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Introduction

For several decades, non-communica-
ble diseases (NCDs) have dominated
the causes of morbidity and mortality
in western countries. In Germany, the
2017 Global Burden of Disease Report
estimated that about 90% of mortality
and disability-adjusted life years (DALY;
i.e., years of life without health im-
pairment) can be attributed to NCDs
(Institute for Health Metrics and Eval-
uation, 2020). NCDs are distinguished
from communicable infectious diseases
and are characterized by their chronic,
long-lasting nature (WHO, 2014). Of
particular importance for the NCD-re-
lated burden of disease in the German
population are cardiovascular diseases
(CVDs; 18.9% of DALY, including is-
chemic heart diseases [9.3%] and stroke
[4.0%]), cancer (18.8%), musculoskeletal

diseases (11.3%; including low back pain
[6.6%] and neck pain [2.3%]), neuro-
logical diseases (8.4%), mental disorders
(6.5%; including depression [2.2%]),
chronic obstructive pulmonary disease
(COPD; 3.9%), and metabolic diseases
like diabetes mellitus (2.9%).

For a multitude of NCDs, it is now
well documented that physical activity
(PA) has both preventive and therapeu-
tic health effects. The most recent report
of the Physical Activity Guidelines Ad-
visory Committee (PAGAC, 2018) pro-
vides moderate to strong evidence that
PA reduces the risk of developing vari-
ous cardiovascular, metabolic, and neu-
rological diseases and mental disorders
aswell as certain types of cancer. Forpeo-
ple who are already affected by NCDs,
many positive health effects of PA re-
lated to disease progression, symptoms,
and the risk of morbidity and mortal-
ity are also empirically well-documented
(Pedersen&Saltin, 2015; PAGAC, 2018).
Moreover, depending on the health dis-
order, PA positively influences important
risk factors for the chronicity of NCDs
(e.g., obesity, high blood pressure), im-

paired body functions, and pain experi-
ences (Pedersen & Saltin, 2015).

Based on this growing evidence, PA
recommendations have been developed
and updated since the 1980s, which de-
scribe a minimum level of PA required
to achieve the health benefits (WHO,
2010). Such recommendations do also
exist for people with NCDs for Germany
(Geidl, Abu-Omar, Weege, Messing, &
Pfeifer, 2020; Pfeifer & Geidl, 2017) and
are comparable with national and inter-
national recommendations for the gen-
eral adult population (Füzéki, Vogt, &
Banzer, 2017; Rütten & Pfeifer, 2017;
WHO, 2010). In terms of aerobic activi-
ties, a weekly minimum of 150min of ac-
tivity with moderate intensity, 75min of
activitywith vigorous intensity, or a com-
bination of these, is recommended. In
addition,muscle strengthening isalsoad-
vised at least twice a week. Indeed, the
fulfillment of both recommendations for
aerobic activity and muscle strengthen-
ing is associatedwithhighrisk reductions
for all-cause and cause-specific mortal-
ity (Zhao, Veeranki, Magnussen, & Xi,
2020).
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In Germany, however, the potential
health benefits are not fully utilized due
to PA levels that are insufficient to meet
the current health-oriented PA recom-
mendations (Finger, Mensink, Lange, &
Manz, 2017). According to the findings
of the nationwide representative Ger-
man Health Update (GEDA-2014/2015-
EHIS) in the general adult population,
only 42.6% of women and 48.0% of men
meet the recommendations for at least
150min of moderate aerobic activity
each week. For muscle strengthening,
the percentages of adults who perform
this type of PA at least twice a week
are even lower at 27.6% in women and
31.2% in men (Finger et al., 2017).

Large international studies have in-
dicated that PA may be significantly
reduced in the subpopulation of peo-
ple with NCDs. A study in the United
States, for example, observed that more
than the half of the individuals with no
NCDs (~54%) met the recommended
minimum of 150min of at least mod-
erate aerobic activity weekly. However,
the prevalence of sufficient aerobic PA
was lower for people with cancer and
osteoarthritis (both ~45%) and was the
lowest for people with stroke (~31%)
and COPD (~26%) (Brawner, Churilla,
& Keteyian, 2016). A further large
epidemiological study in the United
Kingdom also confirmed these findings
that people with NCD were significantly
less active, and trends between different
types of diseases were again observed
(Barker et al., 2019).

In Germany, no nationwide represen-
tative information regardingPAbehavior
in people who have NCDs is available to
date. However, such knowledge is neces-
sary tomore precisely assess the potential
need for action to promote PA and also
to create a better source of information
for targeted interventions for the vulner-
able subpopulationof peoplewithNCDs.
Therefore, the aim of this study was to
characterize patterns of prevalence for
fulfilling health-oriented PA recommen-
dations in people with NCDs using a na-
tionally representative survey of the Ger-
man Health Update (GEDA-2014/2015-
EHIS; Lange et al., 2017). Themainques-
tions were whether the PA behavior of
adults with NCDs differs from that of the

general adult population andwhether, on
average, there are differences in people
with a certain NCD. It also includes
the question whether people with multi-
ple NCDs, as international studies have
shown (Brawner et al., 2016), are partic-
ularly vulnerable to not achieving the PA
recommendations.

Methods

This study report iswritten in accordance
withtheguidelines forreportingobserva-
tional studies (STROBE Statement, von
Elm et al., 2008). The checklist of items
for cross-sectional studies is included in
the Supplementary Material.

Design and sample

We used the Scientific Use File of the
GEDA 2014/2015-EHIS from the Robert
Koch Institute (2018). The GEDA
2014/2015-EHIS is a health survey that
was conducted among adults as part of
the Federal HealthMonitoring System in
Germany (Lange et al., 2017; Saß et al.,
2017). The survey was based on self-
administered questionnaires delivered
either electronically via the internet or
as a paper questionnaire sent by postal
mail. The data collection was carried
out from November 2014 through July
2015.

A detailed description of the sampling
and response rates can be found in the
original study description by Lange et al.
(2017). In brief, it was a nationally repre-
sentative sample of adults aged 18 years
or older. The sample was assembled with
a two-stage cluster sampling approach:
First, 301 communities were randomly
selected (stratifiedbyregionandcommu-
nity size). Second, people with perma-
nent residence in the communities were
randomly chosen from the local popu-
lation registers. A total of 24,016 people
(10,872men and 13,144 women) partici-
pated in the voluntary survey (44.6% via
the web, 55.4% via paper surveys that
were mailed). Written informed consent
was obtained from all participants after
they had been informed about the study
objectives andcontents, aswell as thedata
protection regulations according to the
approved study protocol. The response

rate was 26.9%, which was within the
typically expected low range for popu-
lation-based health surveys (Saß et al.,
2017).

Measures

Physical activity
In the GEDA-2014/2015-EHIS, the Eu-
ropean Health Interview Survey-Physi-
cal Activity Questionnaire (EHIS-PAQ)
was applied for the first time to esti-
mate PA levels within the federal health
monitoring surveys. The EHIS-PAQ is
a short survey instrument used to as-
sess PA in different domains relevant to
public health (work, transportation, and
leisure time). An important goal in the
development of the questionnaire was
to enable survey-based estimates of the
proportion of the population that meets
current health-oriented PA recommen-
dations (Finger et al., 2015). Therefore,
the area of leisure-time PA contained
questions on both aerobic activities and
muscle strengthening. The first question
in this section asked about sports, fit-
ness, and recreational activities that lead
to at least a slight increase in breathing
and heart rate (e.g., [nordic] walking,
ball games, jogging, cycling, swimming,
aerobics, rowing, or badminton). The re-
spondents indicated how many days in
a typical week they were active for at least
10min and howmuch time they spent on
these activities per week in their leisure
time. This assessment was in line with
the definition of aerobic activities with
at least a moderate intensity used for the
PArecommendationof theWHO(2010).
Due to negative experiences in piloting
theEHIS-PAQ, no furtherdifferentiation
was made between moderate and vigor-
ous aerobic activities (Finger et al., 2015).
For muscle strengthening, the frequency
in a typical week was asked for, and ex-
amples were given, including strength
training or strengthening exercises per-
formed using weights, elastic bands, or
one’s own body weight.

To assess transportation-related PA,
the EHIS-PAQ contains two questions
each on walking and cycling. The first
question asked about the number of days
in a typical week that people walked or
cycled for transportation purposes. The
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second question assessed how long peo-
ple walked or cycled on a typical day.
This method allowed the estimation of
the duration of walking and cycling for
transportation for at least 10minat a time
in a typical week.

Based on this information, we used
the three main indicators of the federal
health monitoring system as follows:
4 Health-enhancing aerobic activity:

This binary indicator describes
whether people engage in at least
150min of aerobic activity in bouts
of 10min or more each week using
information on cycling for trans-
portation as well as on time spent
participating in sports, fitness, and
recreational activities with at least
a moderate intensity.

4 Muscle strengthening: This binary
indicator describes the fulfillment
of recommendations for at least two
sessions of muscle-strengthening
activities per week.

These indicators have demonstrated an
acceptable validity and reliability in
previous validation studies (Baumeister
et al., 2016; Finger et al., 2015) and
have already been used in publications
that employed the EHIS-PAQ for health-
monitoring purposes (Finger et al., 2017)
or research (Finger et al., 2019). In ad-
dition, we considered a third indicator
by referring to the fulfillment of both
recommendations on health-enhancing
aerobic activity and muscle strengthen-
ing (Finger et al., 2017).

For the purpose of our sensitivity
analyses, we also used the indicator for
health-enhancing aerobic activity, which
includes information on transportation-
related walking. Because transportation-
related walking might not reflect activity
with at least a moderate intensity, the
weekly duration was multiplied by 0.5
(Baumeister et al., 2016; Finger et al.,
2015).

Non-communicable diseases
The selection of noncommunicable dis-
eases (NCDs) for this study (. Table 1)
was mainly based on the listing of the
10 most important causes of the bur-
den of disease in adult men or women
in Germany (Plass et al., 2014). In ad-
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Abstract
Introduction. The numerous health benefits
of physical activity (PA) for people with non-
communicable diseases (NCDs) are well-
documented. In Germany, there are limited
data on whether adults with NCDs fulfill
health-oriented PA recommendations. This
study describes the prevalence of meeting PA
recommendations among adults with select
NCDs.
Method. Based on the national representative
GEDA-2014/2015-EHIS (N= 24,016), the self-
reported PA data of the European Health
Interview Survey–Physical Activity Question-
naire (EHIS-PAQ) were classifiedwith respect
to fulfilling recommendations for health-
enhancing aerobic activities (≥150min per
week with at least moderate intensity) and
muscle strengthening (≥2 times per week).
These binary indicators were used to analyze
the association between the prevalence of
sufficient PA and the self-reported presence
of certain NCDs and multiple NCDs to reflect
multimorbidity.

Results. Compared to the general adult
population, sufficient aerobic PA was lower
for most NCDs, with the lowest level among
people with diabetesmellitus, obesity, stroke,
chronic obstructive pulmonary disease
(COPD), and depression. Compared to the
general adult population, sufficient muscle
strengthening was lower for some NCDs
(diabetesmellitus, obesity, depression), but it
was higher in people with musculoskeletal
diseases (osteoarthritis, lower back pain).
Multimorbidity was negatively associated
with sufficient PA levels.
Conclusion. The study specifies the need to
promote PA among adults with select NCDs
to counteract insufficient levels of health-
enhancing PA and to reduce the individual
and societal burden of NCDs.

Keywords
Sedentary behavior · Prevention · Rehabili-
tation · Health-enhancing aerobic activity ·
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dition, obesity was considered as a ma-
jor risk factor for various NCDs (WHO,
2014). The survey questionnaire (Jour-
nal of Health Monitoring, 1/2017, Sup-
plement) contained further NCDs (e.g.,
allergies, kidney disease), but these were
not included inanyanalysesof thepresent
study.

Participants were asked to self-re-
port whether they had experienced any
diseases or health problems in the last
12 months (12-month prevalence). For
this purpose, a list of diseases and health
problems was queried. In the present
analyses, the definitions of indicators for
NCDs were used wherever possible, as
they are also used by the Robert Koch
Institute for reporting the 12-month
prevalence. In this case, appropriate
references are provided in . Table 1;
otherwise, we refer to the specific word-
ing in the applied list of diseases and
health problems. In addition, further
self-report measures were used to clas-

sify obesity and depressive symptoms
(. Table 1).

Inorder tocapturemultimorbidity, we
calculated the sum of the NCDs that af-
fected the participants. For this purpose,
low back pain and neck pain were com-
bined intoone toachievegreaterdifferen-
tiation between the accumulated NCDs.
The sum score for the NCDs under study
could therefore range from 0–9.

Sociodemographic variables
To consider potential confounders of the
associations between NCDs and PA lev-
els, the main analyses included age, sex,
education level, and socioeconomic sta-
tus (SES) as covariates. These sociode-
mographic variables are known to be as-
sociatedwiththeprevalenceofNCDs(see
also . Table 1), the prevalence of suffi-
cient PA levels (e.g., Finger et al., 2017;
Abu-Omar et al., in print), or with both.
To classify these characteristics, we used
data on participants’ sex (male or female)
and age group (18–29 years, 30–44 years,
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Table 1 Indicator descriptions for the non-communicable diseases (NCDs) and sample characteristics for the total sample (general adult population)
aswell as for the participants reporting to have a certainNCD(cases)
NCD Item/indicator description na Cases Preva-

lence
(%)b

Women
(%)b

Age group
(%)b

Education
level (%)b

SES
(%)b

General
adult pop-
ulation

– 24.016 – – 51.1 18–29y: 16.9
30–44y: 22.2
45–64y: 36.4
65y: 24.5

Low: 19.5
medium:
58.2
high: 22.3

Low: 20.3
medium:
59.8
high: 19.9

Coronary
heart dis-
ease

Myocardial infarctions (MI) or chronic complaints
as a result of a MI in the last 12 months or the
presence of coronary heart disease/angina pec-
toris in the last 12 months (Busch & Kuhnert,
2017a)

22.639 1.046 4.8 39.3 18–29y: 0.9
30–44y: 1.6
45–64y: 27.3
65y: 70.3

Low: 27.5
medium:
55.4
high: 17.1

Low: 31.3
medium:
57.2
high: 11.5

Stroke Stroke in the last 12 months or chronic complaints
as a result of stroke in the last 12 months (Busch &
Kuhnert, 2017b)

22.599 331 1.6 50.9 18–29y: 0.8
30–44y: 4.4
45–64y: 23.3
65y: 71.1

Low: 35.1
medium:
50.2
high: 14.8

Low: 38.1
medium:
51.9
high: 9.9

Diabetes
mellitus

Diabetes/sugar disease, excluding gestational dia-
betes, in the last 12 months (Heidemann, Kuhnert,
Born, & Scheidt-Nave, 2017)

23.345 1.712 7.7 51.7 18–29y: 1.7
30–44y: 5.0
45–64y: 34.0
65y: 59.2

Low: 28.6
medium:
54.2
high: 17.2

Low: 30.9
medium:
57.6
high: 11.4

Obesity Body mass index ≥30 based on self-reported
body weight and height

23.791 4.049 18.1 51.2 18–29y: 8.7
30–44y: 21.2
45–64y: 41.7
65y: 28.4

Low: 22.1
medium:
61.3
high: 16.6

Low: 28.2
medium:
58.9
high: 12.9

COPD Chronic bronchitis, chronic obstructive pulmonary
disease or lung emphysema in the last 12 months
(Steppuhn, Kuhnert, & Scheidt-Nave, 2017)

22.702 1.230 5.8 51.0 18–29y: 5.5
30–44y: 10.7
45–64y: 36.1
65y: 47.6

Low: 26.8
medium:
57.6
high: 15.6

Low: 34.0
medium:
54.9
high: 11.1

Cancer
diseases

Cancer diseases in the last 12 months 23.229 902 3.9 51.3 18–29y: 1.1
30–44y: 3.9
45–64y: 32.0
65y: 63.0

Low: 22.1
medium:
55.2
high: 18.7

Low: 25.6
medium:
60.1
high: 14.2

Osteo-
arthritis

Osteoarthritis in the last 12 months (Fuchs, Kuhn-
ert, & Scheidt-Nave, 2017)

22.753 3.897 17.9 48.6 18–29y: 0.6
30–44y: 5.3
45–64y: 40.6
65y: 53.5

Low: 24.7
medium:
58.2
high: 17.1

Low: 25.8
medium:
60.8
high: 13.4

Low back
pain

Complaints in the lower back or other chronic
back complaints

23.009 9.040 40.1 48.7 18–29y: 11.9
30–44y: 19.1
45–64y: 39.3
65y: 29.7

Low: 20.7
medium:
60.2
high: 19.1

Low: 24.3
medium:
59.7
high: 16.0

Neck pain Complaints in the neck or other chronic com-
plaints at the cervical spine

22.891 7.976 34.3 45.6 18–29y: 12.3
30–44y: 20.8
45–64y: 41.6
65y: 25.3

Low: 19.3
medium:
60.6
high: 20.1

Low: 21.3
medium:
60.7
high: 16.8

Depressive
symptoms

Based on the 8-item version of Patient Health
Questionnaire (PHQ-8); after categorizing into no,
mild, moderate or severe depressive symptoms
(Kroenke et al., 2009), a binary indicator was used
for at least moderate depressive symptoms in the
last 2 weeks (Bretschneider, Kuhnert, & Hapke,
2017)

23.602 2.183 10.1 50.1 18–29y: 21.7
30–44y: 22.4
45–64y: 38.7
65y: 17.2

Low: 28.0
medium:
58.8
high: 13.2

Low: 32.5
medium:
56.7
high: 9.5

y years, SES socioeconomic status, COPD chronic obstructive pulmonary disease
aThere was missing data for the answers to the questions about the presence of the single NCDs, so the number of participants was lower than in the total
sample
bAll proportions are calculated using the weighted sample
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Coronary heart diesease

Stroke

Diabetes mellitus

Obesity

COPD

Cancer diseases

Osteoarthritis

Low back pain

Neck pain 

Depressive symptoms 

0.87 (0.72-1.06) 

0.91 (0.66-1.26) 

0.65 (0.56-0.76) 

0.58 (0.52-0.64) 

0.90 (0.77-1.04) 

1.02 (0.84-1.22) 

1.34 (1.21-1.48) 

1.09 (1.02-1.17) 

1.04 (0.96-1.12) 

0.72 (0.63-0.81) 

Diseases adjusted OR 
(CI 95%)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Muscle strengthening

Coronary heart disease

Stroke

Diabetes mellitus

Obesity

COPD

Cancer diseases

Osteoarthritis

Low Back Pain

Neck Pain

Depressive symptoms  

0.75 (0.64-0.89) 

0.59 (0.43-0.80) 

0.61 (0.53-0.70) 

0.54 (0.49- 0.59) 

0.56 (0.48-0.65) 

0.99 (0.82-1.20) 

1.04 (0.95-1.15) 

0.82 (0.76-0.88) 

0.85 (0.79-0.91) 

0.53 (0.47-0.60) 

Diseases adjusted OR 
(CI 95%)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Health-enhancing aerobic activity

a

b

Fig. 19 Forest plots for
multivariate adjusted odds
ratios (OR; adjusted for sex,
age group, educational
level and socioeconomic
status [SES]) and 95% con-
fidence intervals (CI) for the
fulfilment of recommenda-
tions for a health-enhanc-
ing aerobic activity (at least
150min perweek) andb
muscle strengthening (at
least 2 times perweek) for
different NCDs (reference
category: certain NCDnot
reported). COPD chronic
obstructive pulmonary dis-
ease

45–64 years, and 65 years or older), as
well as categories based on those in the
International Standard Classification of
Education (ISCED) to characterize the
education level of participants. A three-
part distinction between a low, medium,
and high education level was made (see
Lange et al., 2017). Similarly, the SES dis-
tinguished between the three categories
of low, medium, and high SES. The SES
indicator was based on education, in-
come, and occupational status (see Lam-

pert, Kroll, Lippe, von der Müters, &
Stolzenberg, 2013). For both variables,
the lower category corresponded to the
bottomquintile, while theuppercategory
included the top quintile.

Statistical analyses

The statistical analyses were conducted
using the complex samples module of
the Statistical Package for the Social Sci-
ences (SPSS, version 25, IBM, Armonk,

NY, USA). This approach allowed us
to account for the cluster design of the
multi-stage sampling procedure. Fur-
ther, a weighting factor was applied to
correct deviations of the realized sam-
ple from the population structure (Lange
et al., 2017). In concrete terms, the sam-
ple composition was adjusted to the of-
ficial German population statistics (as of
31 December 2014) with regard to sex,
age, region, and education.
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Table 2 Adjustedprevalence1of indicators referring todifferent elementsofphysical activity (PA) recommendations (health-enhancingaerobic activ-
ity;muscle strengthening) depending on self-reported non-communicable diseases

Health-enhancing aerobic activity
(≥150min/week of at least moderate
PA)

Muscle strengthening
≥2 times/week

Both recommendations for health-
enhancing aerobic activity andmus-
cle strengthening fulfilled

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

General adult population (refer-
ence population)2

45.3 (44.2–46.4) 29.4 (28.6–30.2) 22.6 (21.8–23.4)

Non-communicable diseases (NCDs)
Coronary heart disease 39.0 (35.3–42.7) 27.3 (23.6–31.0) 20.9 (17.3–24.5)

Stroke 34.0 (27.8–40.1) 28.3 (22.3–34.3) 20.3 (14.5–26.0)

Diabetesmellitus 34.6 (31.6–37.6) 22.6 (20.1–25.1) 16.2 (14.0–18.3)

Obesity 33.4 (31.6–35.3) 21.7 (20.1–23.3) 14.8 (13.5–16.1)

COPD 33.0 (29.9–36.1) 27.8 (25.0–30.6) 19.2 (16.6–21.8)

Cancer diseases 45.0 (40.5–49.5) 30.1 (26.4–33.9) 23.8 (20.1–27.4)

Osteoarthritis 46.3 (44.0–48.6) 34.8 (32.8–36.8) 26.1 (24.2–28.0)

Low back pain 42.4 (40.8–44.0) 31.0 (29.8–32.2) 22.5 (21.2–23.7)

Neck pain 42.6 (41.0–44.2) 30.4 (28.9–31.8) 21.7 (20.4–23.0)

Depressive symptoms 32.7 (30.2–35.2) 24.4 (22.3–26.5) 16.5 (14.5–18.5)

Bold letters indicate that confidence intervals of the estimates do not overlap with the confidence intervals of the reference population
y years, COPD chronic obstructive pulmonary disease, 95%CI 95% confidence interval
a Adjustments of prevalence considered sex (female, male), four age groups (18–29 y; 30–44 y; 45–64 y; 65 y and older), socioeconomic status (low, medium,
high) and education level (low, medium, high)
b Data of the general adult population refers to the whole representative sample of adults (aged 18 years or older) in Germany including all adults with and
without NCDs (Finger et al., 2017)

The NCD-specific prevalence rates
for fulfilling of PA recommendations
were derived using general linear mod-
eling, in which adjusted estimates were
calculated separately for each NCD.
For the adjustment, we used the four
sociodemographic variables described
above (sex, age group, education level,
and SES). For descriptive purposes, we
comparedNCD-specific prevalence rates
with data on PAprevalence in the general
adult population taken directly from the
GEDA-2014/2015-EHIS main reports
(Finger et al., 2017). Accordingly, this
data from the general adult population
(reference population) referred to the
total survey sample, including adults
with and without NCDs. Substantial
differences between the NCD-specific
prevalence rates and the prevalence in
the reference population were described
when the 95% confidence intervals (CIs)
did not overlap.

To test the differences between people
with and without eachNCD, separate lo-
gistic regressionanalyseswere conducted
for each combination of the various bi-
nary NCD indicator (NCD reported vs.
not reported) and the binary PA indi-
cator (recommendation fulfilled vs. not

fulfilled). Therefore, for the main analy-
ses, wecalculated10 (eachNCDservedas
a single independent variable)× 3 (each
PA indicator served as dependent vari-
able) regression analyses in all. In each
analysis, the four sociodemographic vari-
ables served as covariates in order to con-
trol theirpotentialconfoundingeffectson
the association between NCDs and PA
levels. By doing this, we determined the
multivariable adjusted odds ratios (ORs)
and the 95%CIs for the binarydependent
variables regarding fulfillment of PA rec-
ommendations. If the 95%CIsof theORs
did not include the value 1, a statistically
significant difference was assumed.

An estimate of the PAprevalence rates
depending on multimorbidities was also
derived using general linear modelling.
The prevalence estimates were calculated
for six categories using the number of
self-reported NCDs (0, 1, 2, 3, 4, ≥5)
while controlling for the four sociodemo-
graphic variables: sex, age group, educa-
tion level, and SES. For all the analyses,
the participants were included if no data
were missing for them for the respective
analysis (complete case analysis).

Results

Sample descriptions

. Table 1 provides sociodemographic in-
formation on the total sample (general
adult population) and detailed informa-
tion on the participants who reported
having a certain NCD (cases). The high-
est prevalence was observed for low back
pain and neck pain, while stroke was the
least reported NCD. Most NCDs were
almost equally distributed between men
and women. As expected, there were
comparatively large age differences for
different NCDs.

Prevalence of sufficient PA in
people with NCDs

. Table 2 summarizes the adjusted preva-
lenceof thedifferentPAindicatorsamong
participants who reported having one or
more NCD. Compared to the general
adult population in Germany, the preva-
lence of at least 150min of moderate aer-
obic activity per week was lower among
participants with NCDs for almost all
NCDs. The lowest values were observed
for depressive symptoms (32.7% [95%
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CI 30.2–35.2%]), COPD (33.0% [95%
CI 29.9–36.1%]), obesity (33.4% [95%
CI 31.6–37.6%]), stroke (34.0% [95%
CI 27.8–40.1%]), and diabetes mellitus
(34.6% [31.6–37.6%]). In contrast, there
were no substantial differences from the
general adult population in both people
with cancer and with osteoarthritis.

The logistic regression analyses
(. Fig. 1) that controlled for sex, age
group, education level, and SES showed
a comparable picture for reporting at
least 150minof aerobic activity perweek.
While there were no differences between
participants with cancer and those with
osteoarthritis compared to participants
without these NCDs, the recommenda-
tionswere reached less frequently by par-
ticipants having one of the other NCDs
under study. The strongest associations
were again found for depressive symp-
toms (ORadj. = 0.53 [0.47–0.60]), obe-
sity (ORadj. = 0.54 [0.49–0.59]), COPD
(ORadj. = 0.56 [0.48–0.65]), stroke (ORadj.

= 0.59 [0.43–0.80]), anddiabetesmellitus
(ORadj. = 0.61 [0.53–0.70]).

The prevalence of muscle strengthen-
ing at least twice a week in people with
NCDs was generally less deviated from
the reference population (. Table 2).
The lowest adjusted values were ob-
served in people with obesity (21.7%
[20.1–23.3%]), diabetes mellitus (22.6%
[20.1–25.1%]), and depressive symp-

toms (24.4% [22.3–26.5%]). In con-
trast, a sufficient frequency of muscle
strengthening was reported by people
with osteoarthritis and was more fre-
quent than that reported in the general
adult population (34.8% [32.8–36.8%]).
Logistic regression analyses (. Fig. 1) re-
vealed a significantly higher probability
for the fulfillment of the recommenda-
tions for muscle strengthening by people
with osteoarthritis (ORadj. = 1.34 [95%
CI 1.21–1.48]) and also for people with
low back pain (ORadj. = 1.09 [95% CI
1.02–1.17]). Similarly, the logistic re-
gressions confirmed that the recommen-
dations for muscle strengthening were
less frequently reached by people with
obesity (ORadj. = 0.58 [0.52–0.64]), dia-
betesmellitus (ORadj. = 0.65 [0.56–0.76]),
and depressive symptoms (ORadj. = 0.72
[0.63–0.81]).

Combiningbothindicatorsforaerobic
activity and muscle strengthening rein-
forced the lower fulfillment of PA rec-
ommendations for people with obesity
(14.8% [13.5–16.1%]), depressive symp-
toms (16.5% [14.5–18.5%]), and diabetes
mellitus (16.2% [14.0–18.3%]) compared
to the general adult population. In con-
trast, people with osteoarthritis (26.1%
[24.2–28.0%]) reported fulfilling both el-
ements of PA recommendations more
often than the general adult population
(. Table 2).

During the sensitivity analyses, sim-
ilar associations were observed for both
indicators of health-enhancing aerobic
activity. The logistic regression analyses
provided comparable results when the
indicator for health-enhancing aerobic
activity, including transportation-related
walking,wasusedasadependentvariable
(Supplementary Table 3 and Supplemen-
tary Fig. 1). Therefore, the findings can
be viewed regardless of whether trans-
portation-related walking was included
as an aerobic activity.

Prevalence of fulfilling PA
recommendations depending on
multimorbidity

One-third of the participants reported
either no (34.4%) or just one (34.8%)
of the NCDs under study (Supplemen-
tary Table 4). About 18% reported two
NCDs, and the remaining 13% reported
three ormoreNCDs. Theadjustedpreva-
lence for fulfilling the recommendations
for health-enhancing aerobic activitywas
lower for people who had multimorbidi-
ties (. Fig. 2). In particular, when re-
spondents reported three ormoreNCDs,
the rate of reaching the recommended
level of aerobic activity decrease sub-
stantially. The small group of people who
reported five ormore NCDs had the low-
est rates, approximately 25% lower than
people who reported none of the studied
NCDs. Incomparison, thedifferences for
the muscle-strengthening recommenda-
tions were less pronounced. Only the
group that reported five or more NCDs
had rates of fulfilling these recommenda-
tions that were substantially lower than
those who had none of the studiedNCDs
(Δ8.2%).

Discussion

The present study explored the role of
people who had NCDs with respect to
highratesofphysical inactivity. Inthis re-
gard, it provided the first findings on the
ratesatwhichpeoplewhohaveNCDsmet
health-oriented PA recommendations in
Germany. Our results demonstrated that
nearly all subgroups of people who have
NCDsmet the PA recommendations less
frequently thandid thegeneral adultpop-
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ulation. While it is largely accurate to
state that NCDs are associated with in-
sufficient PA, the association should not
be over-generalized. Depending on the
specific NCD and the type of activity,
substantial differences were observed.

Specifying the need for promoting
PA among people who have NCDs

Thefindings support the expert opinions
reported in a Delphi consensus study
that found a great need for target group-
oriented strategies of PA promotion,
such as in people having chronic dis-
eases (Gohres & Kolip, 2017). To specify
what actions are needed to promote PA
among people who have NCDs, it is
necessary to more closely examine the
differences in prevalence rates by NCDs
and type of activity.

Our analyses found that the presence
of NCDs was associated with a lower
probability of fulfilling PA recommen-
dations. This association was more pro-
nounced for aerobic activity than for
muscle strengthening. Insufficient aer-
obic activity was particularly observed
when people reported the presence of
obesity, COPD, stroke, diabetes mellitus
or depressive symptoms. Furthermore,
respondentswith cardiovascular diseases
aswellasbackandneckpainalsoreported
a lower prevalence of sufficient aerobic
PA.Theseresultsare toa largeextentcom-
parable with the representative studies
already available from the US (Brawner
et al., 2016) and the UK (Barker et al.,
2019), which have focused on the recom-
mendations for aerobic PA. In fact, the
order of prevalence estimates was almost
identical for the seven NCDs explored
both in this study and in the US study
(with decreasing prevalence in cancer,
osteoarthritis, CHD, diabetes mellitus,
obesity, stroke, and COPD); estimates of
prevalence were also similar.

Beyond the lower levels of aerobic
PA in people with NCDs, four observa-
tions were remarkable. First, people with
obesity, diabetes mellitus, or depressive
symptoms reported not only the lowest
levelsof aerobicPA,butalso lower ratesof
fulfilling the recommendations for mus-
cle strengthening. Therefore, these sub-
groups are at a particularlyhigh riskof in-

activity across various activity types. This
is important because meeting both rec-
ommendations is associated with greater
reductions in the risk of mortality than
meeting the recommendation for either
aerobic activity or muscle strengthening
alone (Zhao et al., 2020). Second, the
number of NCDs present simultaneously
was clearly associated with meeting the
recommendations for aerobic PA, a find-
ing that is in line with international data
(Brawner et al., 2016). Given the in-
creasing importance of multimorbidities
to the German healthcare sector (Puth,
Weckbecker, Schmid, & Münster, 2017),
PA promotion strategies should focus
on people who have multimorbidities.
Third, and somewhat unexpectedly, peo-
ple who had certain NCDs were more
likely to meet the recommendations for
muscle strengthening. This is particu-
larly striking in the case ofmusculoskele-
tal disorders, for which disease-specific
recommendations for muscle strength-
ening have been established (e.g., Fer-
nandes et al., 2013). Fourth, in people
who reported osteoarthritis and cancer,
the levels of aerobic PA did not differ
from the average for Germany’s adult
population. This last finding is in line
with the results of another recent Ger-
man study showing that slightly more
than half of those diagnosed with cancer
reported meeting the recommendations
foraerobicactivity(Steindorfetal., 2020).

Our findings can be used as a data
source when identifying subgroups par-
ticularly vulnerable to physical inactiv-
ity. Our analyses of subgroups having
different NCDs controlled for sociode-
mographic characteristics in order to
minimize the potential alternative ex-
planations for the differences in PA levels
among NCDs. However, differences in
PA levels across various NCDs are cer-
tainly not attributable per se to the
health disorder alone. According to the
biopsychosocial health framework of the
International Classification of Function-
ing, Disability, and Health (ICF; WHO,
2001) the effects of health disorders on
physical activities greatly depend on var-
ious personal and environmental factors
regarding the people who have NCDs.
That means that individuals deal with
health disorders based on the availability

of physical and mental resources (e.g.,
knowledge, physical fitness, motivation
regarding PA, and degree of coping
with kinesiophobia) in conjunction with
social and structural conditions (e.g.,
social support, availability of adapted
PA) (Geidl, Semrau, & Pfeifer, 2014).

Against this background, our find-
ings may encourage further studies seek-
ing to explain the differences in PA be-
havior among those who have different
NCDs, as the cross-sectional study de-
sign used provided only limited data on
this point. Bearing this in mind, our
study’s results indicate that, on average,
a certain proportion of insufficient PA in
those who have NCDs might be caused
by thehealthdisorder itself and its associ-
ated symptoms related to body functions.
This statement is supported by various
reviews and studies of barriers to and
facilitators of PA behavior, which have
shown that limitations in physical func-
tioning or due to pain caused by diseases
like stroke (Jackson, Mercer, & Singer,
2018; Nicholsonetal., 2017), CVD(Stew-
art et al., 2013), osteoarthritis (Kanavaki
et al., 2017), back pain (Boutevillain,
Dupeyron, Rouch, Richard, &Coudeyre,
2017), or COPD (Thorpe, Johnston, &
Kumar, 2012) are significant barriers to
sufficientPA.Inaddition, onecouldargue
that the pronounced physical inactivity
of people who have depressive symptoms
might be associated with the symptoma-
tology of thismental disorder. Therefore,
the general symptoms of depression, in-
cluding lackofmotivationor energy, may
be directly related to limitations in phys-
ical activities (Glowacki, Duncan, Gain-
forth, & Faulkner, 2017).

Besides these symptom-related barri-
erstoPA,futureresearchshouldelaborate
moreonpersonal andenvironmental fac-
tors that could further explain the differ-
ences among the various NCDs. For ex-
ample, regarding personal motivation to
exercise, anation-wide survey inGerman
rehabilitation settings found that exer-
cise therapists perceived substantial dif-
ferences depending on the diseases and
health problems they treated (Deprins,
Geidl, Streber, Pfeifer, & Sudeck, 2019).
In accordance with our findings, exer-
cise therapists reported that patients in
oncological rehabilitation programs had
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the lowest barriers to motivation for PA
and the highest enjoyment of PA. In con-
trast, patients in rehabilitation programs
for diabetes mellitus were perceived as
having outstandingly high barriers to PA
and low levels of concrete ideas regard-
ing incorporating PA into their everyday
lives (Deprins et al., 2019). Further elu-
cidation of such disease-specific differ-
ences can enable targeted interventions
to promote PA in those having a specific
NCD.

In terms of environmental factors, our
findings merit further investigation into
the role of disease-specific PA recom-
mendations for people who have NCDs.
We noted that people who had muscu-
lar-skeletal diseases (i.e., osteoarthritis
and low back pain) more often reported
fulfilling the muscle strengthening rec-
ommendations. Regarding promoting
PA, we can cautiously conclude that dis-
ease-specific PA recommendations may
bemirrored in thePAbehaviorsof certain
subpopulations. Therefore, it is interest-
ing to note that, for the first time, cur-
rentWHO recommendations for health-
oriented PA (Bull et al., 2020), specifi-
cally address people with chronic dis-
eases, as Germany’s national PA recom-
mendations already do (Pfeifer & Geidl,
2017). However, further clarification is
required regarding, forexample, howdis-
ease-specific recommendations are re-
lated to personal motivation, how they
are integrated intomedical advice or how
they enhance the availability of exercise
programs for people with NCDs (e.g., as
part of disease-management programs
or health-oriented offers by sports or-
ganizations). This latter point is likely
to vary considerably among the NCDs,
which may also contribute to the differ-
ences in prevalence rates depending on
the NCD and the type of activity. Fur-
ther clarification of this point will require
research that appropriately considers en-
vironmental and policy-related determi-
nants of PA at the national, regional, and
local levels in Germany (e.g. Bauman
et al., 2012).

Finally, various disease-specific re-
views have illustrated that comorbidities
represent a barrier to sufficient PA
for people with NCDs (e.g., Kanavaki
et al., 2017; Stewart et al., 2013); this

conclusion was generally supported by
the present findings regarding multi-
morbidity. In addition to the higher
physical limitations that impair PA in
the presence of multiple NCDs (New-
som et al., 2012; Stewart et al., 2013),
increased attention must be paid to any
accompanying depressive symptoms.
For example, depressive symptoms have
been identified as an additional PA bar-
rier in people with obesity (Adachi-
Mejia & Schifferdecker, 2016) and neck
pain (Dimitriadis, Kapreli, Strimpakos,
& Oldham, 2017). For future research, it
would therefore be interesting to further
analyze the specific patterns of multi-
morbidity (e.g., metabolic syndrome,
depressive comorbidities) with regard to
physical inactivity.

Strengths and limitations

The use of the Scientific Use File of the
GEDA-2014/2015-EHIS enabled us to
generate information on the PA lev-
els of people with different NCDs in
Germany on the basis of a nationally
representative dataset. The application
of the EHIS-PAQ allowed the explicit
consideration of different elements of
PA recommendations for both aerobic
activities and muscle strengthening. For
the indicators used, validation studies
revealed that they allow the estimation of
compliance with PA recommendations
and have sufficient validity for use in
surveillance studies and also to inform
public policy (Baumeister et al., 2016;
Finger et al., 2015). Nevertheless, the
general limitations for self-report PA
measurements (e.g., social desirability,
overreporting, and recognition bias)
and possible sources of misclassification
specific to the questionnaire should be
discussed for the EHIS-PAQ.

First, the indicator for health-oriented
aerobic activity focuses on meeting the
recommendations for at least 150min of
weekly aerobic activity of at least mod-
erate intensity. Thus, an underestima-
tion of the prevalence of achieving aer-
obic activity recommendations can oc-
cur when people complete a minimum
of 75min of vigorous aerobic activity
or an equivalent combination of mod-
erate and vigorous activity. Second, for

the aerobic PA indicator only, cycling
was considered regarding the domain
of transportation-related PA. Validation
studies of the EHIS-PAQ, which used ac-
celerometermeasurements, havepointed
to the added value of the combined con-
sideration of leisure-time PA and trans-
portation-related PA (Baumeister et al.,
2016). However, an overestimation of
health-enhancing aerobic activity could
result, as all cycling is considered to be
at least of moderate intensity. In con-
trast, the prevalence of sufficient aerobic
PA could be underestimated, as trans-
portation-related walking with a poten-
tiallymoderate intensitywasnot included
in the main analyses. The sensitivity
analyses have shown, however, that al-
though the prevalence estimates were
about 7–15% higher when transporta-
tion-related walking was included (Sup-
plementary Table 3); this difference had
no significant influence on answering the
main questions of our study. Third, the
indicator for muscle strengthening esti-
mates the prevalence for fulfilling health-
orientedrecommendationsbasedonlyon
aweekly frequency. However, PA recom-
mendations usually advise that all major
muscle groups should be trained (WHO,
2010). The fact that such informationwas
not assessed is likely to lead to an over-
estimation of sufficient levels of muscle
strengthening.

The limitation of self-reports also ap-
plies to the assessment of NCDs. With
respect to body mass index-based clas-
sifications of obesity, for instance, rel-
evant deviations of self-reported height
and weight compared to anthropometric
measurementsmay occur (Nyholm et al.,
2007). Furthermore, no differentiation
between type 1 and type 2 diabetes mel-
litus was possible. Likewise, this study
was unable to distinguish between dif-
ferent types of cancer. As a result, we
could not account for the fulfillment of
PA recommendations that may vary ac-
cording to the type of cancer (Steindorf
et al., 2020).

Moreover, the response rate of only
26.9% in theGEDA-2014/2015-EHIShas
to be considered. It cannot be ruled out
that physically active people were more
likely to participate in the survey than in-
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active people, whichwould lead to a gen-
eral overestimation of the PA prevalence.

Conclusion

The study has shown that people affected
by one of the studied NCDs largely have
a lower likelihood for sufficient PA.How-
ever, the presence of a medical diagno-
sis and physical limitations alone do not
determine low PA levels. Rather, all phe-
nomena from the increase and mainte-
nance to the reduction of previous PA
levels appear after the onset of health dis-
orders (Gropper, John, Sudeck, & Thiel,
2020). TopromotePAinpeoplewhohave
NCDs, it is therefore essential to foster
PA-related health competences that en-
able the individual to realize and struc-
ture the PA in a way that is beneficial
giventheexistinghealthdisorder(Sudeck
& Pfeifer, 2016; Carl, Sudeck, & Pfeifer,
2020). At the same time, organizational,
environmental, and policy-related con-
ditions of PA must be optimized to im-
prove the opportunities for PA and their
accessibility in this vulnerable subpopu-
lation, especially in the community and
the healthcare system. The Global Ac-
tion Plan on Physical Activity 2018–2030
(WHO, 2018) outlines various strategies
for this integration of individual- and
environmental-oriented measures of PA
promotion. In view of the present study
results, these strategies should be imple-
mented to a greater extent to counteract
insufficient health-oriented PA of people
who have NCDs.
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