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L E T T E R

Detection of real- life activities by a tri- axial accelerometer worn 
at different body locations: Analysis and interpretation

Modern technologies offer updates and information using 
Ambient Intelligence (AmI) and personalised user experi-
ence. Wearable sensors can collect and process data about 
lifestyle and health status, integrate them with clinical vari-
ables and provide people with simple feedback messages on 
the adequacy of their behaviors, delivered by wearable de-
vices or home appliances.1 AmILCare (Ambient Intelligence 
for Long- term Diabetes Care) is a project aimed at support-
ing people with noninsulin- treated type 2 diabetes in the 
day- to- day management of their disease. Daily step counts, 
physical activity and energy expenditure will be monitored 
by an FDA- approved medical grade tri- axial accelerometer2 
(GT9X; ActiGraph Corp.), fulfilling EASD/ADA criteria for 
Digital Technology in diabetes care.3 The device was tested 
in healthy volunteers to verify if the above variables are re-
corded more reliably wearing the device at the wrist or the 
waist.

Changes in acceleration were recorded at 30- Hz fre-
quency as counts per minute (CPM) for each axis and 
used to calculate the tri- axial vector magnitude (VM): 
√

axis12 + axis22 + axis32.
Energy expenditure was calculated by the 

Freedson VM3 Combination algorithm4: kcals/
min  =0.001064  ×  VM  +0.08751 (BM)  −5.500229, where 
VM  =  vector magnitude, CPM  =  counts per minute and 
BM = body mass in kg.

Physical activity was classified according to CPM: 
Sedentary: 0– 99; Light: 100– 759; Lifestyle: 760– 1951; 
moderate: 1952– 5724; vigorous: 5725– 9498; moderate- to- 
vigorous (MVPA): 1952– 9498; very vigorous: ≥9499.5 Steps 
were counted from the y- axis only.6 Wear compliance was 
measured by the Choi algorithm.7

Five healthy volunteers, three women and two men, aged 
43.0  ±  13.2, BMI 21.58  ±  2.52 wore two GT9X continu-
ously for 7 days, one at the nondominant wrist and the other 
at the waist, removing them for the shortest possible times. 
They kept detailed records of their 24- h activities. One- hour 
lengths of seven different activities of increasing intensity 
were further analysed. “Watching television”, “reading” and 
“having lunch/dinner” were taken as sedentary; “car driving/

public transport” and “housekeeping” as light; and “bicy-
cling, dancing, gardening and playing soccer” and “walking” 
as moderate. Data taken at the wrist and waist were extracted 
from the CentrePoint software and expressed as mean ± SD. 
Observation was from 0.00  h of the day following instal-
ment of the devices to 24.00 h of the day preceding retrieval. 
Differences between wrist and waist were checked by t- test 
for paired data, setting the level of significance at p < 0.05.

Wearing compliance was higher at the wrist than at 
the waist (1419.20  ±  21.92 vs. 1276.25  ±  111.12  min/
day, p  =  0.0399). There was a large discrepancy in calo-
rie expenditure, values at the wrist being fourfold higher 
(1581.97  ±  428.65 vs. 404.85  ±  195.55; p  =  0.0006), de-
spite higher step counts at the waist (8263.87  ±  3413.42 
vs. 9787.62  ±  3812.67; p  =  0.0395). The device at the 
waist recorded more percent total time in Sedentary mode 
(75.11 ± 6.28 vs. 44.93 ± 3.04; p = 0.0003) and less in life-
style (5.38 ± 2.54 vs. 22.82 ± 3.37; p = 0.0010) and MVPA 
(3.71 ± 1.60 vs. 12.65 ± 3.66; p = 0.0009). The activities 
selected for further analysis were ordered by increasing num-
ber of steps, the only variable that did not differ between 
wrist and waist (Table 1). The device at the wrist recorded 
higher- energy expenditure and less time in Sedentary mode 
for all sedentary and light activities, and did not differ from 
the waist for moderate and more intense ones.

Our results suggests that, in real- life conditions similar to 
those of noninsulin- treated type 2 diabetes patients that will 
be involved in the AmILCare project, the GT9X provides 
more reliable lifestyle data if worn at the waist than the non- 
dominant wrist. Wrist records grossly overestimated total 
energy expenditure, whilst measuring similar step counts 
and more sedentary behaviour, both throughout the day and 
in selected activities (Table  1), consistent with previous 
reports.8 Whilst the waist is mostly steady whilst reading, 
watching television or having a meal, the wrists may browse 
through book pages or handle objects and cutlery. When 
walking, conversely, waist and wrists are somewhat coor-
dinated, resulting in similar CPM. Importantly, the ActiLife 
step- counting algorithm was originally developed for hip- 
worn devices.6
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One problem with surveys of physical activity in real life 
is that most data derive from studies in controlled laboratory 
conditions of vigorous/very vigorous sports- related activ-
ities, whereas data on sedentary and moderate activities in 
free- living adults are limited. Freedson 4 showed the correla-
tion between the activity counts of a waist- worn ActiGraph 
and energy expenditure, but since the wrist is considered con-
venient for comfort and compliance, the National Health and 
Nutrition Examination Survey and UK Biobank have opted 
for wrist- worn accelerometers to survey behaviours at pop-
ulation level.9

Recently, we reported that people with noninsulin- treated 
type 2 diabetes will accept technological support if non- 
invasive and maintaining confidentiality.10 Whilst the wrist 
may seem more natural and comfortable (the GT9X doubles 
into a digital timepiece), our results, despite the small sam-
ple, strongly suggest that accelerometers are best worn at the 
waist to collect plausible data and provide reliable feedback 
and guidance, if patients are to benefit from appropriate life-
style adjustment.
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