positive PA trajectory [23], in the present study none of the migrationrelated variables was associated with decreased PA or increased SB. Since the results of
this study were comparable with other studies conducted in Germany, at least for Berlin
there does not seem to be a large difference between the population of origin and persons
with a Turkish background.
4.1. Strengths and Limitations
To the best of our knowledge, this is the first study investigating PA and SB changes
in persons with a migrant background in Germany during the COVID-19 pandemic.
The proportion of studies that focus on migrants is still very small. Especially during
a crisis such as the COVID-19 pandemic, it is important to collect data of all relevant
subpopulations to be able to react adequately and to inform these subgroups about risks
and respective prevention measures during the crisis. Migrants often live in a precarious
housing situation, are employed at workplaces where working from home is not possible,
or have language difficulties which are barriers to a healthy lifestyle and also risk factors
for a coronavirus infection [48]. Therefore, data like ours on preventive lifestyle behaviors
is crucial for better preparedness for future pandemics.
The present study will help to provide information about the health behavior of
Turkish migrants in Germany and could thus be used to address this population group
more individually. Another strength of our study was that PA behavior before the pandemic
was assessed before and not as recall during the already existing pandemic. Third, data
collection started six months after the start of the response measures including the summer
with only a few restrictions and the autumn/winter where a nationwide lockdown was
reimposed. These data represent therefore a more realistic and long-term effect of the
pandemic and the restrictions on changes in PA and SB. Apparently, reduction of PA and
increase of SB are not only an acute problem during a lockdown but continue even if
response measures have been lifted.
Among the limitations of our study, we need to point out that the number of participants decreased considerably after the baseline assessment. Differences between participants and non-respondents may have led to somewhat distorted results. However, since
unfavorable health behaviors were more common among non-respondents than among
participants, changes in PA and SB were rather under- than overestimated. This assumption
is supported by Wunsch et al., who investigated the effects of the pandemic on PA changes
as well, performing a non-respondents’ analysis and showing lower PA and higher SB at
baseline among the non-respondents compared to the respondents [49]. Another limitation
is reduced significance of the study due to the small sample size. A further limitation is
the limited comparability of studies from different countries focusing on this topic. While
some countries such as China, Italy, or France imposed home confinements and strict
curfews, the measures in Belgium, Switzerland, and Germany were less drastic. Lastly,
a self-administered questionnaire has its limitations and increases the risk of response
bias due to social desirability or recall difficulties, even if the questions were taken from
validated questionnaires [50,51].
4.2. Implications
Our results emphasize the importance of providing possibilities to maintain PA even
during a crisis like the COVID-19 pandemic. A recent review showed evidence of the
benefits of exercise programs designed to motivate people during a home confinement,
including reducing their feeling of loneliness, e.g., online training programs, exergames,
programs for the whole family/household, activities at home, or use of fitness trackers [52]. WHO, the American Heart Association (AHA), and the American College of
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Sports Medicine (ACSM) offered guidelines regarding activities during home confinement [53–55], but these associations are, however, not very well known in Germany. In
addition, persons with lower socioeconomic status including a considerable number of
migrants with a Turkish background are already less likely to engage in sufficient physical
activity [56,57]. Besides financial barriers and the accessibility of sports facilities, gender
roles, social expectations, language problems, as well as religious aspects influence the
engagement in PA [58]. Exercise promotion in Germany is already very limited in normal
times, therefore, after this global health crisis, essential government actions should be
the implementation of nationwide exercise programs and information campaigns regarding health benefits of PA and strategies to reduce SB. In addition to general prevention
measures, special emphasis should be put on more personalized programs, as proposed
by the investigators of the DEDIPAC study [59], targeting vulnerable persons, such as
persons with low socioeconomic status, or migrants and their descendants. These could be
peer-supported programs promoted in the respective migrant communities [60].
5. Conclusions
Our study provides evidence of persistent lifestyle behavioral consequences of the
COVID-19 pandemic, demonstrating an adverse effect on PA and SB among a sample of
adults with Turkish roots living in Germany. Among this sample, PA was a strong predictor
for staying active during this pandemic crisis. These findings highlight the importance of
PA promotion efforts, but not only specific to the pandemic situation, where sports facilities
were less accessible, and people were staying most of the time at home.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18189682/s1, Table S1: Contingency coefficients of different physical activities, Table S2:
Factors associated with reduced physical activity (PA) and/or increased sedentary behavior (SB).
Univariable regression analysis. Outcome: Less activity/more sedentary behavior.
Author Contributions: Conceptualization, L.K. and T.K.; methodology, L.K.; validation, T.K., T.R.;
formal analysis, L.K., K.I.; investigation, L.K.; resources, L.K.; data curation, K.I.; writing—original
draft preparation, L.K.; writing—review and editing, T.K., T.R., C.D., K.I., I.D., H.B., S.N.W.; visualization, L.K.; supervision, T.K.; project administration, T.R., T.K.; funding acquisition, T.R. All authors
have read and agreed to the published version of the manuscript.
Funding: This cohort study was partly funded by the Federal Ministry of Education and Research,
Germany (grant number 01EH1604B). Additional own means were used for the present analyses.
Institutional Review Board Statement: The study was approved by the ethical review committee
of the Charité—Universitätsmedizin Berlin, Germany, and registered at the German Clinical Trials
Register under the registration number DRKS00013545.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The datasets used for this study are available from the corresponding
author on reasonable request.
Acknowledgments: We would like to thank the survey participants for their support of the project.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.

WHO. Timeline of WHO’s Response to COVID-19. Available online: https://www.who.int/emergencies/diseases/novelcoronavirus-2019/interactive-timeline?gclid=Cj0KCQjw7pKFBhDUARIsAFUoMDYDCfU8DVtIe_CyR22LqO1_Qur5octqIBneSePRKZGQVOFovOCR1QaAiXxEALw_wcB#! (accessed on 19 May 2021).
WHO. WHO COVID-19 Explorer. Available online: https://worldhealthorg.shinyapps.io/covid/ (accessed on 18 May 2021).
British Broadcasting Corporation Coronavirus: The World in Lockdown in Maps and Charts—BBC News. Available online:
https://www.bbc.com/news/world-52103747 (accessed on 18 May 2021).
Federal Ministry of Health Chronik Zum Coronavirus SARS-CoV-2. Maßnahmen. Available online: https://www.
bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html (accessed on 19 May 2021).

Int. J. Environ. Res. Public Health 2021, 18, 9682

5.

6.
7.

8.
9.
10.

11.
12.

13.

14.
15.

16.
17.

18.

19.

20.
21.
22.
23.

24.
25.

26.
27.

11 of 13

German Federal Government Besprechung der Bundeskanzlerin mit den Regierungschefinnen und Regierungschefs der Länder vom 22.03.2020. Available online: https://www.bundesregierung.de/breg-de/themen/coronavirus/besprechung-derbundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-vom-22-03-2020-1733248 (accessed on 19
May 2021).
German Federal Government Beratung der Kanzlerin mit den Ministerpräsidenten. Available online: https://www.
bundesregierung.de/breg-de/aktuelles/bund-laender-beschluss-1811744 (accessed on 19 May 2021).
Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, 1–8. [CrossRef] [PubMed]
Caputo, E.L.; Reichert, F.F. Studies of Physical Activity and COVID-19 during the Pandemic: A Scoping Review. J. Phys. Act.
Health 2020, 17, 1275–1284. [CrossRef] [PubMed]
Pareja-Galeano, H.; Garatachea, N.; Lucia, A. Exercise as a Polypill for Chronic Diseases. In Progress in Molecular Biology and
Translational Science; Elsevier Inc.: Amsterdam, The Netherlands, 2015; pp. 497–526. ISBN 9780128039915.
Schuch, F.B.; Stubbs, B.; Meyer, J.; Heissel, A.; Zech, P.; Vancampfort, D.; Rosenbaum, S.; Deenik, J.; Firth, J.; Ward, P.B.; et al.
Physical activity protects from incident anxiety: A meta-analysis of prospective cohort studies. Depress. Anxiety 2019, 36, 846–858.
[CrossRef] [PubMed]
Pedersen, B.K.; Saltin, B. Exercise as medicine—Evidence for prescribing exercise as therapy in 26 different chronic diseases.
Scand. J. Med. Sci. Sport. 2015, 25, 1–72. [CrossRef] [PubMed]
Brailovskaia, J.; Cosci, F.; Mansueto, G.; Miragall, M.; Herrero, R.; Baños, R.M.; Krasavtseva, Y.; Kochetkov, Y.; Margraf, J. The
association between depression symptoms, psychological burden caused by Covid-19 and physical activity: An investigation in
Germany, Italy, Russia, and Spain. Psychiatry Res. 2021, 295, 113596. [CrossRef]
Violant-Holz, V.; Gallego-Jiménez, M.G.; González-González, C.S.; Muñoz-Violant, S.; Rodríguez, M.J.; Sansano-Nadal, O.;
Guerra-Balic, M. Psychological health and physical activity levels during the covid-19 pandemic: A systematic review. Int. J.
Environ. Res. Public Health 2020, 17, 9419. [CrossRef]
Peters, A.; Rospleszcz, S.; Greiser, K.H.; Dallavalle, M.; Berger, K. The Impact of the COVID-19 Pandemic on Self-Reported Health.
Dtsch. Arztebl. Int. 2020, 117, 861–867. [CrossRef]
Silva, F.M.; Duarte-Mendes, P.; Rusenhack, M.C.; Furmann, M.; Nobre, P.R.; Fachada, M.Â.; Soares, C.M.; Teixeira, A.; Ferreira, J.P.
Objectively measured sedentary behavior and physical fitness in adults: A systematic review and meta-analysis. Int. J. Environ.
Res. Public Health 2020, 17, 8660. [CrossRef] [PubMed]
Lee, J.; Lee, J.; Ahn, J.; Lee, D.-W.; Kim, H.-R.; Kang, M.-Y. Association of Sedentary Work with Colon and Rectal Cancer:
Systematic Review and Meta-Analysis. Occup Environ Med. 2021. [CrossRef] [PubMed]
Ramsey, K.A.; Rojer, A.G.M.; D’Andrea, L.; Otten, R.H.J.; Heymans, M.W.; Trappenburg, M.C.; Verlaan, S.; Whittaker, A.C.;
Meskers, C.G.M.; Maier, A.B. The association of objectively measured physical activity and sedentary behavior with skeletal
muscle strength and muscle power in older adults: A systematic review and meta-analysis. Ageing Res. Rev. 2021, 67, 101266.
[CrossRef]
Maertl, T.; De Bock, F.; Huebl, L.; Oberhauser, C.; Coenen, M.; Jung-Sievers, C. Physical activity during COVID-19 in German
adults: Analyses in the covid-19 snapshot monitoring study (cosmo). Int. J. Environ. Res. Public Health 2021, 18, 507. [CrossRef]
[PubMed]
Wilke, J.; Mohr, L.; Tenforde, A.S.; Edouard, P.; Fossati, C.; González-Gross, M.; Ramírez, C.S.; Laiño, F.; Tan, B.; Pillay, J.D.; et al. A
pandemic within the pandemic? Physical activity levels substantially decreased in countries affected by covid-19. Int. J. Environ.
Res. Public Health 2021, 18, 2235. [CrossRef]
Huber, B.C.; Schlichtiger, J.; Drey, M.; Steffen, J.; Brunner, S. Change of the Physical Activity Scale for the Elderly (PASE) Score
after COVID-19 Outbreak. J. Sports Med. Phys. Fitness 2021. [CrossRef]
Mutz, M.; Gerke, M. Sport and exercise in times of self-quarantine: How Germans changed their behaviour at the beginning of
the Covid-19 pandemic. Int. Rev. Sociol. Sport 2020, 56, 305–316. [CrossRef]
Zajacova, A.; Jehn, A.; Stackhouse, M.; Denice, P.; Ramos, H. Changes in health behaviours during early COVID-19 and
socio-demographic disparities: A cross-sectional analysis. Can. J. Public Health 2020, 111, 953–962. [CrossRef] [PubMed]
Krist, L.; Dornquast, C.; Reinhold, T.; Becher, H.; Icke, K.; Danquah, I.; Willich, S.N.; Keil, T. Physical activity trajectories among
persons of Turkish descent living in Germany—A cohort study. Int. J. Environ. Res. Public Health 2020, 17, 6349. [CrossRef]
[PubMed]
Statistisches Bundesamt (Destatis). Bevölkerung und Erwerbstätigkeit: Bevölkerung mit Migrationshintergrund—Ergebnisse des
Mikrozensus 2019; Statistisches Bundesamt (Destatis): Wiesbaden, Germany, 2020.
Reiss, K.; Dragano, N.; Ellert, U.; Fricke, J.; Greiser, K.H.; Keil, T.; Krist, L.; Moebus, S.; Pundt, N.; Schlaud, M.; et al. Comparing
sampling strategies to recruit migrants for an epidemiological study. Results from a German feasibility study. Eur. J. Public Health
2014, 24, 721–726. [CrossRef] [PubMed]
Krist, L.; Dornquast, C.; Reinhold, T.; Solak, S.; Durak, M.; Keil, T. Strategies to enhance follow-up response in a cohort study
with Berliners of Turkish descent. Eur. J. Public Health 2019, 29, 400–401. [CrossRef]
WHO. WHO Global Recommendations on Physical Activity. Available online: http://www.who.int/dietphysicalactivity/pa/
en/index.htm (accessed on 20 February 2019).

Int. J. Environ. Res. Public Health 2021, 18, 9682

28.
29.
30.
31.
32.

33.

34.
35.
36.

37.

38.
39.

40.
41.
42.

43.
44.

45.
46.
47.

48.
49.

50.
51.

12 of 13

Aksit, N. Educational reform in Turkey. Int. J. Educ. Dev. 2007, 27, 129–137. [CrossRef]
Kroenke, K.; Spitzer, R.L.; Williams, J.B.W. The PHQ-9. Validity of a Brief Depression Severity Measure. J. Gen. Intern. Med. 2001,
16, 606–613. [CrossRef] [PubMed]
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