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1

Activities of daily living (ADL) are essential for older adults and
reflect a person's functional status or independence (Edemekong
etal. 2019). One can distinguish between basic ADL (BADL; such

ABSTRACT

Activities of daily living (ADL) are associated with declines in physical fitness and subjective health. However, it remains
unclear as to whether ADL impairments are related to specific components of physical fitness and health variables. Therefore,
we examined differences between community-dwelling older persons with versus without ADL impairments with regard to
various physical fitness components, physical complaints as well as subjective and objective health outcomes. Cross-sectional
study among 254 participants aged > 55 years [51% female; 84 with ADL impairments; mean (SD) age 62.1 (6.6) years]
enrolled in the population-based “Gesundheit zum Mitmachen” study in Southwestern Germany. ADL, physical complaints and
subjective health status were assessed using a self-report questionnaire, physical fitness (cardiorespiratory fitness, strength, gross
motor coordination, flexibility, and functional mobility) was assessed using a fitness test battery, and objective health status was
derived from health exam performed by a physician. We ran analyses of covariance, adjusted for age, sex, body mass index and
education. Participants with ADL impairments had statistically significantly worse subjective (p < 0.001) and objective
(p < 0.001) health and reported more physical complaints (p < 0.001) compared to those without ADL impairments. Regarding
physical fitness, ADL-impaired participants performed worse in 10 out of 12 variables. The findings provide additional evidence
that ADL impairments are related to decreased objective and subjective health and physical fitness in older community-dwelling
adults. Future studies employing more comprehensive, preferably objective, ADL assessments and considering cognitive im-
pairments, which may also impact ADL performance, are warranted.

| Introduction as eating or personal hygiene) and instrumental ADL (IADL;

such as doing laundry or shopping). Research has shown that
impairments in BADL or IADL is associated with an increased
risk of death (Brown et al. 2019), increased care-related costs

Abbreviations: ADL, Activities of daily living; BADL, Basic activities of daily living; BMI, Body mass index; CI, Confidence interval; e.g., Example given; FFB-Mot,
Funktionsfragebogen Motorik (engl. functional fitness questionnaire); IADL, Instrumental activities of daily living; M, Mean; N, Number; SD, Standard deviation; VIF,
Variance Inflation Factor.
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Highlights

o Community-dwelling adults aged > 55 years with
ADL impairments showed significantly worse subjec-
tive and objective health status and had more physical
complaints than unimpaired adults.

e ADL-impaired participants performed significantly
worse in 10 of 12 physical fitness variables, spanning
cardiorespiratory fitness, strength, gross motor coor-
dination, flexibility, and functional mobility.

« Even minimal ADL impairments were associated with
reduced health and fitness, suggesting that early-stage
functional decline may signal broader health
deterioration.

« Future research should use longitudinal study design,
validated objective ADL measures, account for cogni-
tive status, and explore biological mechanisms behind
the observed cross-sectional associations.

(Maresova et al. 2020), an increased risk of cognitive impair-
ments and dementia (Fauth et al. 2013), and reduced quality of
life (R. J. Gobbens 2018), amongst others.

Physical fitness refers to the “ability to carry out daily tasks with
vigor and alertness, without undue fatigue and with ample en-
ergy to enjoy leisure-time pursuits and to meet unforeseen
emergencies” (Caspersen et al. 1985). Components of physical
fitness typically include endurance/cardiorespiratory fitness,
speed, muscular strength, gross motor coordination, and flexi-
bility (Bos 1987), and distinctions between motor fitness
(e.g., agility, strength, speed, and balance) and health-related
fitness (e.g., cardiorespiratory endurance, muscular strength/
endurance, body composition, and flexibility) are also common
in the literature (Pate 1983).

Physical fitness is critical for health status and well-being across
the lifespan, and particularly for older adults (Bushman and
Goddard 2020; Castillo Garzoén et al. 2005; Ortega et al. 2018).
Physical fitness is also closely related to the ability to perform ADL
(Gill et al. 1995), but the longitudinal associations between
physical fitness and ADL are less clear. For example, one study
showed that higher physical fitness reduced the risk for ADL
impairments only in men (Nagamatsu et al. 2003), whereas
another showed that only lower gait speed but no other physical
fitness variables were predictive of ADL and IADL impairments
(R.J. J. Gobbens and van Assen 2014). It has also been reported
that a lower baseline performance in functional reach, gait speed,
and stair-climbing ability significantly predicted ADL impair-
ments after 9 years in community-dwelling older women (Idland
et al. 2013). Similarly, low muscle mass, low handgrip strength,
low gait speed, and low scores on performance tests have been
identified as indicators of worsening ADL (Wang et al. 2020). In
contrast, studies also reported no associations between physical
test performance and ADL performance, suggesting that the nu-
ances of this association may vary depending on the specific tests
used and the populations studied (Clemmensen et al. 2020).

Apart from physical fitness, ADL impairments are also associ-
ated with various other measures of health and quality of life.

For example, higher self-rated health is associated with better
functional ability and mobility-related ADL (Gama et al. 2000;
Hu et al. 2009), and may predict functional decline even in older
adults without baseline disabilities (Fong and Kok 2020).

Despite of a growing body of research on the associations be-
tween ADL, physical fitness and health-related variables, there
is still a need for further studies examining these complex re-
lationships. While studies have identified distinct domains
(e.g., such as mobility, coordination, fitness, and flexibility) that
may explain variances in ADL performance (e.g., (Brach and
VanSwearingen 2002)), studies that have used comprehensive,
objective assessments of various components of physical fitness
are scarce. Also, to the best of our knowledge, no study to date
has investigated the associations between ADL with self-
reported physical complaints and physician-rated health sta-
tus, or a link between cardiovascular fitness and ADLs. Only
one study presented at a conference (Skjedt et al. 2022) showed
that between 30% and 10% of community-dwelling older adults
aged 75 years and older use more than 50% of their maximum
oxygen uptake for moderate and light ADLs, which could ulti-
mately prove to be a limiting factor in performing these
activities.

Therefore, this study aimed to examine differences in physical
fitness and health-related variables between older adults aged >
55 years with versus without self-reported impairments in ADL.
Although the term “older adults” is typically used to refer to
individuals aged 65 years and older, we have included in-
dividuals as young as aged 55 since research has shown that
even in the 50-65 years age group, nearly 15% of adults expe-
rience functional impairments and, as a result, have difficulty
performing ADLs (Martin and Schoeni 2014; Martin et al. 2010).
We hypothesized that individuals with ADL impairments would
exhibit lower performance in various physical fitness tests,
would report lower subjective health and more physical com-
plaints, and have lower objective health status as rated by a
physician. We hypothesize that by leveraging data from the
population-based “Gesundheit zum Mitmachen” study, this
study will add to the existing body of research by further
providing a more nuanced understanding of the associations
between ADL, fitness and health.

2 | Methods
2.1 | Design

This cross-sectional study was conducted in the setting of the
population-based “Gesundheit zum Mitmachen” study in the
city of Bad Schonborn in Southwestern Germany (Bos
et al. 2012). So far, the study had six measurement waves in
1992, 1997, 2002, 2010, 2015, and 2021. The data for the analysis
described in this manuscript was collected in the most recent
wave in 2021.

2.2 | Sample

From a total of 430 participants aged 35-86 years (46% male)
who participated in the 2021 measurement wave, 299 adults
were aged 55-86 years (49% male). 45 participants had to be
excluded due to missing data on variables related to ADL,
resulting in a final sample of 254 participants for the current
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analysis. Study participation was voluntary, and all participants
provided written informed consent. Data collection took place
during a period of low COVID-19 prevalence and incidence in
Germany, between June 21 and July 29, 2021. The “Gesundheit
zum Mitmachen” study was approved by a scientific advisory
council, the Schettler Clinic, Bad Schonborn, Germany as well
as the ethics committee of the Karlsruhe Institute of
Technology.

2.3 | Measures

A detailed description on the study procedures and assessments
has been published previously (Bos and Krell-Rosch 2022; Woll
et al. 2004).

2.4 | Activities of Daily Living (Independent
Variable)

Information on ADL was collected using the FFB-Mot ques-
tionnaire (Woll et al. 2023). The questionnaire contains an
ADL scale of four items, that is, for each of the four physical
fitness components included in the questionnaire (muscular
strength, cardiorespiratory fitness/endurance, flexibility, and
gross motor coordination), one item is included in the FFB-Mot
to reflect a low level of difficulty. The items are as follows: sit
on a chair and stand up without using your arms (strength),
take a brisk walk around several blocks (endurance), put on
and take off a narrow sweater and socks by yourself (flexi-
bility), and walk down stairs without grasping the handrail
(gross motor coordination). Participants rate each item on a 5-
point Likert scale by indicating as to whether they would be
able to carry out the respective activity, with response cate-
gories ranging from “I am not able to carry out this activity” (1
point) to “I have no problem carrying out this activity” (5
points). The scores of the FFB-Mot ADL scale can therefore
range between 4 and 20 points, with a higher score reflecting a
higher level of fitness. For the current analysis, individuals
who scored 20 were categorized as having no ADL limitations,
and participants with a score < 19 were categorized as having
any ADL limitations.

2.5 | Subjective Health Status (Dependent
Variable)

All participants assessed their health status by responding to
the following five questions: “How would you describe your
health status?”, “To what extent does your current health
status affect your job performance?”, “To what extent does
your current health status affect your leisure activities?”, “How
would you describe your health status compared to others of
your age and gender?” and “Has your health status changed
over the past 5 years?” Responses were provided on a 5-point
scale, where 1 represented very poor health and 5 indicated
excellent health. An overall self-rated health status score was
computed, ranging from 5 to 25 points, with higher scores
reflecting better perceived health status. The questions to
assess subjective health status were derived and modified from
validated instruments (Antonovsky 1979, 1987; Becker 1992,
1994).

2.6 | Objective Health Status (Dependent
Variable)

Objective health status in three domains, that is, orthopedics,
neurology, and cardiovascular system was derived from a
comprehensive health examination and medical history
(anamnesis) conducted by a physician. Each domain was scored
as either 0 (no limitations), 1 (minor limitations, not affecting
daily life), 2 (limitations affecting daily life), and 3 (major lim-
itations severely affecting daily life). A composite physician-
rated health status score ranging from 0 to 9 was calculated
by summing the scores across the three domains, with a higher
score reflecting worse objective health status.

2.7 | Physical Complaints (Dependent Variable)

Subjective impairments due to psychosomatic complaints
(e.g., feelings of weakness, chest pain) were assessed using the
self-administered B-LR List of Complaints (Zerssen Complaint
List), which measures the severity of symptoms on a scale
ranging from no symptoms to severe impairments, yielding a
sum-index score from 0 to 72 with higher values reflecting
higher complaints (von Zerssen and Petermann 2011). The
reliability of the scale is high, with a split-half reliability coef-
ficient of r = 0.93.

2.8 | Physical Fitness (Dependent Variable)

A motor performance test battery was conducted to assess
physical fitness. All tests were performed in a single session and
were supervised by trained staff according to a standardized
protocol (Suni et al. 1996). Following the health examination by
the physician, participants completed tests to assess strength,
gross motor coordination, flexibility, and functional mobility in
a flexible sequence, depending on test station availability.
Cardiorespiratory fitness was assessed last for all participants.
For this purpose, the time to complete a 2-km walking test (in
minutes and seconds, lower value reflects better cardiorespira-
tory fitness) (Oja et al. 1991) was measured. Strength was
assessed with a handgrip test performed twice with both hands
(digital hand dynamometer, 198 lbs, GRIPX, China; measuring
kilograms, higher value reflects higher strength; highest value of
trials from left and right hand used for analysis) and a jump-
and-reach test (in cm, higher value reflects higher strength).
Gross motor coordination was measured through five tasks: (1)
Single-leg stand: Standing on one leg with eyes closed while
moving the other leg in circles; (2) Wall throw: throwing a ball
against a wall and catching it, (3) Throw and turn: Throwing a
ball with rotation under time pressure and catching it, (4)
Gripping a ball: Holding a ball between the legs with one hand
in front of one thigh and the other hand behind the opposite
thigh, then releasing and catching the ball while alternating
grips five times; (5) Circling eights: Standing next to two cones,
describing five figure-eight pattern by making circles around
two cones with one leg in the air. Each gross motor coordination
task was rated as 2 (task completed easily), 1 (task completed
with difficulty), 0 (task not completed), and a coordination in-
dex (possible range: 0-10 points; higher value reflecting better
coordination performance). A total score for gross motor coor-
dination was calculated by summing up the five test items.
Flexibility was measured using the sit-and-reach test and a
trunk side-bending test (in cm, higher value reflects higher
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flexibility). Additionally, a functional mobility index (possible
range: 0-12 points, higher value reflects higher functional
mobility) was calculated based on six three-point-scaled items
assessing the extensibility of the shoulder-neck (left/right),
hamstrings (left/right), and rectus femoris (left/right) muscles
(2, no restrictions; 1, moderate restrictions; 0, major re-
strictions). For the jump-and-reach, sit-and-reach, and gross
motor coordination tasks, the best result of two trials was used
in the analyses. All other tasks were performed once. The test
battery was developed in collaboration with the UKK Institute
in Tampere, Finland (Suni et al. 1996). Means and standard
deviations of all physical fitness test values are reported in the
results section.

2.9 | Additional Measures

We included age, sex, education and body mass index (BMI) as
covariates in the analyses. BMI was calculated using the formula
kg/m?. Body weight was measured using a calibrated scale (Seca
GmbH & Co. KG, Hamburg, Germany) on a solid surface, and
body height using a mobile stadiometer. Socioeconomic status
was calculated based on information about educational level
and occupational group affiliation, and four categories were
created for data analysis (i.e., low, mid/low, mid/high, and high)
(Hradil 1987).

2.10 | Statistical Methods

Descriptive statistics are presented for categorical variables
through number (N) and percentage (%), and for continuous
variables through means and standard deviations (SD). Multi-
collinearity was tested by calculating the variance inflation
factor (VIF) for all variables, and all VIF values were below 1.1
indicating no relevant multicollinearity. Differences in charac-
teristics such as education and socioeconomic status between
participants with versus without ADL impairments were
analyzed using Chi-square test. Differences in the dependent
variables (physical fitness, subjective and objective health status,
and physical complaints) between participants with versus
without ADL impairments were examined using analysis of
covariance (ANCOVA). We ran models adjusted for age, sex,
and BMI (model 1), and additionally adjusted for education
(model 2). The categorical variable education was transformed
into a binary dummy variable prior to statistical analysis. Partial
eta-squared were calculated as measures of effect size.
Furthermore, mean differences and 95% confidence intervals
were computed for the pairwise comparisons to provide an es-
timate of the precision of the observed effects. Analyses were
performed using SPSS Statistics 30 for Windows (IBM, Armonk,
New York), with level of significance set at p < 0.05.

3 | Results

Of 254 participants, we classified 170 as having no ADL im-
pairments (87 female, 83 male), and 84 as having ADL im-
pairments (42 female, 42 male). Mean (SD) age was 62.1 (6.6)
years [ADL-unimpaired: 61.7 (6.0); ADL-impaired: 62.9 (7.6)].
Mean (SD) BMI was 25.7 (4.1) [ADL-unimpaired: 25.5 (4.0);
ADL-impaired: 26.1 (4.1)]. A significant association was found
between ADL-impaired and unimpaired participants for

education (p = 0.03), but not socioeconomic status (p = 0.17).
Please refer to Table 1 for an overview of participants’
characteristics.

After adjusting for age, sex, and BMI, participants with ADL
impairments as compared to those without had statistically
significantly worse subjective health status (p < 0.001), and
objective health status (p < 0.001) as well as more physical
complaints (p < 0.001). With regard to physical fitness variables,
participants with ADL impairments performed worse than those
without impairments in 10 of 12 variables, that is, cardiorespi-
ratory fitness (p < 0.001), gross motor coordination [total score
(p < 0.001), circling eights (p < 0.001), wall throw (p = 0.02),
throw and turn (p = 0.03), gripping a ball (p = 0.002)], strength
[handgrip strength (p = 0.03), jump and reach (p = 0.003)],
functional mobility (p = 0.002), and flexibility [sit and reach
(p = 0.03)]. Additional adjustments of the models for education
did not alter the results. Please refer to Table 2 for the results
from ANCOVA.

4 | Discussion

We observed that community-dwelling adults aged > 55 years
with ADL impairments have lower subjective and objective
health and reported more physical complaints compared to
those without ADL impairments. Also, in line with our hy-
potheses, participants with compared to those without ADL
impairments performed worse in 10 out of 12 physical fitness
variables including cardiorespiratory fitness, strength, gross
motor coordination, flexibility and functional mobility.

However, no statistically significant differences were observed
for performance in the side bend and single-leg stand tests. The
reasons for this remain unclear, as previous literature found that
single-leg stand is a valid and reliable measure of balance
(Friandin et al. 1995), and that balance is related to ADL im-
pairments (Judge et al. 1996). A similar relationship between
educational level and selective cognitive abilities was also
observed by Zamarian and colleagues (Zamarian et al. 2021),
which was also related to ADL performance in their study.

In line with a growing body of existing research, our present
findings confirm the predominantly established relationship
between ADL and physical fitness (Gill et al. 1995; Judge
et al. 1996). Albeit, few studies also exist that did not find an
association between physical performance tests and ADL per-
formance (Clemmensen et al. 2020). This lack of an association
could be attributed to the selection of specific tests, and in our
study, we also had two physical fitness tests for which perfor-
mance did not differ between ADL-impaired and unimpaired
participants. Additionally, there are differences between studies
with regard to the sample size, for example, Clemmensen and
colleagues (Clemmensen et al. 2020) included participants with
mild to moderate Alzheimer's disease, and in this population,
one may speculate that ADL impairments may primarily be
attributable to cognitive impairments.

In our study, we also found that ADL-impaired compared to
unimpaired persons had lower self-rated health status, with is in
concordance with prior studies such as those by Gama and
colleagues (Gama et al. 2000) and Hu et al. (2009), which also
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TABLE 1 | Characteristics of participants.

Total ADL-unimpaired ADL-impaired
N = 254 N =170 N = 84

Age in years, mean (SD) 62.1 (6.6) 61.7 (6.0) 62.9 (7.6)
Female sex, N (%) 129 (51) 87 (51) 42 (50)
BMI, mean (SD) 25.7 (4.1) 25.5 (4.0) 26.1 (4.1)
ADL-score (19), N (%) 44 (52)
ADL-score (18), N (%) 16 (19)
ADL-score (17), N (%) 6 (7)
ADL-score (16), N (%) 5(6)
ADL-score (15), N (%) 2(2)
ADL-score (< 14), N (%) 11 (13)
Education

No degree, N (%) 2(1) 0 (0) 2(2)

Secondary general school, N (%) 48 (20) 28 (17) 20 (24)

Vocational school, N (%) 79 (32) 55 (32) 24 (29)

University entrance qualification, N (%) 86 (35) 58 (34) 28 (33)

University degree, N (%) 30 (12) 22 (13) 8 (10)
Socioeconomic status

Low, N (%) 38 (15) 20 (12) 18 (21)

Mid/low, N (%) 37 (15) 24 (14) 13 (16)

Mid/high, N (%) 133 (53) 91 (54) 42 (50)

High, N (%) 44 (18) 33 (20) 11 (13)

Note: Higher score in ADL-score reflects lower impairments.
Abbreviations: ADL, activities of daily living; BMI, body mass index.

reported associations between self-rated health and ADL. To the
best of our knowledge, our study may be among the first to show
that ADL impairments is also related to lower objective health
status and higher physical complaints.

Strength of our study are the rigorous assessment of physical
fitness using a comprehensive, 13-item test battery, and
assessment of subjective health status corroborated by a health
exam carried out by a physician.

A main limitation of this study is the cut-off point used to
distinguish between ADL-impaired and ADL-unimpaired per-
sons. Even a minimal self-reported impairment in one of the
four different ADL items was sufficient to classify someone as
having ADL impairments. As evident in Table 1, the majority of
ADL-impaired participants have only mild ADL impairments.
However, since we observed significant differences between
ADL-impaired versus unimpaired participants for physical
fitness and health-related variables, our study provides pre-
liminary evidence that even minimal ADL impairments in
community-dwelling older adults may be associated with
decreased health and physical fitness. One may anticipate that
the differences between ADL-impaired and unimpaired persons
would become even more pronounced in a sample with more
severe impairments in ADL. Moreover, it must be noted that the
assessment of ADL performance was not very comprehensive
and was only based on four questions. A more holistic approach
using valid, preferably more objective ADL assessments would
be desirable, potentially considering different subdomains of

ADL. Furthermore, participants completed the physical fitness
tests in a flexible sequence, except for the 2-km walking test
which was consistently performed last; thus, a potential influ-
ence of fatigue cannot be ruled out. Another main limitation of
our study pertains to the cross-sectional design which does not
allow for drawing any conclusion about causality in the asso-
ciations between ADL impairments with physical fitness,
physical complaints or health status. Thus, future studies in
more diverse and heterogeneous populations with regard to
ADL impairments are warranted to investigate these complex
relationships, preferably also using validated and reliable
objective ADL assessments, and also taking into account
cognitive status of older adults, which may have an impact on
ADL performance (Clemmensen et al. 2020; Romero-Ayuso
et al. 2021). Also, research on the biological mechanisms un-
derlying the associations between ADL impairments and per-
formance in certain physical fitness tests is required, for
example, it is unknown as to why we did not observe a differ-
ence between ADL-impaired and unimpaired participants in
single leg stand and side bend test, but observed a difference in
all other 10 fitness variables.

5 | Conclusion

Our study provides further evidence of an association between
ADL with subjective and objective health status, physical com-
plaints and physical fitness in community-dwelling adults aged
> 55 years. This finding has important implications for clinical
practice, policy makers and stakeholders, as it may emphasize
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the importance of targeted (lifestyle) interventions to counteract
impairments in ADL, thereby potentially also promoting and
maintaining physical fitness and health in older adults.
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