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Abstract 

Background Interdependencies of health, fitness, cognition, and emotion can promote or inhibit mobility. This 
study aimed to analyse pathways and interactions between individual subjective and objective physical performance, 
cognition, and emotions with activities of daily living (ADLs) as mobility indicators in multimorbid nursing home 
residents.

Methods The study included n = 448 (77.1% females, age = 84.1 ± 7.8 years) nursing home residents. To describe 
the participant’s demographics, frailty, number of falls, and participating institutions’ socioeconomic status (SES) were 
assessed. ADLs were measured with the Barthel Index (BI; dependent variable). Independent variables included objec‑
tive physical performance, subjective physical performance, cognition, and emotions. A structural equation model 
(SEM) with maximum likelihood estimation was conducted with AMOS. Direct and indirect effects were estimated 
using standardized coefficients (significance level of 0.05).

Results Indices showed  (Chi2(148) = 217, PCMIN/DF = 1.47; p < .001; Comparative Fit Index = .940; Tucker Lewes 
Index = .902, RMSEA = .033) that the model fitted the data adequately. While there was no direct association 
between emotions, subjective physical performance, and ADLs, objective physical performance and cognition pre‑
dicted higher ADLs (p < .01). Emotions had a strong relationship with subjective physical performance, and cognition 
had a moderate relationship with objective physical performance.

Discussion and conclusion Objective performance and cognition predicted higher functional status, as expressed 
by higher BI scores. ADLs, such as mobility, dressing, or handling tasks, require motor and cognitive performance. 
Subjective performance is an important predictor of ADLs and is only partly explained by objective performance, 
but to a large extent also by emotions. Therefore, future interventions for nursing home residents should take a holis‑
tic approach that focuses not only on promoting objective physical and cognitive performance but also on emotions 
and perceived physical performance.
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Introduction
Due to demographic change, the number of very old 
adults that are dependent on professional care has risen 
sharply. Nursing home residents in long-term care suffer 
from multimorbidity and an increasing need for complex 
care interventions. More than half have severe cognitive 
impairments and/or show signs of dementia [1].

Cognitive decline is often accompanied by functional 
deficits in strength, balance, walking ability, and complex 
motor-cognitive tasks, such as dual-tasking [2, 3], limit-
ing the ability to perform (instrumental) activities of daily 
living (ADLs) independently. This cognitive and physical 
decline is associated with physical and social inactivity, 
which may result in additional health-related problems, 
such as a progression of chronic diseases, depressive 
symptoms, reduced life-space mobility [4], and reduced 
quality of life [5].

In addition to factors of physical and cognitive decline 
that limit ADLs, Webber’s et al. [6] general definition of 
mobility as well as the new mobility framework for nurs-
ing home residents by Vogel et al. [7], assume additional 
determinants such as social affairs and leisure, as well 
as internal factors of care facilities and personal factors 
not only to intercorrelate with mobility but also with 
ADLs. Besides the abovementioned cognitive and physi-
cal functions, personal characteristics such as perceived 
physical functioning, emotions, and self-efficacy might 
influence ADLs. Therefore, they might determine the 
often observed sedentary behavior in nursing home resi-
dents, even if they still have the required cognitive and 
motor resources.

Subjective and objective physical performance 
as determinants of ADLs
Older community-dwelling adults merely show reduced 
muscle strength and physical fitness, often evidenced by 
decreased grip strength [8], limited functional reach, or 
the inability to rise from a chair. These objective physi-
cal decrements affect mobility and ADLs performance. 
Specifically, range of motion and balance performance, 
walking capacity, and walking speed determine ADLs [9]. 
Moreover, slow walking speed significantly predicts mor-
tality and disability, promoting dependencies in ADLs 
[3].

After moving to a nursing home, most residents are 
physically inactive, spending most of their time sit-
ting or lying [10], negatively influencing their physical 

performance. Furthermore, mobility restrictions result-
ing in sedentary behavior reduce social interactions and 
limit cognitive stimulation [11]. Conversely, increasing 
physical and cognitive performance limitations minimize 
physical activity and mobility [3]. Therefore, objective 
physical performance is not only assumed to determine 
ADL performance but is also associated with other fac-
tors, such as subjective physical performance, cognition, 
and emotions (cf. below).

Concerning subjective performance, subjective beliefs 
influence performance parameters and might determine 
the physical activity level. For example, some evidence 
shows that aspects of self-efficacy are associated with 
functional limitations and sedentary behavior [12]. In 
addition, fear of falling in daily life contributes to resi-
dents’ functional impairment [13], which is thought to 
impact postural control directly and may cause impair-
ments in ADLs. Moreover, the fear or concerns of falling 
can lead to an increasingly sedentary lifestyle in commu-
nity-dwelling older adults [14] and in residents of assisted 
living homes [15], as well as to solation in nursing home 
residents [13]. In summary, the effects of objective and 
subjective physical performance on mobility have already 
been examined independently. Still, few studies analysed 
possible interactions or weighted objective and subjective 
performance in this interaction [16, 17].

Cognitive performance and emotions as determinants 
of ADLs
ADLs are also associated with cognitive performance 
and emotional well-being [18]. Especially executive func-
tions (EF) are necessary to interact with the environment 
during walking and ADLs. The three main domains of 
inhibitory control, working memory, and cognitive flex-
ibility are particularly important for ADLs [19]. Typically, 
these EFs decline with age, accompanied by a reduction 
in the efficiency of information processing [20]. Cog-
nitive decline exceeding a certain threshold can lead to 
reduced ADL performance [21]. In addition, cognitive 
decline often manifests in reduced performance of sec-
ondary tasks (dual-tasking), e.g., walking and following 
signs to navigate the environment [11, 22, 23]. However, 
the reported studies did not directly examine the interac-
tion of EF, dual-tasking, and ADLs.

Regarding the emotional state in nursing home resi-
dents, various aspects can be summarized that influence 
the emotional state. In addition to specific adaptation to 
the new environment, social isolation, quality of care, life 
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satisfaction, physical and mental health, depression, and 
functional impairment also contribute to emotional state. 
Evidence suggests that various psychological expres-
sions, such as psychological well-being, depression, and 
life satisfaction, are linked to positive and negative affect 
[24–26]. Therefore, in this study, we use emotion as an 
umbrella term including mental well-being and depres-
sion, as well as satisfaction with life.

The emotional state also affects ADL performance. 
There is a high prevalence of depressive symptoms in 
cognitively unimpaired and impaired nursing home resi-
dents [27], which seems to be also associated with a per-
formance decline of ADLs [18]. Depression and changes 
in emotional states can lead to a reduced sense of well-
being and self-esteem [28] and, in turn, reduced activity 
and ADLs performance. However, findings for nursing 
home residents are inconsistent regarding the association 
between the level of physical performance and mental 
health [16].

Risk factors and symptoms act in concert [17]. The 
interaction of the different factors (multimorbidity, 
cognitive and physical decline, reduced mobility, nega-
tive emotions) might influence individual trajectories of 
ADL decrements [17]. Further, exploring this interaction 
of perceived and objectively measured physical perfor-
mance and determining its influence on independence 
and quality of life expressed by ADLs might be an impor-
tant step toward appropriate and tailored health promo-
tion programs for nursing home residents to counteract 
inactivity and detrimental health effects. In summary, 
functional mobility or ADLs, respectively, seems to be 
determined by a complex interplay of several influencing 
factors, such as objective and subjective physical perfor-
mance as well as cognitive performance and emotions. 
Less is known, however, about how these factors inter-
act in multimorbid residents of long-term care facilities. 
Therefore, we aimed to analyse them against the back-
ground of the additional factors of the mobility frame-
work to gain more insight into their impact on ADLs in 
nursing home residents.

Objectives
The main objective of this study was to analyse pathways 
and interactions between individual objective and subjec-
tive physical performance, cognition, and emotions with 
ADLs. The main research question was: Do objective and 
subjective physical performance, cognition, and emotions 
equally predict ADL performance? We hypothesized that 
within the target group of multimorbid nursing home 
residents, the emotional status, including depressive 
symptoms, and the individuals’ well-being show the same 
impact on ADL performance as cognitive objective and 
subjective motor performance. The potential pathways 

may help identify interactions that should be targeted in 
future training interventions to improve ADLs in nursing 
home residents.

Materials and methods
Study design
This cross-sectional study was part of PROCARE, a 
multicenter study focusing on prevention in long-term 
care. A detailed study protocol is available at DRKS.
de (DRKS00014957; [29]). The Ethics Committee of the 
Hamburg Chamber of Physicians (registration number 
PV5762) approved the study. The STROBE Statement 
[30] guided this study report.

Participants
The study population consisted of n = 448 (77.1% females, 
age = 84.1 ± 7.8 years) residents of 47 care facilities from 
eight regions in Germany (cf. [29]). Participants who met 
the following criteria were included: I) ambulatory, II) 
able to participate in group activities, III) able to under-
stand and carry out simple instructions, and IV) willing 
to participate. Nurses suggested participants based on 
these criteria. All individuals who met the inclusion cri-
teria and their relatives were informed about the study 
in writing and verbally at each site. They were then asked 
if they would participate in the study and were given an 
informed consent form to be signed by the participants 
or their legal guardians.

Measures
Screening

Demographics Demographics, including age (years), 
anthropometrics (body height (m), body mass (kg), were 
collected, and the Body-Mass-Index (BMI) was cal-
culated. The investigators supervising their respective 
regions judged participating institutions’ socioeconomic 
status (SES). Besides the price category of an institution, 
its location and surroundings were considered for rating 
the SES. As a result, the institutions were categorized as 
low, medium, or high SES.

Frailty Frailty was classified using the phenotyp-
ing method [31] based on five items: 1) unintentional 
weight loss of more than 4.5 kg in the past twelve months 
(assessed by nursing staff), 2) self-reported exhaustion 
based on two items of the Center of Epidemiological 
Studies-Depression Scale (CES-D, see below, 3) weakness 
(BMI- and sex-adjusted hand grip strength, dominant 
hand), 4) slowness (height- and sex-adjusted slow walk-
ing speed, time to walk a 4.57-m track assessed with a 
stopwatch), and 5) low physical activity (modified Min-
nesota Leisure Time Physical Activity Questionnaire; 
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[32]). Each of the five items was rated 0 or 1 and summed 
up to a total score. Residents were classified as robust (0 
points), pre-frail (1–2 points), or frail (3–5 points).

Number of falls The nursing staff documented the num-
ber of falls occurring within the last six months.

Dependent variable
ADLs were assessed by use of the Barthel Index. The Bar-
thel Index (BI; [33]) is a questionnaire-based measure 
assessing independence during ADL participation. The 
BI is recommended for patients and shows good reli-
ability [34]. In each facility, one experienced and trained 
caregiver evaluated independence in ten categories (e.g., 
feeding, transferring from bed to chair, personal hygiene, 
walking, ascending stairs, and dressing). They score 
on scale levels 0, 5, 10, or 15, depending on the item. 
Scores range from 0 (entirely dependent) to 100 (fully 
independent).

Independent variables
We used a series of questionnaire-based measures and 
physical tests to assess participants’ performance with 
high specificity to the target group.

Objective physical performance Hand grip strength 
was measured using a hand-held hydraulic dynamom-
eter (JAMAR®). Participants were asked to squeeze the 
dynamometer with maximum isometric effort while sit-
ting on a chair and keeping their arm on an armrest with 
their elbow bent at an angle of 90° three times (dominant 
and non-dominant hand). The best result from the domi-
nant hand was used for further analysis. Cut-off values 
suggested by Fried et  al. [31] were used to classify grip 
strength.

Sitting balance was measured using a modified Func-
tional Reach (FR; [35]) test version. Participants extended 
their arms forward (shoulders elevated to an angle of 90°) 
while sitting next to a tape measure attached to the wall 
and moved their hands forward as far as possible with-
out changing their base of support. The spatial difference 
in hand position, measured in cm, between upright and 
total forward movement of one trial was recorded as the 
participant’s score. The normative value for FR is 26.6 cm 
for community-dwelling older adults [36].

Static and dynamic balance while standing and walk-
ing was evaluated with the Short Physical Performance 
Battery (SPPB; [37]), a reliable and valid assessment for 
older adults’ physical performance, measured balance, 
and lower extremity functioning (including standing bal-
ance measured in closed foot position, semi-tandem and 

tandem stance, habitual gait speed, chair stand test). In 
addition, gait speed was assessed as the time required to 
complete a 4 m walking track. Participants were asked 
to stand at a line and were instructed to walk down the 
track at their usual speed as if walking down an aisle in 
their nursing home. The time it took the participants to 
complete the 4 m track without deceleration was meas-
ured within two trials using a stopwatch or an instru-
mented gait analysis system (depending on the technical 
equipment at the different sites). A five-times sit-to-stand 
transfer was completed for the Chair Stand Test as fast 
as possible without using the arms. The three tasks were 
scored from 0 to 4, with higher scores representing better 
performance.

During all physical measurements, a safe environment 
with stabilizing equipment (e.g., table, chair, wall) was 
provided in case of balance loss. For gait assessments, a 
second test administrator assisted in enabling safety.

Cognition Global cognition was assessed using the 
Montreal Cognitive Assessment (MoCA; [38]. MoCA 
scores range from 0 to 30. A score of ≥ 26 reflects cogni-
tive health. Nasreddine et  al. [38] report a sensitivity of 
90% and a specificity of 87% regarding mild cognitive 
impairment.

Working memory was assessed using the Serial Sub-
traction Test (SST). The SST involves counting backward 
in steps of seven, showing sufficient test–retest reliabil-
ity (0.80–0.95; [39]. To meet the level of cognitive func-
tion present in our study population, we adapted the 
incremental steps to one and three. Participants counted 
backward in steps of 1 for 15 s in one trial, starting rand-
omized from 200 or 300. Participants counted backward 
in steps of 3 in a second trial, starting randomly at 153 
or 183. The number of correct answers within one trial 
period was documented for each trial. Subsequently, cor-
rect subtractions after an error occurred were counted as 
correct answers. The SST was tested in a single-task (sit-
ting) and a dual-task condition (walking), performing the 
two trials of the SST in a randomized order. Participants 
were instructed to walk on the track while counting back-
ward until a “stop”-signal was given after 15 s. The trial 
version and starting number were explained immediately 
before the “start”-signal. Participants were encouraged to 
keep on walking during the SST.

Subjective physical performance We used the 12-item 
Short-Form Health Survey (SF-12; [40] for the assess-
ment of quality of life, representing physical (SF-12 
phys) and mental health (SF-12 ment—see below) as 
two components within the independent variable meas-
ures. The questionnaire contains twelve items with which 
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participants rate their quality of life. SF-12 physical and 
mental component summary scales are scored using 
norm-based methods. The scales’ internal consistency 
(Cronbach’s α) ranges between 0.57 and 0.94 [40].

Concerns about falling were assessed by the short form 
of the Falls Efficacy Scale-International (Short-FES-I). It 
is a seven-item questionnaire and provides information 
on how concerned participants are about falling while 
executing ADL (e.g., dressing or undressing, showering 
or bath, getting up from a chair, or sitting down). The 
scoring of each item of the Short-FES-I ranges between 
one and four (Cronbach’s alpha 0.92, intra-class coeffi-
cient 0.83; [41].

Measures of the emotional state The short form of the 
CES-D, an eleven-item questionnaire valid for research 
on elderly populations [42], was used to screen for 
depressive symptoms and mood disorders. Answers 
were given on a scale ranging from “rarely / not at all” 
(0 points) to “sometimes” (1 point) and “mostly / all the 
time” (2 points). The scoring of positive items (questions 
3 and 11) is reversed. Finally, a sum score from all items 
was calculated, ranging from 0 to 22.

Life satisfaction was assessed by the Satisfaction with 
Life Scale (SWLS; [43], including global cognitive judg-
ments of satisfaction with one’s life on a seven-point 
Likert scale from 7 (total agreement) to 1 (no agreement 
at all). For the SWLS, a total sum was calculated with 
a possible range of 5 to 35 points. The SWLS has been 
demonstrated to have strong internal consistency with 
Cronbach’s alpha of 0.92 [43].

All measurements except for the Barthel Index were 
conducted by trained research personnel of the included 
centers of this study according to a standardized research 
manual.

Procedures
For rating on a daily routine, inclusion criteria (ambula-
tory, participation ability, instructions) were estimated 
by caregivers of the respective institution in consulta-
tion with the test supervisors. Measurements followed 
a standardized protocol. Except for the BI, every meas-
ure of one participant was taken by the same test 
administrator.

Statistical analysis
IBM SPSS 27.0 (RRID:SCR_016479) and IBM SPSS 
AMOS 27.0 (RRID:SCR_022686) software was used to 
perform descriptive analyses and structural equation 
modeling (SEM).

Some variables in the primary survey contain missing 
values to varying degrees, and each is related to differ-
ent aspects of the survey design or the respondents (see 
Table 2). The proportions of missing data ranges from 
2.0% (grip strength) to 34.1% (dual-task). Comparison 
of missing and non-missing cases by variables of the 
study can be seen in Table S1 in the Supplementary file. 
There were some significant differences with, however, 
small effect sizes for Barthel-Index, Functional Reach, 
MoCA, and Single & Dual-Task (1er). Little’s test of 
data Missing Completely at Random (MCAR) was non-
significant for MoCA (p = 0.507), CES-D (p = 0.452), 
FES-I (p = 0.395), SF12 (p = 0.056), SWLS (p = 0.051). 
The values of kurtosis and skewness fall within accept-
able range of -2 to 2 [44]. Multivariate normality was 
tested across the variables in the modell using Mar-
dia’s normalized estimate of multivariate kurtosis. In 
the present study the critical ratio of Mardia’s kurto-
sis did not exceed the recommended cut-off value of 7 
suggesting multivariate normality (see Table S2; [44]). 
Therefore, strategies for dealing with missing values 
were adapted in detail to the variables or question-
naires concerned. Sensitivity analyses were performed 
to examine the influence of missing data. An EM-algo-
rithm was used to estimate missing values in the items 
of the SF-12 and the CES-D because it reproduces 
actual patient data most accurately [45]. Missing values 
of the FES-I and SWLS were handled according to the 
rules of the scales [41, 43].

t-tests ascertained whether there were differences 
between males and females for the demographics and 
(M)ANOVAs with sex as independent variable and age 
as covariate for the main risk factors measures. Cohen’s 
d was employed to compute effect sizes when comparing 
the two groups.

A multigroup structural equation modeling (SEM) 
analysis using SPSS Amos was conducted to examine 
gender differencesin the hypothesized direct and indi-
rect relationships between BI, objective and subjective 
physical performance, cognition, and emotion. Direct 
and indirect effects were estimated using standardized 
coefficients, adopting a significance level of 0.05. Stand-
ardized coefficients with values 0.10–0.29, 0.30–0.49, 
and > 0.50 were interpreted as small, medium, and large 
effects, respectively [42]. The Bentler’s Comparative 
Fit Index (CFI), the Goodness of Fit Index (GFI), and 
the Tucker-Lewis Index (TLI) were used to assess the 
quality of adjustments of measurement and structural 
models. These indices signify a good adjustment when 
values > 0.90 are reached. Root mean squared error of 
approximation (RMSEA) was also used. A value below 
0.10 was considered an indicator of reasonable adjust-
ment. In addition, the absolute index χ2/df was adopted 
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since this indicates an acceptable adjustment for a 
value < 3 [42].

Results
Participants
Table  1 shows the baseline characteristics and demo-
graphic data of the included residents. The sample con-
sisted of n = 448 participants between 51 and 100 years 
old (M = 84.1, SD = 7.8; 50–59 = 1.1%, 60–69 = 3.4%, 
70–79 = 20.8%, 80–89 = 50.0%, 90–100 = 24.7%). Most 
of the participants were women (77%). At baseline, 
this cohort of nursing home residents had a mean (SD) 
MoCA score of 14.6 (6.62). A cut-off of 22 or lower on 
the MoCA is used to classify individuals with mild cogni-
tive impairment or dementia, which is the case for 62.6% 
of our participants. The majority of the participants were 
normal-weighted, and the prevalence of overweight and 
obesity was 30% and 26%, respectively. About 50% of the 
respondents belong to the middle SES group.

According to the Fried Frailty phenotype model, 27.6% 
of older nursing home residents exhibited a frailty sta-
tus, and 61.8% were in an intermediate stage (pre-frailty). 
Data for falls were only available from 190 participants, 
with 75.3% reporting no falls at all, 18,4% reporting one 
fall, and 6.3% reporting more than one fall.

Table  2 reports descriptive statistics of the complete 
case analysis at baseline for our variables of interest for 
this cohort. Cognitive performance was more demand-
ing under the dual-task condition than in the single-
task condition. There were 1.3% of residents with CESD 
scores greater or equal to 16. With mental health (SF12), 
we found very low variation with age and sex but were 
comparable with the German norm population from 
1994. According to the SWLS, 6.6% of the residents are 
extremely dissatisfied or dissatisfied, and 51.1% are satis-
fied or extremely satisfied with their life. The FES-I scale 
showed that 29.5% expressed serious concerns about fall-
ing, but 42.1% reported low concerns about falling. Mean 
scores for the physical health component of the SF12 are 
slightly lower than the German norm population from 
1994. 13% of the residents could not perform the bal-
ance test in SPPB. On the gait test in SPPB, only 21.5% 
had a walking speed of 0.83 m/s or higher. Roughly half of 
the residents needed more than one minute or could not 
perform the chair stand test in SPPB (45.7%). Men had 
significantly higher mean maximum grip strength than 
women. Following the European Working Group on Sar-
copenia in Older People (EWGSOP) guidelines, 17.2% of 
the participants can be classified in the sarcopenia group.

Multivariate analyses of variance (MANOVA) were 
conducted for the objective and subjective performance, 
cognition and emotion to test the hypothesis that there 
were differences between men and women as well as 
effects for age (see Table  2). There was neither a gen-
der nor an age effect for the Barthel Index. Multivariate 
ANOVAs with gender as the independent variable, con-
trolled for age, revealed a significant effect for sex (Wilks-
Lambda = 0.66, F(7,242) = 17.8, p < 0.001, η2

p = 0.135 and 
age only for objective performance. Overall, men per-
formed better than women in all motor assessments; 
younger participants performed better than older ones.

Correlations between the ADLs and the other observed 
variables
Table  3 shows the correlation matrix for the observed 
variables. The BI was positively correlated with objec-
tive performance measures (grip strength, gait speed, 
functional reach) and cognition (MoCA, ST, DT). A high 
number of correct words per second was positively cor-
related with the MoCA score. Grip strength and func-
tional reach were positively correlated with gait speed. 

Table 1 Baseline characteristics of the study population by sex 
(n = 448; means and SD)

MoCA Montreal cognitive assessment, BMI Body-Mass index, SES Socio-
economic status, PA Physical activity
a The gender of four participants was not reported
** p < .01; * p < .05

Mena Women Statistical analysis
n = 102 n = 343

Age (years) (n = 441) 81.7 ± 7.34 84.9 ± 7.79 t(439) = ‑3.69**, d = ‑0.42

MoCA (points) 
(n = 423)

15.6 ± 6.04 14.4 ± 6.76 t(171) = 1.67 d = ‑0.18

Body Height (m) 
(n = 402)

1.71 ± 0.08 1.60 ± 0.07 t(400) = 11.5**, d = 1.40

Body mass (kg) 
(n = 386)

79.3 ± 13.5 67.5 ± 15.9 t(384) = 6.20**, d = 0.77

BMI (kg/m2) (n = 386) 27.3 ± 4.49 26.2 ± 5.87 t(177) = 1.81, d = 0.19

SES (%)
 low (n = 116) 23.5 26.8 CHI2(2) = 3.40

 medium (n = 223) 57.8 47.8

 high (n = 106) 18.6 25.4

Frailty
 weight loss 
(n = 365)

0.09 ± 0.28 0.07 ± 0.26 t(363) = 0.41, d = 0.05

 fatigue (n = 403) 0.37 ± 0.49 0.36 ± 0.48 t(401) = 0.08, d = 0.01

 low PA (n = 396) 0.30 ± 0.46 0.31 ± 0.46 t(394) = ‑0.17, d = ‑0.02

 gait (n = 377) 0.63 ± 0.49 0.74 ± 0.44 t(129) = ‑1.96, d = ‑0.25

 weakness (n = 402) 0.72 ± 0.45 0.81 ± 0.39 t(137) = ‑1.71, d = ‑0.22

 Total (n = 447) 1.75 ± 1.05 1.90 ± 1.08 t(443) = ‑1.16, d = ‑0.13

 robust (n = 47) 9.8 10.8 CHI2(2) = 0.47

 pre-frail (n = 275) 64.7 61.8

 frail (n = 123) 25.5 27.6

 Falls in the last 0.25 ± 0.49 0.38 ± 0.82 t(185)
 = ‑0.97, d = ‑0.17 6 months (n = 187)
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The correlations were consistent with the pre-specified 
latent variables.

Evaluation of the proposed model
The model was tested to examine the hypothesized 
associations between the latent variables for men and 
women, separately (Fig. 1a and b). Model fit indices dem-
onstrated a good fit  CHI2(148) = 217, PCMIN/DF = 1.47, 
p < 0.001; Comparative Fit Index = 0.940; Tucker Lewes 
Index = 0.902, RMSEA = 0.033). While there was no 
direct association between emotion as well as subjec-
tive performance and ADLs (BI), objective physical 
performance and cognition positively and significantly 

predicted higher ADLs in men and women. However, 
emotion had a strong relationship with subjective perfor-
mance and cognition had a significant relationship with 
objective physical performance, but only in women. Age 
was only shown to be a significant variable in perceived 
performance for men (β = -0.257, p = 0.032). For women, 
age was only significant for objective performance 
(β = -0.332, p < 0.001).

Discussion
This study aimed to examine pathways and interactions 
of the individual’s subjective and objective physical per-
formance, cognition, and emotions on ADLs. The SEM 

Table 2 Measures of objective physical performance, cognition, emotion, and subjective physical performance by sex (n = 448)

SPPB Short physical performance battery, MoCA Montreal Cognitive Assessment, ST Single task, DT Dual task, FESI Falls efficacy scale international, CESD Center of 
Epidemiological Studies-Depression Scale, SWLS satisfaction with life scale
** p < .01; * p < .05

Men Women Statistical analysis (F, η2
p)

n = 102 n = 343 Sex Age

Dependent variable
 Barthel (n = 402) 76.7 ± 18.6 73.2 ± 19.0 1.39, .003 3.20, .008

Independent Variables
 Objective physical performance
  Grip strength dominant hand (kg) (n = 431) 23.3 ± 8.59 13.9 ± 6.28 50.7**, .170 25.2**, .092

  Functional Reach diff (cm) (n = 365) 33.1 ± 13.0 28.3 ± 11.4 4.69*, .019 5.73*, .023

 Gait speed (m/s)
  preferred (n = 332) 0.64 ± 0.29 0.60 ± 0.26 0.23, .001 12.3**, .047

  fast (n = 327) 0.80 ± 0.39 0.74 ± 0.33 0.53, .002 8.19**, .032

 SPPB
  Chair Stand (n = 396) 1.10 ± 1.12 0.96 ± 1.22 0.07, .001 11.1**, 043

  Balance Score (n = 421) 2.21 ± 1.30 1.77 ± 1.14 1.12, .004 7.69**, .030

 Gait speed of SPPB (m/s) (n = 404)

  Total (n = 396) 2.24 ± 1.20 2.14 ± 1.07 0.02, 0.001 14.8**, .056

5.33 ± 2.70 4.66 ± 2.60 0.43, .002 20.3**, .075

 Cognitive performance
  MOCA (n = 423) 15.6 ± 6.04 14.4 ± 6.76 0.13, .001 0.10, .001

 ST (number/time)
  1er (n = 325) 0.46 ± 0.27 0.44 ± 0.27 0.03, .001 0.04, .001

  3er (n = 322) 0.26 ± 0.21 0.23 ± 0.19 0.21, .001 0.62, .002

 DT (number/time)
  1er (n = 290) 0.35 ± 0.29 0.37 ± 0.29 0.87, .003 0.01, .001

  3er (n = 282) 0.21 ± 0.18 0.22 ± 0.20 0.42, .002 0.03, .001

 Subjective performance
  FESI (n = 401) 11.2 ± 4.31 11.8 ± 4.73 1.13, .003 0.21, .001

  SF12 physical health status (n = 413) 41.4 ± 10.0 40.4 ± 10.1 1.37, .004 0.66, .002

 Emotion
  CESD (n = 379) 6.93 ± 3.92 6.03 ± 3.97 3.16, .009 3.67, .010

  SF12 mental health status (n = 413) 50.9 ± 10.3 51.0 ± 9.90 1.12, .003 0.66, .002

  SWLS (n = 409) 24.6 ± 6.83 24.9 ± 6.29 0.15, .001 4.57*, .013
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analysed objective performance measures as well as sub-
jective outcomes. Overall, the results did not confirm our 
hypothesis that all analysed dimensions (objective and 

subjective physical performance, cognition, and emotion) 
impact ADLs similarly. The main results showed that 
objective physical performance and cognition positively 

Fig. 1 Structural equation model (SEM) of potential predictors of the ADLs (Barthel Index) among older adults living in a nursing home, controlled 
for gender and age (a men, b women). Ellipses are used to denote latent constructs, and rectangles are used to denote the observed variables. 
FR = Functional Reach; MoCA = Montreal Cognitive assessment; ST = Single Task; DT = Dual‑Task; SF12 ment = mental health status; CESD = Center 
for Epidemiological Studies‑Depression; SWLS = Satisfaction with Life Scale; FESI = Falls Efficacy Scale International; SF12 phys = physical health status
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predicted higher ADLs. However, there was no direct 
association between subjective physical performance 
and emotion and ADLs (BI). Moreover, subjective per-
formance was strongly correlated with emotions and 
objective performance. Results support the importance 
of cognitive and physical functioning for ADLs in multi-
morbid nursing home residents.

Influence of objective physical performance on ADLs
The SEM’s factors describing objective physical per-
formance were gait speed, sitting and standing balance, 
chair rise (as part of the SPPB), grip strength, and func-
tional reach. All these factors are attributes of the latent 
variable. The indicators’ grip strength and functional 
reach show medium effects. Our cohort showed heterog-
enous results of the included physical performance meas-
ures compared to normative data of other studies (cf. 
Table  2). Nonetheless, our results confirm other studies 
that have included subjects with a wide range of physical 
performance and have consistently found that physical 
performance is related to the prevalence of physical dis-
ability or incidental risks [46]. In addition, the observed 
differences between men and women as well as decreas-
ing functional capacity are in line with previous research 
as well as normative data [47–49]. Moreover, several 
studies have already shown strong predictive validity 
of indicators of motor performance (gait or chair stand 
test, [50]; handgrip strength, [51] on decrements in ADLs 
(and IADLs).

More specifically, all these objective measures have 
been shown to relate to specific domains of the BI, e.g., 
climbing stairs, dressing, and eating [9, 50]. For example, 
slow walking speed is a widely used criterion in geriatric 
assessment and has become a single estimator of frailty 
and its consequences [52]. Overall, our results indicate 
the interplay and importance of gait speed, balance, and 
chair rise in predicting ADLs and highlight the value 
of these assessments as diagnostic tools. On the practi-
cal side, these results accentuate how important it is for 
nursing home residents to receive targeted preventive or 
rehabilitative care to maintain or improve physical per-
formance and, thus, promote ADLs.

Influence of subjective performance on ADLs
In distinction to current literature, no direct association 
between subjective performance and functional status 
detected by the BI could be found in the SEM. Within 
the SEM, subjective performance was composed of fear 
or concerns of falling and the score of physical well-being 
(SF-12). Other studies found weak correlations between 
functional abilities, e.g. basic or instrumental ADLs and 
physical health-related quality of life in older adults with 
cognitive impairment [53]. It has to be noted that the 

concerns of falling were rated relatively low in our sample 
[41], and physical health was slightly lower than the norm 
sample [40]. One explanation for the lower concerns of 
falling of our nursing home residents might be their 
accessibility to care supplies. Avoiding falling is part of 
their living situation and their sedentary lifestyle. There-
fore, some items of the FES-I (e.g., going up/down stairs; 
reaching above your head or on the ground, walking up/
down a slope; going out to a social event (e.g., religious 
service, family gathering, club meeting)) might be irrel-
evant in their daily life.

Influence of cognitive function on ADLs
Our results demonstrate that the latent construct cogni-
tion was positively related to the functional status (BI) in 
nursing home residents. The observed variables loading 
on the latent variable cognition are scores on the MoCA 
[38] and SST during single- and dual-task situations. 
This positive relationship also confirms previous stud-
ies highlighting a connection between cognitive function 
and functional status in older adults [46]. All items of the 
BI require some physical functions related to either fine 
motor control (e.g., eating or grooming) or balance and 
mobility (e.g., transfer or climbing stairs). Several studies 
have shown that gait performance is reduced in individu-
als with cognitive decline or can even be a predictor of 
the development of dementia (for review, see [54]).

EF are crucial for lower- and higher-level motor func-
tions and, as such, have relevance for the functional sta-
tus, which is closely linked to physical performance. In 
addition, EFs play a significant role in facilitating ADLs 
[55]. This is crucial in older adults since aging may lead 
to cognitive decline and affect multiple other structures 
of sensorimotor control, including sensory (tactile or 
proprioceptive) organs, passive and active structures of 
the musculoskeletal system, and cardiovascular and res-
piratory systems. Due to these changes to different physi-
ological systems, older adults deal with higher amounts 
of uncertainty in motor control and, thus, require an 
increase in executive control to, e.g., maintain posture 
during gait [19]. In addition to basic EF, cognitive decline 
may affect higher-level cognitive functions necessary 
for ADLs, such as planning or reasoning, for spatial ori-
entation [11]. In sum, cognitive functioning has a small 
to moderate impact on the functional status, but not 
exclusively, via the motor control/objective performance 
pathway.

Influence of emotion on ADLs
Interestingly, SEM revealed no direct association 
between the latent variable „emotion“ (SF-12 mental, 
CES-D, and SWLS) and BI. Overall, we used three scales, 
including different emotional aspects. The mental SF-12 
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scale comprises pain, vitality, and mood, the SWLS deals 
with life expectancies and quality of life, and the depres-
sion scale integrates different symptoms of depression 
like sleep quality, deficits of attention as well as sad-
ness. Our results contrast with Bürge et  al. [18], who 
revealed that depression is a significant risk factor for 
ADLs in nursing home residents. Also, a recent study 
reported that poor self-rated health, poor life satisfaction, 
and depression are the most substantial risk factors for 
ADL disabilities [56]. Interestingly, we found no direct 
association between depressive symptoms and ADLs. 
Whether this is due to our measures of emotions remains 
speculative.

Other intercorrelations
SEM also revealed an association between the latent 
variables (1) „cognition“ and „objective physical perfor-
mance“, as well as a relationship between (2) “objective” 
and “subjective physical performance” and “emotions” for 
women. (1) As discussed above, studies showed that the 
coexistence of physical and cognitive impairments  is  
associated with the risk of developing dementia [57]. 
Montero-Odasso et  al. [57] showed that frail partici-
pants had a higher prevalence of cognitive impairment 
than those without frailty and that the combination of 
slow gait and cognitive impairment posed the highest 
risk for dementia progression (77% vs. 54%). Moreover, 
Dodge et al. [58] estimated that cognition accounted for 
18% to 36% loss in ADLs and 11% to 29% in IADLs in a 
community-based sample of older adults. The identified 
relationship between cognition and “objective physical 
performance” within our SEM might be one potential 
pathway for these correlations between cognition and 
ADLs.

(2) The association between “objective physical per-
formance” and “emotions” might relate to study findings 
that showed that an increase in depressive symptoms in 
cognitively unimpaired nursing home residents [27] was 
associated with a decline in physical performance. Fur-
thermore, as reported above, reduced physical fitness 
and independence led to increased depressive symp-
toms in nursing home residents [59], which in turn might 
affect the intrinsic motivation to be physically active or 
increase sadness or anger according to their own disabili-
ties. Also, Verghese et al. [60] suggested that the underly-
ing processes of mood, cognition, and fitness should be 
observed in concert to explain performance in ADLs in 
older adults living independently. Concerning our SEM, 
one might suggest that these interdependencies could 
also be true for nursing home residents in long-term 
care. However, our findings also showed a reciprocal cor-
relation, which means that the interdependencies obtain 
in both directions.

In addition to the interaction of emotion and objec-
tive physical performance, there was a strong connection 
between emotional variables and subjective physical per-
formance in women. Previous studies examining com-
munity-dwelling older adults found more fall-related 
concerns and anxiety for women than men [61]. The 
SEM of our study revealed a strong positive relationship 
between subjective motor performance and emotions, 
indicating a more indirect effect of emotions on ADLs. 
In other populations needing care, studies reported an 
association between the prevalence of fear of falling and 
activity restrictions [62] which could lead to reduced 
ADL abilities in women. Despite the evidence of the 
relationship between physical performance and cogni-
tion, subjective physical performance might be a key to 
the sedentary behavior of nursing home residents who 
objectively have physical and cognitive resources. They 
can perform ADLs, but the emotional state combined 
with the subjective physical performance could be a more 
significant barrier for activities than the objective physi-
cal and cognitive state. Moreover, the behavior might 
be influenced by the nursing staff’s behavior in the envi-
ronment [63]. Evidence suggests that caregivers fear the 
residents’ potential falls or pain when performing ADLs 
leading to fear avoidance behavior and activity restric-
tions [64]. Maybe this relationship is underestimated in 
daily practice in nursing home settings.

Implications for future interventions to promote resources 
for nursing home residents
This cross-sectional study analysed the pathways and 
interactions of nursing home residents’ health and physi-
cal performance, cognition, and emotion regarding their 
influence on ADLs. The most significant influence was 
found in this cohort on objective and subjective physi-
cal performance and cognition. Therefore, resources for 
nursing home residents related to physical performance 
and cognition should be targeted, for example, through 
exercise programs. In addition, effective interventions to 
strengthen health resources, maintain independence in 
ADLs, and prevent or delay disabilities due to functional 
decline are highly prioritized in healthcare research [65]. 
Moreover, for nursing home residents, independent of 
their frailty status, exercise interventions with resistance, 
mobility, and balance training [66] have been shown to 
affect independence and the ability to perform ADLs 
positively. Considering the SEM results, multicomponent 
exercise interventions (e.g., a combination of strength, 
endurance, balance, coordination, and task-specific train-
ing on ADLs) combined with cognitive exercises [67] 
might be a solution. Combined cognitive-motor inter-
ventions with dual-task exercise can promote cognitive 
function in community-dwelling older adults and people 
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with dementia [68] and might simultaneously signifi-
cantly improve motor and cognitive function. Finally, but 
especially importantly, more attention must be drawn 
to the perceived motor performance in nursing home 
residents.

Considering the investigated associations between 
depressive symptoms, satisfaction with life, and mental 
health status with fear of falling shown by SEM, future 
interventions should also adapt to the environment and 
target individual functional resources of life-space mobil-
ity of nursing home residents. Increasing these individual 
resources for life-space mobility and other ADLs with 
targeted exercise interventions, including self-efficacy 
measures, might also positively affect satisfaction with 
life and emotional well-being. In addition, social partici-
pation significantly influences satisfaction with life [5]. 
Therefore, exercise interventions should be conducted in 
groups within the living environment.

The study results might encourage caregivers, clini-
cians, and policymakers to include tailored exercise 
interventions for nursing home residents to prevent 
further decline in functional performance and maintain 
independence in ADLs.

Strengths and limitations
The study has several strengths but also some limitations. 
First, it must be noted that the data collection was stand-
ardized in a multicenter study within 47 nursing homes 
all over Germany, in urban and rural areas with high and 
low social status, and with a large sample size (n = 448). 
To the best of our knowledge, this is the first study cov-
ering various nursing homes with different SES. Moreo-
ver, the measurements included allow us to gain a holistic 
view of functional, cognitive, and emotional health and 
fitness. However, the nurses selected the participants 
according to their subjective estimation of the eligibility 
criteria. This might have led to a selection bias.

Unfortunately, we did not integrate measurements of 
self-efficacy and motivation for being active or mobile. 
There is some evidence that maintaining self-efficacy and 
confidence or optimism is particularly difficult under 
the conditions of multimorbidity and the need for care. 
Those in need of care often cannot reduce the unpleas-
ant consequences of their diseases or threatening events, 
such as the increasing loss of physical or cognitive per-
formance. This can lead to changed beliefs about con-
trol on a cognitive and emotional level and may have 
consequences on a motivational level and, in turn, on 
mobility [5]. Emotionally, the inability to act leads to 
anger or sadness, up to the intensification of depressive 
symptoms. Both aspects then contribute to the fact that 
motivation to be physically active is reduced. Due to the 

cross-sectional character of this analysis, these relation-
ships need to be confirmed in future longitudinal studies.

Of course, the participants of this study were a vulnera-
ble group, often with a multimorbid status. Moreover, the 
examined population integrates not an equal number of 
men and women. This leads to difficulties in controlling 
for all possible confounders and could lead to substantial 
heterogeneity within some subscales of the integrated 
measures. However, gender-related differences were only 
observed for the functional performance measures. Nev-
ertheless, the overall prediction of factors affecting ADLs 
in this study cohort can be considered good regarding 
statistical data from the model fit with comparable effect 
sizes for both genders.

Conclusions
Due to demographic change, the number of very old 
adults dependent on professional care has risen sharply. 
In long-term care, nursing home residents (NHRs) suf-
fer from multimorbidity and an increasing need for com-
plex care interventions. Cognitive and physical declines 
are associated with physical and social inactivity, which 
may result in additional health-related problems, such as 
a progression of chronic diseases, depressive symptoms, 
reduced life-space mobility, and reduced quality of life. 
We explored the fundamental link between mechanisms 
of aging and analysed pathways and interactions between 
individual objective and subjective physical performance, 
cognition, and emotions with Activities-of-Daily-Living 
(ADL). This cohort’s most substantial influence was on 
objective and subjective physical performance and cog-
nition. Therefore, resources for NHRs related to physi-
cal performance, including subjective performance and 
cognition, should be targeted, for example, through exer-
cise programs. Independent of NHRs’ frailty status, exer-
cise interventions with resistance, mobility, and balance 
training have been shown to affect independence and the 
ability to perform ADLs positively. Increasing these indi-
vidual resources, including specific aspects of subjective 
performance (e.g., raising self-efficacy or reducing fear of 
falling) with targeted exercise interventions, might also 
positively affect satisfaction with life and emotional well-
being. The results might encourage caregivers, clinicians, 
and policymakers to include tailored exercise interven-
tions for NHRs to prevent further decline in functional 
performance and maintain independence in ADLs.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s11556‑ 023‑ 00327‑2.

Additional file 1. 

https://doi.org/10.1186/s11556-023-00327-2
https://doi.org/10.1186/s11556-023-00327-2


Page 13 of 15Wollesen et al. European Review of Aging and Physical Activity           (2023) 20:17  

Additional file 2: Table S1. Comparison of missing and non‑missing 
cases by variables of the study. Table S2. Descriptive statistics for variables 
in the model, including skewness and kurtosis.

Acknowledgements
The authors thank the volunteers who participated in the study. We acknowl‑
edge financial support from the Open Access Publication Fund of Universität 
Hamburg.

Authors’ contributions
NS and BW contributed equally to the writing of the first draft of the 
manuscript and the conceptualization of the study together with CVR. NS 
conducted the statistical analysis with the help of BW and CVR. TJK, LLB, 
TC, JR, A‑K.O, and KZ were included in the data collection, interpreting the 
data analyses and contributing to the discussion. TJK, CH, TJ, LV, DS, and MW 
were integrated into the conduction of the study and supported the writing 
process and manuscript editing. CVR supervised the process together with 
BW and NS.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study 
was funded by the health insurance Techniker Krankenkasse to the scientific 
concept. The study is part of the project “Prevention and occupational health 
in long‑term care” (PROCARE). However, the funder did not play any role in 
the design of the study, data analysis, reporting of results, or the decision to 
present the manuscript for publication.

Availability of data and materials
All relevant data are within the study, and raw data are available on request by 
the corresponding author.

Declarations

Ethics approval and consent to participate
The Ethics Committee of the Hamburg Chamber of Physicians (registration 
number PV5762) approved the study.
All individuals who met the inclusion criteria and their relatives were informed 
about the study in writing and verbally at each site. They were then asked if 
they would participate in the study and were given an informed consent form 
to be signed by the participants or their legal guardians.

Consent for publication
All authors have approved the manuscript and agree with its submission to 
“European Review of Aging and Physical Activity”. Material within the manu‑
script is not under consideration for publication elsewhere.

Competing interests
The authors declare that the research was conducted without any commercial 
or financial relationships that could be construed as a potential conflict of 
interest.

Author details
1 Department of Human Movement Science, University of Hamburg, Turmweg 
2, 20148 Hamburg, Germany. 2 Department of Sports and Movement Science, 
University of Stuttgart, Stuttgart, Germany. 3 Department of Human Movement 
Science, University of Vechta, Vechta, Germany. 4 Department of Neuromo‑
tor Behavior and Exercise, Institute of Sport and Exercise Sciences, University 
of Münster, Münster, Germany. 5 Institute of Human Movement Science 
and Health, Chemnitz University of Technology, Chemnitz, Germany. 6 Institute 
of Sports and Sports Science, Karlsruhe Institute of Technology, Karlsruhe, 
Germany. 7 Department of Sport & Health Sciences, University of Paderborn, 
Paderborn, Germany. 8 Institute of Sports Sciences, Goethe‑University Frank‑
furt, Frankfurt, Germany. 9 Institute of Medical Physics, Friedrich‑Alexander 
University of Erlangen‑Nürnberg, Erlangen, Germany. 

Received: 10 May 2023   Accepted: 31 August 2023

References
 1. Kao Y‑H, Hsu C‑C, Yang Y‑H. A Nationwide Survey of Dementia Prevalence 

in Long‑Term Care Facilities in Taiwan. J Clin Med 2022; 11(6). https:// doi. 
org/ 10. 3390/ jcm11 061554.

 2. Masciocchi E, Maltais M, Rolland Y, Vellas B, de Souto Barreto P. Time 
Effects on Physical Performance in Older Adults in Nursing Home: A Nar‑
rative Review. J Nutr Health Aging. 2019;23(6):586–94. https:// doi. org/ 10. 
1007/ s12603‑ 019‑ 1199‑5.

 3. Montero‑Odasso M, Almeida QJ, Bherer L, Burhan AM, Camicioli R, Doyon 
J, et al. Consensus on Shared Measures of Mobility and Cognition: From 
the Canadian Consortium on Neurodegeneration in Aging (CCNA). J 
Gerontol A Biol Sci Med Sci. 2019;74(6):897–909. https:// doi. org/ 10. 1093/ 
gerona/ gly148.

 4. Jansen C‑P, Diegelmann M, Schnabel E‑L, Wahl H‑W, Hauer K. Life‑space 
and movement behavior in nursing home residents: results of a new sen‑
sor‑based assessment and associated factors. BMC Geriatr. 2017;17(1):36. 
https:// doi. org/ 10. 1186/ s12877‑ 017‑ 0430‑7.

 5. Schott N, Johnen B, Klotzbier TJ. Assessing the well‑being of residents in 
nursing facilities. Ger J Exerc Sport Res. 2021;51(4):474–86. https:// doi. 
org/ 10. 1007/ s12662‑ 021‑ 00776‑w.

 6. Webber SC, Porter MM, Menec VH. Mobility in older adults: a compre‑
hensive framework. Gerontologist. 2010;50(4):443–50. https:// doi. org/ 10. 
1093/ geront/ gnq013.

 7. Vogel O, Otto A‑K, Zimmel H, Hinrichs T, Giannouli E, Wollesen B. Defini‑
tion and Contextual Factors of Nursing Home Residents’ Mobility in a 
Holistic View: A Delphi Study. Innov Aging. 2023;7(1):igac067. https:// doi. 
org/ 10. 1093/ geroni/ igac0 67.

 8. Granic A, Davies K, Jagger C, Kirkwood TBL, Syddall HE, Sayer AA. Grip 
Strength Decline and Its Determinants in the Very Old: Longitudinal 
Findings from the Newcastle 85+ Study. PLoS One. 2016;11(9):e0163183. 
https:// doi. org/ 10. 1371/ journ al. pone. 01631 83.

 9. Idland G, Pettersen R, Avlund K, Bergland A. Physical performance as 
long‑term predictor of onset of activities of daily living (ADL) disability: 
a 9‑year longitudinal study among community‑dwelling older women. 
Arch Gerontol Geriatr. 2013;56(3):501–6. https:// doi. org/ 10. 1016/j. archg er. 
2012. 12. 005.

 10. Auerswald T, Meyer J, Holdt K von, Voelcker‑Rehage C. Application of 
Activity Trackers among Nursing Home Residents‑A Pilot and Feasibility 
Study on Physical Activity Behavior, Usage Behavior, Acceptance, Usability 
and Motivational Impact. Int J Environ Res Public Health 2020; 17(18). 
https:// doi. org/ 10. 3390/ ijerp h1718 6683.

 11. Fricke M, Kruse A, Schwenk M, Jansen C‑P, Muehlbauer T, Gramann K, 
et al. Requirements of a cognitive‑motor spatial orientation training for 
nursing home residents: an iterative feasibility study. Ger J Exerc Sport 
Res. 2021;51(4):443–56. https:// doi. org/ 10. 1007/ s12662‑ 021‑ 00762‑2.

 12. Mullen SP, McAuley E, Satariano WA, Kealey M, Prohaska TR. Physical 
activity and functional limitations in older adults: the influence of self‑
efficacy and functional performance. J Gerontol B Psychol Sci Soc Sci. 
2012;67(3):354–61. https:// doi. org/ 10. 1093/ geronb/ gbs036.

 13. Lach HW, Parsons JL. Impact of fear of falling in long term care: an inte‑
grative review. J Am Med Dir Assoc. 2013;14(8):573–7. https:// doi. org/ 10. 
1016/j. jamda. 2013. 02. 019.

 14. Delbaere K, Crombez G, Vanderstraeten G, Willems T, Cambier D. Fear‑
related avoidance of activities, falls and physical frailty. A prospective 
community‑based cohort study. Age Ageing. 2004;33(4):368–73. https:// 
doi. org/ 10. 1093/ ageing/ afh106.

 15. Schott N, Tietjens M. Exploring the Mediating Role of Social Support and 
Fall Efficacy on the Association Between Falls and Physical Activity: A 
Cross‑Sectional Study in an Assisted‑Living Population. J Aging Phys Act. 
2019;27(1):53–60. https:// doi. org/ 10. 1123/ japa. 2017‑ 0378.

 16. Park S, Thøgersen‑Ntoumani C, Ntoumanis N, Stenling A, Fenton SAM, 
van Veldhuijzen ZJJCS. Profiles of Physical Function, Physical Activity, 
and Sedentary Behavior and their Associations with Mental Health in 
Residents of Assisted Living Facilities. Appl Psychol Health Well Being. 
2017;9(1):60–80. https:// doi. org/ 10. 1111/ aphw. 12085.

 17. Bolano D, Berchtold A, Bürge E. The Heterogeneity of Disability Trajec‑
tories in Later Life: Dynamics of Activities of Daily Living Performance 
Among Nursing Home Residents. J Aging Health. 2019;31(7):1315–36. 
https:// doi. org/ 10. 1177/ 08982 64318 776071.

 18. Bürge E, von Gunten A, Berchtold A. Factors favoring a degradation or 
an improvement in activities of daily living (ADL) performance among 

https://doi.org/10.3390/jcm11061554
https://doi.org/10.3390/jcm11061554
https://doi.org/10.1007/s12603-019-1199-5
https://doi.org/10.1007/s12603-019-1199-5
https://doi.org/10.1093/gerona/gly148
https://doi.org/10.1093/gerona/gly148
https://doi.org/10.1186/s12877-017-0430-7
https://doi.org/10.1007/s12662-021-00776-w
https://doi.org/10.1007/s12662-021-00776-w
https://doi.org/10.1093/geront/gnq013
https://doi.org/10.1093/geront/gnq013
https://doi.org/10.1093/geroni/igac067
https://doi.org/10.1093/geroni/igac067
https://doi.org/10.1371/journal.pone.0163183
https://doi.org/10.1016/j.archger.2012.12.005
https://doi.org/10.1016/j.archger.2012.12.005
https://doi.org/10.3390/ijerph17186683
https://doi.org/10.1007/s12662-021-00762-2
https://doi.org/10.1093/geronb/gbs036
https://doi.org/10.1016/j.jamda.2013.02.019
https://doi.org/10.1016/j.jamda.2013.02.019
https://doi.org/10.1093/ageing/afh106
https://doi.org/10.1093/ageing/afh106
https://doi.org/10.1123/japa.2017-0378
https://doi.org/10.1111/aphw.12085
https://doi.org/10.1177/0898264318776071


Page 14 of 15Wollesen et al. European Review of Aging and Physical Activity           (2023) 20:17 

nursing home (NH) residents: a survival analysis. Arch Gerontol Geriatr. 
2013;56(1):250–7. https:// doi. org/ 10. 1016/j. archg er. 2012. 09. 001.

 19. Hausdorff JM, Yogev G, Springer S, Simon ES, Giladi N. Walking is more 
like catching than tapping: gait in the elderly as a complex cogni‑
tive task. Exp Brain Res. 2005;164(4):541–8. https:// doi. org/ 10. 1007/ 
s00221‑ 005‑ 2280‑3.

 20. Reuter‑Lorenz PA, Park DC. How does it STAC up? Revisiting the scaffold‑
ing theory of aging and cognition. Neuropsychol Rev. 2014;24(3):355–70. 
https:// doi. org/ 10. 1007/ s11065‑ 014‑ 9270‑9.

 21. McGrath R, Vincent BM, Hackney KJ, Al Snih S, Graham J, Thomas L, et al. 
Weakness and cognitive impairment are independently and jointly 
associated with functional decline in aging Americans. Aging Clin Exp 
Res. 2020;32(9):1723–30. https:// doi. org/ 10. 1007/ s40520‑ 019‑ 01351‑y.

 22. Klotzbier TJ, Schott N. Cognitive‑Motor Interference during Walking in 
Older Adults with Probable Mild Cognitive Impairment. Front Aging 
Neurosci. 2017;9:350. https:// doi. org/ 10. 3389/ fnagi. 2017. 00350.

 23. Mack M, Stojan R, Bock O, Voelcker‑Rehage C. The association of execu‑
tive functions and physical fitness with cognitive‑motor multitasking in a 
street crossing scenario. Sci Rep. 2023;13(1):697. https:// doi. org/ 10. 1038/ 
s41598‑ 022‑ 26438‑x.

 24. Danhauer SC, Carlson CR, Andrykowski MA. Positive psychosocial func‑
tioning in later life: Use of meaning‑based coping strategies by nursing 
home residents. J Appl Gerontol. 2005;24(4):299–318.

 25. Gueldner SH, Loeb S, Morris D, Penrod J, Bramlett M, Johnston L, 
Schlotzhauer P. A comparison of life satisfaction and mood in nursing 
home residents and community‑dwelling elders. Arch Psychiatr Nurs. 
2001;15(5):232–40.

 26. Bishop AJ, Martin P, Randall GK, MacDonald M, Poon L. Exploring life 
satisfaction in exceptional old age: The mediating role of positive and 
negative affect. Clin Gerontol. 2012;35(2):105–25.

 27. Gaboda D, Lucas J, Siegel M, Kalay E, Crystal S. No longer undertreated? 
Depression diagnosis and antidepressant therapy in elderly long‑stay 
nursing home residents, 1999 to 2007. J Am Geriatr Soc. 2011;59(4):673–
80. https:// doi. org/ 10. 1111/j. 1532‑ 5415. 2011. 03322.x.

 28. Boström G, Conradsson M, Rosendahl E, Nordström P, Gustafson Y, 
Littbrand H. Functional capacity and dependency in transfer and dressing 
are associated with depressive symptoms in older people. Clin Interv 
Aging. 2014;9:249–56. https:// doi. org/ 10. 2147/ CIA. S57535.

 29. Cordes T, Bischoff LL, Schoene D, Schott N, Voelcker‑Rehage C, Meixner 
C, et al. A multicomponent exercise intervention to improve physical 
functioning, cognition and psychosocial well‑being in elderly nursing 
home residents: a study protocol of a randomized controlled trial in the 
PROCARE (prevention and occupational health in long‑term care) project. 
BMC Geriatr. 2019;19(1):369. https:// doi. org/ 10. 1186/ s12877‑ 019‑ 1386‑6.

 30. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. The Strengthening the Reporting of Observational Studies in Epidemi‑
ology (STROBE) statement: guidelines for reporting observational studies. 
J Clin Epidemiol. 2008;61(4):344–9. https:// doi. org/ 10. 1016/j. jclin epi. 2007. 
11. 008.

 31. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci. 2001;56(3):M146–56. https:// doi. org/ 10. 1093/ gerona/ 56.3. m146.

 32. Taylor HL, Jacobs DR, Schucker B, Knudsen J, Leon AS, Debacker G. A 
questionnaire for the assessment of leisure time physical activities. J 
Chronic Dis. 1978;31(12):741–55. https:// doi. org/ 10. 1016/ 0021‑ 9681(78) 
90058‑9.

 33. Mahoney FI, Barthel DW. PsycTESTS Dataset. 1965.
 34. Hopman‑Rock M, van Hirtum H, de Vreede P, Freiberger E. Activities 

of daily living in older community‑dwelling persons: a systematic 
review of psychometric properties of instruments. Aging Clin Exp Res. 
2019;31(7):917–25. https:// doi. org/ 10. 1007/ s40520‑ 018‑ 1034‑6.

 35. Lynch SM, Leahy P, Barker SP. Reliability of measurements obtained with 
a modified functional reach test in subjects with spinal cord injury. Phys 
Ther. 1998;78(2):128–33. https:// doi. org/ 10. 1093/ ptj/ 78.2. 128.

 36. Rosa MV, Perracini MR, Ricci NA. Usefulness, assessment and normative 
data of the Functional Reach Test in older adults: A systematic review and 
meta‑analysis. Arch Gerontol Geriatr. 2019;81:149–70. https:// doi. org/ 10. 
1016/j. archg er. 2018. 11. 015.

 37. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, 
et al. A short physical performance battery assessing lower extrem‑
ity function: association with self‑reported disability and prediction of 

mortality and nursing home admission. J Gerontol. 1994;49(2):M85‑94. 
Verfügbar unter: https:// pubmed. ncbi. nlm. nih. gov/ 81263 56/.

 38. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Col‑
lin I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening 
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9. 
Verfügbar unter: https:// pubmed. ncbi. nlm. nih. gov/ 15817 019/).

 39. Baek MJ, Kim K, Park YH, Kim S. The Validity and Reliability of the 
Mini‑Mental State Examination‑2 for Detecting Mild Cognitive Impair‑
ment and Alzheimer’s Disease in a Korean Population. PLoS One. 
2016;11(9):e0163792. https:// doi. org/ 10. 1371/ journ al. pone. 01637 92.

 40. Ware J, Kosinski M, Keller SD. A 12‑Item Short‑Form Health Survey: con‑
struction of scales and preliminary tests of reliability and validity. Medical 
care. 1996;34(3):220–33. Verfügbar unter: https:// pubmed. ncbi. nlm. nih. 
gov/ 86280 42/.

 41. Kempen GIJM, Yardley L, van Haastregt JCM, Zijlstra GAR, Beyer N, 
Hauer K, et al. The Short FES‑I: a shortened version of the falls efficacy 
scale‑international to assess fear of falling. Age Ageing. 2008;37(1):45–50. 
https:// doi. org/ 10. 1093/ ageing/ afm157.

 42. Radloff LS. The CES‑D Scale. Appl Psychol Meas. 1977;1(3):385–401. 
https:// doi. org/ 10. 1177/ 01466 21677 00100 306.

 43. Glaesmer H, Grande G, Braehler E, Roth M. The German Version of the Sat‑
isfaction With Life Scale (SWLS). Eur J Psychol Assess. 2011;27(2):127–32. 
https:// doi. org/ 10. 1027/ 1015‑ 5759/ a0000 58.

 44. Kline RB. Principles and practices of structural equation modelling. 4th ed. 
New York: The Guilford Press; 2016.

 45. Wirtz MA, Röttele N, Morfeld M, Brähler E, Glaesmer H. Handling Missing 
Data in the Short Form‑12 Health Survey (SF‑12): Concordance of Real 
Patient Data and Data Estimated by Missing Data Imputation Procedures. 
Assessment. 2021;28(7):1785–98. https:// doi. org/ 10. 1177/ 10731 91120 
952886.

 46. den Ouden MEM, Schuurmans MJ, Brand JS, Arts IEMA, Mueller‑Schotte 
S, van der Schouw YT. Physical functioning is related to both an impaired 
physical ability and ADL disability: a ten year follow‑up study in middle‑
aged and older persons. Maturitas. 2013;74(1):89–94. https:// doi. org/ 10. 
1016/j. matur itas. 2012. 10. 011.

 47. Steiber N. Strong or weak handgrip? Normative reference values for the 
German population across the life course stratified by sex, age, and body 
height. PLoS One. 2016;11(10):e0163917.

 48. Bohannon RW, Andrews AW. Normal walking speed: a descriptive meta‑
analysis. Physiotherapy. 2011;97(3):182–9.

 49. Mayhew AJ, So HY, Ma J, Beauchamp MK, Griffith LE, Kuspinar A, Raina P. 
Normative values for grip strength, gait speed, timed up and go, single 
leg balance, and chair rise derived from the Canadian longitudinal study 
on ageing. Age Ageing. 2023;52(4):afad054.

 50. Vermeulen J, Neyens JCL, van Rossum E, Spreeuwenberg MD, de Witte 
LP. Predicting ADL disability in community‑dwelling elderly people using 
physical frailty indicators: a systematic review. BMC Geriatr. 2011;11:33. 
https:// doi. org/ 10. 1186/ 1471‑ 2318‑ 11‑ 33.

 51. Taekema DG, Gussekloo J, Maier AB, Westendorp RGJ, Craen de AJM. 
Handgrip strength as a predictor of functional, psychological and social 
health. A prospective population‑based study among the oldest old. Age 
Ageing. 2010;39(3):331–7. https:// doi. org/ 10. 1093/ ageing/ afq022.

 52. Merchant RA, Morley JE, Izquierdo M. Editorial: Exercise, Aging and Frailty: 
Guidelines for Increasing Function. J Nutr Health Aging. 2021;25(4):405–9. 
https:// doi. org/ 10. 1007/ s12603‑ 021‑ 1590‑x.

 53. Christiansen L, Sanmartin Berglund J, Lindberg C, Anderberg P, Skär L. 
Health‑related quality of life and related factors among a sample of older 
people with cognitive impairment. Nurs Open. 2019;6(3):849–59. https:// 
doi. org/ 10. 1002/ nop2. 265.

 54. Beauchet O, Annweiler C, Callisaya ML, de Cock A‑M, Helbostad JL, Kres‑
sig RW, et al. Poor Gait Performance and Prediction of Dementia: Results 
From a Meta‑Analysis. J Am Med Dir Assoc. 2016;17(6):482–90. https:// doi. 
org/ 10. 1016/j. jamda. 2015. 12. 092.

 55. Zhu H, Samtani S, Chen H, Nunamaker JF. Human Identification for Activi‑
ties of Daily Living: A Deep Transfer Learning Approach. J Manag Inf Syst. 
2020;37(2):457–83. https:// doi. org/ 10. 1080/ 07421 222. 2020. 17599 61.

 56. Storeng SH, Sund ER, Krokstad S. Factors associated with basic and instru‑
mental activities of daily living in elderly participants of a population‑
based survey: the Nord‑Trøndelag Health Study, Norway. BMJ Open. 
2018;8(3):e018942. https:// doi. org/ 10. 1136/ bmjop en‑ 2017‑ 018942.

https://doi.org/10.1016/j.archger.2012.09.001
https://doi.org/10.1007/s00221-005-2280-3
https://doi.org/10.1007/s00221-005-2280-3
https://doi.org/10.1007/s11065-014-9270-9
https://doi.org/10.1007/s40520-019-01351-y
https://doi.org/10.3389/fnagi.2017.00350
https://doi.org/10.1038/s41598-022-26438-x
https://doi.org/10.1038/s41598-022-26438-x
https://doi.org/10.1111/j.1532-5415.2011.03322.x
https://doi.org/10.2147/CIA.S57535
https://doi.org/10.1186/s12877-019-1386-6
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1016/0021-9681(78)90058-9
https://doi.org/10.1016/0021-9681(78)90058-9
https://doi.org/10.1007/s40520-018-1034-6
https://doi.org/10.1093/ptj/78.2.128
https://doi.org/10.1016/j.archger.2018.11.015
https://doi.org/10.1016/j.archger.2018.11.015
https://pubmed.ncbi.nlm.nih.gov/8126356/
https://pubmed.ncbi.nlm.nih.gov/15817019/
https://doi.org/10.1371/journal.pone.0163792
https://pubmed.ncbi.nlm.nih.gov/8628042/
https://pubmed.ncbi.nlm.nih.gov/8628042/
https://doi.org/10.1093/ageing/afm157
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1027/1015-5759/a000058
https://doi.org/10.1177/1073191120952886
https://doi.org/10.1177/1073191120952886
https://doi.org/10.1016/j.maturitas.2012.10.011
https://doi.org/10.1016/j.maturitas.2012.10.011
https://doi.org/10.1186/1471-2318-11-33
https://doi.org/10.1093/ageing/afq022
https://doi.org/10.1007/s12603-021-1590-x
https://doi.org/10.1002/nop2.265
https://doi.org/10.1002/nop2.265
https://doi.org/10.1016/j.jamda.2015.12.092
https://doi.org/10.1016/j.jamda.2015.12.092
https://doi.org/10.1080/07421222.2020.1759961
https://doi.org/10.1136/bmjopen-2017-018942


Page 15 of 15Wollesen et al. European Review of Aging and Physical Activity           (2023) 20:17  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 57. Montero‑Odasso M, Oteng‑Amoako A, Speechley M, Gopaul K, Beauchet 
O, Annweiler C, et al. The motor signature of mild cognitive impairment: 
results from the gait and brain study. J Gerontol A Biol Sci Med Sci. 
2014;69(11):1415–21. https:// doi. org/ 10. 1093/ gerona/ glu155.

 58. Dodge HH, Kadowaki T, Hayakawa T, Yamakawa M, Sekikawa A, Ueshima 
H. Cognitive impairment as a strong predictor of incident disability in 
specific ADL‑IADL tasks among community‑dwelling elders: the Azuchi 
Study. Gerontologist. 2005;45(2):222–30. https:// doi. org/ 10. 1093/ geront/ 
45.2. 222.

 59. Kvæl LAH, Bergland A, Telenius EW. Associations between physical func‑
tion and depression in nursing home residents with mild and moderate 
dementia: a cross‑sectional study. BMJ Open. 2017;7(7):e016875. https:// 
doi. org/ 10. 1136/ bmjop en‑ 2017‑ 016875.

 60. Verghese J, Wang C, Holtzer R. Relationship of clinic‑based gait speed 
measurement to limitations in community‑based activities in older 
adults. Arch Phys Med Rehabil. 2011;92(5):844–6. https:// doi. org/ 10. 
1016/j. apmr. 2010. 12. 030.

 61. Hull SL, Kneebone II, Farquharson L. Anxiety, depression, and fall‑related 
psychological concerns in community‑dwelling older people. Am J 
Geriatr Psychiatry. 2013;21(12):1287–91.

 62. Fletcher PC, Hirdes JP. Restriction in activity associated with fear of falling 
among community‑based seniors using home care services. Age Ageing. 
2004;33(3):273–9. https:// doi. org/ 10. 1093/ ageing/ afh077.

 63. van Hell‑Cromwijk M, Metzelthin SF, Schoonhoven L, Verstraten C, Kroeze 
W, van Man Ginkel JM, de. Nurses’ perceptions of their role with respect 
to promoting physical activity in adult patients: a systematic review. J Clin 
Nurs. 2021;30(17–18):2540–62. https:// doi. org/ 10. 1111/ jocn. 15747.

 64. Fitzgerald TGD, Hadjistavropoulos T, MacNab YC. Caregiver fear of falling 
and functional ability among seniors residing in long‑term care facilities. 
Gerontology. 2009;55(4):460–7. https:// doi. org/ 10. 1159/ 00022 1007.

 65. Puth M‑T, Weckbecker K, Schmid M, Münster E. Prevalence of multimor‑
bidity in Germany: impact of age and educational level in a cross‑sec‑
tional study on 19,294 adults. BMC Public Health. 2017;17(1):826. https:// 
doi. org/ 10. 1186/ s12889‑ 017‑ 4833‑3.

 66. Crocker T, Young J, Forster A, Brown L, Ozer S, Greenwood DC. The effect 
of physical rehabilitation on activities of daily living in older residents of 
long‑term care facilities: systematic review with meta‑analysis. Age Age‑
ing. 2013;42(6):682–8. https:// doi. org/ 10. 1093/ ageing/ aft133.

 67. Schoene D, Valenzuela T, Lord SR, de Bruin ED. The effect of interac‑
tive cognitive‑motor training in reducing fall risk in older people: a 
systematic review. BMC Geriatr. 2014;14:107. https:// doi. org/ 10. 1186/ 
1471‑ 2318‑ 14‑ 107.

 68. Wollesen B, Wildbredt A, van Schooten KS, Lim ML, Delbaere K. The 
effects of cognitive‑motor training interventions on executive functions 
in older people: a systematic review and meta‑analysis. Eur Rev Aging 
Phys Act. 2020;17:9. https:// doi. org/ 10. 1186/ s11556‑ 020‑ 00240‑y.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1093/gerona/glu155
https://doi.org/10.1093/geront/45.2.222
https://doi.org/10.1093/geront/45.2.222
https://doi.org/10.1136/bmjopen-2017-016875
https://doi.org/10.1136/bmjopen-2017-016875
https://doi.org/10.1016/j.apmr.2010.12.030
https://doi.org/10.1016/j.apmr.2010.12.030
https://doi.org/10.1093/ageing/afh077
https://doi.org/10.1111/jocn.15747
https://doi.org/10.1159/000221007
https://doi.org/10.1186/s12889-017-4833-3
https://doi.org/10.1186/s12889-017-4833-3
https://doi.org/10.1093/ageing/aft133
https://doi.org/10.1186/1471-2318-14-107
https://doi.org/10.1186/1471-2318-14-107
https://doi.org/10.1186/s11556-020-00240-y

	Cognitive, physical and emotional determinants of activities of daily living in nursing home residents—a cross-sectional study within the PROCARE-project
	Abstract 
	Background 
	Methods 
	Results 
	Discussion and conclusion 
	Trial registration 

	Introduction
	Subjective and objective physical performance as determinants of ADLs
	Cognitive performance and emotions as determinants of ADLs
	Objectives

	Materials and methods
	Study design
	Participants
	Measures
	Screening
	Dependent variable
	Independent variables

	Procedures
	Statistical analysis

	Results
	Participants
	Correlations between the ADLs and the other observed variables
	Evaluation of the proposed model

	Discussion
	Influence of objective physical performance on ADLs
	Influence of subjective performance on ADLs
	Influence of cognitive function on ADLs
	Influence of emotion on ADLs
	Other intercorrelations
	Implications for future interventions to promote resources for nursing home residents
	Strengths and limitations

	Conclusions
	Anchor 34
	Acknowledgements
	References


