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Abstract

Background/Aims: There is evidence of an association between cognitive function and phys-
ical fitness. The aim of this study was to compare physical fitness in patients with cognitive
impairment with a group of older people recently discharged from hospital. Methods: A
cross-sectional study with 98 patients recently diagnosed with cognitive impairment and 115
patients recently discharged from hospital. Associations between the study group variable
and different components in the Senior fitness test were examined, controlling for demo-
graphic factors and comorbidity. Results: The group recently diagnosed with cognitive im-
pairment indicated poorer results on three of six physical fithess components (p < 0.05). Con-
clusion: Older adults with cognitive impairment are in need of individually tailored physical

activity programs to increase the level of physical fitness. © 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

Older people are the fastest growing group in the world, and maintaining physical inde-
pendence and good quality of life among older adults are important goals of clinical medicine
and public health [1]. Research shows that physical fitness is closely related to health-related
quality of life among healthy older people [2], among older people with chronic disease [3]
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and among older people with dementia [4]. Greater physical fitness is essential to carry out
tasks and to participate and enjoy social and cultural life [1]. Longitudinal studies suggest that
preserving high cardiorespiratory endurance through lifelong participation in physical activ-
ities may protect against cognitive decline among older people. Furthermore, physical activity
may even attenuate the progression of dementia among older people with mild cognitive
impairment (MCI) [5, 6]. Therefore, from the perspective of costs, health and social policy as
well as from the personal perspective, prevention of decline in physical fitness is important
since small differences in function and dependence are reported to be associated with large
differences in care costs, informal caregiving costs as well as the older person’s independence
and wellbeing [2, 7, 8]. Being able to live at home as long as possible is a political goal and is
also seen as a right [1].

However, as individuals get older, they are predisposed to chronic disease, cognitive
impairment and hospitalization which have direct impact on their level of physical function
and their ability to stay active [9-11]. Especially, cognitive decline has been associated with
lower levels of physical fitness [12] and may be a serious threat to older people’s indepen-
dence and quality of life [13].

Physical fitness is considered to be a component of physical function and can be defined
as the capacity to perform daily activities safely and independently without fatigue [14]. The
concept is multidimensional and includes muscle strength, cardiorespiratory endurance,
flexibility, balance and agility/mobility [15]. Successful performance in activities of daily
living in complex environments requires higher levels of physical fitness and cognitive
abilities.

Previous research has identified several risk factors for decline in physical fitness among
older people, which include increasing age, chronic disease, admission to hospital and
reduction in cognitive function such as memory and executive function [3, 16-19]. Hospital-
ization and acute medical illness is often associated with poor physical fitness because of the
cumulative effects of illness, medication and fatigue, on cardiopulmonary and musculo-
skeletal functioning [3, 20, 21]. There is strong evidence of a consistent association between
cognitive function and different aspects of physical fitness related to independent living such
as gait speed, mobility, balance and muscle strength [12, 17, 22-34]. As mentioned above,
maintaining adequate levels of aerobic fitness and walking endurance can avoid unnecessary
functional dependency in older people with and without cognitive impairment, and may even
be a protective factor for the development and progression of cognitive decline [35-40].
However, most studies concerning associations between cognitive function and physical
fitness components compare physical fitness in older people with cognitive impairment with
healthy older people without cognitive impairment [22, 28, 30, 32, 34, 41]. To get a broader
picture of the level of physical fitness among older people with cognitive impairment, it may
be of importance to compare the level of physical fitness between two groups at high risk for
inactivity and functional decline. Chronic diseases in combination with inactivity are two
important reasons for decline in physical fitness among older people [42]. In a recent study,
we showed that older people with different comorbidities recently discharged from hospital
due to an acute medical disease, had low levels of physical fitness and physical activity [3].
Research shows thatimpaired cognition and reduced cognitive abilities can affect the person’s
ability to participate in leisure time activity [43], and it is reported that older people with
cognitive decline have low levels of physical activity [31]. Therefore, based on the results
from previous studies, it is reasonable to believe that older people with MCI have even lower
levels of physical fitness than older people recently discharged from hospital. By comparing
two groups of older persons with different health problems, we wanted to highlight how
affected physical fitness can be in older people with cognitive impairment. Early detection is
essential in order to prevent further decline through physical activity interventions and reha-
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bilitation strategies [44-46]. A comprehensive profiling of physical fitness of older people
might assist researchers and health-care practitioners in designing more comprehensive,
targeted exercise interventions.

To our knowledge, there is a knowledge gap related to the differences in performance in
physical fitness in older people recently diagnosed with cognitive impairment and older
people with chronic disease recently discharged from hospital who did not have severe
cognitive problems, and who lived in their own homes.

Thus, the aim of this study was to compare patients with cognitive impairment with a
group of older people recently discharged from hospital in relation to different components
of physical fitness when controlling for demographic factors. This study aimed at adding new
knowledge regarding clinical impairments of physical fitness in those who are diagnosed
with cognitive impairments. Our hypothesis was that when compared to older persons with
comorbidities recently discharged from hospital, patients with MCI have lower levels of
physical fitness even when controlling for demographic factors.

Methods

Participants and Procedure

The sample includes baseline data from two study settings and has a cross-sectional
design. The first study setting (study 1) included older people >65 years of age diagnosed
with cognitive impairment. The term cognitive impairment in this study includes MCI and
dementia. The participants were recruited from four memory clinics in Norway (essentially
in Oslo area) after an initial examination regarding cognitive impairment and possible
dementia, assessed in accordance with a standard examination protocol [47, 48]. Physicians
at the memory clinics diagnosed their patients, and they were included in the study if they
were registered in ‘“The Patient Registry for Dementia Assessment in Norway’ and were diag-
nosed with cognitive impairment; either MCI or dementia. The ICD-10 classification was used
when diagnosing dementia, and the Winblad criteria were used when diagnosing MCI [49].
Physical fitness was assessed by an experienced physiotherapist less than 2 months after the
diagnosis of cognitive impairment.

The second study setting (study 2) included baseline data from a randomized controlled
aerobic exercise intervention trial, including patients discharged from hospital. Participants
were >70 years of age and were recruited whilst resident in the hospital (Oslo area) due to
an acute medical event. Physical fitness and cognitive tests were assessed by an experienced
physiotherapist at baseline 2-4 weeks after discharge from hospital. Participants were
excluded if they had cognitive impairment assessed as a score of <24 on Mini-Mental State
Examination [3, 50].

Inclusion criteria in both study settings were that they were living in the community with
no known chronic disease with an expected lifespan of <1 year.

Outcome Variables

Senior Fitness Test

The main outcome was the Senior fitness test (SFT), which is a widely used standardized
and safe assessment for providing information about physical fitness in older people [15, 51,
52]. Physical fitness is a multidimensional concept, and the SFT was designed to assess under-
lying physical parameters associated with functional mobility such as muscle strength, cardio-
respiratory endurance, flexibility, balance and agility/mobility [14]. The SFT item scores
create a profile of these major fitness components associated with independent function-
ing [15].
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The SFT assessments were made in the order presented: chair stand test for lower body
muscle strength (number within 30 s); arm curl test for upper body muscle strength (number
within 30 s); chair sitand reach test (CSR) for lower body flexibility (distance between fingers
and toe); back scratch test for upper body flexibility (distance between the two third fingers);
2.45-meter up-and-go test (Up&go) for power, speed, agility and dynamic balance (time to
rise, walk 2.45 m and return to the chair), and 6-min walk test to measure cardiovascular
endurance (distance walked in 6 min). More detailed descriptions are presented in the manual
[15]. SFT is a reliable test battery for assessing physical fitness in older people >60 years old,
including older people with cognitive impairment [15, 53].

Cognitive Testing

Cognitive tests included three cognitive tests which were a part of the standard exami-
nation protocol in ‘The Patient Registry for Dementia Assessment in Norway’: (1) The Clock
drawing test (clock test) with scoring instructions from 0 to 5 [54]. Test scores of 4-5 indicate
anormal score according to the scoring procedure of Shulman [54]. The clock test addresses
visual perception, constructional and executive difficulties [55]. (2) The Trail making test A
and B (TMTA and B) are timed in seconds and categorized into four categories based on
normative age-adjusted time intervals [56]. TMTA was used to provide information about
attention and speed, and TMTB was used to provide information about executive function
and mental flexibility (set shift) [55]. (3) The 10-word list learning test from the CERAD
(Consortium to establish a registry for Alzheimer’s disease) consists of a list of 10 words
presented three times. The participants were asked to recall the words. Scores of 0-30 were
used to measure the total number of correct words learned (10-word recall), and scores of
0-10 were used to measure the correct words recalled after 5 min of distraction (10-word
delayed) [57]. The patients referred to a memory clinic for an initial examination regarding
cognitive impairment and possible dementia were further assessed in accordance with a
standard examination protocol. The whole examination protocol has been described else-
where [47]. Testing was conducted by experienced nurses, occupational therapists and physi-
cians at the memory clinics, and by experienced physiotherapists at the hospitals.

Statistical Analysis

The characteristics of the sample are presented with the mean and standard deviation
(SD) for continuous variables and percentages for categorical variables. Statistical differences
between the two study groups were calculated using the x? test for categorical variables and
independent samples t test for continuous variables. Univariate linear regression was used
to show the associations between the different components of SFT, the variable of study
group (study group 1 and 2), and demographic factors such as age, gender, marital status,
comorbidity and BMI. Statistically significant variables in the univariate analysis were
included in a subsequent multiple regression analysis (enter method) to examine the asso-
ciation with the study group variable and the different components of SFT in order to control
for confounders. Analyses of multicollinearity were checked to detect any high level of asso-
ciation between independent variables and covariates. Residual plots were inspected, and if
the model assumptions were violated, a sensitivity analysis was performed to test the
robustness of the results. Statistical analyses were performed with the Statistical Package for
Social Science (SPSS), version 21 (SPSS Inc., Chicago, I1l., USA). p values <0.05 were considered
statistically significant, and all tests were two sided.

Ethics
Both study settings were approved by the Regional Committee for Medical Research
Ethics in South-Eastern Norway. The participants were given oral and written information
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Table 1. Demographic characteristics and performance in cognitive tests in the whole sample, and divided by study group

n All Study group 1 Study group 2 Between-group
(n=98)? (n=115)" differences, p°
Age, years 213 78.3 (6.3) 78.8 (7.4) 78.0 (5.2) 0.370
Gender, % women 213 58 54 61 0.390
Walking aid, % no walking aid 212 88 82 93 0.021
Living alone, % yes 213 48 40 55 0.041
Comorbidity 196 2.1(1.3) 1.6 (1.3) 2.5(1.1) <0.001
BMI 212 25.6 (4.8) 23.8(3.9) 27.0 (4.9) <0.001
Cognitive tests
Clock test, 1-5 212 39 (1.4) 3.4 (1.7) 4.4 (0.8) <0.001
TMTA, s 211 73.4 (43.7) 90.4 (55.0) 58.7 (21.9) <0.001
Unable to complete, % 0.5 1 0 <0.001
Able to complete, but score <2 SD, % 22 37 10
Time between 1 and 2 SD, % 34 31 36
Time better than 1 SD, % 44 32 54
TMTB, s 210 196.1 (84.8) 244.7 (78.1) 154.4 (66.4) <0.001
Unable to complete, % 24 52 0 <0.001
Able to complete, but score <2 SD, % 14 14 14
Time between 1 and 2 SD, % 15 11 18
Time better than 1 SD, % 47 23 68
10-word recall 210 16.0 (5.3) 2.3 (4.5) 19.1 (3.7) <0.001
10-word delayed recall 209 4.2 (2.9) 1.9 (2.1) 6.1(2.0) <0.001
Physical fitness
SFT
Chair stand 213 9.8(3.8) 9.4 (4.2) 10.2 (3.4) 0.137
Arm curl 212 13.4 (3.7) 13.1 (3.8) 13.6 (3.7) 0.338
CSR 212 -7.1(13.2) -12.0 (12.6) -2.9(12.4) <0.001
Backscratch 212 -15.4 (12.4) -16.4 (12.2) -14.5 (12.5) 0.267
Up&go test 212 79 (3.1) 9.0 (3.7) 6.9 (2.0) <0.001
6-min walk test 212 439 (119) 420 (123) 453 (115) 0.054

Data are presented as mean (SD) or as stated. ® Recently diagnosed with cognitive impairment. ® Recently discharged from hospital
because of a recent acute medical event without cognitive impairment. ¢ t test and x test; p value <0.05 was considered statistically
significant.

about the study and signed a written informed consent before taking part. In the group of
patients with cognitive impairment, a physician at the memory clinic assessed if the partici-
pants were able to give their consent before they were included in the study. If they were not
able to give their consent, they were excluded from the study.

Results

Two hundred and thirteen community-dwelling older persons (90 men and 123 women)
diagnosed with cognitive impairment (n = 98, 59 with MCI, 39 with dementia) or recently
discharged from hospital because of a recent acute medical event, and without cognitive
impairment (n = 115) participated in this study. Table 1 shows the characteristics of the
whole sample - study group 1 and study group 2. Study group 1 performed worse in the
fitness components CSR, Up&go test and 6-min walk test, compared to study group 2 (p <
0.001, <0.001 and 0.054, respectively). Our results demonstrated that study group 1 had
statistically significant worse score in all of the cognitive tests compared to study group 2 (the
clock test, TMTA and B, and 10-word recall and delayed tests; p < 0.001). In addition, there
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Table 2. Linear and multiple regression analysis of associations between the components of physical fitness measured with SFT
and demographic variables and comorbidity

Dependent and independent variables  Univariate analysis Multiple analysis®
0| O B (95% CI) p value B (95% CI) pvalue  R?
Chair sit and reach test 0.220
Study group (ref. = group 2) -9.11 (-12.50; -5.72) <0.001 -8.27 (-11.53; -5.01) <0.001
Age -0.20 (-0.48; 0.09) 0.173 -0.25(-0.51; 0.01) 0.064
Gender (ref. = man) 8.59 (5.14; 12.03) <0.001 8.20 (4.63; 11.78) <0.001
Married/cohabitant (ref. = yes) 4.62 (1.07; 8.16) 0.011 0.51 (-3.09; 4.11) 0.779
Comorbidity 0.34 (-1.10; 1.79) 0.639
BMI 0.17 (-0.21; 0.54) 0.384
Up&go test 0.317
Study group (ref. = group 2) 2.07 (1.27; 2.86) <0.001 2.71(1.93; 3.50) <0.001
Age 0.16 (0.09; 0.22) <0.001 0.15 (0.09; 0.21) <0.001
Gender (ref. = man) 1.15(0.31; 1.98) 0.007 0.74 (-0.17; 1.50) 0.055
Married/cohabitant (ref. = yes) 0.65 (-0.18; 1.49) 0.125
Comorbidity 0.39 (0.05; 0.72) 0.024 0.77 (0.47; 1.08) <0.001
BMI -0.07 (-0.16; 0.01) 0.098
6-min walk test 0.382
Study group (ref. = group 2) -32.26 (-65.09; 0.57) 0.054 -82,47 (-112,95;-51,99) <0.001
Age -6.25 (-8.81; -3.69) <0.001 -7.32 (-9.62; -5.02) <0.001
Gender (ref. = man) -69.84 (-101.53; -38.15) <0.001 -52.39 (-80.83; -23.95) <0.001
Married/cohabitant (ref. = yes) -31.50 (-64.14; 1.14) 0.059
Comorbidity -28.07 (-40.78; -15.36) <0.001 -31.62 (-43.26; -20.05) <0.001
BMI -3.63(-7.07; -0.19) 0.039 -7.31(-10.55; -4.07) <0.001

B =Unstandardized coefficients; CI = confidence interval; R? = explained variance of the model.? Adjustment for variables significantly
associated with the actual component of physical fitness in the univariate analyses.

were differences between the groups regarding use of walking aid, BMI, comorbidity and
marital status (p < 0.001) (table 1).

The results from the univariate and multiple regression analyses regarding the associa-
tions between the components of physical fitness and variables of demographic and comor-
bidity are presented in table 2. The 10-word delayed test were excluded due to high corre-
lation (>0.70) with the 10-word recall test and the study group variable. The independent
variable ‘study group’, was still significant in the multiple analyses. The results regarding the
associations between the components of physical fitness and ‘Study group’ showed that being
in study group 1 indicated poorer results on the physical fitness components CSR, Up&go test
and 6-min walk test [B = -6.70 (p = 0.004), B =2.09 (p < 0.001) and B =-43.77 (p = 0.030)
respectively].

Discussion

In this study, we compared the level of physical fitness between a group of patients with
cognitive impairment and a group of older people with chronic disease recently discharged
from hospital. The main findings showed that older people with cognitive impairment
performed significantly worse on the physical fitness tests CSR, Up&go test and 6-min walk
test compared to older people recently discharged from hospital, even when controlling for
demographic factors and comorbidity. These results show that being diagnosed with MCI or
dementia is associated with lower physical fitness, and support previous studies reporting a
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strong negative association between cognitive impairment and different aspects of physical
fitness [22, 25, 29, 58-68].

The results support the need for a focus on physical fitness and functioning in older
people with MCI and early dementia living in the community. Maintaining adequate physical
fitness among people who are diagnosed with MCI and dementia may help them to live longer
in their own home and reduce the burden of their care takers. Thus, the results suggest that
focus on physical activity and physical fitness after the diagnosis may be of importance.

In line with our results, associations between cognitive function and physical perfor-
mance have been reported in the areas of gait, aerobic endurance, balance, and fall risk in
older adults with normal cognitive function, MCI and dementia, and they are especially robust
in the presence of executive dysfunction [12, 28, 30, 33, 69-72]. Declining executive function
may be an early indicator of overall functional decline in older adults, and has been shown to
be predictive of functional decline and increased risk for dementia in community-dwelling
older adults [23, 26]. In a prospective study of older women with intact cognition at baseline,
executive function decline occurred 3 years prior to memory decline over a 9-year follow-up
period, and executive function decline occurred more often than any other cognitive
impairment [73]. The combination of reduced physical fitness and executive function may be
more predictive of dementia risk; therefore, it has implications for accelerated functional
decline, and disability is of importance for participants with cognitive impairment in our
study.

The findings in this current study showed significant associations between mobility
measured in the Up&go test as well as in the 6-min walk test and the study group. Intact gait
control requires the efficient integration of many neural systems, including motor, sensory
and cognitive processes, and cognitive subsystems such as memory, attention and executive
function [74].

Even though cognitive impairment cannot be cured at present, decline in physical fitness
can be slowed by physical activity interventions. The benefits of exercise and physical activity
in delaying physical dependence in an elderly population and among people with cognitive
impairment and dementia have been shown in several studies [44, 45, 64, 75-77]. Interven-
tions should be directed to the affected components of physical fitness to initiate individually
tailored training programs. Due to lower executive function, several support strategies need
to be included. In addition, effective prevention and rehabilitation strategies to maintain
functional independency and avoid institutionalization could be established.

Cognitive impairment may influence the older adults’ interpretation and reporting of
symptoms. This might lead to delays in identification and treatment of new illnesses or exac-
erbations of existing diseases and to a greater extent influence older people recently diag-
nosed with cognitive impairment compared to older people with a recentacute medical event.
Cognitive impairment may also complicate the use of standard approaches to chronic disease
management. Both of these factors may influence physical function. In addition, progression
of the disease that underlies cognitive impairment may result in changes in physical function
[78].

Limitations

One limitation of this study was the cross-sectional design. This makes us unable to make
conclusions on causality. All observational studies are hampered by residual confounding to
various degrees. We have added key health-related confounders (gender, age, comorbidity)
which only to a limited degree attenuated the cognitive impairment-physical function asso-
ciation. Furthermore, we recognize that there are other potential factors that could explain
the difference in physical fitness between our two study groups such as previous physical
activity, medication, motivation and depression. In study group 1, many patients refused to
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participate (around 50%), and we do not know if they were different from the patients who
agreed to participate. They were not asked to give any reason for the refusal. Thus, we were
not able to collect systematic data to analyze possible causes or differences between those
who agreed and those who did not agree to participate. Our results cannot be generalized to
all patients with MCI or dementia or older people recently discharged from hospital. In study
group 2, subjects were enrolled in an intervention trial with an aerobic exercise component;
they might therefore be fitter and perhaps more engaged than those who would not have
agreed to be part of the intervention. Therefore the associations seen in this study may not
be applicable to the overall population of older people recently discharged from hospital.

Conclusion

In conclusion, this study shows that the level of physical fitness was low among older
adults with cognitive impairments compared to older people discharged from hospital. Thus,
this study supports that public health initiatives should be designed to reduce passive
sedentary behavior in older adults with cognitive impairment. This group is also in need of
individually tailored physical activity programs with built-in supportive strategies to coun-
teract the problems with lower executive functions.
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