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RESEARCH ARTICLE Open Access

Feasibility of smart wristbands for
continuous monitoring during pregnancy
and one month after birth
Kirsi Grym1* , Hannakaisa Niela-Vilén1, Eeva Ekholm2, Lotta Hamari1,3, Iman Azimi4, Amir Rahmani5,6,
Pasi Liljeberg4, Eliisa Löyttyniemi7 and Anna Axelin1

Abstract

Background: Smart wristbands enable the continuous monitoring of health parameters, for example, in maternity
care. Understanding the feasibility and acceptability of these devices in an authentic context is essential. The aim of
this study was to evaluate the feasibility of using a smart wristband to collect continuous activity, sleep and heart
rate data from the beginning of the second trimester until one month postpartum.

Methods: The feasibility of a smart wristband was tested prospectively through pregnancy in nulliparous women
(n = 20). The outcomes measured were the wear time of the device and the participants’ experiences with the
smart wristband. The data were collected from the wristbands, phone interviews, questionnaires, and electronic
patient records. The quantitative data were analyzed with hierarchical linear mixed models for repeated measures,
and qualitative data were analyzed using content analysis.

Results: Participants (n = 20) were recruited at a median of 12.9 weeks of gestation. They used the smart wristbands
for an average of 182 days during the seven-month study period. The daily use of the devices was similar during
the second (17.9 h, 95% CI 15.2 to 20.7) and third trimesters (16.7 h, 95% CI 13.8 to 19.5) but decreased during the
postpartum period (14.4 h, 95% CI 11.4 to 17.4, p = 0.0079). Participants who could not wear smart wristbands at
work used the device 300 min less per day than did those with no use limitations. Eight of the participants did not
wear the devices or wore them only occasionally after giving birth. Nineteen participants reported that the smart
wristband did not have any permanent effects on their behavior. Problems with charging and synchronizing the
devices, perceiving the devices as uncomfortable, or viewing the data as unreliable, and the fear of scratching their
babies with the devices were the main reasons for not using the smart wristbands.

Conclusions: A smart wristband is a feasible tool for continuous monitoring during pregnancy. However, the daily
use decreased after birth. The results of this study may support the planning of future studies and help with
overcoming barriers related to the use of smart wristbands on pregnant women.

Keywords: Activity tracker, Biosensor, Feasibility, Internet-of-things, Pregnancy, Self-monitoring, Smart wristband,
User experience, Wearable sensors
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Background
The monitoring of pregnancies is needed to secure the
health and wellbeing of a pregnant woman and her
unborn baby. Currently, health care staff perform this
monitoring during regular appointments in maternity
care units [1]. With the support of modern technology,
such as the Internet of Things (IoT), continuous moni-
toring, tracking, and transmitting personal health
metrics in real time has become possible in more ad-
vanced ways than ever before [2–4]. This evolution has
also given rise to opportunities for maternity care [5–7],
as IoT connects devices (e.g. smart wristbands) remotely
to servers, thus enabling the monitoring and data analyt-
ics through Web-based user interfaces from anywhere
and at any time [8]. It is well known that IoT solutions
have not reached their full potential by adapting to
health care [2].
Monitoring technology has been shown to promote

health variables (e.g., physical activity) in pregnant
women [9, 10]. Ideally, self-controlled monitoring would
engage pregnant women in their health care better than
ever before. This could save resources in maternity care,
for example, by decreasing the number of visits or by
detecting possible problems. Identifying methods of pro-
moting and measuring health in high-risk mothers, for
example in those with an increased risk of gestational
diabetes, is another possible application of this technol-
ogy. Collected health data may help health care staff to
follow up with their patients and to make personalized
care decisions. The tracked data may also be used to
automatically recognize high-risk patients for additional
checkups or interventions [3, 4]. Therefore, health care
staff and the research community need feasible, valid,
and reliable measurement tools [11].
Wearable technology, such as smart wristbands, has

tremendous potential in maternity care; however, it also
poses challenges [3]. One of the biggest concerns is
sustaining patients’ long-term engagement with this
modern technology [12]. To overcome this challenge, it
is essential to understand the needs and barriers of the
target population, so that device feasibility and accept-
ability can be determined in an authentic context [3, 13].
Currently, IoT devices are usually assessed with usability
testing and case studies, but feasibility analysis in health
care is rarely conducted [2]. The implementation of wear-
able technology, such as smart wristbands, in maternity
care, requires an understanding of mothers’ perspectives
of and adherence to these methods.
The aim of this study was to evaluate the feasibility of

smart wristbands in collecting continuous activity, sleep
and heart rate data from nulliparous pregnant women
from 13 weeks of gestation (gwk) until 1 month post-
partum. We examined the actual use of the devices
(wear time), use-associated factors, satisfaction with

the devices, expressed interest, and self-perceived
behavioral changes.

Methods
Study design
The feasibility of smart wristbands was tested in a pro-
spective observational feasibility study with nulliparous
pregnant women [14]. The recruitment took place be-
tween May and September 2016, and the data collection
ended in June 2017.

Participants and recruitment
Twenty pregnant nulliparous women were recruited during
their first trimester ultrasound examinations at two mater-
nity clinics in Southwest Finland. The eligibility criteria for
participants were (a) ≥18 years of age, (b) ≤15 gwks, and (c)
a singleton pregnancy. Women who did not understand
Finnish or who did not have smartphones or computers
compatible with the smart wristband were excluded.
Twenty participants were estimated to permit the assess-
ment of feasibility in daily-life activities in the target popu-
lation, as well as the estimation of a sample size for further
trials involving using smart wristbands in pregnancy [14].
The health care staff at the maternity clinics provided

initial written and verbal information about the study.
All eligible women (N = 22) were interested in participat-
ing in the study and spoke with the research staff by
telephone. During each telephone call, the researcher
provided more detailed information about the study and
a face-to-face meeting was appointed if the woman was
willing to participate. Two women declined to partici-
pate after receiving the study information over the
phone due to work-related restrictions against wearing a
smart wristband. Twenty women met the researcher and
provided written informed consent. Smart wristbands
and instructions for using them were given to the partic-
ipants at the meeting. The women were asked to wear
the wristbands continuously from the recruitment to 1
month postpartum, as removing the device increases the
likelihood of forgetting to use it.

Smart wristband as a measurement tool
Several factors influence the selection of a smart
wristband for a long-term maternal monitoring study
[15, 16]. First, the weight, size, and degree of comfort of
a wristband play key roles in increasing the wear time.
Moreover, an appropriate human-device interaction,
such as an onboard display and an interactive mobile
application, could encourage the participants to wear the
device [17]. Sufficient battery capacity and internal data
storage are also important in enabling longer intervals
between device charging and data synchronization [18].
Garmin Vívosmart HR (Garmin Ltd, Schaffhausen,

Switzerland) smart wristband was chosen from the
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available, affordable price, devices due to its small size,
smooth design on straps, waterproofness, and ability to
estimate both steps and heart rate. It integrates a biosen-
sor and an activity tracker that is available for con-
sumers. This small (21 mm x 12.3 mm) and light (29.6
g) smart wristband estimates steps, distance (based on
steps), used calories, heart rate, stairs climbed, intensity
of physical activity, and total hours of sleep, sleep levels,
and sleep movement. The data are collected continu-
ously and are synchronized to the Garmin Connect
website or the Garmin Connect app. The rechargeable
battery can last up to five days on a single charge. The
charging of the battery takes two hours. Various factors
(e.g., screen brightness and vibration alerts) may shorten
the battery life in between charges [19]. In the healthy
non-pregnant population, Garmin Vivosmart has
demonstrated good validity in measuring step counts
when worn during slow walking speed [20] and a heart
rate in rest, but it underestimates the heart rate when
the intensity of exercise progresses [21].

Data collection and outcomes
The main outcome was the actual use (wear time) of the
smart wristband during a seven-month follow-up period
during pregnancy and postpartum. The smart wristbands
were included in an IoT-based system where several
sensing, communication, and computing resources were
exploited. The data collected with the wristband were
transmitted to the servers through a gateway device,
which was a smartphone or a computer (Fig. 1). The
participants were asked to synchronize the data once a
day or while charging the smart wristbands. The data
were accessible to researchers and participants through-
out the study via interface devices (e.g., smartphone).
The wear time of the device was considered to be data
available in the server.
When recruited, all participants completed a question-

naire for background information. The participants’
experiences with the smart wristband (satisfaction,
expressed interest, and self-perceived behavioral changes)
were investigated with phone interviews that the research

staff conducted. Each participant was interviewed nine
times during the study; twice during the first month of the
data collection; and once a month thereafter. If a partici-
pant was not reached by phone, a text message was sent
to ask for a convenient time for a follow-up call. The
phone interviews included multiple-choice and open-
ended questions [see Additional file 1]. In addition,
pregnancy and birth-related data were collected from the
participants’ electronic patient records.

Data analysis
To describe and summarize the participants’ background
information and the wear time of the devices, adjusted
means, confidence intervals, median, and range were
used as continuous variables, and counts with propor-
tions were used for categorical variables. Inter-rater
agreement between the objective wear time and the
self-reported wear time was examined by calculating
Cohen’s kappa coefficient. For this, the objective wear
time was categorized for each trimester and postpartum
period (All the time: 7 days/week ≥ 20 h/day; Several
days/week: ≥ 3 days/week; Once a week: ≥ 1 day/week;
Not at all: 0 h/week). The data collection covered 24
hours per day. Furthermore, the amount of valid wake
time data was analyzed with the criterion of 10 hours of
step count data at wake time per day for at least four
days a week [22, 23].
To understand in greater depth the actual use of the

smart wristband, we investigated whether the pregnancy
weeks were associated with the wear time of the device.
Therefore, we used a hierarchical linear mixed model
with repeated measures including one within-factor
measure (time as categorical). Compound symmetry
covariance structure was used for time. Analyses were
performed both weekly and based on trimesters of preg-
nancy. All tests were performed as two-tailed test with
the significance level set at 0.05. The analyses were
performed using SAS System, Version 9.4, for Windows
(SAS Institute Inc., Cary, NC, US).
The responses to multiple-choice questions in the

interviews were analyzed using descriptive statistics and

Fig. 1 IoT-based maternal monitoring system

Grym et al. BMC Pregnancy and Childbirth           (2019) 19:34 Page 3 of 9



the open-ended questions with qualitative content
analysis [24].

Research ethics
The Ethics Committee of the Hospital District of South-
west Finland and the University of Turku (35/1801/
2016) approved the study protocol. The smart wrist-
bands were purchased for the study, and the permission
to use Garmin Vivosmart HRs was obtained from the
manufacturer, Garmin Ltd. In addition, written informed
consent was obtained from all participants. Following
the completion of the study, the smart wristbands were
handed over to the participants as an incentive.

Results
Participants
Twenty pregnant women participated in the study. The
flow of the participant enrollment is described in Fig. 2.
Participants’ median age at recruitment was 24 years (ran-
ging from 18 to 37 years). The median pre-pregnancy
body mass index (BMI) of the participants was 24.4 kg/m2

(a range of 17.7–43.5 kg/m2). For 18 of the participants,
the follow-up lasted until one month postpartum. One
participant delivered prematurely and could not be
reached after the onset of pregnancy complications at 25
gwks, and another participant could not be reached for an
unknown reason after 26 gwks. The participant-related
characteristics are described in Table 1.

The actual use of the smart wristband
The participants used the devices for 3259 days out
of 4270 potential days during the study period, which
comprised 76% of potential days. This resulted in a
median use of 182 days (range 18–222) per partici-
pant during the seven-month study period. The dur-
ation of the pregnancy had an impact on the study
period.
The wear time of the devices did not change from the

second to third trimesters (p = 0.28) rather, it decreased
at postpartum (p = 0.0079), being 17.9 hr, (95% CI 15.2
to 20.7), 16.7 hr, (95% CI 13.8 to 19.5), and 14.4 hr
(95% CI 11.4 to 17.4) per day, respectively. The de-
crease on wear time from second to third trimester
was 1.3hr (95% CI -1.1 to 3.6), third trimester to
postpartum period 2.3hr (95% CI -0.3 to 4.8), being
overall 3.5hr (95% CI 1.0 to 6.1) from second trimes-
ter to postpartum. The average daily wear time in
each gwks is described in Fig. 3. The devices were
used more when the participants were awake; 66% of

Fig. 2 Flow chart of enrollment

Table 1 Descriptive statistics for participant-related variables

Characteristics of participants (n = 20) Median (range)/
Mean (SD)/n (%)

Age, years

Median (range) 24 (18–37)

Pre-pregnancy BMIa, kg/m2

Median (range) 24.4 (17.7–43.5)

Weeks of gestation at recruitment

Median (range) 12.9 (7.6–15.0)

Marital status, n (%)

• Married or living with a partner 17 (85%)

• Single 3 (15%)

Highest educational qualification, n (%)

• Below secondary education 4 (20%)

• Secondary education 9 (45%)

• College or polytechnic 4 (20%)

• University 3 (15%)

Employment status, n (%)

• At work 10 (50%)

• Unemployed 2 (10%)

• Student 5 (25%)

• Entrepreneur 3 (15%)

Step counts per day during pregnancy

Mean (SD) 5576 (1808)

Gestational diabetes, n (%) 5 (25%)

Smoking during pregnancy, n (%) 5 (25%)

Weeks of gestation at delivery

Median (range) 40.4 (29.1–41.7)
a BMI body mass index

Grym et al. BMC Pregnancy and Childbirth           (2019) 19:34 Page 4 of 9



the wear time was awake time. The detailed wear
times during the follow-up period are reported in
Table 2.
When only the valid awake data were included, 2777

days of data were available (65% of 4270 potential days).
During the second trimester, the data were received for
1520 days (35.6% of the data, n = 19), during the third
trimester for 1023 days (23.9% of the data, n = 17), and
232 days (5.4% of the data, n = 12) postpartum.
The number of participants actively wearing the smart

wristbands decreased during the follow-up according to
the data obtained from the smart wristbands. Three
participants in the third trimester and eight participants
at postpartum did not wear the device or wore it only

occasionally; thus, 13 out of 20 participants continued to
use the smart wristbands throughout the study period.
Based on the telephone interviews, most of the partici-

pants (n = 15, 75%) reported wearing the devices
constantly during the second trimester, 14 participants
(70%) in the third trimester, and 9 (69%) at postpartum.
None of the interviewed women reported not using the
device at all. The agreement with the objective and the
self-reported wear time increased during the follow-up
period.

The factors associated with the use of smart wristbands
Five participants were not able to use the smart wrist-
bands during their working hours. These participants

Fig. 3 Average wear time (h/day) of the smart wristband during the seven-month follow-up

Table 2 Measured and self-reported wear time of the smart wristband during pregnancy and after delivery

Weeks of pregnancy/postpartum Second trimester, weeks
13–28 n = 20

Third trimester, weeks
29–41 n = 18

Postpartum, weeks 1–4 after
delivery n = 13

Wear time, h/day

Adjusted mean (95% CI) 17.9 (15.2–20.7) 16.7 (13.8–19.5) 14.4 (11.4–17.4)

• Min (h/day) 4.3 4.9 1.7

• Max (h/day) 23.6 23.7 23.8

Self-reported wear time

• All the time 15 (75%) 14 (78%) 9 (69%)

• Several days/week 5 (25%) 4 (22%) 4 (31%)

• Once a week 0 0 0

• Not at all 0 0 0

The agreement between objective and self-reported

Wear timea Slight Fair Moderate

κ (p-value) 0.13 (0.412) 0.38 (0.05) 0.514 (<0.001)
a For the inter-rater agreement the objective wear time was categorized for each trimester and postpartum period as follows: All the time: 7 days/week ≥20 h/day;
Several days/week: ≥ 3 days/week; Once a week: ≥ 1 day/week; Not at all: 0 h/week
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used them approximately 300 minutes less per day
compared with those with no use limitations. Further-
more, the week of gestation was associated with wear
time (<0.001). The wear time in 13 gwks was lower than
that during the rest of the gwks (16/27 of the weekly
comparisons, p < 0.05). Furthermore, the wear time in
the delivery week was significantly lower than in other
weeks (all p- values < 0.001). For example, difference
between 13 and 29 gwks was 1.8 hr (95% CI -1.1 to 4.7),
between 29 gwks and the delivery week was 7.0 hr (95%
CI 4.0 to 10.0), and finally between 13 gwks and the
delivery week was 5.3 hr (95% CI 2.2 to 8.4).
More than half of the women (n = 11, 55%) had issues

with charging the device (e.g., the device was forgotten
in the charger, the battery had run out, or the charger
was missing). Eight of the participants (40%) reported at
some point of the long study period that the smart wrist-
bands were uncomfortable to wear, especially at night.
The wristbands irritated the skin, possibly due to
pregnancy-related swelling. Based on four responses,
forgetting to use the device was found to be a limitation.
Changes in normal routines, such as holidays, poses a
challenge with remembering to wear the smart wrist-
band. Two participants did not use the smart wristbands
in the hospital while giving birth. Three of the partici-
pants found wearing the smart wristband to be incon-
venient while handling their babies and were worried
about whether the devices might scratch their babies.

Satisfaction with the device
Overall, participants perceived the smart wristbands to
be easy and comfortable to use. The adequacy of the
instructions given at recruitment was perceived as good.
The results of the questions on functionality, wearability,
and the need for assistance are reported in Table 3.
Participants provided some negative feedback on the

validity of the measures. Eight participants perceived the
device underestimating the number of steps due to the
immobility of the hand (e.g., when carrying things or
pushing a baby in a pram). Sometimes the women
detected that the intensity minutes or the stairs climbed
were not registered correctly. Six participants mentioned
the overestimation of time spent sleeping. One participant
considered the heart rate measurement to be unreliable.
Difficulties in synchronizing the smart wristband with

their phones, tablets, or computers were quite common
(n = 11) during the long follow-up period, even though
the device should synchronize itself in regular intervals
via the Bluetooth. Other technical issues were related to
software updates, sudden power shutdowns, and the
change of a smartphone or computer. In most cases, the
participants solved the problems by themselves, whereas
some reported asking for help from their spouses (n = 5)
or from a researcher (n = 2).

Expressed interest and self-perceived behavioral changes
During the second trimester, all of the participants were
interested in the step counts, and most of them (n = 15)
were interested in their quality of sleep and heart rate.
The expressed interest toward all parameters decreased
as the study progressed; for example, only half of the
participants were interested in their step counts after
giving birth (Table 3).
According to the interviews, the impact of the smart

wristbands on the participants’ behavior was conflicting.
Almost all of the participants (n = 19) stated at some
point during the long follow-up period that the smart
wristbands did not have any impact on their behavior.
The self-perceived impact on behavior was stronger at
the beginning of the pregnancy compared with in the
third trimester and at postpartum. However, 13 partici-
pants reported that the smart wristbands had motivated
them to increase physical activity to reach their daily
step goals. Four women observed the intensity of activity
based on their heart rates from the smart wristbands.
They reported checking to make sure that their heart
rates did not rise too high. Some of the participants
reported that they were able to detect coming down with
the flu by observing their heart rates. A few participants
(n = 2) used sleep data to get enough sleep.
Blood sugar levels, blood pressure, diet (caloric intake),

and their babies’ heartbeats were reported as measures
of interest when the participants were asked what other
information they would have liked to know. However,
the possibility of detecting a fetal heartbeat subsequently
raised some questions about increased stress.

Discussion
This study indicated that a smart wristband is a feasible
tool for monitoring continuous data during pregnancy.
However, challenges exist, such as being prohibited from
wearing the device at work, and technical problems,
which need to be taken into consideration. Even though
pregnant women wore the smart wristbands well during
pregnancy and experienced them in a mostly positive
way, the number of participants wearing the smart wrist-
bands and the wear time decreased as their pregnancies
progressed. This decrease became even more evident
after giving birth. The results of this study increase the
understanding of possible reasons not to use the wrist-
bands during pregnancy and after delivery.
Recruiting participants in the study was straightfor-

ward and the pregnant women were eager to use the
smart wristband. Regardless of the decrease of the wear
time as the follow-up progressed [25], almost all of the
recruited women committed to the study. Notably, the
self-reported wear time was higher than the objective
wear time. The self-reported data were, however,
collected retrospectively. Pregnancy is a window of

Grym et al. BMC Pregnancy and Childbirth           (2019) 19:34 Page 6 of 9



opportunity for a woman to change her lifestyle to one
that is healthier, for example, by focusing on physical
activity [26], and therefore; pregnant women are a favor-
able target group for continuous monitoring. The
women in this study used the smart wristbands more
than the participants did in the only available longitu-
dinal study of pregnant women, which reported an
average of 100 days of the use of a wristband during
pregnancy [27]. The discrepancy might be explained by
the fact that in Huberty et al.’s (2016) study, the partici-
pants were blinded to the data. In the present study, the
participants actively followed their data from the screens
of the devices and the application. If the data would not
have been available, this might have diminished the
compliance and, in turn, the wear time.
Our results indicated that the gwk was associated with

wear time. The first week of data collection (week 13 of
pregnancy) with the smart wristbands lacked more data
than the other weeks did. A person might spend the first
week with smart technology trying to learn how to use
the device and remember to wear it every day. Further-
more, the number of participants wearing the smart
wristband decreased during the postpartum period.
Recovery from the delivery and adaptation to a new
phase in life focusing on the newborn possibly accounts
for the decrease. In addition, changes in routines (e.g.,
holidays [25]) decreased the use of the smart wristbands.
These are important to note when planning studies with
short data collection periods, especially if trying to
collect data from specific trimester of the pregnancy or
postpartum period. To avoid data loss during data

collection, the instructions for using a device, and the
possibility of asking for assistance from the researchers
should be carefully planned. It is notable that some
workplaces, such as hospitals and restaurants, may limit
the use of smart wristbands for hygiene reasons. Even
though this is essential to consider when planning a
study sample, the data collected from these women
might have value even with the data loss that occurs
during their work hours.
Technical problems, forgetting to use the device, and

the perceived poor reliability of the data are important
issues to consider in studies using smart wristbands.
Regardless of the careful evaluation of the design of the
device and the comfort of wearing it prior to data collec-
tion, some participants still reported feeling discomfort
when wearing it. The reported discomfort will require
attention in studies using smart wristbands, even though
this might be partially avoided by including instructions
on how to clean the device to avoid skin irritation to the
research information [18]. During the postpartum
period, some of the women were concerned with
whether the device might scratch their babies. In future
studies, this could be avoided by instructing women to
place soft fabric wristbands over their devices while
handling their babies.
These results were partly in accordance with previous

findings because discomfort [17], physiological reactions
(e.g., skin irritation [18]), or dislike of the design [17, 28]
were reasons for decreasing the wearability of the
devices. Inversely, the ease of use [17] and long battery
life [17, 29] are known to be important to users. The

Table 3 Participants’ experiences with the smart wristband

First follow-up call, 2 weeks
after the recruitment n = 20

Second trimester,
weeks 13–28 n = 20

Third trimester,
weeks 29–41 n = 18

Postpartum, weeks 1–4
after delivery n = 18

Total number of calls 20 57 55 20

Mean number of calls/participant 1 3 3 1.7

Functionality, mean (SD)
(1 = very difficult – 5 = very easy)

4.5 (0.6) 4.6 (0.5) 4.6 (0.51) 4.2 (1.2)

Wearability, mean (SD)
(1 = very uncomfortable − 5 = very comfortable)

4.0 (0.9) 4.1 (0.6) 4.2 (0.6) 3.9 (1.3)

Needed assistance with the smart wristband, n (%)

No 16 (80%) 15 (75%) 18 (100%) 17 (94%)

Yes 4 (20%) 5 (25%) 0 1 (6%)

Parameters of interest, n (%)a

• Steps 19 (95%) 20 (100%) 18 (100%) 10 (56%)

• Quality of sleep 15 (75%) 15 (75%) 11 (61%) 8 (44%)

• Heart rate 12 (60%) 15 (75%) 11 (61%) 5 (28%)

• Calorie consumption 3 (15%) 7 (35%) 6 (33%) 4 (22%)

• Something else 3 (15%) 8 (40%) 8 (44%) 4 (22%)

• Not following any 0 0 0 5 (28%)
aThe participants were allowed to select multiple response options
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perceived reliability issues with the activity trackers are
also known to impact the use of a device [13, 28, 30].
This was also the case in this study, especially regarding
the limited recording of step counts during activities
when hand movements were restricted (e.g., carrying
something or pushing a pram). This problem would have
been solved by educating participants on the principles
of accelerometer functions [31].
During pregnancy, the participants were mostly inter-

ested in following data linked with their health behavior,
such as the step count data, sleep parameters, and heart
rate. In our study, the mean daily step of 5576 was less
than the reported 7000 steps per day in the non-preg-
nant Finnish female population (20 to 39 years old) [32].
Interestingly, two-thirds of the participants reported per-
ceiving some positive effects on behavior during the
seven-month study period. However, almost all of the
participants reported that the effects were not perman-
ent. The result is consistent with studies on
non-pregnant participants [12, 25] and suggests that the
motivational impact of activity trackers does not last for
a long period of time and that a device itself cannot be
deemed an intervention. In addition, the participants in
this study expressed interest in other parameters outside
of the used smart wristband, which should be considered
in future studies. Monitoring fetal-related issues might
work as a motivational factor for using the device.
When planning a study including technological de-

vices, the researcher also needs to take into consider-
ation the rapid progress of the technology. For example,
during this study, the smart wristbands that are available
to consumers have changed, as one of the manufacturers
has exited the wearable technology market.

Strengths and limitations
The strengths of our study were the long follow-up
period and the combination of qualitative and quantita-
tive approaches. Another strength of our study was the
inclusion of risk pregnancies, as these groups may need
additional monitoring and guidance during pregnancy.
The small sample of only 20 participants limit the
generalizability of the results of this study. However, for
a feasibility study, a small sample is considered to be
sufficient [14]. Furthermore, the nulliparity, and the
singleton pregnancy can be seen as a limitation. Women
with no prior children might have more time to concen-
trate on their pregnancies, as they do not yet have any
children to look after.
Our study seems to be among the few studies investi-

gating the feasibility of any kind of smart wristband
during pregnancy with a long follow-up period. Only
one longitudinal study that involved the use of a smart
wristband throughout pregnancy and that focused on
physical activity in pregnancy was found [27]. The

follow-up time in other pregnancy-related studies was
short, ranging from three to 14 days at different time
points during pregnancy (e.g., [6, 7, 33]). The reporting
acceptability of smart wristbands can guide the develop-
ment of future study designs to take into account the
reasons for adherence or non-adherence in field-based
studies [34].

Conclusion
The actual use of a smart wristband during pregnancy
was found to be good. However, the wear time signifi-
cantly decreased in the postpartum period. The continu-
ous monitoring, tracking, and transmitting of personal
health metrics in real time using wristbands in maternity
care is a feasible possibility. The design and comfort of
such a device need to be carefully evaluated. Our results
may be utilized in future research and development
projects that use wristbands as a measurement tool or as
part of an intervention during a woman’s pregnancy.

Additional file

Additional file 1: Questions used in the phone interviews. This file
provides the multiple-choice and open-ended questions used in the
phone interviews. (DOCX 13 kb)

Abbreviations
BMI: Body mass index; IoT: Internet of things

Acknowledgements
The authors would like to acknowledge Johanna Saarikko, RM, MNSc, and
the midwives in the maternity clinics for their valuable work on data
collection. Special thanks to the women who participated in the study.

Funding
This work received support from the University Foundation [grant number 5-
863] and Academy of Finland [grant number 313449]. The funders played no
role in the design of the study, data collection, analysis, interpretation, writ-
ing manuscript or decision to publish.

Availability of data and materials
The datasets generated and analyzed during the current study are not
publicly available, but they are available from the corresponding author
upon reasonable request.

Authors’ contributions
KG drafted the manuscript as well as analyzed and interpreted the data from
the questionnaires, in addition to the participant data related to background
information and health records. HNV contributed to the design of the study
and to the acquisition of data from the participants. HNV was also a major
contributor in drafting the manuscript and revising it critically. EE
contributed to the design of the study and revised the manuscript critically
throughout the process. LH contributed to drafting the manuscript and
analyzed and interpreted the data associated with the wear time. IA, AR, and
PL contributed to the design of the study, facilitated the cloud service for
the data collection, and analyzed and interpreted the data from the smart
wristbands. EL was responsible for the overall biostatistical data analysis and
interpretation. AA was a major contributor to the design of the study, data
analysis and interpretation. AA also contributed to drafting the manuscript
and to revising it critically throughout the process. All authors read and
approved the final manuscript.

Grym et al. BMC Pregnancy and Childbirth           (2019) 19:34 Page 8 of 9

https://doi.org/10.1186/s12884-019-2187-9


Ethics approval and consent to participate
Research was performed in accordance with the Declaration of Helsinki and
the study protocol received approval from the Ethics Committee of the
Hospital District of Southwest Finland and the University of Turku (35/1801/
2016). Written informed consent was obtained from all participants.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Nursing Science, University of Turku, FI-20014 University of
Turku, Turku, Finland. 2Department of Obstetrics and Gynecology, University
of Turku and Turku University Hospital, FI-20014 University of Turku, Turku,
Finland. 3Faculty of Communication Sciences, University of Tampere,
Tampere, Finland. 4Department of Future Technology, University of Turku,
FI-20014 University of Turku, Turku, Finland. 5Department of Computer
Science, University of California, Irvine, USA. 6Department of Computer
Science, Institute of Computer Technology TU Wien, Vienna, Austria.
7Department of Biostatistics, University of Turku, FI-20014 University of Turku,
Turku, Finland.

Received: 2 November 2018 Accepted: 10 January 2019

References
1. Klemetti R, Hakulinen-Viitanen T. editor. Handbook for Finnish maternity

health clinics. Recommendations for practices [in Finnish] Äitiysneuvolaopas.
Suosituksia äitiysneuvolatoimintaan. National Institute for health and welfare;
2013. http://www.julkari.fi/bitstream/handle/10024/110521/THL_OPA2013_
029_verkko.pdf?sequence=3&isAllowed=y. Accessed 20 June 2018.

2. Mieronkoski R, Azimi I, Rahmani AM, Aantaa R, Terävä V, Liljeberg P, et al.
The internet of things for basic nursing care—a scoping review. Int J Nurs
Stud. 2017;69:78–90.

3. Phillips SM, Cadmus-Bertram L, Rosenberg D, Buman M, Lynch BM.
Wearable technology and physical activity in chronic disease: opportunities
and challenges. Am J Prev Med. 2018;54:144–50.

4. Steinhubel SR, Muse ED, Topol EJ. The emerging field of mobile health. Sci
Transl Med. 2015;7:283rv3.

5. Conway MR, Marshall MR, Schlaff RA, Pfeiffer KA, Pivarnik JM. Physical
activity device reliability and validity during pregnancy and postpartum.
Med Sci Sports Exer. 2018;50:617–23.

6. Facco FL, Grobman WA, Reid KJ, Perker CB, Hunter SM, Silver RM, et al.
Objectively measured short sleep duration and later sleep midpoint in
pregnancy are associated with a higher risk of gestational diabetes. Am J
Obstet Gynecol. 2017;217:447.e1–447.e13.

7. Gay CL, Richoux SE, Beebe KR, Lee KA. Sleep disruption and duration in late
pregnancy is associated with excess gestational weight gain among
overweight and obese women. Birth. 2017;44:173–80.

8. Firouzi F, Rahmani AM, Mankodiya K, Badaroglu M, Merrett GV, Wong P, et
al. Internet-of-things and big data for smarter healthcare: from device to
architecture, applications and analytics. Future Gener Comput Syst.
2018;78:583–6.

9. Kim HK, Niederdeppe J, Graham M, Olson C, Gay G. Effects of online self-
regulation activities on physical activity among pregnant and early
postpartum women. J Health Commun. 2015;20:1115–24.

10. Pearce EE, Evenson KR, Downs DS, Steckler A. Strategies to promote
physical activity during pregnancy: a systematic review of intervention
evidence. Am J Lifestyle Med. 2013;1:7(1).

11. Hamari L, Kullberg T, Ruohonen J, Heinonen OJ, Diaz-Rodriguez N, Lilius J,
et al. Physical activity among children: objective measurements using Fitbit
One(R) and ActiGraph. BMC Res Notes. 2017;10:161.

12. Ledger D, McCaffrey D. Inside wearables: How the science of human
behavior change offers the secret to long-term engagement. Endavour
partners LLC. 2014. https://blog.endeavour.partners/inside-wearable-how-

the-science-of-human-behavior-change-offers-the-secret-to-long-term-
engagement-a15b3c7d4cf3. Accessed 20 Jun 2018.

13. Walker RK, Hickey AM, Freedcon PS. Advantages and limitations of wearable
activity trackers: considerations for patients and clinicians. Clin J Oncol Nurs.
2016;20:606–10.

14. Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al.
How we design feasibility studies. Am J Prev Med. 2009;36:452–7.

15. Henriksen A, Mikalsen MH, Woldaregay AZ, Muzny M, Hartvigsen G,
Hopstock LA, et al. Using fitness trackers and smartwatches to measure
physical activity in research: analysis of consumer wrist-worn wearables.
J Med Internet Res. 2018;20:e110.

16. Cadmus-Bertram L. Using fitness trackers in clinical research: what nurse
practitioners need to know. J Nurse Pract. 2017;13:34–40.

17. Ridgers ND, McNarry MA, Mackintosh KA. Feasibility and effectiveness of
using wearable activity trackers in youth: a systematic review. JMIR Mhealth
Uhealth. 2016;4:e129.

18. Wright SP, Hall Brown TS, Collier SR, Sandberg K. How consumer physical
activity monitors could transform human physiology research. Am J Physiol
Regul Integr Comp Physiol. 2017;312:R358–67.

19. Garmin ® vívosmart® HR/HR+. 2017. Owner’s manual. 2015. http://static.
garmin.com/pumac/vivosmart_HR_OM_EN.pdf. Accessed 20 Jun 2018.

20. Fokkema T, Kooima TJM, Krijnen WP, Van Der Schans CP, De Groot M.
Reliability and validity of ten consumer activity trackers depend on walking
speed. Med Sci Spots Exerc. 2017;49:793–800.

21. Boudreaux BD, Hebert EP, Hollander DB, Williams BM, Cormier CL, Naquin
MR, et al. Validity of wearable activity monitors during cycling and
resistance exercise. Med Sci Sports Exerc. 2018;50:624–33.

22. Masse LC, Fuemmeler BF, Anderson CB, Matthews CE, Trost SG, Catellier DJ,
et al. Accelerometer data reduction: a comparison of four reduction
algorithms on select outcome variables. Med Sci Sports Exerc.
2005;37(Suppl 11):S544–54.

23. Matthews CE, Hagströmer M, Pober DM, Bowles HR. Best practices for using
physical activity monitors in population-based research. Med Sci Sports
Exerc. 2012;44:S68–76.

24. Graneheim UH, Lundman B. Qualitative content analysis in nursing research:
concepts, procedures and measures to achieve trustworthiness. Nurse Educ
Today. 2004;24:105–12.

25. Hermsen S, Moons J, Kerkhof P, Wiekens C, De Groot M. Determinants for
sustained use of an activity tracker: observational study. JMIR Mhealth
Uhealth. 2017;5:e164.

26. Procter SB, Campbell CG. Position of the academy of nutrition and dietetics:
nutrition and lifestyle for a healthy pregnancy outcome. J Acad Nutr Diet.
2014;114:1099–103.

27. Huberty JL, Buman MB, Leiferman JA, Bushar J, Adams MA. Trajectories of
objectively-measured physical activity and sedentary time over the course of
pregnancy in women self-identified as inactive. Prev Med Rep. 2016;3:353–60.

28. Harrison D, Marshall P, Bianchi-Berthouze N, Bird J. Activity tracking: barriers,
workarounds and customisation. In: Mase K, Langheinrich M, Gatica-Perez D,
Gellersen H, Choudhury T, Yatani K, editors. UbiComp ‘15. Proceedings of
the 2015 ACM international joint conference on pervasive and ubiquitous
computing. New York: Association for Computing Machinery (ACM); 2015. p.
617–21.

29. Puri A, Kim B, Nguyen O, Stolee P, Tung J, Lee J. User acceptance of wrist-
worn activity trackers among community-dwelling older adults: mixed
method sturdy. JMIR Mhealth Uhealth. 2017;5:e173.

30. Chiauzzi E, Rodarte C, DasMahapatra P. Patient-centered activity monitoring
in the self-management of chronic health conditions. BMC Med. 2015;13:77.

31. Alinia P, Cain C, Fallazadeh R, Shahrokni A, Cook D, Ghasemzadeh H. How
accurate is your activity tracker? A comparative study of step counts in low-
intensity physical activities. JMIR Mhealth Uhealth. 2017;5:e106.

32. Husu P, Sievänen H, Tokola K, Suni J, Vähä-Ypyä H, Mänttäri A, et al. The
objectively measured physical activity, sedentary behavior and physical
fitness of Finns. Publications of the Ministry of Education and Culture,
Finland 2018:30. Ministry of Education and Culture. 2018. https://julkaisut.
valtioneuvosto.fi/bitstream/handle/10024/161012/OKM_30_2018.
pdf?sequence=4 Accessed 12 October 2018.

33. Baker JH, Rothenberger SD, Kline CE, Okun ML. Exercise during pregnancy is
associated with greater sleep continuity. Behav Sleep Med. 2018;16:482–93.

34. Murray E, Hekler EB, Andersson G, Collins LM, Doherty A, Hollis C, et al.
Evaluating digital health interventions: key questions and approaches.
Am J Prev Med. 2016;51:843–51.

Grym et al. BMC Pregnancy and Childbirth           (2019) 19:34 Page 9 of 9

http://www.julkari.fi/bitstream/handle/10024/110521/THL_OPA2013_029_verkko.pdf?sequence=3&isAllowed=y
http://www.julkari.fi/bitstream/handle/10024/110521/THL_OPA2013_029_verkko.pdf?sequence=3&isAllowed=y
https://blog.endeavour.partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-secret-to-long-term-engagement-a15b3c7d4cf3
https://blog.endeavour.partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-secret-to-long-term-engagement-a15b3c7d4cf3
https://blog.endeavour.partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-secret-to-long-term-engagement-a15b3c7d4cf3
http://static.garmin.com/pumac/vivosmart_HR_OM_EN.pdf
http://static.garmin.com/pumac/vivosmart_HR_OM_EN.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161012/OKM_30_2018.pdf?sequence=4
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161012/OKM_30_2018.pdf?sequence=4
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161012/OKM_30_2018.pdf?sequence=4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Participants and recruitment
	Smart wristband as a measurement tool
	Data collection and outcomes
	Data analysis
	Research ethics

	Results
	Participants
	The actual use of the smart wristband
	The factors associated with the use of smart wristbands
	Satisfaction with the device
	Expressed interest and self-perceived behavioral changes

	Discussion
	Strengths and limitations

	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References



