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Summary
Background: Mild cognitive impairment (MCI) is a condition that entails
reduced cognitive abilities beyond normal aging, but without dementia. Studies
support the idea that MCI is associated with physical function and an increased
tendency to fall in older people, but most studies concern older people from
clinical populations. With regard to risk assessment and prevention, knowledge
is also needed on physical function and MCI in community-dwelling older
adults in the general population.
Objective: To describe the prevalence of MCI and physical function in
community-dwelling older adults, and to compare the physical function level
and activity level in community-dwelling older adults with and without MCI.
Method: A cross-sectional study using data collected from 1265 communitydwelling women and men who were aged ≥ 70 years during participation in the
population study HUNT4 Trondheim 70+ in the period 2018–2019. We mapped
physical and cognitive function using validated measuring instruments. The
participants also provided data on grip strength and physical activity measured
using an accelerometer.
Results: The age-adjusted scores showed that 17.8 per cent of the women and
21.3 per cent of the men had MCI. The majority of community-dwelling older
adults who participated in HUNT4 Trondheim 70+ had a high function level.
However, far more women than men in all age categories had scores that
indicated an increased risk of functional impairment. Both women and men
with MCI had a lower physical function level, poorer grip strength and a slower
walking speed, and they walked fewer steps on the most active day compared to
those without MCI.
Conclusion: The prevalence of MCI in our sample was lower than in HUNT4
70+, but was in line with ndings from several international studies. There was
no di erence in self-reported impaired function level between participants with
and without MCI, but both women and men with MCI had statistically
signi cant lower scores on all function measurements.

Mild cognitive impairment (MCI) appears between
normal aging and pathology. MCI involves impaired
cognitive function, but not to the extent that the
person has lost their independence in relation to daily
activities (1). It is estimated that 10–20 per cent of the
population aged 65 and over have MCI, and most of
them live at home (1).
According to recent gures from the Trøndelag Health
Survey, 35.5 per cent of people aged 70 and over have
MCI (2). Those with MCI have an increased risk of
developing dementia compared to others, and each
year about 10 per cent of people with MCI develop
dementia (3).
The association between MCI and developing
dementia is unclear, however, and this is currently the
subject of extensive research. Recent literature reviews
also support the idea that grip strength (4), walking
speed (5) and physical activity (6) are associated with
cognitive function in middle-aged and older people.
Physical activity level has also been posited as one of
the main modi able risk factors for functional
impairment and dementia (7). A study that examined
changes in cognitive function over a period of 14 years
among people aged 65 years and above at the start of
the study found a clear correlation between a
simultaneous decline in cognitive and physical
function (8).
Cognitive function is crucial for carrying out activities
in daily life, and it is assumed that performing a variety
of activities that challenge the musculoskeletal system
can help maintain and improve the cognitive function
level.

However, little is known about the prevalence of MCI
and the physical function level of community-dwelling
older adults in Norway, and the extent of the
di erences in function level between those with and
without MCI. An important goal of Norwegian health
policy is for older people to have the opportunity to be
as self-su cient as possible, and to manage by
themselves to the greatest extent possible (9).
The need for knowledge about the function level of
older people in the general population was emphasised
in the Coordination Reform in 2009 (10), and even
then the authorities pointed out that ‘[t]he services are
marked by insu cient e orts to limit and prevent
illness’ (10, p. 13).
According to gures from Statistics Norway, the
proportion of the population aged 80 and over will
more than triple by 2060 (to 720 000) (11), and by
2050 there will be about three times as many people
with dementia as there are today (12).
Having valid and up-to-date knowledge about the
health and function level of community-dwelling older
adults is crucial for early intervention and municipal
planning, as well as for innovation in the education
and social care sectors (9, 10).
Objective of the study

The aims of this cross-sectional study are to describe
the prevalence of MCI and the physical function level
of community-dwelling older adults. In addition, we
compare physical function level and physical activity
level in community-dwelling older adults both with
and without MCI.

Method
Study population

In the autumn of 2018 and the spring of 2019, we
invited all permanent residents of a district in
Trondheim, a total of 5087 people aged ≥ 70 years, to
participate in the study. Participants who for various
reasons could not attend the eld station were given
the option for someone to visit them at home or in a
residential institution.
We collected data from questionnaires and various
clinical tests using the same protocol as the
preliminary study in the fourth Trøndelag Health
Survey (HUNT4 70+), which was conducted in the
period 2017–2019.
One of the aims of HUNT4 Trondheim 70+ was to
study the health of a representative sample in a
Norwegian city. The data were collected by health
personnel and nursing students in their second year of
study at NTNU Trondheim who had certi ed training.
Of the 5087 invited to take part, 1749 chose to
participate (34 per cent of those invited).
The sample for this study

Of the 1749 who participated in HUNT4 Trondheim
70+, 1333 reported living in their own at or house, and
we excluded 279 who did not answer this question. We
then excluded participants who did not give full
answers in the instruments used to map cognitive
function and physical tness (n = 68).
The nal sample for the study thus consisted of 1265
participants. Data were missing for some of the
individual variables. The number of responses to each
of the questions we used is shown in the tables.
Demographic variables

Age is given in number of years. We converted
education to a dichotomous variable with either a high
or low level of education. The participants in the
category with a low level of education had completed
lower secondary school, one to two years of upper
secondary school, three years of upper secondary
school, or had completed an apprenticeship or
acquired a journeyman’s certi cate.
The participants in the category with a high level of
education reported that they had completed less or
more than four years of tertiary education. We
converted housing status to a dichotomous variable:
‘living alone or living with someone’.
In addition, we measured long-term illness using the
following questions from the questionnaire: ‘Do you
have any long-term illnesses (lasting at least 1 year),
injuries or disorders of a physical or mental nature
that impair your function level in daily life?’. We used
this as a dichotomous variable with the response
alternatives ‘yes’ and ‘no’.
We identi ed whether the participants had received
home nursing care or had been admitted to a nursing
home in the past year by asking the following
questions: 1: ‘Have you received home nursing care in
the last 12 months?’ and 2: ‘Have you been admitted to
a nursing home in the last 12 months?’. Both questions
were dichotomous with the response alternatives ‘yes’
and ‘no’.
Measuring physical function

To measure physical function, we used the instrument
Short Physical Performance Battery (SPPB) (13). SPPB
is a validated set of tests used to determine older
people’s level of physical function. It has been
translated into Norwegian and consists of a balance
test, a stand up-sit down test and a four-metre walking
test.

Each test is timed, and the result is converted into
points (0–4), which in turn are added together to give
a total score of between 0 and 12 points. Scores of 9 or
lower are associated with functional impairment,
vulnerability, need for a place in a nursing home and
mortality (13).
The balance test is hierarchical and is divided into
three parts: side by side stance, semi-tandem stance
and tandem stance. Walking speed is assessed with a
four-metre walking test at normal pace, and the best of
two measurements is used. Finally, leg strength is
assessed using a chair test, where the person being
tested is asked to stand up and sit down ve times
without using their arms. The test is simple, requires
little equipment and takes ve to seven minutes to
complete (14).
The SPPB total is presented both as a continuous
variable and as four SPPB categories in line with the
categorisation by Guralnik et al. (13) in the original
article (0–3, 4–6, 7–9 and 10–12).
In order to be able to compare our results with
ndings from the Tromsø study (14), we divided the
sample into age groups (70–74 years, 75–79 years, 80
years and over). We measured grip strength in
kilograms using a Jamar dynamometer, with three
attempts for each hand. We used the best
measurement in the analyses.
Objectively measured physical activity

To measure physical activity, we equipped the
participants with two accelerometers: one on their
lower back and one on their thigh, which they were
asked to wear continuously for seven days. The
analysis method for this study is based on data from
the back sensors. One day is de ned as the period
from 6 am until midnight. Steps are only registered if a
minimum of four are taken consecutively.

We used the Axivity AX3 accelerometer, which has
been shown to measure activity with high sensitivity,
speci city and accuracy (15). In the results section, we
present the number of steps for the day with the most
registered steps.
Mapping of cognitive function and MCI

We measured cognitive function using the Montreal
Cognitive Assessment Scale (MoCA) (16). The test,
which has been translated into Norwegian (17), is
designed to measure mild forms of MCI. It measures
cognitive capacity in a number of areas: memory,
orientation, language, comprehension and visual
construction. The maximum score that can be
achieved is 30, and a high score indicates better
cognitive function. The test takes about 10-15 minutes
to complete.
There is no consensus in the literature as to which
score should be set as the threshold for MCI. In this
study, we chose to use the same age-speci c limit
values that are used in the guide to HUNT4 Trondheim
70+.
For participants in the age group 70–79 years, the limit
value is <22 points, for the group 80–89 years the limit
value is <21 and for those ≥ 90 years it is <20. These
age-speci c thresholds are included in the
dichotomous variable MCI (‘yes’ or ‘no’).
Statistical analyses

The sample is presented according to gender in Table 1
and the results of univariate analyses are shown in
Table 2, where we have compared community-dwelling
older adults with and without MCI (broken down by
gender). The number and percentage are shown for
categorical variables, and continuous variables are
presented as averages and standard deviations.

We tested di erences between categorical variables
using a chi-squared test, and tested di erences
between continuous variables using a t-test for
independent samples. Where the value was expected
to be 5 or less in one of the cells in the matrix, we used
Fisher's exact test.
In cases where the range was too wide between the
groups, we used the Welch test instead of the t-test
(18). We chose a signi cance level of 0.05 for the
statistical tests of di erences (Table 2). We performed
the analyses using the statistical programme IBM SPSS
26.0.
Ethical considerations

All participants have given informed consent for data
from the research project HUNT4 Trondheim 70+ to
be used in research. This study has been approved by
the Regional Committees for Medical and Health
Research Ethics (85430/REK-Midt). The data were
managed and stored in line with the General Data
Protection Regulation (GDPR) and NTNU’s
regulations for storing and using medical data.

Results
Of the 1265 participants with complete data from both
the MoCA test and the SPPB, 692 were women (54.7
per cent) and 573 were men (45.3 per cent).
Demographic variables for the sample are presented in
Table 1.

While 47 per cent of the women stated that they lived
alone, only 19 per cent of the men stated the same.
There were also more women with only a lower or
upper secondary education (57.4 per cent) compared
with men (37.9 per cent).

About a third of both women and men reported having
had a long-term physical or mental illness in the past
year that had reduced their function level. Mean SPPB
scores were higher for men than women (p = 0.005)
(Table 1), with the greatest range among women. This
is shown in Figure 1, where we see that more women
than men have SPPB scores lower than 10.

Among those aged 80 or over, 60.8 per cent of men
and 55.2 per cent of women had a high function level.
There was no di erence in walking speed between
women and men (p = 0.375), but men had taken more
steps on the most active day of the measurement
period (p = 0.008) and had better grip strength than
women (p = 0.000). Comparisons between the groups
with and without MCI are shown separately for
women and men in Table 2.

There was a statistically signi cant di erence for the
vast majority of variables in the comparison between
those with and without MCI, both for women and
men. For the variable long-term illness, there was no
di erence between the groups, among either women
or men. SPPB scores by age group and MCI status are
shown for women in Table 3.

Far fewer of those with MCI than without had a high
SPPB score (10–12), and this was the case for both
sexes.

Discussion
The aims of this study were to 1) describe the
prevalence of MCI and physical function in
community-dwelling older adults and 2) compare the
level of physical function and physical activity in
community-dwelling older adults with and without
MCI.
Prevalence of MCI and physical function level

Prevalence of MCI was highest among the men

The prevalence of MCI based on age-adjusted MoCA
scores was 17.8 per cent among women and 21.3 per
cent among men, and 19.4 per cent overall. These
ndings support the conclusion in a review from 2014,
where 10–20 per cent of those aged 65 years and over
met the criteria for MCI (1).
The proportion with MCI in our sample was
nevertheless far lower compared with ndings from
HUNT4 70+, where the prevalence of MCI was 33.0 per
cent for women and 38.1 per cent for men (2). This
may well be due to the lower average age and higher
level of education among the participants in our
sample.

«The higher prevalence of MCI among men is
consistent with ndings from several other
studies.»
The higher prevalence of MCI among men is
consistent with ndings from several other studies (2,
19, 20). In a Swedish study of 748 older people from
the general population, Borland et al. (20) found that
old age, gender (male) and a low level of education
were predictors of MCI as measured using the MoCA.
However, a relatively recent meta-analysis that
included 56 studies concluded that there were no
gender di erences in the prevalence or incidence of
amnestic MCI, but that the prevalence of nonamnestic MCI was higher among women than men
(21).
Because our study measured global MCI and did not
make a distinction between whether participants had
memory impairment (amnestic) or only impairment in
other areas of cognition (non-amnestic), it is not
possible to determine gender di erences in MCI by
type of cognitive challenge.

No gender di erences in walking speed

Our ndings of a lower function level among women
than men are consistent with the ndings of the
Tromsø study (14). The age-related decline in physical
function also started earlier in women than in men.
Bergland and Strand concluded that SPPB produces
signi cant ceiling and oor e ects. This means that
more than 20 per cent of the sample is in the worst or
best category (22), and that the SPPB total score, time
spent on the chair test or the walking speed gives a
better picture of physical function in communitydwelling older adults.
Despite almost 76 per cent of our sample being in the
best SPPB category (10–12), we found no gender
di erence in walking speed in the sample as a whole or
within the di erent age groups. This is consistent with
the ndings for participants aged 80 and over in the
Tromsø study, while men aged 70–79 years walked
signi cantly faster than women of the same age (14).

«However, the men had taken more steps than the
women on the most active day of the measurement
period.»
The lack of a gender di erence in self-reported longterm chronic illness in our sample may have had a
bearing on our nding that there were no gender
di erences in walking speed among the under 80s.
However, the men had taken more steps than the
women on the most active day of the measurement
period.
One review estimates that healthy older people who
adhere to the recommended 30 minutes of daily
exercise will take an average of 8000–10 000 steps a
day (23). In the sample as a whole, the number of steps
on the most active day was almost 12 000 for women
and almost 13 000 for men.

As the number of steps on the most active day cannot
be compared with studies that give average values for
steps during the entire measurement period, we are
unable to determine whether the participants in our
study adhered to the recommended weekly physical
activity.
Number of steps is associated with cognitive
function

Both women and men with MCI had statistically
signi cant lower SPPB scores than those without MCI.
Far more of the women with MCI had lower SPPB
scores (0–6) than the men with MCI. This pattern was
also seen in strati ed analyses by age group and MCI
status.

«Walking speed, grip strength and number of steps
were also signi cantly lower in those who had MCI
than those who did not.»
Walking speed, grip strength and number of steps were
also signi cantly lower in those who had MCI than
those who did not. These ndings are consistent with a
meta-analysis of 26 cross-sectional studies that
supported a negative association between various
mobility measurements and cognitive function (24).
Recent research also supports an association between
number of steps per day and cognitive function, where
people in an early phase of MCI take far more steps
per day than those with pronounced MCI (25).
Longitudinal studies also nd an association between
SPPB and a reduction in activities of daily living
(ADL), in addition to an increased need for nursing
home care and early death (13).
Weak grip strength is a marker of cognitive status

In a review from 2017, the authors concluded that grip
strength can be used to observe changes in cognitive
function, and that reduced grip strength over time can
be a predictor of cognitive impairment in older people
(26). This may be because grip strength is correlated
with muscle strength (27). Reduced physical function
and muscle strength also show a correlation with the
number of days spent in hospital and hospital-related
deaths (28).
It is nevertheless interesting that we did not nd a
di erence between those with and without MCI in the
proportion who reported having had a long-term
physical or mental illness that impaired their function
in daily living.

«There is an association between physical and
cognitive function, regardless of clinical status.»
This applied to women and men alike. In a Norwegian
cross-sectional study in which 98 older patients with
newly diagnosed MCI were compared with 115 elderly
patients without cognitive impairment, the researchers
found that the patients with MCI had a statistically
signi cant poorer performance on three out of six
physical tests – physical tness, the sit to stand test
and the six-metre walk test – despite adjustment for
demographic factors such as age, level of education
and prevalence of disease (29).
This adds to ndings from international research that
provide support for the association between physical
and cognitive function, regardless of clinical status.
Nevertheless, it is important to be aware that
cognition and physical function levels are not only
a ected by normal aging processes.
Many di erent factors can in uence test results:
nutritional status, drug interactions or adverse e ects,
infections, metabolic disorders, anaemia, mental
health and sleep problems. These factors must be
considered for each individual.

Strengths and weaknesses of the study

The strengths of this study are that we used validated
instruments and objective measurements of physical
and cognitive function in a relatively large group of
community-dwelling adults aged ≥ 70.
Weaknesses of the study are the relatively low
participation rate and the fact that at present we only
have robust maximum values for the number of steps.
This makes the study unsuitable for comparison with
international literature, where the number of steps in
the measurement period is normally stated as average
and spread for the entire measurement period.
Another general weakness is that there is no consensus
in the literature on which MoCA limit should be used
to de ne MCI. We did not have access to data on who
declined the invitation to participate in HUNT4
Trondheim 70+, but since the participation rate was
relatively low, we assume that it was the youngest, the
healthiest and those with the highest level of
education who participated (30).
The proportion who stated that they had a tertiary
education was also higher in our sample (50.3 per
cent) compared with the participants in HUNT4 70+
(32.3 per cent). The ndings from this study cannot
therefore be generalised to all Norwegians aged 70
years and over who live at home.

Conclusion
Our survey showed that the prevalence of MCI in this
sample was lower than in HUNT4 70+, but was on a
par with gures from several international studies.
The majority of community-dwelling older adults who
participated in HUNT4 Trondheim 70+ had a high
function level, but physical function, grip strength, the
walk test and the number of steps on the most active
day were considerably lower among those with MCI,
both among women and men. Far more women than
men in all age categories also had scores that indicated
an increased risk of functional impairment.

Use of validated instruments in clinical nursing
practice that are not too complex and not too timeconsuming can aid the implementation and evaluation
of preventive measures and treatment options for
community-dwelling older adults.
We would like to thank the Norwegian National Advisory
Unit on Ageing and Health, Trondheim local authority and
the Trøndelag Health Study (HUNT) for access to data for
this study. HUNT is a collaborative project between HUNT
Research Centre (Faculty of Medicine and Health Sciences,
Norwegian University of Science and Technology –
NTNU), Trøndelag county authority, the Central Norway
Regional Health Authority and the Norwegian Institute of
Public Health. We would also like to thank everyone who
participated in HUNT4 Trondheim 70+, as well as the
employees and students who contributed to the data
collection.

The study’s contribution of new knowledge

• Research has shown that the risk of developing dementia and

physical functional impairment can be identi ed many years in
advance of an impairment for which help is needed, and that
e ective preventive measures do exist.

• The study shows that even among community-dwelling older

adults with a relatively high function level, a high proportion have
reduced scores on tests of physical function, and are at risk of
developing cognitive impairment as measured using simple
objective tests.

• The study shows that there is considerable potential for

identifying older people who are at increased risk of functional
impairment at an early stage, and we suggest that all personnel
who work in health care for the elderly should have access to
simple tools for identifying physical and cognitive function.
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