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Abstract

Background: “Push” components of mobile health interventions may be promising to create conscious awareness of habitual
sedentary behavior; however, the effect of these components on the near-time, proximal outcome, being breaks in sedentary
behavior immediately after receiving a push notification, is still unknown, especially in older adults.

Objective: The aims of this study are to examine if older adults break their sedentary behavior immediately after receiving
personalized haptic feedback on prolonged sedentary behavior and if the percentage of breaks differs depending on the time of
the day when the feedback is provided.

Methods: A total of 26 Flemish older adults (mean age 64.4 years, SD 3.8) wore a triaxial accelerometer (Activator, PAL
Technologies Ltd) for 3 weeks. The accelerometer generated personalized haptic feedback by means of vibrations each time a
participant sat for 30 uninterrupted minutes. Accelerometer data on sedentary behavior were used to estimate the proximal
outcome, which was sedentary behavior breaks immediately (within 1, 3, and 5 minutes) after receiving personalized haptic
feedback. Generalized estimating equations were used to investigate whether or not participants broke up their sedentary behavior
immediately after receiving haptic feedback. A time-related variable was added to the model to investigate if the sedentary
behavior breaks differed depending on the time of day.

Results: A total of 2628 vibrations were provided to the participants during the 3-week intervention period. Of these 2628
vibrations, 379 (14.4%), 570 (21.7%), and 798 (30.4%) resulted in a sedentary behavior break within 1, 3 and 5 minutes,
respectively. Although the 1-minute interval did not reveal significant differences in the percentage of breaks depending on the
time at which the haptic feedback was provided, the 3- and 5-minute intervals did show significant differences in the percentage
of breaks depending on the time at which the haptic feedback was provided. Concretely, the percentage of sedentary behavior
breaks was significantly higher if personalized haptic feedback was provided between noon and 3 PM compared to if the feedback
was provided between 6 and 9 AM (odds ratio 1.58, 95% CI 1.01-2.47, within 3 minutes; odds ratio 1.78, 95% CI 1.11-2.84,
within 5 minutes).

Conclusions: The majority of haptic vibrations, especially those in the morning, did not result in a break in the sedentary
behavior of older adults. As such, simply bringing habitual sedentary behavior into conscious awareness seems to be insufficient
to target sedentary behavior. More research is needed to optimize push components in interventions aimed at the reduction of the
sedentary behavior of older adults.

Trial Registration: ClinicalTrials.gov NCT04003324; https://clinicaltrials.gov/ct2/show/NCT04003324
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Introduction

Evidence shows that older adults (aged ≥60 years) are the most
sedentary segment of the population [1]. They spend
approximately 80% of their awake time (8-12 hours per day)
in sedentary activities [2]. This finding is alarming, as prolonged
sedentary behavior has been associated with increased risk for
negative health outcomes, such as frailty, type 2 diabetes, and
all-cause mortality [3]. To date, the number of interventions
targeting sedentary behavior in older adults has been limited.
Only 9 interventions could be detected in a systematic review
[4], of which only 1 was a mobile health (mHealth) intervention
[5]. This finding contrasts sharply with the range of mHealth
interventions aimed at the promotion of physical activity [6],
and it is also very disappointing, as a recent meta-analysis
showed a significantly higher decrease in sedentary behavior
following mHealth interventions compared to traditional
interventions in all age groups [7]. The superiority of mHealth
interventions over traditional interventions may be explained
by the fact that a large amount of sedentary behavior is
contextually triggered and automatic (ie, it involves little
reasoning and is performed without conscious decision-making)
[8]. In contrast, physical activity is regulated by controlled
processes, such as intentions, values, and beliefs. Undesired
automatic behavior can be disrupted by bringing the behavior
and its context into conscious awareness—for example, by
means of self-monitoring [9]. Self-monitoring can be easily
integrated in mHealth interventions; therefore, these
interventions offer great potential to reduce sedentary behavior.

mHealth interventions generally consist of multiple intervention
components. Some are “pull” components, which require
individuals to access the component on their mobile device at
moments when they decide they need help. Others are “push”
components, which are initiated by the intervention and are
delivered via haptic vibrations, notifications, or text messages
[10]. Previous efficacy studies mainly investigated whether the
combination of pull and push components resulted in a reduction
of total sedentary time at the end of the intervention. This
reduction can be considered to be the desired distal outcome of
the intervention. However, as push components may best
facilitate the process of bringing habitual sedentary behavior
and its context into conscious awareness [11,12], it may be more
pertinent to investigate the near-time, proximal effect of these
push components (ie, breaks in sedentary behavior immediately
after receiving a push notification) compared to their effect on
total sedentary time. To date, little effort has focused on
examining these near-time, proximal effects [13]; only one study
could be found in the literature [14]. In this study, 86 office
workers received persuasive text messages to break up their
sedentary behavior after 30 minutes of uninterrupted computer
time. The results showed a steep decline in sedentary behavior
in the 30 minutes following a text message compared to a control
group [14]. To our knowledge, no studies are available on the
proximal outcomes of push components aimed at the reduction
of sedentary behavior in older adults.

Therefore, the aims of this exploratory study were (1) to examine
if older adults break their sedentary behavior immediately after
receiving personalized haptic feedback, and (2) to investigate
if those breaks differed depending on the time of the day when
the feedback was delivered. This investigation may be important,
as push components that are offered at an inappropriate time
may lead to burden and disengagement [15].

Methods

Study Design
This study reports on part of a larger mixed methods study being
conducted to evaluate a self-monitoring mHealth intervention
to reduce sedentary behavior in older adults [16]. The study was
registered at ClinicalTrials.gov (identification number:
NCT04003324) and was approved by the Committee of Medical
Ethics of the Ghent University Hospital (Belgian registration
number 2019/0398). All participants provided written informed
consent.

Participants, Procedure, and Intervention
Participant recruitment was conducted in Flanders between
February and March 2019 using convenience sampling (ie,
Facebook advertisements and an existing database [17]). To be
eligible for the current study, participants needed to (1) be at
least 60 years old, (2) be Dutch-speaking, (3) be able to walk
100 meters without severe difficulties, and (4) have a
smartphone. A detailed description of the study procedure has
been published elsewhere [16]. Briefly, baseline data, including
sociodemographic characteristics, were collected before the
start of the intervention. Subsequently, the self-monitoring
mHealth intervention was introduced to the participants. The
intervention consisted of general sedentary behavior information
and visual and haptic feedback on the participants’ sedentary
behavior. General sedentary behavior information was provided
to participants by means of a 10-minute presentation. The
presentation was given by an expert in the field during the
second home visit. Visual and haptic feedback were provided
using a novel, validated triaxial accelerometer—the Activator
(PAL Technologies Ltd) [18]. The Activator was worn during
waking hours on the front of the thigh, either in a pants pocket
or attached with an elastic band to clothing covering the upper
thigh (eg, trousers, jeans, shorts, leggings, tights, or dresses)
[19]. Real-time visual feedback and a 7-day historical overview
were presented through a smartphone app via a Bluetooth
connection. Haptic feedback was provided by a strong but
comfortable vibration of the Activator accelerometer itself each
time a participant sat for 30 uninterrupted minutes. Participants
were instructed to break up their sedentary behavior each time
they received a haptic vibration.

Measures
The participants’ sociodemographic characteristics were
administered using a structured interview and included age,
gender, family situation, educational level, weight, and height.
Sedentary behavior after receiving personalized haptic feedback
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was collected using the Activator device. The Activator device
collected triaxial accelerometer data about thigh position and
accelerations and processed the data via proprietary algorithms
(Intelligent Activity Classification, PAL Technologies) to
determine the wearer’s body posture (ie, sitting/lying and
upright) and stepping speed. Accelerometer data were stored
on the cloud server of PAL Technologies and used to estimate
the proximal outcome, which was a break in sedentary behavior
immediately (within 1, 3, and 5 minutes) after receiving
personalized haptic feedback. Time-related characteristics of
when the haptic feedback was provided were extracted from
the system usage data of the Activator and categorized into the
following six categories: 6-9 AM, 9 AM-noon, noon-3 PM, 3-6
PM, 6-9 PM, 9 PM-midnight.

Data Cleaning and Statistical Analyses
Descriptive statistics of the sample and of the personalized
haptic feedback were summarized as proportions, means, and
standard deviations. Participants’ sedentary behavior within 1,
3, and 5 minutes after receiving haptic feedback was extracted
from the accelerometer data and dichotomized as whether or
not participants had broken up their sedentary behavior. If a
participant broke up their sedentary behavior in the first minute

after receiving a notification, this was taken into account in all
three time frames. As each participant received haptic feedback
multiple times, observations were nested for the participants.
Generalized estimating equations, including a random intercept,
were applied to investigate whether participants broke up their
sedentary behavior immediately after receiving haptic feedback.
The time-related variable was added to the model as a fixed
effect to investigate if the sedentary behavior breaks differed
depending on the time of day. Nonstandardized regression
coefficients (β) and 95% confidence intervals were reported as
effect estimates. If sedentary behavior breaks were observed,
proportions were requested to determine the duration of the
breaks. Analyses were performed in SPSS, version 25 (IBM
Corporation).

Results

Descriptive Statistics of the Participants
The participant characteristics are presented in Table 1. Half of
the participants were female, and the average age was 64.4 years
(SD 3.8). The majority of the participants were highly educated
and were married or lived with a partner. The participants’mean

BMI was 25.2 kg/m2 (SD 3.8).

Table 1. Participant characteristics (N=26).

ValueSociodemographic characteristic

Gender

13 (50)Men, n (%)

13 (50)Women, n (%)

Age (years)

64.4 (3.8), 60.0-76.0Mean (SD), range

14 (54)Young older adults (<65), n (%)

12 (46)Older adults (≥65), n (%)

Educational level, n (%)

11 (42)Secondary education

15 (58)College or university

Family situation, n (%)

4 (15)No partner (ie, single, widowed)

1 (4)Partner but living separately

21 (81)Married or living with a partner

BMI (kg/m2)

25.2 (3.8), 19.7-32.3Mean (SD), range

16 (62)Healthy weight (<25), n (%)

6 (23)Overweight (25-29.9), n (%)

4 (15)Obese (>30), n (%)

Descriptive Statistics of the Personalized Haptic
Feedback
A total of 2628 vibrations were provided to the participants
during the 3-week intervention period. The highest number of
vibrations was provided between 6 and 9 PM, whereas the

lowest number of vibrations was provided between 6 and 9 AM
(306 and 787, respectively) (see Figure 1). Considerable
differences were observed in the number of vibrations between
participants, ranging from 3-258 vibrations during the 3-week
intervention period. The median number of vibrations that
participants received per day varied from 0-7. Detailed
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information on the participants’ personalized haptic feedback is provided in Multimedia Appendix 1.

Figure 1. Number of haptic vibrations at different time points.

Breaks in the Sedentary Behavior of Older Adults
Immediately After Receiving Personalized Haptic
Feedback
Of the 2628 personalized haptic vibrations, 379 (14.4%), 570
(21.7%), and 798 (30.4%) resulted in a sedentary behavior break
within 1, 3, and 5 minutes, respectively. Although the 1-minute
interval did not reveal significant differences in the percentage
of breaks depending on the time at which the haptic feedback

was provided, the 3 and 5-minute intervals did show significant
differences in the percentage of breaks depending on the time
at which the haptic feedback was provided. Concretely, the
percentage of sedentary behavior breaks was significantly higher
if personalized haptic feedback was provided between noon and
3 PM (3- and 5-minute intervals), compared to if the feedback
was provided between 6 and 9 AM (see Table 2 and Figure 2).
The duration of the breaks observed in the older adults’
sedentary behavior is summarized in Table 3.

Table 2. Sedentary behavior breaks by time of the day when the vibrations were provided.

5 minutes3 minutes1 minuteTime of day

P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

N/A1.00 (reference)N/A1.00 (reference)N/Ab1.00 (reference)6-9 AM

.231.42 (0.80-2.54).211.46 (0.81-2.62).311.38 (0.75-2.54)9 AM-noon

.021.78 (1.11-2.84).051.58 (1.01-2.47) c.341.26 (0.78-2.03)Noon-3 PM

.251.37 (0.80-2.36).091.62 (0.93-2.81).151.58 (0.85-2.94]3-6 PM

.441.25 (0.71-2.21).241.41 (0.80-2.48).361.92 (0.74-2.25)6-9 PM

.381.38 (0.67-2.87).131.66 (0.86-3.23).391.46 (0.62-3.44)9 PM-midnight

aOR: odds ratio.
bN/A: not applicable.
cItalic text indicates the most significant time periods.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | e26387 | p. 4https://mhealth.jmir.org/2021/5/e26387
(page number not for citation purposes)

Compernolle et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Percentages of vibrations followed by a break in sedentary behavior by time of day.

Table 3. Duration of the sedentary behavior breaks.

Vibrations followed by a break within 5 minutes (n=714),
n (%)

Vibrations followed by a break within 3 minutes (n=546),
n (%)

Duration of break (minutes)

279 (38.7)246 (45.1)<1

127 (17.6)121 (22.1)1-2

93 (12.9)179 (32.8)2-3

215 (29.9)N/Aa3-5

aN/A: not applicable.

Discussion

This is the first study investigating breaks in the sedentary
behavior of older adults immediately after receiving personalized
haptic feedback. The results are rather disappointing, as less
than 1 in 3 vibrations resulted in a sedentary behavior break
within 5 minutes. Moreover, more than half of the breaks lasted
less than 2 minutes, which may be too short to achieve health
benefits [20]. Consequently, it can be concluded that simply
increasing awareness of habitual sedentary behavior by means
of personalized haptic feedback is insufficient to stimulate older
adults to break their sedentary behavior. Although underlying
reasons to ignore the personalized haptic feedback were not
examined, previous research showed that many older adults
lack the motivation (or capabilities) to break their sedentary
behavior [21]. Therefore, more effort should be made to enhance
older adults’ motivation to break their sedentary behavior.

Our results also suggested that the percentage of breaks differed
depending on the time of the day when the haptic feedback was
provided (at least when analyzing the 3- and 5-minute intervals).
Based on previous ecological momentary assessment studies,
showing that older adults’ fatigue increases throughout the day
[22,23], it was expected that participants would be more likely

to respond to the haptic feedback in the morning compared to
in the afternoon and the evening. However, our results showed
the opposite. Older adults were more likely to break their
sedentary behavior in the afternoon compared to in the morning.
It is possible that the moments when the participants are
sedentary in the morning are “necessary moments of rest,” as
our results showed that they are much more active in the
morning. On the other hand, in the afternoon, older adults are
much more sedentary and probably thus more motivated to
break their sedentary behavior after receiving a haptic vibration
[1]. If this result can be replicated in future research, haptic
vibrations, notifications, or text messages aimed at the reduction
of older adults’ sedentary behavior should preferably be
provided in the afternoon to be successful.

The main strength of the current study is its innovativeness. As
far as we know, no previous studies have investigated older
adults’breaks in sedentary behavior immediately after receiving
haptic feedback. The most relevant limitations are the small
sample size and the simplicity of the study design. The small
sample size hinders the investigation of individual differences
(eg, sociodemographic and behavioral characteristics) between
participants who often broke their sedentary behavior and those
who did not. The simplicity of the study design prevents us

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | e26387 | p. 5https://mhealth.jmir.org/2021/5/e26387
(page number not for citation purposes)

Compernolle et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


from drawing firm conclusions on the causality of the
association between the push components and breaks in
sedentary behavior. As a vibration was provided each time a
participant was sedentary for 30 minutes, it remains unclear
what the response would have been (ie, break or no break) if
no vibration was given. Therefore, the use of micro-randomized
trials is recommended to confirm and further elaborate the
current findings.

Conclusion
The majority of haptic vibrations, especially those received in
the morning, did not result in a break in older adults’ sedentary
behavior. As such, simply bringing habitual sedentary behavior
into conscious awareness seems to be insufficient to target
sedentary behavior. More research is needed to optimize push
components in interventions aimed at the reduction of sedentary
behavior in older adults.
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