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Abstract
Background: Earlier studies show that the main reasons for admission to long-term nursing home care are cognitive
impairment and functional impairments of activities of daily life. However, descriptive evidence of mobility is scant.
The aims of this study were to describe mobility at admission to nursing homes and to assess the association between
mobility and degree of dementia.
Methods: We included 696 residents at admission to 47 nursing homes in Norway. Inclusion criteria were expected
stay for more than 4 weeks and 65 years or older. In addition, younger residents with dementia were included.
Residents with life expectancy shorter than six weeks were excluded. Mobility was assessed using the Short Physical
Performance Battery (SPPB) and the Nursing Home Life Space Diameter (NHLSD). The Clinical Dementia Rating Scale
(CDR) was used to describe the degree of dementia. The associations between mobility and degree of dementia was
analysed using the Chi-square and the Kruskal-Wallis test (KW-test). When the KW-test indicated a statistical significant
difference, we proceeded with planned group comparisons with the Mann-Whitney U-test. In addition, we performed
multiple linear regression analyses to control for potential confounders.
Results: Forty-three percent of the residents were not able to perform the balance test in SPPB. Twenty-four percent
of the residents were not able to walk four meters, while only 17.6% had a walking speed of 0.83 m/s or higher. Sixtytwo percent of the residents were not able to rise from a chair or spent more than 60 s doing it. The median score
on NHLSD area was 22 (IQR 17) and the median score on NHLSD dependency was 36 (IQR 26). Residents with severe
dementia had significantly lower levels of mobility than residents with moderate dementia. Cognitive function was
associated with SPPB and NHLSD dependency in the adjusted models.
Conclusion: Nursing home residents form a frail, but heterogeneous group both in terms of cognition and mobility
at admission. Mobility was negatively associated with cognitive function, and residents with severe dementia had
significantly lower levels of mobility than residents with moderate dementia.
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Background
The rapidly aging population has made the role of longterm care increasingly important worldwide. The present
long-term care systems are under strain and the total
incidence of people in need of long-term care is expected
to rise in the coming years [1]. Nursing homes (NH) are
the main providers of institutional long-term care in
Norway [2]. The main reasons for admission to NH are
cognitive impairment and dementia, and functional
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impairments of activities of daily life [1, 3, 4]. In Norway,
the prevalence of dementia in NH residents has increased
the past decades and as many as 84.3% of NH residents
suffer from dementia [5]. However, dementia does not
only lead to a decline in cognitive functions but also to
impairment in mobility [6]. Mobility, the ability to move
independently and safely from one place to another [7], is
essential for all parts of activities of daily life [8]. To be
able to maintain and improve mobility in NH residents it
is important to identify underlying aspects of mobility,
such as balance, gait and lower limb strength. In addition,
there may be a gap between physical capacity and physical
activity in NH residents, and it is important to gain
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information about the residents’ activity range and frequency, known as life space [9].
Several of the published studies providing descriptive
information on NH residents’ mobility are results from
baseline assessments of randomized controlled trials
(RCT) [10–12]. However, one should be cautious to
draw conclusions regarding mobility from such studies,
as there is a substantial risk of selection bias where residents with a positive attitude towards exercise are more
likely to participate. Strict inclusion criteria may also
limit the generalizability of the descriptive results from
RCT studies. There are also observational studies describing mobility in the NH population, but either the
sample size is small [13, 14] or the study took place several years ago [15]. To our knowledge, only a few studies
have described life space in NH residents, and interpretation of them is difficult as they used different outcome
measures [9, 16]. Further, the studies that provide descriptive information on mobility in NH residents are
carried out after various length of stay in the NH or
don’t specify at what time-point during the residents’
stay at the NH the assessments were carried out [9, 13–
16]. Throughout, these studies report that nursing home
residents are frail but heterogenous. Mobility is associated with health status and quality of life [8] and to increase knowledge of mobility at time of admission to
NH care is imperative.
In home-dwelling older people, high levels of mobility
are associated with better cognitive functioning and a
linear relationship between mobility and cognition is
observed [6, 17–19]. NH residents are considered as the
physically frailest in our population, and in addition to
dementia other conditions such as arthritis, osteoporosis, stroke, diabetes and cardiovascular diagnoses are
common and likely to entail mobility limitations [20].
The coexistence of several diagnoses among NH residents makes it hard to transfer the existing knowledge
about mobility and cognition in home-dwelling elderly
to NH residents. To date, there are few reports on the
relationship between mobility and degree of dementia in
NH residents. However, there are studies reporting that
the level of mobility in NH residents decreases in line
with deterioration in cognition [10, 21, 22].
Taken together, there is currently a lack of knowledge
about mobility and associations with degree of dementia
in NH residents at time of admission. The aims of this
study were to describe mobility and life space at admission to NH care, and to explore the associations between
degree of dementia and mobility.

Methods
Study design and setting

This study is a multicentre, cross-sectional study from
the baseline assessments of the Recourse Use and
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Disease Course in dementia – Nursing Home (REDICNH) study. In all, 47 NH from 35 municipalities within
four counties in south of Norway participated in the
study. Inclusion took place from March 2012 through
November 2014. The REDIC-NH study methods have
been described in detail in an earlier publication [23].
Participants

Participants were consecutively included at admission to
the NH. Residents were eligible for inclusion if they had
an expected stay at the NH of more than four weeks and
were 65 years or older. Younger persons with established
dementia were also included. Residents with a life
expectancy of less than six weeks as judged by the nursing home physician, the responsible nurse and the
primary caregiver were excluded. Written and oral information about the study was given by a project team
member, the department manager at the NH or the
nursing home physician. Participation was based on consent given by the resident, or by the resident’s next of
kin when the resident him/herself was not able to consent to participation. Ability to consent in the study was
decided by the NH staff, including the physician. The
Regional Ethics committee for Medical Research in
South-Eastern Norway approved the study (2011/1738a).
Procedure

The data on mobility and cognition was collected by
health workers in the NH, in collaboration with research
nurses. The research nurses completed a five-day training program and the health workers in the NH participated in a two-day training program prior to the first
assessments. In addition to the training program the
assessors were provided with a written guideline for
completion of the case report [23].
Measurements

The Short Physical Performance Battery (SPPB) was
used to assess mobility. The SPPB is a clinical
performance-based screening test of physical function
and mobility in older adults [24]. The SPPB includes
three tests that assess static balance, gait speed and
lower limb strength. Each test is scored from 0 to 4, and
the total score is 0–12 points. Higher score indicates
higher functional status, thus better mobility [25].
The Nursing Home Life Space Diameter (NHLSD)
was used to measure life space. The NHLSD assesses the
extent and frequency of mobility, and is completed by a
health care worker [9]. Four different ranges (extent) are
described and points from 1 to 4 are given. The innermost range (within his or her room) is 1 point and the
outermost (outside the facility) is given 4 points.
Frequency for each range is scored from 0 to 5, where 0 is
never and 5 is more than three times a day. Independency
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or need for assistance during mobility is also noted. If
independency of movement the score is multiplied by two.
Scoring range is 0–100; higher score indicates larger range
of mobility and greater independence [9].
The Clinical Dementia Rating Scale (CDR) was used
to describe the degree of cognitive impairment and
dementia [26]. The CDR is a global rating tool where
performance on six domains of cognitive and functional
performance are rated. Based on an algorithm which
gives precedence to the domain memory, a CDR score
of 0, 0.5, 1, 2 or 3, indicating no, questionable, mild,
moderate and severe dementia, respectively, is produced.
In line with previous studies, a CDR score of 1 or more
indicated dementia [5]. CDR can also be scored as sum
of boxes (CDR-SOB), ranging from 0 to 18, where higher
score indicates more impaired cognitive function [27].
Demographic factors

Sociodemographic characteristics and clinical information include gender, age, years of education, marital
status, body mass index (BMI), comorbidity and general
physical health. Comorbidity was assessed with the
Charlson comorbidity index (CCI) [28]. CCI includes 18
different conditions. Based on information from the
patients’ journals each condition is scored yes/no which
gives a count of total number of comorbid conditions.
The General Medical Health Rating (GMHR) scale was
used to assess general physical health. The GMHR is a
one-item, global rating scale with four categories
(excellent, good, fair, poor) [29].
Statistical analysis

Data are presented with numbers and percentages for
categorical variables, with means and standard deviation
(SD) for normally distributed continuous data, and with
median and interquartile range (IQR) for continuous
data with skewed distribution. Several of the variables
have missing data, and the number of cases will vary between the different analyses. We used the Chi-square
test to compare categorical data, and the Kruskal-Wallis
test (KW-test) to compare continuous data with skewed
distribution. For the group comparisons, we dichotomized the chair stand variable into > 60 s or unable to
rise from chair (category 0) and less than 60 s (category
1–4). When the KW-test indicated a significant difference, we proceeded with planned group comparisons
with the Mann-Whitney U-test. Based on the linear relationship between mobility and cognition observed in
home-dwelling elderly [6, 17–19], we performed preplanned comparisons between groups of increasing
degree of dementia. For these analyses, we applied the
Bonferroni adjustment to the alpha value of 0.05, and
the significance level was therefore set at 0.017. For all
other statistical tests, the p-value was set at 0.05. We
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performed multiple regression analyses of the relationships between cognition (using CDR-SOB) and the three
main outcome variables SPPB, NHLSD area and NHLSD
dependency. We adjusted for age, gender, marital status
and GMHR. For these analyses, we dichotomized marital
status (unmarried/divorced/widowed and married/partner) and GMHR (excellent/good and fair/poor).
CDR-SOB was entered into the models in a separate
block, to provide information of its individual contribution to the explained variance of the models. We
checked correlations between the independent variables
for collinearity, and also looked at the residual plots to
ensure that the model assumptions were not violated.
All these statistical analyses were conducted in IBM
SPSS Statistics version 23. In addition, we performed
multilevel models with nursing home modelled as a random effect using xtmixed in Stata. The models with
nursing home as random effect did not provide a better
fit to the data and remained largely unchanged from the
models not including this random effect. We therefore
only present the multiple regression models.

Results
Table 1 shows the characteristics of the study population. A total of 696 residents were included, and 63.9%
were women. The mean age was 84.4 years (SD 7.5) and
56.2% of the residents were widowed. Based on the CDR
score 86.4% had dementia (CDR score 1–3) at admission
to the NH. Fifteen residents (2.2%) had no dementia
(CDR score 0) and 78 (11.4%) had questionable dementia (CDR score 0.5). These two groups are therefore
treated as one group (no OR questionable dementia) in
the analyses.
The median total score on SPPB was 4 points (IQR 6).
Close to half of the residents were not able to perform the
balance test in SPPB (42.6%), and only 16.5% of the residents could achieve the highest score (Tandem). On the
gait test in SPPB 23.6% of the residents were not able perform the task, while only 17.6% had a walking speed of
0.83 m/s or higher. Roughly two thirds of the residents
used more than one minute or were not able to perform
the chair stand test in SPPB (62.5%), and 9.8% of the residents could achieve the highest score (< 11.19 s). The
median score on NHLSD area was 22 (IQR 17) and the
median score on NHLSD dependency was 36 (IQR 26).
(Table 1).
There was a significant difference in score on all the mobility outcome measures per the degree of dementia
(Table 2). Planned group comparisons showed that the
group of residents with severe dementia had significantly
lower mobility scores measured by both SPPB as well as life
space than residents with moderate dementia (Table 3).
In the multiple regression analyses, degree of cognitive
impairment (CDR-SOB) was significantly associated with
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Table 1 Baseline characteristics, mobility performance and degree
of dementia for the nursing home residents

Table 1 Baseline characteristics, mobility performance and degree
of dementia for the nursing home residents (Continued)

Total sample (N = 696)

Total sample (N = 696)

Participants per NH [median (IQR)]

10

(14)

CDR-SOB [mean (SD)]

Female gender [n (%)]

445

(63.9)

Age [mean (SD)]

84.4

(7.5)

BMI [mean (SD)]

23.9

(4.5)

Education (y) [median (IQR)]

8

(2)

Marital status [n (%)]

n = 687

NH Nursing Home, IQR Interquartile Range, SD Standard deviation, BMI Body Mass
Index, CCI Charlson Comorbidity Index, GMHR General Medical Health Rating, SPPB
Short Physical Performance Battery, NHLSD Nursing Home Life Space Diameter, CDR
Clinical Dementia Rating. CDR-SOB Clinical Dementia Rating sum of boxes
% = valid percent without missing
SPPB SUM: range 0–12, higher score indicates minimal mobility limitations/higher
physical functioning
NHLSD area: range 0–50, higher score indicates wider life space
NHLSD dependency: range 0–100, higher score indicates independency and
wider life space
CDR-SOB: range 0–18, higher score indicates more impaired cognitive function

Unmarried

60

(8.7)

Married/ Partner

209

(30.4)

Widowed

386

(56.2)

Divorced

32

(4.7)

CCI, sum [median (IQR)]

2

(2)

GMHR [n (%)]

n = 666

Excellent

32

(4.8)

Good

285

(42.8)

Fair

270

(40.5)

Poor

79

(11.9)

SPPB SUM [median (IQR)]

4

(6)

SPPB Balance [n (%)]

n = 589

0. < 10 s or can’t perform

251

(42.6)

1. Side by side

86

(14.6)

2. Semi tandem

101

(17.1)

3. Tandem 3–9.99 s

54

(9.2)

4. Tandem

97

(16.5)

SPPB Gait [n (%)]

n = 636

0. Can’t perform

150

(23.6)

1. < 0.46 m/s

157

(24.7)

2. 0.46–0.64 m/s

112

(17.6)

3. 0.65–0.83 m/s

105

(16.5)

4. > 0.83 m/s

112

(17.6)

SPPB Chair stand [n (%)]

n = 570

0. > 60 s or can’t perform

356

(62.5)

1. > 16.7 s

82

(14.4)

2. 13.70–16.99 s

42

(7.4)

3. 11.20–13.69 s

34

(6.0)

4. < 11.19 s

56

(9.8)

NHLSD area [median (IQR)]

22

(17)

NHLSD dependency [median (IQR)]

36

(26)

CDR [n (%)]

n = 685

0. No dementia

15

(2.2)

0.5. Questionable dementia

78

(11.4)

1. Mild dementia

178

(26.0)

2. Moderate dementia

276

(40.3)

3. Severe dementia

138

(20.1)

10.3

(4.3)

SPPB (p = 0.015) and with NHLSD dependency (p = 0.01),
but not with NHLSD area (p = 0.07) (Table 4). Adjusted
explained variance of these three models was between
12% and 20%, and CDR-SOB contributed with 1% of the
variance in the models with SPPB and NHLSD dependency. There were no significant differences in age, gender,
marital status and GMHR between participants included
in the regression analyses and participants excluded because of missing data.

Discussion
At admission to the NH, residents in this study formed a
heterogeneous group. Lower levels of mobility were associated with more severe cognitive impairment. Overall,
residents with severe dementia had significantly lower
levels of mobility than residents with moderate dementia.
All our participants were included at the time of
admission to a NH. However, most other studies that
provide descriptive information in NH residents are carried out at various time-points during stay at the NH or
don’t specify at what time of the residents’ stay the measurements were carried out. In lack of studies carried
out at admission, we have chosen to compare our results
to the NH population in general.
The overall score on the SPPB indicates that the residents had moderate to severe physical limitations and
low levels of mobility [25]. Close to half of the residents
were not able to complete the balance test, which
indicates slightly lower levels of balance abilities than
previously described [13, 15]. As many as 62.5% of the
residents were not able to rise from a chair five times, or
used more than one minute to complete the test, which
is in line with the study from Grönstedt et al. [10]. A
recent systematic review reports the average walking
speed in nursing home residents as 0.47 m/s [30]. In the
present study 23.6% of the residents were not able to
complete the four-meter walk test and 58.8% of residents
had a walking speed between 0.46 and 0.83 m/s. The
residents’ life space was within their room or their own
unit and beyond their unit once a week (NHLSD area
22). Regarding their independent mobility, residents
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Table 2 Associations between degree of dementia and mobility

SPPB SUM [median (IQR)]

No/ questionable dementia
(N = 93)

Mild dementia
(N = 178)

Moderate dementia
(N = 276)

Severe dementia
(N = 138)

P-value

4

4

4

2

< 0.001a

(5)

(6)

(6)

(4)

0.002b

SPPB Balance [n (%)]
0. < 10 s or Can’t perform

35

(49.3)

57

(35.6)

89

(36.8)

66

(59.5)

1. Side by side

13

(18.3)

25

(15.6)

36

(14.9)

12

(10.8)

2. Semi tandem

8

(11.3)

27

(16.9)

53

(21.9)

12

(10.8)

3. Tandem 3–9.99 s

5

(7.0)

13

(8.1)

26

(10.7)

10

(9.0)

4. Tandem

10

(14.1)

38

(23.8)

38

(15.7)

11

(9.9)
< 0.001b

SPPB Gait [n (%)]
0. Can’t perform

27

(32.5)

43

(25.6)

36

(14)

43

(35.8)

1. < 0.46 m/s

20

(24.1)

36

(23.4)

68

(26.5)

28

(23.3)

2. 0.46–0.64 m/s

12

(14.5)

29

(17.3)

49

(19.1)

21

(17.5)

3. 0.65–0.83 m/s

15

(18.1)

30

(17.9)

53

(20.6)

7

(5.8)

4. > 0.83 m/s

9

(10.8)

30

(17.9)

51

(19.8)

21

(17.5)
< 0.001b

SPPB Chair stand [n (%)]
0. > 60 s or can’t perform

45

(69.2)

93

(62.0)

125

(53.4)

86

(76.1)

1. Can perform in < 60 s

20

(30.8)

57

(38.0)

109

(46.6)

27

(23.9)

NHLSD area [median (IQR)]

18

(15)

22

(16)

22

(19)

15

(19)

0.006a

NHLSD dependency [median (IQR)]

30

(26)

37

(22)

37

(26)

30

(27)

< 0.001a

SPPB Short Physical Performance Battery, IQR Interquartile Range, NHLSD Nursing Home Life Space Diameter
SPPB SUM: range 0–12, higher score indicates minimal mobility limitations/higher physical functioning
NHLSD area: range 0–50, higher score indicates wider life space
NHLSD dependency: range 0–100, higher score indicates independency and wider life space
% = valid percent without missing
a
Kruskal-Wallis test, bChi-square test

moved within their room and unit daily, and outside
their unit less than weekly (NHLSD dependency 36).
These results are consistent with the results in previous
studies [10, 16].
In bivariate analyses, we found that residents with severe dementia had significantly poorer performances on
mobility and more limited life space than residents with
moderate dementia. In the adjusted models, degree of
Table 3 Planned group comparisons of mobility between degree
of dementia
(1) No/ questionable (2) Mild dementia (3) Moderate
dementia vs.
vs. Moderate
dementia vs.
Mild dementia
dementia
Severe dementia
SPPB SUM

p = 0.27a

p = 0.15a

p < 0.001a

b

b

SPPB
Balance

p = 0.22

p = 0.26

p = 0.002b

SPPB Gait

p = 0.54b

p = 0.06b

p < 0.001b

SPPB
Chair stand

p = 0.35b

p = 0.11b

p < 0.001b

NHLSD area p = 0.22a

p = 0.10a

p = 0.003a

NHLSD
p = 0.013a
dependency

p = 0.36a

p = 0.001a

SPPB Short Physical Performance Battery, NHLSD Nursing Home Life Space Diameter
a
Mann-Whitney U test, bChi-square test

cognitive impairment was significantly associated with
mobility, which is consistent with previous studies [10,
21, 22]. However, it is important to acknowledge that
cognition only contributed with 1% of the explained
variance of the mobility outcomes. In studies of homedwelling persons with dementia, cognitive function has
explained up to 13% of the variance in mobility outcomes [6]. So, the relationship between mobility and
cognition appears to be more complex in nursing home
residents than in home-dwelling persons with dementia.
Furthermore, residents with no or questionable
dementia were more dependent on assistance from
others during mobility than residents with mild dementia. The main reason for admission to a nursing home is
cognitive impairment and impairment in ability to carry
out activities of daily life [1, 3, 4]. In addition to cognitive impairment, conditions such as arthritis, osteoporosis, stroke, diabetes and cardiovascular diagnoses are
common in NH residents and likely to entail mobility
limitations [20]. Thus, residents who don’t suffer from
dementia are most likely admitted due to various
diseases that entail mobility limitations. In contrast to
findings from studies of home-dwelling older people we
did not find a gradual deterioration of mobility with increasing degree of dementia [6, 18]. Since residents are
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Table 4 Multiple linear regression analyses of the relationship between cognition and mobility
SPPB sum score (n = 486)
Crude estimates

Adjusted estimates
(Adj. R2 = 0.197)

B

95% CI

p

B

95% CI

p

Age

−0.10

−0.14, − 0.06

< 0.001

− 0.11

−0.14, − 0.07

< 0.001

Gender

− 0.04

−0.69, 0.61

0.90

0.14

−0.49, 0,77

0.65

Marital statusa

−0.18

−0.87, 0.51

0.61

−0.62

−1.30, 0.05

0.07

GMHRb

2,80

2.22, 3.38

< 0,001

2.80

2.23, 3.38

< 0.001

CDR-SOB

−0.08

−0.16, − 0.004

0.04

− 0.09

−0.16, − 0.12

0.015

p

NHLSD (n = 576) - area
Crude estimates
B

Adjusted estimates
(Adj. R2 = 0.12)
95% CI

p

B

95% CI

Age

−0.47

−0.60, − 0.34

< 0.001

− 0.48

−0.62, − 0.34

< 0.001

Gender

0.40

−1.71, 2.51

0.71

0.25

−1.88, 2.38

0.82

Marital statusa

0.39

−1.82, 2.59

0.73

−1.48

−3.78, 0.83

0.21

GMHRb

6.07

4.05, 8.09

< 0.001

6.04

4.07, 8.01

< 0.001

CDR-SOB

−0.09

−0.33, 0.15

0.45

−0.21

−0.44, 0.02

0.07

NHLSD (n = 576) - dependency
Crude estimates

Adjusted estimates
(Adj. R2 = 0.14)

B

95% CI

p

B

95% CI

p

Age

−0.75

−0.98, − 0.52

< 0.001

− 0.79

−1.03, − 0.54

< 0.001

Gender

2.63

−1.10, 6.36

0.17

3.33

−0.44, 7.10

0.08

Marital statusa

−0.26

−4.19, 3.66

0.90

−4.02

−8.10, 0.06

0.054

GMHRb

12.36

8.79, 15.92

< 0.001

12.7

9.22, 16.20

< 0.001

CDR-SOB

−0.34

−0.76, 0.08

0.11

−0.53

−0.94, − 0.12

0.01

SPPB Short Physical performance Battery, CI Confidence Interval, GMHR General Medical Health Rating, NHLSD Nursing Home Life Space Diameter, CDR-SOB Clinical
Dementia Rating sum of boxes
a
Marital status dichotomized into unmarried/divorced/widowed (0) vs. married/partner (1)
b
GMHR dichotomized into fair/poor (0) vs. excellent/good (1)

admitted due to a combination of reasons, the linear deterioration of mobility in line with increasing degree of
dementia might not be as evident as in home-dwelling
elderly. Still it is important to recognise the vulnerability
of the residents with severe dementia as they displayed
very low levels of mobility at admission. When planning
future care systems, it is evident that these residents require additional resources compared to residents with
less severe dementia.
Even though the residents had moderate to severe
physical limitations and low levels of mobility at admission, they formed a heterogeneous group regarding
overall mobility and life space, expressed by the large
interquartile ranges. This result is in line with previous
studies of residents with various duration of NH stay
[10, 15, 21, 22, 31]. The heterogeneity indicates the importance of registering level of mobility already at

admission to a NH to be able to provide individually
tailored services and care. Registering the level of mobility at admission to NH is important to be able to implement interventions to improve or prevent further
decline in mobility. Several studies have examined the
effects of various exercise and physical activity interventions on mobility and cognition in NH residents, with
promising results [32, 33]. However, the overall low levels
of mobility and high percentage of residents with moderate and severe degree of dementia demonstrated in our
study indicate that further studies on effect of intervention
including residents on the entire continuum of mobility
and cognition are needed. The level of mobility and degree
of dementia described in our study is important to recognise when considering staffing in NH. Our study shows
that residents’ life space primarily was within their room
or unit. This knowledge should be taken into

Sverdrup et al. BMC Geriatrics (2018) 18:30

consideration when planning the structure of NH, signifying that residents need assistance for reaching areas,
services and activities provided outside their units or even
outside their room. In addition, these results have implications for where organized activities should take place and
that interventions should aim at facilitating the ability of
residents to increase their life space to be able to attend
activities outside their room and unit.
Some limitations should be considered. In particular,
the group of no or questionable dementia was relatively
small, and the study is likely to be underpowered to detect small differences in mobility between no or questionable dementia and mild dementia. The registration
rate on almost all variables was above 80% which we
consider as acceptable, however, the rate was lower on
the SPPB. Just 55.9% in the small group of the residents
with no or questionable dementia had complete score
on SPPB. One possible explanation is that the residents
may have had very poor mobility so that the health
workers did not consider the SPPB as a feasible test
(although “can’t perform” is an option in the test manual). We do therefore not consider the missing data as
random, and we have chosen not to use imputation
techniques. Consequently, we must interpret the results
related to the group of no or questionable dementia with
caution. Another limitation is that gait speed was registered as a categorical variable in the SPPB. The lack of
gait speed as a continuous variable limits the use of
established cut offs and limits the accuracy to which we
can compare our results to other studies.
We consider the multicentre approach as a strength of
this study. However, local practices and multiple assessors with various professional background and previous
experience with the assessment tools, can affect how the
assessments are carried out. To standardize the assessments across the different inclusion sites, comprehensive
training for all the assessors involved was provided and
the case report form contained a guideline on how to
complete the assessments. We believe that this has contributed to standardization of assessments throughout
the study. Further, the large sample size, broad inclusion
criteria and use of performance-based outcomes for mobility should be considered as strengths of this study. To
the best of our knowledge this is the first study to
describe mobility using performance-based tests at admission to a NH. The cross-sectional design precludes
any interpretation regarding the direction of the associations. Further epidemiological studies with a prospective
approach are needed to explore the trajectory of mobility in NH residents.

Conclusion
NH residents form a frail, but heterogeneous group both
in terms of cognition and mobility. We observed a
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relationship between mobility and cognition, however
not as clear as in previous studies of home-dwelling persons. Mobility was negatively associated with cognitive
function, and residents with severe dementia had significantly lower levels of mobility than residents with
moderate dementia. To be able to provide individually
tailored care, and implement interventions that promote
participation in activities of daily life and quality of life
in NH, our results highlight the importance of mapping
out the residents’ mobility at admission to a NH.
Abbreviations
BMI: Body mass index; CCI: Charlson comorbidity index; CDR: Clinical
dementia rating scale; CDR-SOB: Clinical dementia rating scale sum of boxes;
GMHR: General Medical Health Rating; NH: nursing home; NHLSD: Nursing
home life space diameter; REDIC-NH: Recourse use and disease course in
dementia – nursing home; SPPB: Short physical performance battery
Acknowledgements
This study is a collaboration between the Centre for Old Age Psychiatric Research,
Innlandet Hospital Trust (leader of the project) and the Norwegian National
Advisory Unit on Ageing and Health, Vestfold Hospital Trust. The data collection
of the study was administrated by the Centre for Old Age Psychiatric Research,
Innlandet Hospital Trust, and was initiated by the Norwegian Health Directorate.
We would thank the residents and their next of kin for participating in the study
and giving us their information. We would also thank the nursing home
managers for their cooperation, the staff members in the nursing home
that filled out the questionnaires, and the research nurses that collected
the data.
Funding
The Norwegian Health Directorate provided funding for the data collection in
this study. The Norwegian Fund for Post-Graduate Training in Physiotherapy
funded the first author’s Ph.D. study.
Availability of data and materials
The dataset analysed in the current study is available for researchers in cooperation
with the data owner, the research centre for old age psychiatry research –
Innlandet Hospital Trust. Information is available on the following page link: http://
sykehuset-innlandet.no/avdelinger/alderspsykiatrisk-forskningssenter.
Authors’ contributions
All authors were responsible for the study concept and design. GS, SB and IR
coordinated the data collection. KS carried out the statistical analysis with assistance
from GGT. KS and GGT analysed and interpreted the data and prepared the
manuscript. All authors contributed in writing and revising the manuscript, and
read and approved the final version. All authors agreed to be accountable for all
aspects of this work. All questions related to the accuracy and integrity of this work
are investigated and resolved.
Ethics approval and consent to participate
Participation was based on written consent given by the resident, or by the
resident’s next of kin when the resident him/herself was not able to consent
to participation. The nursing home physician, in cooperation with the nursing
home staff, decided whether the participants could consent themselves or if
inclusion in the study should be based on consent from their next of kin. The
nursing home physician and the staff had good knowledge of the participant,
and based their decision on the patient’s cognitive function. Information about
the study was presented orally and in writing. The study was approved by the
Regional Ethics Committee for Medical and Health Research Ethics in Norway
(2011/1738a).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Sverdrup et al. BMC Geriatrics (2018) 18:30

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Norwegian National Advisory Unit on Ageing and Health, Vestfold Hospital
Trust, Tønsberg, Norway. 2Department of Geriatric Medicine, Oslo University
Hospital, Oslo, Norway. 3Centre for Old Age Psychiatric Research, Innlandet
Hospital Trust, Ottestad, Norway. 4Faculty of Medicine, University of Oslo,
Oslo, Norway. 5Department of Health Science, Norwegian University of
Science and Technology, Gjøvik, Trondheim, Norway.
Received: 15 September 2017 Accepted: 23 January 2018

References
1. Prince M, Prina M, Guerchet M. World Alzheimer report 2013. Journey of
caring. An analysis of long-term care for dementia. London: Report,
Alzheimer’s Disease International; 2013.
2. Ramm J. Health and care. Use of services among the elderly. Oslo: Report,
Statistics Norway; 2013.
3. Gaugler JE, Duval S, Anderson KA, Kane RL. Predicting nursing home
admission in the U.S.: a meta-analysis. BMC Geriatr. 2007;7:1–14.
4. Wergeland JN, Selbæk G, Bergh S, Soederhamn U, Kirkevold Ø. Predictors
for nursing home admission and death among community-dwelling people
70 years and older who receive domiciliary care. Dement Geriatr Cogn Dis
Extra. 2015;5(3):320–9.
5. Helvik A-S, Benth JŠ, Wu B, Engedal K, Selbæk G. Prevalence and severity of
dementia in nursing home residents. Dement Geriatr Cogn Dis Extra. 2015;
40(1):166–77.
6. Tangen GG, Engedal K, Bergland A, Moger TA, Mengshoel AM. Relationships
between balance and cognition in patients with subjective cognitive
impairment, mild cognitive impairment, and Alzheimer disease. Phys Ther.
2014;94(8):1123–34.
7. Shumway-Cook A, Woollacott MH. Motor control: translating research into
clinical practice. 4th ed. Philadelphia: Wolters Kluwer/Lippincott Williams &
Wilkins; 2012.
8. Webber SC, Porter MM, Menec VH. Mobility in older adults: a
comprehensive framework. Gerontologist. 2010;50(4):443–50.
9. Tinetti ME, Ginter SF. The nursing home life space diameter. A measure of
extent and frequancy of mobility among nursing home residents. J Am
Geriatr Soc. 1990;39(2):1311–5.
10. Grönstedt H, Hellström K, Bergland A, Helbostad JL, Puggaard L, Andresen
M, et al. Functional level, physical activity and wellbeing in nursing home
residents in three Nordic countries. Aging Clin Exp Res. 2012;23:413–20.
11. Telenius E, Bergland A, Engedal K. Physical performance and quality of life
of nursing-home residents with mild and moderate dementia. Int J Environ
Res Public Health. 2013;10(12):6672–86.
12. Sabol VK, Resnick B, Galik E, Gruber-Bladidni AL, Morton PG, Hicks GE.
Exploring the factors that influence functional performance among nursing
home residents. J Aging Health. 2011;23(1):112–34.
13. Keogh JW, Senior H, Beller EM, Henwood T. Prevalence and risk factors for
low habitual walking speed in sursing home residents: an observational
study. Arch Phys Med Rehabil. 2015;96(11):1993–9.
14. Almomani FM, McDowd JM, Bani-Issa W, Almomani M. Health-related
quality of life and physical, mental, and cognitive disabilities among nursing
home residents in Jordan. Qual Life Res. 2014;23(1):155–65.
15. Giuliani CA, Gruber-Baldini AL, Park NS, Schrodt LA, Rokoske F, Sloane PD, et
al. Physical performance characteristics of assisted living residents and risk
for adverse health outcomes. Gerontologist. 2008;48(2):203–12.
16. 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
sensor-based assessment and associated factors. BMC Geriatr. 2017;17:36.
17. Voelcker-Rehage C, Godde B, Staudinger UM. Physical and motor fitness are
both related to cognition in old age. Eur J Neurosci. 2010;31(1):167–76.
18. Cedervall Y, Halvorsen K, Åberg AC. A longitudinal study of gait function
and characteristics of gait disturbances in individuals with Alzheimer's
disease. Gait Posture. 2014;39(4):1022–7.
19. Auyeung TW, Kwok T, Lee J, Leung PC, Leung J, Woo J. Functional decline
in cognitive impairment - the relationship between physical and cognitive
function. Neuroepidemiology. 2008;31(3):167–73.

Page 8 of 8

20. Schram MT, Frijters D, van de Lisdonk EH, Ploemacher J, de Craen AJM, de
Waal MWM, et al. Setting and registry characteristics affect the prevalence
and nature of multimorbidity in the elderly. J Clin Epidemiol. 2008;61(11):
1104–12.
21. Rocha V, Marques A, Pinto M, Sousa L, Figueiredo D. People with dementia
in long-term care facilities: an exploratory study of their activities and
participation. Disabil Rehabil. 2013;35(18):1501–8.
22. Park Y, Bae Y. A comparison of functional fitness and walking speed with
cognitive function of facility-dwelling elderly women: a cross-sectional
study. J Phys Ther Sci. 2012;24(1):73–6.
23. Roen I, Selbaek G, Kirkevold O, Engedal K, Testad I, Bergh S. Resourse use
and disease Couse in dementia - nursing home (REDIC-NH), a longitudinal
cohort study; design and patient characteristics at admission to Norwegian
nursing homes. BMC Health Serv Res. 2017;17:365.
24. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et
al. A short physical performance battery assessing lower extremity function:
association with self-reported disability and prediction of mortality and
nursing home admission. J Gerontol. 1994;49(2):85–94.
25. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lowerextremity function in persons over the age of 70 years as a predictor of
subsequent disability. N Engl J Med. 1995;332(9):556–61.
26. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new clinical scale
for the staging of dementia. Br J Psychiatry. 1982;140(6):566–72.
27. O’Bryant SE, Waring SC, Cullum CM, Hall J, Lacritz L, Massman PJ, et al. Staging
dementia using clinical dementia rating scale sum of boxes scores: a Texas
Alzheimer's research consortium study. Arch Neurol. 2008;65(8):1091–5.
28. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40(5):373–83.
29. Lyketsos CG, Galik E, Steele C, Steinberg M, Rosenblatt A, Warren A, et al.
The general medical health rating: a bedside global rating og medical
comorbidity in patients with dementia. J Am Geriatr Soc. 1999;47(4):487–91.
30. Kuys SS, Peel NM, Klein K, Slater A, Hubbard RE. Gait speed in ambulant
older people in long term care: a systematic review and meta-analysis. J Am
Med Dir Assoc. 2014;15(3):194–200.
31. Williams S, Williams CS, Zimmerman S, Sloane PD, Preisser JS, Boustani M, et
al. Characteristics associated with mobility limitation in long-term care
residents with dementia. Gerontologist. 2005;45(1):62–7.
32. Crocker T, Forster A, Young J, Brown L, Ozer S, Smith J, et al. Physical
rehabilitation for older people in long-term care. Cochrane Database Syst
Rev. 2013;28(2):CD004294.
33. Grönstedt H, Frändin K, Bergland A, Helbostad JL, Granbo R, Puggaard L, et al.
Effects of individually tailored physical and daily activities in nursing home
residents on activities of daily living, physical performance and physical activity
level: a randomized controlled trial. J Gerontol. 2012;59(3):220–9.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

