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Abstract

Background: Objectively measured physical activity between older individuals and between populations has been
poorly described. We aimed to describe and compare the variation in accelerometry data in older UK (EPIC-Norfolk)
and American (NHANES) adults.

Methods: Physical activity was measured by uniaxial accelerometry in 4,052 UK (49–91 years) and 3459 US older
adults (49–85 years). We summarized physical activity as volume (average counts/minute), its underlying intensity
distribution, and as time spent <100counts/minute, ≥809counts/minute and ≥2020counts/minute both for total
activity and that undertaken in ≥10-min bouts.

Results: In EPIC-Norfolk 65 % of wear-time was spent at <100 counts/minute and 20 % spent in the range 100–500
counts/minute. Only 4.1 % of this cohort accumulated more than 30 min/day of activity above 2020 counts/minute
in 10-min bouts. If a cut-point of >809 counts/minute is used 18.7 % of people reached the 30 min/day threshold.
By comparison, 2.5 % and 9.5 % of American older adults accumulated activity at these levels, respectively.

Conclusion: As assessed by objectively measured physical activity, the majority of older adults in this UK study did
not meet current activity guidelines. Older adults in the UK were more active overall, but also spent more time
being sedentary than US adults.
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Background
Physical activity changes throughout the life-course,
especially in the transition to older adulthood [1].
Given the importance of physical activity for the primary
and secondary prevention of major chronic diseases and
maintenance of independence in older age [2], it is im-
portant to understand the levels and patterns of physical
activity in this age group.
The majority of population-based studies have used

self-report methods to assess physical activity, which
have a number of limitations including problems of
recall and reporting bias [3]. These limitations may

be exacerbated in older populations, in whom cognitive
impairment is more likely [4]. In addition, due to the
ubiquitous nature of low intensity activities and sedentary
behaviors, these tend to be particularly difficult to recall
[5]; however, such behaviors may be of particular import-
ance in older adults as low intensity activities are more
prevalent in this age group [1]. Objective physical activity
assessment methods, such as accelerometry, enable more
accurate assessment of the entire movement intensity
spectrum and may therefore have particular merits in
older populations.
There are, however, challenges in interpreting data

from objective physical activity measurement methods.
Several of these arise from classifying activity into broad
intensity categories, often labeled as ‘sedentary, light,
moderate, and vigorous’, rather than using the full con-
tinuous distribution of intensity. For accelerometry data,
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the cut-points used to define these classical intensity cat-
egories are typically based on calibration studies using
energy expenditure as a criterion method during specific
lab-based activities, which may or may not apply to all
age groups and populations [6].
Physical activity guidelines suggest that older adults

should be ‘as active as they can’ while aiming to achieve
the recommended physical activity levels for adults, i.e.,
30 min of moderate-to-vigorous physical activity (MVPA)
per day in bouts of ≥10 min [2, 7]. The evidence base for
the bout requirement, however, is limited and it is also un-
certain how to appropriately define intensity, especially in
an older age group [5] in whom there is large inter-
individual variation in the intensity associated with a given
activity. Therefore, a single cut-point above which an
activity might be regarded as ‘moderate’ for older adults is
difficult to establish, which explains the diversity of
cut-points used to define MVPA [8–10].
Activities of at least moderate intensity have been the

main focus of several studies objectively describing phys-
ical activity in older adults [3, 8, 11], but the focus on
this specific cut-point may disregard a whole range of
relevant activities of lesser intensity that could be im-
portant contributors to overall physical health and well-
being [12]. While a number of studies have described
time spent at different activity intensities in older adult-
hood [3, 13–16], to our knowledge the continuous distri-
bution of activity intensity in this age group, using
objective activity assessment, has only been described in
the British 1946 birth cohort, showing that activity time
is inversely associated with intensity [17].
Another area of uncertainty is how populations from

different countries compare in terms of key activity
characteristics. International comparisons of physical
activity levels may point to certain determinants of
physical activity and are essential to guide global public
health promotion. So far, however, only a few studies in
adults have used objective accelerometry data and imple-
mented the same processing procedures to maximize
comparability [9, 18].
Therefore, the main aim of this study was to provide a

description of objectively measured physical activity in
older UK adults, both in terms of overall physical activity
volume and time distribution across the entire physical ac-
tivity intensity spectrum. We also compared these esti-
mates to US adults of a similar age from the NHANES
study using the same accelerometry processing procedures
in both cohorts.

Methods
Participants and protocol
EPIC-Norfolk
The Norfolk arm of the European Prospective Investiga-
tion of Cancer (EPIC-Norfolk) has been described in detail

elsewhere [19]. In brief, 25,639 men and women aged 40–
79 years, who were recruited from 35 general practices in
the area of Norfolk, consented to participate in the EPIC-
Norfolk study and attended a first health check between
1993–1997. A 2nd health check was conducted 1997–2000
at which physical activity was measured by self-report
only. Between 2006 and 2011, 8,623 men and women par-
ticipated in the 3rd health check and a subsample of 4,148
were asked to wear an accelerometer (ActiGraph model
GT1M, ActiGraph, Pensacola, FL) for the assessment of
free-living physical activity [19].
At the 3rd health check visit, height and weight were

measured using standard anthropometric techniques.
Employment status, education level and self-rated health
were assessed by self-report questionnaires. At the
end of the clinical visit, participants were asked to
wear the accelerometer on a belt around the right hip
during all waking hours for 7 days, and to only take
it off for water-based activities (e.g., when showering)
and during sleep. Accelerometers were set up to capture
data in 5-s epochs.

NHANES
To compare objectively measured physical activity levels
between UK and American older adult populations, a sub-
sample of 3459 participants of the NHANES 2003–2004
cohort was used, excluding participants aged <49 years
(the lowest age in the EPIC-Norfolk 3rd health check).
NHANES is a national population-based study of the
civilian, non-institutionalized US population aged ≥6 years,
as previously described in detail [10, 20]. As in the EPIC-
Norfolk protocol, NHANES 2003–2004 participants were
asked to wear an accelerometer (ActiGraph AM7164) for
7 consecutive days on a belt around the hip, initialized to
capture data in 60-s epochs. Accelerometer records
deemed to be out-of-calibration or unreliable by the
NHANES team were excluded.

Accelerometry data processing
To maximize comparability between studies, we proc-
essed the accelerometry data of both studies using the
same criteria, after first collapsing the 5-s EPIC-Norfolk
data to 60-s epoch resolution. The two models of Acti-
Graph use either a piezo-electric (AM7164) or a MEMS-
based (GT1M) acceleration sensor, both of which have a
frequency-dependent response to acceleration magnitude
[21, 22]. Both have been shown to be approximately
comparable in the human movement range, except at
the extreme low end [23]; this necessitates a slight re-
vision of the wear/non-wear classification compared
to what has been used elsewhere for AM7164 data
only [10]. Continuous zero strings of ≥90 min were
defined as non-wear time, which is similar to other
studies using MEMS-based Actigraph versions [8, 24];
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for this age-group this threshold resulted in a more realis-
tic pattern of 2–4 wear/ non-wear transitions per day,
compared to using zero strings ≥60 min (see example in
Additional file 1: Figure S1). One would expect at least
two transitions from getting up (non-wear to wear) and
going to bed (wear to non-wear). A valid day was defined
as ≥600 min of wear time [25]. Only participants with ≥4
valid days of data were included in analyses. As more than
200 participants (mainly in the NHANES) were found to
have acceleration data for longer than 19 h/day (indicating
monitor wear during sleep), we truncated wear-time to
19 h/day and time spent in the <100 counts/minute inten-
sity category for both cohorts to normalize the data.
We derived overall physical activity volume, defined

as total counts divided by wear time, as well as the
movement intensity distribution as a continuous construct
in 15 systematic intervals. In addition, we report time
spent <100 counts/minute, as well as time spent above the
commonly used MVPA cut-points of 2020 counts/minute
[10] and 809 counts/minute [23]. The latter cut-point was
identified as the lower boundary for MVPA in a validation
study of 20 older adults (aged 60–90 years) performing
treadmill-based and free-living walking activities
around 3 METs [26]. To indicate the degree of activity ac-
cumulation occurring in bouts, we also analyzed time
spent ≥2020 and ≥809 counts/minute in continuous bouts
lasting ≥10 min.

Statistical analysis
Due to the non-normal distribution of physical activity,
most descriptive characteristics are described using

medians and interquartile ranges (IQR) and some using
means and standard deviation (i.e., age). Univariate
non-parametric tests for trend were used to examine
differences in physical activity by age group, employment
status, education level, BMI, and self-rated health, in
men and women separately. We also examined the
robustness of these differences by mutually adjusting
for all stratifiers. Stata (StataCorp LP) version 13.1 was
used for all analyses.

Results
EPIC-Norfolk
A total of 4,052 EPIC-Norfolk participants had ≥4 valid
days (>10 h/day) of accelerometer data and were in-
cluded in analyses (98.0 % of the whole accelerometry
sample, Table 1). Mean accelerometer wear-time was
14.5 h/day (SD 1.1 h/day) and was slightly higher in men
than women (14.7 vs 14.4 h/day, P < 0.05). Participants
with valid accelerometer data did not differ significantly
from those who did not wear an accelerometer with re-
spect to age, sex, BMI, education level and self-rated
health (Additional file 2: Table S1).
Total physical activity volume (average movement in-

tensity, counts/minute) did not differ between men and
women (254.8 vs 254.0, p = 0.8). As shown in Table 2,
physical activity volume was significantly lower across
increasing strata of age and BMI and across decreasing
strata for self-rated health and education, in both men
and women. Physical activity volume was also significantly
higher in those who reported paid employment compared
to those who were not employed or were retired. A

Table 1 Participant Characteristics for the EPIC-Norfolk Accelerometry Sample by Gender (3rd health check, 2006–2011)

All Men Women

n = 4052 n = 1797 (44.3 %) n = 2255 (55.7 %)

Age, mean (SD) 69.0 (7.6) 70.0 (7.6) 68.2 (7.5)

Paid employment yes % (n) 25.8 (1028) 29.2 (518) 23.1 (510)

no % (n) 74.3 (2957) 70.8 (1255) 76.9 (1678)

Education level O-level or lower % (n) 37.3 (1512) 30.5 (548) 42.8 (964)

A-level % (n) 45.3 (1835) 49.7 (893) 41.8 (942)

Degree % (n) 17.4 (704) 19.8 (355) 15.5 (349)

BMI underweight % (n) 0.7 (28) 0.4 (7) 0.9 (21)

normal weight % (n) 34.9 (1414) 27.2 (489) 41.0 (925)

overweight % (n) 45.8 (1855) 54.4 (978) 38.9 (877)

obese % (n) 18.6 (755) 18.0 (323) 19.2 (432)

Smoking current % (n) 4.0 (159) 3.9 (69) 4.1 (90)

former/never % (n) 96.0 (3829) 96.1 (1702) 96.0 (2127)

Self-rated health very good/excellent % (n) 43.1 (1706) 42.6 (748) 43.5 (958)

good % (n) 42.2 (1671) 41.8 (734) 42.6 (937)

fair/poor % (n) 14.7 (581) 15.7 (275) 13.9 (306)

Absolute numbers do not add up to the column total due to missing data
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comparable pattern of association with all stratifiers was
found in both sexes for time spent ≥809 and ≥2020 counts/
minute, irrespective of whether this was accumulated in

bouts of ≥10 min or not. Time spent <100 counts/minute
followed the opposite pattern for age, BMI and self-
reported health, showing increasingly higher levels of

Table 2 Physical Activity by Socio-demographic Factors in EPIC-Norfolk Men and Women

Overall PA
volume

Time below
100 cpm

Time above
809 cpm

Time above
2020 cpm

Counts per
minute

min/day min/day, not
considering bouts

min/day in bouts
of at least 10 min

min/day, not
considering bouts

min/day in bouts
of at least 10 min

median (IQR) median (IQR) median (IQR) median (IQR) median (IQR) median (IQR)

Men n = 1797 (44.3 %)

Age <60 years 305 (234, 389) 584 (531, 645) 96 (74, 129) 17 (7, 33) 28 (17, 44) 5 (0, 14)

60-70 years 276 (204, 364) 576 (518, 627) 88 (60, 122) 16 (6, 33) 25 (13, 39) 3 (0, 13)

70-80 years 216 (155, 288) 602 (544, 643) 64 (41, 95) 12 (3, 24) 14 (6, 29) 1 (0, 8)

>80 years 120 (80, 178)** 643 (584, 697)** 29 (13, 52)** 2 (0, 10)** 3 (1, 11)** 0 (0, 1)**

Paid employment yes 287 (219, 368) 577 (523, 630) 94 (68, 128) 14 (6, 29) 24 (13, 39) 3 (0, 10)

no 215 (150, 304)** 599 (543, 649)** 65 (38, 97)** 11 (2, 27)** 16 (5, 31)** 2 (0, 10)

Educational level O-level & lower 227 (156, 309) 591 (536, 648) 72 (42, 102) 11 (3, 25) 16 (6, 31) 1 (0, 7)

A-level 240 (165, 327) 586 (530, 639) 73 (44, 110) 12 (3, 27) 18 (7, 33) 2 (0, 9)

Degree 255 (179, 339)* 605 (556, 653)** 77 (52, 109) 17 (6, 32)** 24 (12, 40)** 5 (0, 15)**

BMI normal weight 277 (201, 361) 576 (419, 626) 86 (56, 119) 18 (5, 33) 25 (11, 41) 4 (0, 15)

overweight 237 (168, 325) 591 (537, 644) 75 (45, 106) 12 (4, 27) 19 (8, 34) 2 (0, 9)

obese 181 (121, 261)** 618 (562, 669)** 52 (31, 81)** 5 (0, 18)** 10 (3, 23)** 0 (0, 5)**

Smoking current 218 (120, 321) 596 (524, 669) 67 (29, 110) 6 (0, 21) 12 (3, 27) 0 (0, 2)

former/never 238 (167, 327) 592 (536, 644) 74 (47, 107) 13 (4, 28) 19 (8, 34) 2 (0, 10)

Self-rated health very good 267 (201, 359) 580 (528, 632) 88 (59, 121) 18 (6, 33) 24 (11, 38) 3 (0, 13)

good 230 (163, 309) 596 (541, 644) 70 (44, 102) 12 (3, 26) 18 (8, 32) 2 (0, 10)

poor 169 (110, 243)** 620 (561, 684)** 45 (24, 79)** 5 (0, 15)** 7 (2, 21)** 0 (0, 4)**

Women n = 2255 (55.7 %)

Age <60 years 274 (217, 351) 581 (491, 581) 86 (63, 116) 13 (4, 26) 22 (10, 34) 4 (0, 13)

60-70 years 267 (207, 341) 530 (480, 582) 83 (58, 113) 14 (4, 26) 19 (9, 32) 3 (0, 11)

70-80 years 210 (146, 271) 562 (507, 617) 57 (33, 88) 6 (1, 16) 10 (3, 19) 0 (0, 5)

>80 years 134 (97, 190)** 612 (562, 670)** 28 (19, 51)** 2 (0, 7)** 3 (1, 8)** 0 (0, 0)**

Paid employment yes 274 (212, 345) 536 (487, 583) 86 (60, 116) 12 (4, 25) 20 (10, 33) 3 (0, 11)

no 228 (166, 306)** 551 (491, 606)** 68 (41, 97)** 9 (2, 22)** 13 (5, 26)** 1 (0, 8)**

Educational level O-level & lower 227 (164, 303) 548 (495, 602) 66 (41, 98) 8 (2, 20) 12 (5, 24) 0 (0, 6)

A-level 241 (182, 317) 545 (489, 601) 74 (47, 104) 10 (3, 22) 15 (7, 28) 2 (0, 8)

Degree 267 (195, 344)** 551 (495, 601) 81 (55, 111)** 15 (5, 27)** 20 (9, 33)** 4 (0, 13)**

BMI normal weight 271 (204, 344) 532 (481, 583) 83 (56, 112) 14 (4, 26) 19 (9, 33) 3 (0, 11)

overweight 232 (167, 307) 551 (500, 603) 67 (42, 100) 9 (2, 20) 14 (6, 26) 1 (0, 8)

obese 205 (139, 263)** 572 (510, 630)** 60 (32, 86)** 5 (0, 14)** 7 (2, 17)** 0 (0, 2)**

Smoking current 214 (174, 299) 546 (484, 597) 64 (43, 97) 6 (1, 18) 11 (5, 25) 0 (0, 5)

former/never 240 (177, 317) 547 (493, 602) 72 (46, 103) 10 (3. 23) 15 (6, 28) 2 (0, 9)

Self-rated health very good 267 (206, 341) 538 (485, 588) 83 (57, 112) 14 (5, 26) 19 (10, 32) 3 (0, 12)

good 228 (171, 301) 551 (494, 605) 67 (43, 97) 8 (2, 20) 13 (5, 24) 1 (0, 7)

poor 188 (128, 255)** 563 (513, 631)** 51 (25, 80)** 3 (0, 16)** 6 (2, 16)** 0 (0, 2)**

*Data are medians and interquartile ranges. P-values denote significance of non-parametric test for trend across categories (*P < 0.05, **P < 0.01). Values
are rounded
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sedentary time across increasing strata for age and BMI
and across decreasing strata for self-reported health. Par-
ticipants who reported being employed spent less time
sedentary compared to those not employed. The associ-
ation between sedentary time and education level was less
strong, and not significant in women. Mutual adjustment
for stratifiers indicated that the strongest factors associ-
ated with physical activity volume and time spent at the
lowest (<100 counts/minute) and highest physical activity
intensities (≥809 or ≥2020 counts/minute) were age, BMI
and self-rated health (P < 0.05).
The movement intensity distribution, expressed in 15

intervals of 100 counts/minute width, is presented in
Fig. 1. As expected, the distribution is positively skewed
with the vast majority of activity occurring in the lower
intensity ranges. Most recorded time (64.5 %) was spent
being sedentary (<100 counts/minute). The majority of
the remaining non-sedentary time (18.2 % in men,
21.2 % in women) was of very light intensity between
100 and 500 counts/minute. Only about 2.7 % of all ac-
tivity in men and 2.2 % of all activity in women occurred
above the cut-point of 2000 counts/minute. There were
differences between men and women for activity inten-
sities. Men spent 44 min/day longer sedentary whereas

women spent more time in all categories up to 2000
counts/minute. However, men spent more time than
women with activity greater than 2000 counts/minute
(P < 0.001).

Comparison between EPIC-Norfolk and NHANES
A total of 3459 NHANES participants met the accelero-
metry inclusion criteria and were compared to the EPIC
Norfolk sample. Mean (SD) age of included NHANES
participants was 66.4 (10.1) years and 50.7 % were men,
comparable to the EPIC-Norfolk cohort (Table 1). Weight
status was comparable between the two populations, with
72 % and 64 % of participants being overweight or obese
in NHANES and EPIC-Norfolk, respectively. In terms of
education, 31.1 % of the NHANES participants had less
than a High School degree (24.7 % High School gradu-
ates), whereas 37.3 % of EPIC-Norfolk participants were
educated to less than A-level (45.3 % A-level graduates).
Monitor wear-time did not differ between the two

studies (EPIC-Norfolk: 872 min/day, NHANES: 871 min/
day, P < 0.05). Activity volume was higher in the UK
sample compared to the US (238.2 vs 205.2 counts/
minute, P < 0.05). As shown in Fig. 2, EPIC-Norfolk
participants spent 13 min/day more being sedentary

Fig. 1 Distribution of Movement Intensity in EPIC-Norfolk Men and Women (Median and IQR, normalized to 100-counts/minute width)
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than NHANES participants (566.3 min/day vs 553.4 min/
day, P < 0.05), NHANES participants spent more time in
the lower intensity categories than EPIC-Norfolk partici-
pants. EPIC-Norfolk participants spent more time than
those in NHANES undertaking physical activity >750
counts/minute.
The adherence to physical activity guidelines for older

adults, as determined by ≥30 min/day of movement
intensity ≥2020 counts/minute undertaken in bouts
of ≥10 min, was low in both cohorts, with 4.1 % of all par-
ticipants in EPIC-Norfolk and 2.5 % in NHANES accumu-
lating activity at this level. Using the cut-point of ≥809
counts/minute, the adherence level was 18.7 % in
EPIC-Norfolk and 9.5 % in NHANES. When counting all
activity ≥2020 counts/minute whether or not it was
undertaken in bouts lasting more than 10 min, 26.7 % of
EPIC-Norfolk participants and 13.9 % of NHANES partic-
ipants spent ≥30 min/day in this intensity spectrum. The
equivalent numbers for the ≥809 counts/minute definition
were 86.8 % (EPIC-Norfolk) and 73.4 % (NHANES).
Figures 3a-c show the minutes of activity spent <100,

≥809 and ≥2020 counts/minute for EPIC-Norfolk and
NHANES participants, stratified by sex and age group.
Overall, sedentary time (Fig. 3a) was lower in women

than in men in both cohorts. In EPIC-Norfolk, men and
women below the age of 60 years and between 60 and
70 years of age spent less time sedentary compared to
the older age groups. However, overall the differences
between age groups were greater in NHANES than in
EPIC-Norfolk participants. The population variance of
sedentary time was larger in the NHANES study. EPIC-
Norfolk men and women of all ages generally spent
more time above 809 and 2020 counts/minute than the
NHANES participants (Fig. 3b & c) with the exception
of men in the youngest age group in NHANES.

Discussion
The aim of this study was to provide a detailed descrip-
tion of objectively measured physical activity in older
adults by socio-demographic characteristics, BMI and
self-rated health, as well as to directly compare similarly
aged older adults from the UK and the US. We have
shown that the continuous physical activity intensity dis-
tribution is patterned differently, both within and be-
tween populations. Women from the EPIC-Norfolk
study accumulate their overall activity through activities
of lower intensities while men accumulate a similar ac-
tivity volume by spending more time sedentary as well

Fig. 2 Distribution of Movement Intensity in EPIC-Norfolk and NHANES (Median and IQR, normalized to 100-counts/minute width)
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Fig. 3 Median and IQR of Average Daily Physical Activity between 0 and 100 counts/minute, ≥809 counts/minute and ≥2020 counts/minute,
stratified by Gender, Age Category and Cohort. a. Time between 0 and 100 counts/minute (adjusted for non-normal awake wear time). b. Time
above 809 counts/minute. c. Time above 2020 counts/minute
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as in activity intensities above 2000 counts/minute.
When examining differences by age, we found a stronger
decline in higher intensity activity when comparing UK
participants aged <70 years with those aged >70 years,
which was accompanied by a more pronounced increase
in sedentary time. BMI and self-rated health appeared as
additional important correlates. In comparison with the
US, the UK older adults generally performed more activity
of higher intensity (≥809 and ≥2020 counts/minute), and
showed a less steep decline in higher intensity activity
across age groups, especially for activity ≥809 counts/mi-
nute. The EPIC-Norfolk population also displayed a less
steep increase in sedentary time across increasing age
groups, which was driven in part by the younger partici-
pants having greater sedentary time than in NHANES.
Recently, Jefferis et al. [8] demonstrated that 10 % and

15 % of older British women and men >70 years accu-
mulated the recommended level of ≥30 min/day of
MVPA in ≥10 min bouts, using an accelerometer thresh-
old of >1040 counts/minute, which was reduced to 3 %
and 7 % respectively when they used a threshold of >1952
counts/minute. These estimates are comparable to our
prevalence estimates in EPIC-Norfolk 16.1 % in women
and 22.2 % in men for the ≥809 counts/minute cut-point
and 3.2 % in women and 5.4 % in men for the ≥2020
counts/minute cut-point, respectively when using a 10-
min minimal bout duration criterion. Compared with
Swedish adults aged 60–75 years old who spent on aver-
age 29 (men) or 23 (women) minutes/day in activity inten-
sity ≥2020 counts/minute, EPIC-Norfolk men and women
accumulated less time in this intensity category; 23.6 and
18.9 min/day, respectively. Furthermore, in Swedish older
adults, around 55 % of the time spent ≥2020 counts/mi-
nute was accumulated in bouts longer than 10 min,
whereas in EPIC-Norfolk participants only around 31 % of
time ≥2020 counts/minute was spent in 10-min bouts [9].
Different processing criteria obviously result in stark
differences in prevalence estimates when considering all
MVPA time, regardless of occurrence in bouts, e.g., 19 %
and 56 % of women accumulated ≥30 min/day of MVPA
at the higher and lower MVPA cut-point in the study by
Jefferis et al., with corresponding numbers in men being
27 % and 62 % [8]. This concept of time spent in MVPA
regardless of durations of the bouts was also examined in
the British 1946 birth cohort of older adults in 2006–
2010, in which 43 % of women and 60 % of men accumu-
lated over 30 min/day above 3 METs, as estimated by
combined heart rate and movement sensing [17]. The
equivalent percentage of the population spending more
than 30 min/day above the cut-points used in EPIC-
Norfolk (≥809 and ≥2020 counts/minute) were 86.8 % and
26.7 %, respectively.
The differences that we have observed between strata

and studies for achievement of physical activity targets

raise the question about whether a cut-point of 2020
counts/minute is appropriate to characterize “moderate”
activity as defined in physical activity guidelines. Differ-
ences in the degree of adherence to recommendations
between men and women or between age groups can be
explained by variation in how activity time is spent.
However, a number of studies have demonstrated that
there are health benefits of physical activity in the light
intensity range below 2020 counts/minute [27]. It is cur-
rently difficult to define a lower boundary for the mini-
mum amount of activity that is beneficial for health. In
the future, revision of guidelines will need to be based
on epidemiological data, which includes the full range of
movement intensity, rather than data that have been
condensed into broad categories. This is a particular
issue in older participants for whom activity of lower in-
tensity may be especially important.
This study has several strengths. Firstly, it provides a

high-resolution description of the full intensity distribu-
tion of physical activity, as well as a detailed description
of higher intensity physical activity, the accumulation of
bouts of physical activity at two different levels of intensity
and sedentary time in EPIC-Norfolk and NHANES.
Secondly, with more than 4000 participants, the EPIC-
Norfolk cohort is the largest cohort in UK adults in which
physical activity was measured by hip accelerometry.
Finally, implementation of the same processing procedures
allowed a direct comparison between the two cohorts.
There are also limitations of this study that need to be

considered when interpreting results. At baseline, EPIC-
Norfolk participants were found to be representative of
the Health Survey for England population for age and
sex as well as all measured anthropometric characteris-
tics [28]. However, participants who returned to the 3rd

health check were, on average, younger and had a
healthier cardiovascular risk profile and higher socio-
economic status than the baseline population, although
the sample still represents a variety of socio-economic
backgrounds and lifestyle factors [19]. A comparison of
basic socio-demographic characteristics between partici-
pants with and without accelerometry at the 3rd health
check did not show any difference between the main
socio-demographic and health characteristics. Further-
more, as this was the first time point at which physical
activity was measured objectively in this cohort, the data
are cross-sectional and therefore yield no information
on within-individual change of activity with age. It is
possible that not wearing the monitor during sleep or
water-based activities, and the use of an automated non-
wear algorithm may have resulted in some misclassifica-
tion between non-wear and sedentary time. In addition,
we have collapsed the raw EPIC data in 5-s resolution to
60-s resolution for the purpose of comparison to other
population data; intensity estimates using 5-s data are
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likely to differ [25, 29]. The GT1M model of the acceler-
ometer used in EPIC-Norfolk is less sensitive at the very
low end of the movement continuum than the model
used in NHANES, leading to potential differential proper-
ties of the zero-strings used to classify non-wear [13, 14],
which additionally supports our decision to relax the
zero-string criteria for defining non-wear time from 60 to
90 min as this produced similar wear time estimates be-
tween cohorts. Non-normally long wear-times were found,
mainly in the NHANES dataset, leading to a possible
overestimation of wear-time and time spent in the
lowest intensity category. Therefore, sedentary time was
normalized for participants with a wear-time >19 h/day in
both cohorts. Finally, activities which are less well
detected by hip-accelerometry (e.g., cycling) may have a
different prevalence between UK and US older adults, in
this way potentially biasing our comparison for overall
physical activity volume and higher intensity activity be-
tween the cohorts [30].

Conclusion
The semi-continuous distribution of movement intensity
showed that UK women spent significantly more time in
lower intensity physical activity categories whereas men
spent more time being sedentary and in high intensity
physical activity categories, while overall physical activity
volume was not significantly different between sexes. As
a large proportion of time is spent in the light intensity
range, the entire movement distribution should be con-
sidered when analyzing physical activity as it is possible
that activities of this intensity may also confer health
benefits in addition to those already established for
higher intensity. Finally, this study also showed that
there are differences between UK and US older adults,
with the latter having lower overall activity volume and
less time in higher intensity physical activity, as well as a
steeper age gradient in time spent in higher intensity
physical activity. However, and maybe contrary to ex-
pectations, American older adults spent less time be-
ing sedentary. This suggests that effective physical
activity promotion in older adults should specifically
aim to delay the decline of physical activity with age.
With this in mind, consideration of the whole inten-
sity distribution may aid our ability to detect subtle
but important effects of physical activity promotion in
the globally growing population of older people.
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