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Background: Physical activity (PA) can be assessed by accelerometer monitors. However, a
high adherence to wearing this device is essential to obtain valid data. In this study, the influence of different wearing schemes and additional supportive phone calls (SPCs) on adherence
was examined.
Methods: A randomized study with four groups was conducted in the context of a health
examination program among participants aged 40–75 years without a history of cardiovascular
diseases. Participants were recruited in different settings (general medical practices, job center,
and health insurance). The participants were asked to wear an accelerometer for 7 consecutive
days according to the wearing scheme “day and night” or “day only” and received or did not
receive SPCs. Full adherence was defined as a total wearing time of 98 hours (between 8 am and
10 pm during 7 days). A generalized linear model was used to calculate the difference between
the maximum possible and the observed adherence.
Results: Adherence could be assessed for 249 participants (mean age: 56.40 years; standard
deviation [SD] 9.83, 40% males). The mean wearing time was 84.04 hours (SD 20.75). Participants with the wearing scheme day and night were significantly more adherent than participants
with the wearing scheme day only (incidence rate ratio [IRR] 0.63; P=0.005). SPCs had no
additional effect on adherence (IRR 0.80; P=0.168).
Conclusion: To assess PA, the wearing scheme day and night provides the best possible
adherence in this group of participants. Further studies are necessary to examine adherence and
the effects of additional SPCs in other samples or settings.
Keywords: accelerometry, physical activity assessment, health promotion
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Physical activity (PA) is defined as any body movements resulting in energy
expenditure.1 Various studies indicate positive effects of moderate and vigorous PA on
survival2 and an association with a reduced risk of cardiovascular diseases.3–5 A metaanalysis comparing drug therapy with exercise suggested similar effects on mortality
with respect to secondary prevention of coronary heart diseases.5 Consequently, PA
is an important target being addressed in current prevention strategies, which aims to
reduce the risk of cardiovascular disease.6,7
PA can be measured directly by, eg, steps, counts, metabolic equivalents of tasks,
frequency, and intensity using an accelerometer device, whereas a self-report as an
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indirect measurement enables the acquisition of subjects’
personal perception of PA and a subjective estimate of
intensity.
In many studies, the adherence of the participants wearing
accelerometers according to the defined wearing scheme and
suitable motivational strategies to increase adherence are not
or only insufficiently reported.8,9 However, the participants’
adherence to the applied wearing scheme is a prerequisite
for interpretable and valid study results.
We conducted a randomized controlled prospective study
including 255 apparently healthy participants between 40 and
75 years of age who were recruited in different settings. Our
goal was to explore which wearing scheme leads to the best
adherence of wearing an accelerometer and to evaluate the
potential additional effects of supportive phone calls (SPCs).

Methods
Study design
This study was part of a health examination program of
participants aged 40–75 years from the German Center for
Cardiovascular Research (DZHK).
Participants were recruited in three different settings: in
general medical practices, in job agencies, and by invitation
of a statutory health insurance. The participants recruited
in general medical practices and job agencies were asked
to complete a standardized health questionnaire to assess
cardiovascular risk factors and lifestyle parameters, to
undergo a blood pressure measurement, and to provide a
blood sample directly in the recruitment setting. Participants
selected and invited by the statutory health insurance were
invited to an office in the examination center and followed
the same procedure.
Subjects with a history of cardiovascular events (myocardial infarction and stroke), previous vascular interventions (open bypass surgery or percutaneous intervention),
diabetes mellitus, multiresistant pathogens, or a self-reported
body mass index (BMI) .35 kg/m2 were excluded from the
study. Subjects without these exclusion criteria were invited
for a subsequent cardiovascular examination program at the
DZHK examination center.
A more detailed description of recruitment and the
examination program was published in a previous study.10

Accelerometer wearing schemes
The subjects who participated in the health examination
program and were examined in the examination center were
invited to wear a three-axis accelerometer (GT3X+, Actigraph;
Pensacola, FL, USA), fixed with an elastic band at the right
hip. The subjects were asked to wear the accelerometer during
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Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

7 consecutive days “day and night” for 24 hours a day or “day
only” after getting up in the morning and to put it off before
going to sleep. All participants were instructed to remove the
device only during water-based activities such as showering
and bathing. The subjects were promised an individual feedback after wearing the accelerometer device.
Furthermore, all participants were asked to keep a semistandardized diary to document their PA frequency, duration,
intensity, and all kinds of PA lasting for at least 15 minutes.
The duration of 7 consecutive days was chosen to include
both weekdays and the weekends to examine both workrelated and leisure time activities7 and to reduce intraindividual variance.

SPCs
The SPCs consisted of two phone calls in which a member
of the study team asked whether the participant have worn
the accelerometer according to the instructions, whether
the diary was kept, and to report any problems. The phone
call was performed on the second and fourth days of the
wearing period.

Randomization
The participants were at random assigned to the following
four groups (Table 1):
− Group D: participants were instructed to wear the
accelerometer according to the wearing scheme day only.
− Group DN: participants were instructed to wear the
accelerometer according to the wearing scheme day and
night.
− Group D + SPC: participants were instructed to wear the
accelerometer during daytime. Additionally, this group
received SPCs on the second and fourth days.
− Group DN + SPC: participants were instructed to wear
the accelerometer day and night. Additionally, this group
received SPCs on the second and fourth days.

Participants
Overall 492 individuals were invited to take part in the
accelerometer adherence study, thereof 255 (51.8%) gave
informed consent and were randomized into one of the four
groups D, DN, D + SPC, and DN + SPC. The primary analysis
was conducted with the data of 249 participants (Figure 1).
Table 1 Randomization groups as a two-factorial design
Factor SPC
Factor wearing time

D
DN

D + SPC
DN + SPC

Abbreviations: D, day only; DN, day and night; SPC, supportive phone calls.
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Figure 1 Consort flowchart.
Abbreviations: D, day; DN, day and night; D + SPC, day with supportive phone calls; DN+ SPC, day and night with supportive phone calls.

Data analysis
To compare the adherence between the different wearing
schemes, the wearing time of the accelerometer between
8 am and 10 pm during 7 consecutive days was assessed.
This wearing time was chosen on the basis of typical wake
up and bed times of the included population, assessed, and
documented in a subsample (N=127) with completed diaries.
75% of the sample had to be awake to consider a time as
wake up or bed time, respectively.
Full adherence was defined as a total wearing time of
98 hours (14 hours/d) between 8 am and 10 pm during 7 days.
Nonwear time was calculated by the Troiano algorithm
(at least 60 consecutive minutes of zero activity intensity
counts, with allowance for 1–2 minutes of counts between
0 and 100).11
Outcome parameter of the primary analysis was the difference between 98 hours and the observed wearing time. The
distribution of this difference was highly right skewed.
Therefore, a generalized linear regression model on the
basis of a negative binomial distribution was used for data
analysis, whereas the effect estimator is the “incidence rate
ratio” (IRR). Due to the difference to the maximum wearing
time as the outcome variable, a lower IRR represents a higher
adherence. The model included the two factors wearing
scheme (DN or D) and SPC (Table 1).
The regression was performed as an intention-to-treat
analysis. The interaction between the wearing time and SPC
(yes or no) was used to test either multiplicative or additive
Patient Preference and Adherence 2017:11

interaction with the “relative excess risk due to interaction”
(RERI).12
Additional to the primary analysis, two sensitivity
analyses were performed: in the first sensitivity analysis, individual day–night structures were considered for 124 subjects
with sufficient documentation of wake up and bed times in
their diaries.
To examine a possible dose–effect relationship for the
SPCs, a second sensitivity analysis was conducted for all
participants in the two SPC groups taking the number of
successful calls per protocol into account.
All analyses were computed with the software R version
3.1.1. For the negative binomial regression models, the
MASS package was used (The R Foundation for Statistical
Computing, Vienna, Austria).

Ethics approval and consent to participate
All participants gave written informed consent for this
study. All participants received a voucher about 15 Euros
upon return of the accelerometer after 7 days. The study was
approved by the clinical ethical committee of the University
Medicine Greifswald (protocol number BB64/07).

Results
The participants (40.0% men) were on average 56.4±9.8 years
old. Most subjects were participants from the setting “statutory health insurance” (N=120, 47.1%). Further baseline
characteristics are shown in Table 2.
submit your manuscript | www.dovepress.com
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Table 2 Baseline characteristics by group
Age (years), mean ± SD
Sex (%), male
Education (%)
No or graduation
,10 years
10 years
.10 years
Other graduation
Living situation (%), single household
Smoking (%), smoker
Self-reported body mass index (kg/m2)
Range (min–max)
#25
25–30
.30
Recruitment setting (%)
Job agencies
General medical practices
Statutory health insurance

D, n=63

DN, n=63

D + SPC, n=63

DN + SPC, n=66

Total, N=255

57.44±9.83
21 (33.3)

57.38±10.01
31 (49.2)

55.08±8.85
25 (39.7)

55.65±10.33
25 (37.9)

56.38±9.78
102 (40.0)

8 (12.7)
29 (46.0)
25 (39.7)
1 (1.6)
20 (31.7)
18 (28.6)

11 (17.5)
25 (39.7)
26 (41.3)
1 (1.6)
16 (25.4)
11 (17.5)

7 (11.1)
33 (52.4)
23 (36.5)
0 (0)
18 (28.6)
17 (27.0)

12 (18.2)
34 (51.5)
20 (30.3)
0 (0)
15 (22.7)
15 (22.7)

38 (14.9)
121 (47.5)
94 (36.9)
2 (0.8)
69 (27.1)
61 (23.9)

19.89–37.11
20 (31.7)
30 (47.6)
13 (20.6)

20.10–35.60
16 (25.4)
28 (44.4)
19 (30.2)

18.44–35.92
25 (39.7)
22 (34.9)
16 (25.4)

18.02–36.70
24 (36.4)
25 (37.9)
17 (25.8)

18.02–37.11
85 (33.3)
105 (41.7)
65 (25.5)

15 (23.8)
17 (27.0)
31 (49.2)

15 (23.8)
19 (30.2)
29 (46.0)

11 (17.5)
25 (39.7)
27 (42.9)

11 (16.7)
22 (33.3)
33 (50.0)

52 (20.4)
83 (32.5)
120 (47.1)

Abbreviations: D, day only; DN, day and night; D + SPC, day with supportive phone calls; DN + SPC, day and night with supportive phone calls; SD, standard deviation.

Adherence, descriptive results
The measure of adherence was assessed for 249 participants.
For all four groups, the adherence was rather high (mean ±
standard deviation [SD] 84.04±20.75 hours). The adherence
was better for the participants with the wearing scheme DN.
Adding SPCs (on the second and fourth wearing days)
tended to improve adherence further (97.56 hours without
and 99.33 hours with SPCs), but the regression showed no
significant enhancement in adherence (Table 3).

Adherence, effects of wearing scheme
and SPCs
A negative binomial regression analysis was calculated for
the difference between the maximal possible adherence
(98 hours) and the observed adherence, including the independent variables wearing scheme (DN or D) and SPC (yes
or no). A lower IRR represents a higher adherence.
Participants with the wearing scheme DN were more
adherent than participants with the wearing scheme D (IRR

0.63, Table 4). SPCs had no significant influence on adherence. The negative binomial regression model including the
multiplicative interaction was not significant (IRR 1.13, 95%
confidence interval [CI] 0.59–2.17, P=0.712, Table 4).
The additive interaction was analyzed regarding the
randomization groups with wearing scheme D as the reference
group. The RERI was positive, which represents a tendency
to a positive additive interaction, but it was not significant
(RERI=0.16, 95% CI -0.28–0.61, results not shown here).

Results of the sensitivity analyses
Table 5 shows the results of the sensitivity analysis on the
basis of the individual wake up and bed time documentation
of the participants. Wearing scheme and SPCs had no significant influence on adherence in this analysis.
The results of the subgroup analysis with participants of
the groups with SPC on the second and fourth wearing days
(with full adherence defined as a wearing time from 8 am
until 10 pm) are shown in Table 6.

Table 3 Descriptive statistics of wearing time between 8 am and 10 pm (in hours) by group; N=249
Mean ± SD
Median
Range (min–max)
IQR (x0.25–x0.75)
Difference to 98 h, (mean ± SD)

D, n=62

DN, n=62

D + SPC, n=60

DN + SPC, n=65

Total, N=249

78.22±25.02
86.81
00.00–97.96
73.83–94.31
19.78±25.02

86.34±19.57
93.94
9.64–98.00
86.66–96.61
11.66±19.57

83.22±20.88
89.76
0.01–98.00
81.80–93.44
14.78±20.88

88.15±15.78
93.82
00.00–98.00
86.79–95.88
9.85±15.78

84.04±20.75
91.47
00.00–98.00
82.53–95.37
13.96±20.75

Abbreviations: D, day only; DN, day and night; D + SPC, day with supportive phone calls; DN + SPC, day and night with supportive phone calls; h, hours; IQR, interquartile
range; SD, standard deviation.
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Table 4 Results of the primary regression model by a negative
binomial regression approach

Table 6 Subgroup analysis considering the number of supportive
phone calls, adjusted for age and sex

8 am to 10 pm Model
(N=249)
IRR 95% CI

8 am to 10 pm (N=127)

IRR

95% CI

P-value

Age (years)
Sex (vs female)
Wearing time (DN vs day only)
SPC vs no call
One phone call
Two phone calls

1.02
0.66
0.60

1.00–1.04
0.41–1.06
0.38–0.95

0.163
0.055
0.018

0.59
0.62

0.28–1.19
0.30–1.18

0.126
0.145

With interaction
P-value IRR 95% CI

Wearing time
0.63 0.45–0.87 0.005
(DN vs day only)
SPC vs none
0.80 0.57–1.10 0.168
Interaction
–
–
–
(DN by SPC)

P-value

0.59 0.37–0.94 0.024
0.75 0.47–1.19 0.219
1.13
0.712

Note: Dependent variable: difference between the maximal possible adherence
(98 hours for 7 consecutive days) and the observed adherence (based on wearing
time from 8 am until 10 pm).
Abbreviations: CI, confidence interval; DN, day and night; IRR, incidence rate
ratio; SPC, supportive phone calls.

Note: Dependent variable: difference between the maximal possible adherence
(98 hours for 7 consecutive days) and the observed adherence (based on wearing
time from 8 am until 10 pm).
Abbreviations: CI, confidence interval; DN, day and night; IRR, incidence rate
ratio; SPC, supportive phone calls.

The two groups of participants with SPC had in total
N=127 participants, thereof n=63 (49.6%) received the
intended two calls, n=47 (37.0%) received one call, and n=17
(13.4%) participants received no call at all. Participants who
received SPC showed better adherence compared to participants who did not receive these calls, but this effect did not
reach statistical significance. The number of SPCs had no
influence on the adherence.

general population (based on data of a large German survey)
showed differences with respect to some important para
meters: 27.1% vs 40.1% living in a single-person household
and 23.9% vs 24.5% smokers.13,14
The sensitivity analysis including the subgroup with
known day–night patterns showed less difference between
the wearing schemes than the primary analysis. This could
be an indication that the difference in the primary analysis
could partly be the consequence of generalizing individual
day–night patterns. However, this subgroup was selected
because their diaries were precise enough to determine
individual patterns. This accuracy could have an influence
also on the adherence to the wearing scheme.
Additional SPCs did not add significantly to an increased
adherence in this study. Conceivably, due to the selected,
probably highly motivated group of participants, a ceiling
effect may have occurred. Hence, motivational calls could
improve adherence in less selected and motivated groups. In a
study among 60 economically disadvantaged women in South
Carolina, USA, three reminder telephone calls were implemented to optimize adherence to wearing an accelerometer
from wake up until bedtime during a time period of 7 days.
In this study, wearing the accelerometer at least 4 days for
at least 10 hours a day was defined as adherent, and 57 of
60 women (95%) reached adherence.15
In a study including 89 high school students in Minneapolis, USA, the participants were assigned to one of three
compliance interventions (receiving three telephone contacts,
completing a daily journal, and receiving compensation
dependent on adherence) or to a control group. The students
receiving adherence-dependent compensation showed the
highest adherence (96% of the participants in this group completed at least 4 of 7 days with a daily wearing time of at least
10 hours). The other interventions did not show significantly
higher adherence rates than the control group.16

Discussion
The results of this study document a high adherence to wearing an accelerometer across all groups during the predefined
time range. The descriptive results showed a tendency to
better adherence for the group with the wearing scheme DN
than the wearing scheme D. Additional SPC did not increase
adherence in both groups.
In general, we observed a high mean adherence across
all groups. This may be a consequence of the selection of the
participants: this study was part of a survey among healthy
persons including questionnaires and examinations without a
subsequent intervention. It is a plausible assumption that the
participants are not representative compared to the general
population. A comparison of the participant sample with the
Table 5 Results of the subgroup analysis for participants with
completed diary data of the four groups, regarding the relative
adherence by a negative binomial regression approach
8 am to 10 pm (N=124)

IRR

95% CI

P-value

Age (years)
Sex (vs female)
Wearing scheme (DN vs day only)
SPC vs none

1.01
0.88
0.50
0.98

0.95–1.08
0.25–2.81
0.12–1.65
0.31–3.34

0.680
0.836
0.282
0.975

Note: Dependent variable: difference between the maximal possible adherence
(98 hours for 7 consecutive days) and the observed adherence (based on wearing
time from 8 am until 10 pm).
Abbreviations: CI, confidence interval; DN, day and night; IRR, incidence rate
ratio; SPC, supportive phone calls.
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In a sample of 117 adolescents in Ireland, to wear the
accelerometer over daytime was more likely if the students received an SMS reminder message each morning.17
The results of these studies indicate a positive influence of
motivational support on adherence. However, a comparison to
our study is limited because of different population groups.
Our study has some limitations. First, the study sample
was selected with respect to the recruitment settings and
health status. It is likely that this sample is not representative
for the general German population $40 years. The results
may therefore not readily extend to other groups or Germany
population as a whole.
In this study, we aimed to assess adherence wearing the
accelerometer during the day. We found that the definition
of “daytime” is a challenge. However, including individual
day–night patterns requires an accurate documentation by the
participants, which is an elaborate task and prone to missing
or inaccurate entries. Determining daytime for the whole
group leads to a generalized reflection of real life, which may
have biased the results to some extent. Since we found better
adherence for the wearing scheme day and night, it might
be a solution in some cases to count total PA (24 hours) to
avoid this problem.

Conclusion
The results of this study show a better adherence for wearing
the accelerometer in subjects with a wearing scheme day and
night. Additional SPCs did not improve adherence further.
These results are a good basis for further research with
respect to adherence. Especially, whether SPCs or other
interventions (eg, supportive SMS) may have an additional
value in terms of increased adherence in selected target
populations needs further evaluation.
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