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Accelerometer-determined physical activity and
self-reported health in a population of older
adults (65–85 years): a cross-sectional study
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Abstract

Background: The link between physical activity (PA) and prevention of disease, maintenance of independence,
and improved quality of life in older adults is supported by strong evidence. However, there is a lack of data on
population levels in this regard, where PA level has been measured objectively. The main aims were therefore to
assess the level of accelerometer-determined PA and to examine its associations with self-reported health in a
population of Norwegian older adults (65–85 years).

Methods: This was a part of a national multicenter study. Participants for the initial study were randomly selected
from the national population registry, and the current study included those of the initial sample aged 65–85 years.
The ActiGraph GT1M accelerometer was used to measure PA for seven consecutive days. A questionnaire was
used to register self-reported health. Univariate analysis of variance with Bonferroni adjustments were used for
comparisons between multiple groups.

Results: A total of 560 participants had valid activity registrations. Mean age (SD) was 71.8 (5.6) years for women
(n = 282) and 71.7 (5.2) years for men (n = 278). Overall PA level (cpm) differed considerably between the age
groups where the oldest (80–85 y) displayed a 50% lower activity level compared to the youngest (65–70 y). No sex
differences were observed in overall PA within each age group. Significantly more men spent time being sedentary
(65–69 and 70–74 years) and achieved more minutes of moderate to vigorous PA (MVPA) (75–79 years) compared
to women. Significantly more women (except for the oldest), spent more minutes of low-intensity PA compared to
men. PA differed across levels of self-reported health and a 51% higher overall PA level was registered in those,
with “very good health” compared to those with “poor/very poor health”.

Conclusion: Norwegian older adults PA levels differed by age. Overall, the elderly spent 66% of their time being
sedentary and only 3% in MVPA. Twenty one percent of the participants fulfilled the current Norwegian PA
recommendations. Overall PA levels were associated with self-reported health.

Keywords: Physical activity level, Self-reported health, Accelerometer, Older people
Background
Regular physical activity in older adults is critically import-
ant for healthy aging [1]. The link between regular physical
activity and disease prevention, maintenance of independ-
ence and improved quality of life is supported by strong
evidence [2,3]. However, there is a lack of knowledge on
the physical activity levels and sedentary behavior among
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older people. Current knowledge is primarily based on
studies using subjective assessment methods (e.g. question-
naires). Recalling physical activity is a complex cognitive
task, and old adults are likely to have particular memory
and recall skill limitations [4-6].
The introduction of accelerometers for objective as-

sessment of physical activity allows for valid and reliable
assessments of activity intensity, frequency, and duration
[7,8]. Accelerometry is less prone to the recall and social
desirability biases associated with self-report instruments
[9]. Objective information on the physical activity levels
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and sedentary behavior has the potential to increase our
understanding of physical activity in old age [3].
There are only a limited number of studies that have

assessed physical activity using accelerometers in older
adults. Most of these studies were completed in the USA
[10-12], Canada [13] and the United Kingdom [14,15]
and relatively few studies are anchored in the northern
European countries [16-18]. Additionally, there is a lack
of knowledge regarding physical activity levels in adults
over 79 years of age [11,13,18].
The World Health Organization recommends that

information on how individuals perceive their own
health should be collected in population-based studies
including older individuals [19]. Self-reported health sta-
tus is considered as a sensitive measure of overall health
in older adults, influenced by physical function, the pres-
ence of disease, the existence of disabilities, functional
limitations, and the rate of aging [20]. It is viewed as a
holistic measurement of health, reflecting both physical
and mental health as well as well-being [21]. At present,
few studies have examined physical activity level measured
objectively in the elderly in combination with self-report
instruments including simple measures of health [22].
The aims of the present study were therefore to describe

the level of accelerometer-determined physical activity in
a random national sample of Norwegian older adults
(65–85 years), and secondary to investigate the associations
between physical activity level and self-reported health.

Methods
Design
This study was part of a national multicenter study in-
volving 10 test centers throughout Norway [23]. The
sample included in this study is those aged 65 to 85 years
(categorized into the age groups 65–69 years, 70–74 years,
75–79 years, and 80–85 years). From the Norwegian
population registry a representative sample of 2040 indi-
viduals aged 65–85 years were drawn from the geograph-
ical areas surrounding the involved test centers, and study
information and informed consent were distributed via
mail to the drawn sample. Written informed consent was
obtained from 628 subjects (313 women and 315 men, a
total of 31% of the invited sample). Those with valid accel-
erometer data (accumulated at least 10 hours of valid
activity recordings per day for at least four days) were
included in the final data analysis (n = 560, 282 women
and 278 men). The study was approved by the Regional
Committee for Medical and Health Research Ethics and
the Norwegian Social Science Data Services AS.

Measurement of physical activity
We used ActiGraph GT1M accelerometers (ActiGraph,
LLC, Pensacola, FL) to measure the participants’ physical
activity levels [23]. The accelerometer registers vertical
acceleration in units called counts, and collects data at a
rate of 30 times per second in user-defined sampling in-
tervals (epochs). The number of steps taken per day was
registered using the embedded pedometer function. The
participants received a pre-programmed accelerometer by
mail. They were instructed to wear the accelerometer over
the right hip in an elastic band while awake, and to re-
move the accelerometer when doing water activities. The
participants wore the accelerometer for seven consecutive
days, and they returned the accelerometer by prepaid
express mail after the registration period.
We initialized and downloaded the accelerometers

using ActiLife software provided by the manufacturer
(ActiGraph LLC, Pensacola, FL). Customized SAS based
macros (SAS Institute Inc., Cary, NC, USA) were used
to reduce the data and derive the following variables: 1)
mean counts per minute (cpm); 2) number of steps taken
per day (spd); 3) number of minutes spent in intensity-
specific categories, and 4) percentage of the study popula-
tion meeting the national PA recommendations (minimum
of 30 minutes of daily moderate PA in bouts of 10 minutes
or more) [24]. The following intensity-specific cut-points
were applied to the raw data; sedentary time was defined
as all activity below 100 cpm (e.g. sitting, reclining, lying
down) [25,26], low-intensity PA was defined as all activity
between 100 and 759 cpm (e.g. washing dishes, hanging
washing, ironing, cooking, eating, working at a computer
desk or performing other office duties) [18], and time in
lifestyle activity (e.g. slow walking, grocery shopping,
vacuuming, child care) was defined as all activity between
760 and 2019 cpm [18,27]. Moderate-to-vigorous PA
(MVPA) was defined as all activity ≥2020 cpm (e.g. walking
at speeds of ≥78 m ·min−1 or more vigorous activities)
[12]. The number of minutes per day at different intensities
was determined by summing all minutes where the count
met the criterion for the specific intensity, divided by the
number of valid days.
Activity files were deemed valid if a participant accu-

mulated at least 10 hours of valid activity recordings per
day for at least four days, which is in accordance with
the suggestions by Trost, McIver, and Pate [28]. Wear
time was defined by subtracting non-wear time from
18 hours (all data between 00:00 and 06:00 were ex-
cluded). Non-wear time was defined as intervals of at least
60 consecutive minutes with zero counts, with allowance
for 1 minute with counts greater than zero.

Other variables
The participants self-reported data on anthropometry
(body height and body mass), level of education level
and perceived health through a questionnaire. Body
mass index (BMI) was computed as body mass (kg) divi-
ded by height in meters squared (m2). Level of education
was categorized into four groups: less than high school,
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high school, less than four years of university education,
and university education for four years or more. Per-
ceived health was reported as “very good health”, “good
health”, “either good or bad health”, and “poor/very poor
health”. Self-reported perceived health scale was con-
densed from five to four categories. “Very good health”,
“good health” and “either good or bad health” were kept
in separate categories, while “poor health” and “very
poor health” were combined into one category “poor/
very poor health”. This was due to the low numbers in
the “poor” and “very poor health” groups.
In addition, the participants also recorded if they were

retired or in part-time/full-time employment.

Statistical analysis
All statistical analyses were conducted using IBM SPSS
Statistics 19 for Windows (IBM Corporation, Route,
Somers, NY, USA).
We assessed differences in continuous variables (age,

height, body mass, BMI, number of minutes spent in
intensity-specific categories) between women and men
in the different age groups using Student’s t-test for
independent samples. We used Pearson’s chi-square ana-
lyses to identity differences between the sexes in education
level and self-reported health, and in the proportion of
participants from each sex who adhered to the current PA
recommendations.
Univariate analysis of variance with Bonferroni ad-

justments were used for comparisons between multiple
groups. Overall physical activity level (cpm and spd) varied
between test centers and with age, and these variables
Table 1 Physical activity measurements by age and sex

Women Men

Age N Mean N Mean

Overall PA (cpm)a, b

65–69 yr 127 311 (13.4) 116 325 (14.0)

70–74 yr 67 294 (19.2) 79 308 (17.7)

75–79 yr 51 215 (19.5) 55 256 (18.8)

80–85 yr 37 166 (11.2) 28 153 (12.8)

Steps per daya, b

65–69 yr 127 7537 (1825.1) 116 11191 (1886.5

70–74 yr 67 6904 (387.6) 79 6798 (353.0)

75–79 yr 51 5256 (433.7) 55 6114 (417.9)

80–85 yr 37 4059 (305,9) 28 3436 (348.8)
aData are presented as mean standard error of the mean (SEM).
bAll values (overall PA in cpm and in steps per day) are adjusted for test centre.
c65–69 yr compared to 75–79 yr p = 0.000, and 65–69 yr compared to 80–85 yr p = 0.0
d70–74 yr compared to 75–79 yr p = 0.03, and 70–74 yr compared to 80–85 yr p = 0.00
e75–79 yr compared to 65–69 yr p = 0.000, 75–79 yr compared to 70–74 yr p = 0.03, an
f80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, a
g65–69 yr compared to 80–85 yr p = 0.02.
h80–85 yr compared to 65-79 yr p=0.02.
No significant differences between sex within age groups.
were therefore treated as potential confounders. When
studying the differences in PA measurements (both cpm
and time in different intensity categories) by age and sex
the analysis were adjusted for test center (Tables 1 and 2).
Furthermore, BMI and education level varied across

the categories of self-reported health, and thus treated as
potential confounders. When examining the differences
in overall PA levels in the different self-reported health
groups, analysis were adjusted for test center, age, BMI,
and education level (Figure 1). Linear regression analysis
was used to estimate changes in physical activity level
with increasing age.

Results
Physical characteristics of the study sample
Table 3 shows anthropometrical data, level of education
and self-reported health of the study sample. The mean
age (standard deviation (SD)) was 71.8 (5.6) years for
women (n = 282) and 71.7 (5.2) years for men (n = 278).
Overall, 34% of the participants reported an education
level less than high school, 36% reported completing
high school, and 30% reported to have a university edu-
cation. The majority of the study sample reported having
“very good health” (22.3% of women and 16.3% of men)
or” good health” (56.2% of women and 53.7% of men).
The majority (82%) of participants were retired whilst
11% were part time or full time employed. The remaining
6% didn’t report their occupation. In the youngest age
group (65–69 years) 73% were retired (4% didn`t report
their occupation) compared to 96% in the oldest age
group (80–85 years) (p < 0.01).
Mean difference 95% CI All

(Men-Women) N Mean

14 (19.6) −25 to 52 243 317 (9.2)c

14 (26.1) −38 to 65 146 301 (11.8)d

41 (27.1) −13 to 95 106 237 (13.9)e

−13 (17.1) −47 to 21 65 160 (17.7)f

) 3654 (2646.5) −1559 to 8867 243 9302 (866.1)g

−106 (524.3) −1143 to 930 146 6841 (1109.1)

859 (602.8) −336 to 2054 106 5721 (1307.5)

−623 (464.3) −1550 to 304 65 3777 (1635.4)h

00.
0.
d 75–79 yr compared to 80–85 yr p = 0.04.
nd 80–85 yr compared to 75–79 yr p = 0.04.



Lohne-Seiler et al. BMC Public Health 2014, 14:284 Page 4 of 10
http://www.biomedcentral.com/1471-2458/14/284
Physical activity measurements
A total of 560 participants had valid accelerometer data
and were included in the analyses. There were no dif-
ferences in anthropometrical data or level of education
when comparing the participants who were included and
those who were excluded (due to insufficient accelerom-
eter wear time) from the final analysis. The participants
achieved a mean of 6.6 days (SD 1.4) with valid activity
recordings, and the mean wear time was 14.0 hours per
day (SD 1.2). The PA variables (overall PA in cpm and
steps per day across age and sex) are presented in Table 1.
Overall PA level across age
Overall physical activity level (cpm) was significantly differ-
ent between the age groups, except between the age groups
65–69 and 70–74 years. This accounted for an overall PA
level difference of 21% (p = 0.003) between the70-74 and
75–79 years age groups, and a 32% (p = 0.004) difference
between the 75–79 and 80–85 years age groups. The oldest
(80–85 years) participants displayed a 50% (p < 0.001)
lower activity level compared to the youngest (65–70 years).
When using the data to simulate a longitudinal trend, the
regression analysis revealed that the decline was equivalent
to a rate of 9 cpm (2.8%) per year (B = −9.4, p < 0.001, 95%
confidence interval (CI): −7, −12). The oldest age group
took on average 5525 steps per day less than the youngest
age group (p = 0.02, 95% CI: 626 to 10426), a relative
Table 2 Mean ± SEM minutes per daya of sedentary activity, l

Women (n = 282) Men (n = 278)

Age N Mean ± SEM N Mean ± SEM

Sedentary PA

65–69 yr 127 535 (6.9)b 116 558 (7.3)

70–74 yr 67 525 (9.5)c 79 554 (8.7)

75–79 yr 51 561 (12.1) 55 580 (10.1)

80–85 yr 37 592 (12.5)d 28 590 (11.5)

Low-intensity PA

65–69 yr 127 223 (4.9)i 116 192 (4.4)m

70–74 yr 67 223 (6.4)j 79 187 (5.6)n

75–79 yr 51 200 (7.5)k 55 179 (7.6)

80–85 yr 37 178 (8.6)l 28 157 (9.9°)

Lifestyle PA

65–69 yr 127 69 (3.2)t 116 67 (3.8)x

70–74 yr 67 64 (5.0)u 79 65 (4.3)y

75–79 yr 51 49 (5.4)v 55 54 (4.9)z

80–85 yr 37 37 (3.6)w 28 31 (3.5)aa

MVPA

65–69 yr 127 32 (2.2)ff 116 36 (2.5)jj

70–74 yr 67 28 (3.0)gg 79 31 (2.9)kk
difference of 59%. When using the data to simulate a
longitudinal trend, the step variable displayed a yearly de-
crease of 215 steps (B = −215, p < 0.001, 95% CI: −263,
−168).

Overall PA level across sex
There were no significant differences in overall physical
activity level (cpm) or steps taken per day between women
and men within the different age groups (Table 1).

Mean minutes per day spent in the different activity categories
Table 2 presents the mean minutes the participants
spent in the different activity categories per day. In the
two youngest age groups, men spent more time being
sedentary compared to women (558 vs. 535 min (p = 0.02)
and 554 vs. 525 min (p = 0.03), respectively). Women in
all age groups, except for the oldest, spent more minutes
in low-intensity PA compared to men (223 vs. 192 min
(p < 0.001), 223 vs. 187 min (p < 0.001) and 200 vs.
179 min (p = 0.05), for the 65–69, 70–74, 75–80 year
age groups, respectively. No significant sex differences
were found within age group when looking at the
time spent in lifestyle activities. There was a decline
in the proportion of time spent in MVPA when com-
paring the youngest age group with the oldest (34 vs.
9 min, p < 0.001). A difference between the sexes was
only apparent in the 75-79-yr age group where men
ow PA, lifestyle PA, and MVPA

Mean difference 95% CI All (n = 560)

(Women-Men) N Mean ± SEM

−23.1* −42.9 to −3.3 243 547 (5.0)e

−28.9* −54.4 to −3.5 146 541 (6.4)f

−18.3 −49.6 to 13.0 106 571 (7.6)g

1.6 −32.3 to 35.6 65 591 (9.4)h

30.9* 17.9 to 43.7 243 208 (3.5)p

36.5* 19.7 to 53.3 146 203 (4.4)q

20.4* −0.3 to 41.1 106 189 (5.2)r

21.4 −4.7 to 47.5 65 169 (6.5)s

1.4 −8.4 to 11.2 243 68 (2.3)bb

−1.6 −14.6 to 11.4 146 65 (3.0)cc

−5.3 −19.7 to 9.1 106 52 (3.5)dd

5.3 −4.6 to 15.7 65 34 (4.3)ee

−4.8 −11.4 to 1.9 243 34 (1.6)nn

−2.6 −10.9 to 5.7 146 29 (2.0)oo



Table 2 Mean ± SEM minutes per daya of sedentary activity, low PA, lifestyle PA, and MVPA (Continued)

75–79 yr 51 17 (2.4)hh 55 27 (3.8)ll −9.9* −18.9 to −0.9 106 22 (2.4)pp

80–85 yr 37 10 (2.1)ii 28 9.0 (1.5)mm 1.3 −3.8 to 6.4 65 9 (2.9)qq

*p ≤ 0.05 for sex within age group.
aAll values (mean ± SEM minutes per day of sedentary activity, low PA, lifestyle PA, and MVPA) are adjusted for test centre.
b65–69 yr compared to 80–85 yr p = 0.001.
c70–74 yr compared to 80–85 yr p = 0.000.
d80–85 yr compared to 65–69 yr p = 0.001, 80–85 yr compared to 70–74 yr p = 0.000.
e65–69 yr compared to 75–79 yr p = 0.05, 65–69 yr compared to 80–85 yr p = 0.000.
f70–74 yr compared to75–79 yr p = 0.02, 70–74 yr compared to 80–85 yr p = 0.000.
g75–79 yr compared to 65–69 yr p = 0.05, 75–79 yr compared to 70–74 yr p = 0.02.
h80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000.
165–59 yr compared to 75–79 yr p = 0.05, 65–69 yr compared to 80–85 yr p = 0.000.
j70–74 yr compared to 80–85 yr p = 0.000.
k75–79 yr compared to 65–69 yr p = 0.05.
l80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000.
m65–69 yr compared to 80–85 yr p = 0.006.
n70–74 yr compared to 80–85 yr p = 0.04.
o80–85 yr compared to 65–69 yr p = 0.006, 80–85 yr compared to 70–74 yr p = 0.04.
p65–69 yr compared to 75–79 yr p = 0.02, 65–69 yr compared to 80–85 yr p = 0.000.
q70–74 yr compared to 80–85 yr p = 0.000.
r75–79 yr compared to 65–69 yr p = 0.02.
s80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–75 yr p = 0.000.
t65–69 yr compared to 75–79 yr p = 0.005, 65–69 yr compared to 80–85 yr p = 0.000.
u70–74 yr compared to 80–85 yr p = 0.001.
v75–79 yr compared to 65–69 yr p = 0.005.
w80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 y p = 0.001.
x65–69 yr compared to 80–85 yr p = 0.000.
y70–74 yr compared to 80–85 yr p = 0.000.
z75–79 yr compared to 80–85 yr p = 0.04.
aa80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, 80–85 yr compared to 75–79 yr p = 0.04.
bb65–69 yr compared to 75–79 yr p = 0.001, 65–69 yr compared to 80–85 yr p = 0.000.
cc70–74 yr compared to 75–79 yr p = 0.04, 70–74 yr compared to 80–85 yr p = 0.000.
dd75–79 yr compared to 65–69 yr p = 0.001, 75–79 yr compared to 70–74 yr p = 0.04, 75–79 yr compared to 80–85 yr p = 0.008.
ee80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, 80–85 yr compared to 75–79 yr p = 0.008.
ff65–69 yr compared to 75–79 yr p = 0.001, 65–69 yr compared to 80–85 yr p = 0.000.
gg70–74 yr compared to 75–79 yr p = 0.05, 70–74 yr compared to 80–85 yr p = 0.001.
hh75–79 yr compared to 65–69 yr p = 0.001, 75–79 yr compared to 70–74 yr p = 0.05.
ii80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.001.
jj65–69 yr compared to 80–85 yr p = 0.000.
kk70–74 yr compared to 80–85 yr p = 0.001.
ll75–79 yr compared to 80–85 yr p = 0.01.
mm80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.001, 80–85 yr compared to 75–79 yr p = 0.01.
nn65–69 yr compared to 75–79 yr p = 0.000, 65–69 yr compared to 80–85 yr p = 0.000.
oo70–74 yr compared to 80–85 yr p = 0.000.
pp75–79 yr compared to 65–69 yr p = 0.000, 75–79 yr compared to 80–85 yr p = 0.004.
qq80–85 yr compared to 65–69 yr p = 0.000, 80–85 yr compared to 70–74 yr p = 0.000, 80–85 yr compared to 75–79 yr p = 0.004.
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spent significantly more time in MVPA compared
with women. Of the waking hours per day, the whole
sample spent 9.3 hours (66%) being sedentary, 3.3 hours
(24%) in low-intensity PA, 1 hour (7%) in lifestyle PA, and
30 minutes (3%) in MVPA.
Adherence to the physical activity recommendations
A total of 21% of the participants fulfilled the current
Norwegian PA recommendations of 30 minutes of daily
moderate physical activity, accumulated in bouts of
10 minutes or more (Table 4). The adherence to the
recommendations decreased markedly with increasing
age and among the 80–85 year-olds 6% adhered to the
recommendations. A difference between the sexes were
only observed in the 75-79-yr group where men had a
significant higher adherence to physical activity recom-
mendations than women (p = 0.01).
Overall PA levels and self-reported health
Physical activity levels differed across categories of self-
reported health (Figure 1). Those reporting “very good
health” had a 51% higher cpm compared to those in the
“poor/very poor health” category (344 (13) vs. 170 (33)
cpm, respectively (p < 0.001)), and those reporting to
have “good health” had a 43.3% higher cpm compared to
those reporting “poor/very poor health” (300 (8) vs. 170
(33) cpm, respectively (p = 0.001)).

Discussion
The main findings of the present study were that
objectively-measured physical activity level significantly
differed by age in a national sample of older adults.
There were no sex differences in physical activity level
within each age group. In the age groups 65–69 years
and 70–74 years, men had higher levels of sedentary
minutes than women, whilst men in the age group



ab

Figure 1 Mean (SEM) overall PA levels in counts per minute (cpm) in the different self-reported health groups (“poor/very poor health”,
“either good or bad health”, “good health”, and “very good health”). a-b: Equal letter indicate significant difference (p<0.05) in overall PA level
between the different self-reported health groups. All values are adjusted for age, BMI, education level, and test centre.
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75–79 years achieved more minutes of MVPA than
women. In all age groups, except for the oldest one,
women spent significantly more minutes of low-intensity
PA than men. Also, overall physical activity was associated
with self-reported health.
We found that accelerometer-determined physical

activity significantly differed between the different age
groups, with the oldest age group having substantially
lower mean physical activity levels than the youngest age
group. This is in accordance with other cross-sectional
studies using the same objective method [10-17]. Our
Table 3 Physical characteristics, education level, and self-repo

65–69 yr 70–74 yr

Variable Women Men Women Men

N 127 116 67 79

Age (yr)a

Height (cm)a 164.1 (5.4) 178.1 (5.9)* 163.4 (5.1) 177.1 (6.8)*

Body mass (kg)a 67.8 (10.5) 84.7 (11.5)* 65.5 (10.4) 80.0 (11.9)*

BMI (kg/m2)a 25.1 (3.7) 26.7 (3.0)* 24.5 (3.9) 25.4 (3.2)

Education level (%)

Less than high school 38.8 28.1 37.3 38.0

High school 35.7 35.5 41.8 31.6

University <4 yr 10.9 20.7 11.9 20.3

University ≥4 yr 14.7 15.7 9.0 10.1

Self-reported health (%)

Very good 22.3 16.3 20.9 23.5

Good 56.2 53.7 56.7 49.4

Either good or bad 19.2 27.6 19.4 27.2

Poor/very poor 2.3 2.4 3.0 0.0
aData are presented as mean (SD).
*p < 0.05 between sex within age group and all.
population appeared to have somewhat higher overall
physical activity level than what has been reported in
other studies [12,16]. While Norwegian men and women
in age group 75–79 years had a mean cpm of 256 and
215, respectively, data from this age group in Iceland
showed lower physical activity levels (mean cpm 150 and
139 for men and women, respectively) [16]. Our mean
physical activity levels in individuals aged 65–74 years are
higher than what has been reported among Americans
[12]. However, the activity levels in Norway are similar to
what has been reported in Sweden [17]. This might be
rted health of the study sample (n = 560) by age and sex

75–79 yr 80–85 yr All

Women Men Women Men Women Men

51 55 37 28 282 278

71.8 (5.6) 71.7 (5.2)

163.3 (5.0) 175.9 (8.5)* 163.8 (6.3) 175.4 (5.0)* 163.8 (5.4) 177.1 (6.7)*

63.4 (7.5) 77.2 (11.2)* 67.4 (11.1) 76.1 (10.5)* 66.4 (10.2) 81.0 (11.9)*

23.8 (2.6) 25.0 (3.2)* 25.1 (3.5) 24.7 (2.9) 24.7 (3.6) 25.8 (3.2)*

42.0 25.9 26.8 38.7 37.3 31.6

32.0 40.7 34.1 38.7 36.2 35.8

20.0 16.7 24.4 9.7 14.6 18.6

6.0 16.7 14.6 12.9 11.8 14.0

9.8 10.9 14.3 18.8 18.6 17.5

62.7 54.5 45.2 40.6 55.9 51.2

23.5 27.3 31.0 31.3 21.7 27.8

3.9 7.3 9.5 9.4 3.8 3.4



Table 4 Percentage of the population meeting current PA
recommendations

Women Men All

≥30 min of daily MVPA, in bouts
of 10 min or more

Age

65–69 yr 25.0 29.0 27.9b,c

70–74 yr 20.3 19.5 19.9

75–79 yr 5.8 22.8a 14.8d

80–85 yr 7.1 3.0 5.6e

ap = 0.01 for sex within age group.
b65-69 yr compared to 75–79 yr p = 0.02.
c65-69 yr compared to 80–85 yr p = 0.000.
d75-79 yr compared to 65–69 yr p = 0.02.
e80-85 yr compared to 65–69 yr p = 0.000.
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due to differences in socioeconomic status, cultural differ-
ences with respect to retirement age, infrastructure and
degree of environmental security among the populations
studied.
We did not find significant sex differences in physical

activity level within each age group, which is in contrast
with similar studies from other countries usually showing
a higher mean physical activity level among men than
among women [10,11,13-16]. This discrepancy might be
connected to cultural differences as described above. Also,
the lack of a difference in PA level between sexes in the
present study is also in contrast to earlier Norwegian stud-
ies using self-reported measures of PA [29]. Women may
spend more time doing low and lifestyle intensity activ-
ities, such as walking, household chores, and gardening
[14]. Subjectively-assessed PA have limited accuracy at
capturing activities that are unstructured and of low inten-
sity [4], which have a tendency to be performed more
often in older populations and in particular among
older women [30-32]. This is supported by the fact
that Norwegian women spent more time in low-intensity
PA and have less sedentary time compared to their male
counterparts.
The participants spent the majority of the day being

sedentary (66% of the total wear time), and this was
followed by low-intensity PA (24%), lifestyle PA (7.1%)
and MVPA (3.0%). These findings are comparable to
what has been reported among older adults in Iceland
[16], Great Britain [14], and Canada [13]. Resent research
has also shown dose–response associations between sit-
ting time and mortality from all causes, independent of
leisure time physical activity [33]. The large proportion of
sedentary time and increased sitting-time is worrying as it
might lead to substantial health problems for older people
and as a consequence, reduced quality of life and need for
assistance. It is therefore important to develop and initiate
interventions where the goal is to increase physical activity
levels and reduce sedentary time among older adults. In
addition to the PA promotion, physicians should also
discourage sitting time for extended periods.
When looking at sex- and age trends, Norwegian

women are spending less time being sedentary and more
time in low-intensity PA per day compared to men at
the same age as mentioned above, while men (75-79-yr
age group) accumulate more minutes of MVPA than
women. In comparison, older men in the UK performed
significantly more minutes of MVPA per day than
women (23.1 vs. 13.8 min) [14]. Furthermore, the British
older adults had a steep decline in the proportion of
active time spent in MVPA with increasing age [14],
which is in accordance with our results. Similar patterns
are also observed among US older adults [10] and
among Canadians aged 20–79 years [13], where MVPA
decreased across increasing age [10].
The age group 65–69 years averaged 5525 steps more
per day than the individuals in age group 80–85 year
(p = 0.02), a relative difference of 59%. This is in accord-
ance to what has been found in two other studies [14,15]
including older adults, both using accelerometer to assess
PA levels. Davis et al. [14] found that younger participants
(70–75 years) averaged significantly more steps per day
(5661 steps per day) than participants aged 80+ years
(3410 steps per day). Harries et al. [15] also showed
that step-count declined steadily with age. In the lat-
ter study, however, sex differences in step counts
were also reported and men achieved 754 more steps
daily than women. This is in contrast to the result of
the present study where no sex differences in step
counts were reported.
Overall, 21% of the participants (women and men: 18%

and 22%, respectively) fulfilled the current Norwegian PA
recommendations. Data from the United Kingdom shows
a similar prevalence among older men (25.6% met na-
tional recommendations), but a lower prevalence among
older women (14.2%) [14]. In the oldest age group, we
found that only 6% reached the national physical activity
recommendations. This is a higher percentage compared
with a study conducted in the United Kingdom by Harris
et al. [15], showing that only 2.5% of the participants
65 years and older met the PA recommendations. On the
other hand, looking at the Icelandic oldest (85 years and
older), as much as 25% of the men and 9% of the
women fulfilled the recommendations, defined as having
at least one ≥10 minutes MVPA boats [16]. However,
comparability between the current study and the Iceland
study [16] is hampered by the use of different physical
activity recommendation criteria and differences in data
reduction strategies.
In Norway, mean physical activity level declines by

approximately 30% between the ages of 9 and 15 years
[34]. A further decline of 30% for women and 35% for
men have been observed when going from 15 years into
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adulthood, followed by a stable level of activity until
retirement age [23]. Following retirement to 80–85 years,
a further decline of 47% in women and 53% in mean PA
level was observed in the present study. The causes for
these age-related changes in physical activity level are
not fully known, although the overall decline of 50%
observed during the age of being 65 years to entering
85 years, might be caused by changes in health status
and of course the aging process in itself [35]. The higher
mean physical activity level in the youngest age group
might also be explained by higher prevalence of parti-
cipants in this age group reporting part- or full time
employment than participants in the oldest age group
(23% versus 4%). 23% of the youngest age group still
reported the fact to be employed. For example, if their
work involves a lot of walking and their physical activity
measurement period includes only working days then
their measured activity level may be higher compared
to someone whose measurement period includes non-
working days where they may be less active. This will
overall affect their computed average activity levels,
and has to be taken into consideration.
In the present study significant differences in the over-

all level of PA were observed between all self-reported
health groups, except between those who perceived their
health as “either good or bad” and “poor/very poor
health”. One of few available studies mentioned above is
targeting community-dwelling people in the U.K. from
65 years and older showed that those with poor health
took fewer steps compared to those with better health
[15]. This difference (p > 0.05) was not found in the
current study (data not shown). The latter study used a
different method (Health Survey form England, 1988:
questions related to general health, disability, long-stand-
ing illness, pain, medication use, chronic disease, falls, and
walking aid use) to register self-reported health compared
to the this study and therefore, the degree of comparability
is rather limited. The associations between physical
activity level and perceived health are strong, but due
to the study design we cannot determine causality.
The major strength of this study is the use of acceler-

ometers to assess physical activity in a relatively large
sample of older adults. The participants showed good
compliance with the protocol and few data were lost
because of insufficient wearing time or defect monitors.
Objectively-measured physical activity in combination
with self-reported health in older adults, is rather novel.
These variables are often presented separately in other
studies [11,14,21], and few studies [15] have objectively
measured physical activity levels and its association with
multiple health factors (e.g. general health).
We acknowledge some limitations to our study. One

limitation is the relatively low participation rate. A drop-
out analysis performed via registry linkage showed that
the responses varied according to socio-demographic
variables [23], which is consistent with other population-
based studies conducted in Western countries [36].
Furthermore, there are limitations worth noting when

interpreting accelerometry data [11]. Accelerometers do
not provide qualitative information on the type of physical
activities being performed, and hip-mounted accelerome-
ters underestimate upper body movements and activities
such as carrying heavy loads, weight training, swimming,
and cycling [11]. Nevertheless, accelerometers are sensi-
tive to ambulatory activities such as walking. The partici-
pants reported walking as the most frequently performed
activity during the measuring period, which decreases the
possibility that physical activity level was underestimated
[23]. Walking technique must also be taken into consider-
ation because it can affect the validity of accelerometer
counts, especially in older individuals [11]. It seems that
some accelerometers can undercount activity in indi-
viduals with a non-standard gait, e.g. upper body
leaned forward and bended knees during walking, thereby
underestimate the activity level in these individuals [37].
Furthermore, when interpreting accelerometer data,
there is a possibility that the observed differences in
physical activity may simply reflect differences in ac-
celerometer wear time between groups. However,
there were no significant differences between sexes
and between age groups in minutes of daily acceler-
ometer wear time and the sample were compliant to
the accelerometer protocol with a mean wear time of
14.0 hours per day.
In the past, methods based on self-ratings of health

have been questioned because of their obvious subjective
bias [5,6]. Self-reported height and body mass is there-
fore considered as a limitation to our study. However,
several studies have shown that self-report instruments
concluding simple measures of health and self-reported
functioning in old persons have acceptable reliability and
validity [38,39]. Furthermore, because it is inexpensive
and easy to administer and interpret, self-reported health
is a practical tool suitable for the clinical environment
[40] and has become an important variable to assess the
state of health in the older population [20,41].
Our findings help to better understand older peoples’ rate

of physical activity and thereby help guide the development
of needed physical activity interventions targeted at older
adults in Norway. The link between PA and prevention of
disease, maintenance of independence and improved qual-
ity of life in older adults is supported by strong evidence
[2,3], and therefore it is of great importance to maintain PA
levels as long as possible. Implementation of PA among
community-dwelling older adults should therefore be prior-
itized in the future, with a special focus on the least physic-
ally active and the oldest individuals, especially in those
with low levels of self-reported health.
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Conclusion
Physical activity level among older adults living in
Norway differ by age, where the oldest (80–85 years)
displayed a 50% lower activity level compared to the
youngest (65–70 years). No sex differences in overall PA
level within each age group were observed. Overall, the
older people spent 66% of their time being sedentary,
24% in low-intensity PA, 7% in lifestyle PA, and 3% in
MVPA. Women spent more time in low-intensity PA,
and less time being sedentary and in MVPA compared
to men. Overall, 21% of the participants fulfilled the
current Norwegian PA recommendations. In the oldest
age group, 6% met the recommendations. Physical activ-
ity differed across levels of self-reported health and a
51% higher overall level of physical activity was regis-
tered in those with “very good health” compared to
those with “poor/very poor health. Overall PA levels
were associated with self-reported health.
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