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Figure 5. Self-reported negative emotions. EMA: ecological momentary assessment.

20

15

10

Self-reported negative emotions (0-20)

0 - L ]
* L ® ®
® L4 ® _®
& e —————— - — @ ® ®
[ ] L ] L] [ ]
L J [ ]
T T T T T T T T
33 34 35 36 37 38 39 40
Gestational age (weeks)
95% Cl — Fitted values
® EMA negative
Figure 6. Self-reported quality of sleep.
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Figure 7. Sleep score as measured by the Oura ring.
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Figure 8. Stage of sleep (deep sleep).
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Figure 9. Stage of sleep (light sleep).
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Figure 10. Stage of sleep (rapid eye movement, or REM sleep).
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Figure 11. Self-reported level of physical activity.
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Figure 12. Step recordings as measured by the Oura ring.
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rate (94.6%-100%) of the THH intervention prototype

components, specifically the smart ring, app-based surveys, and
mind-body movement..

The second aim of the study sought to understand the
participant’s engagement with the THH intervention prototype
and her overall user experience. Table 1 shows the participant’s
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Table 1. Engagement and completion of the Two Happy Hearts (THH) intervention prototype.

THH intervention components and their description

Frequency or duration (% completion rate)

Smart Ring

Resting heart rate, resting heart rate variability, sleep, step output

App-based surveys

24-hour recall of general health
Ecological momentary assessment

Mind-body movement

Walking (step count)
Mindful breathing

Strength movement

Daily for 56 days (100)?

Once a day for 56 days (100)?

Once a day for 53 days (94.6)3’b

Average of 9666 steps a day for 55 days (98.2)*¢
Twice a day (3 minutes per practice) for 2 weeks (100)?

Three times per week for 5 weeks (100)?

Total days in the THH intervention prototype=56 days. Components of the intervention were brought in at different times.

"Three days of missing data.

“Outlier excluded.

Table 2 shows the observed changes before and after completing
the THH intervention prototype. All psychological measures,
including PSS, CES-D, and STAI scores, appeared to decrease
from baseline to postintervention. The participant rated her
satisfaction with the THH intervention an average score of 3.5
(SD 0.9) out of a total of 4 points. She particularly enjoyed

using the smart ring, completing the app-based surveys, and
mindful strength movement, indicating that the ring was
comfortable and easy to use, completing the app-based questions
did not interfere with her daily life, and that the strength
movement helped her to have a normal delivery.

Table 2. Psychological measures before and after the Two Happy Hearts (THH) intervention prototype.

Psychological measures

Baseline score Postpartum reduction of score

(at 33 weeks of gestation) (1 week after delivery)

Perceived Stress Scale (max score = 40)
Center for Epidemiologic Studies Depression Scale” (max score = 60)

State Trait Anxiety lnventoryb (max score = 80)

11 6
17 7
24 20

A score of 216 indicates depression [46].
YA score of 245 indicates anxiety [36].

Qualitative Results

Regarding user experience, the study participant described the
intervention as positive and beneficial. Responses to the
open-ended surveys were summarized under the 4 main themes
described below.

Social Support

The participant noted the care and support received from her
THH health coach, saying the following:

...feels like talking with a sister or good friend. I knew
I was working with someone who genuinely cared,
and had my best interests in mind. We worked
together for several weeks to better the programming
and fine-tune the comfort of the plan I chose.

Health Tracking

The THH mobile app was easy to navigate, and the participant
enjoyed using the app to practice her exercise routines. The
participant also appreciated the ability to self-monitor her sleep

https://formative.jmir.org/2021/11/e30991

RenderX

and activity level on a daily basis using the smart ring, noting
that this function allowed her to effectively make more informed
health choices. For example, during one of the sessions with
her CHW, she shared that she wanted to be careful “not birth
a ten-pound baby and nine-pound placenta’ and be out of her
weight range after delivery.” Moreover, she valued the helpful
information provided by the smart ring, such as suggestions on
improving her sleep habits.

Well-being and Birth

Our participant stated that she enjoyed practicing the THH
strength movement and was confident in her ability to safely
engage in the recommended exercise routines. She particularly
liked that the mind-body movement helped her to feel more
relaxed and sleep better. During labor, she performed 60 squats
while having contractions, which she believed helped her to
dilate and deliver quickly. During the exit interview with her
CHW, she stated the following:

I couldn’t have done any of this without the program
and probably would have opted for epidural had 1
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not staved so active...I will continue to implement
some of the moves shown fo me during my
workout...I've caught myself taking a moment to
breathe and can hear the clip in my head directing
me and it has reminded me to pause every once in a
while during my crazy busy days.

Recommendations

The participant provided some suggestions for improving the
study. For example, she noted experiencing some struggle with
mindful breathing given that the THH app had only audio cues
and no visual cues or animation. She would also have preferred
additional calendar notifications for mindful breathing and
movement. She suggested that integrating the THH platform
with her prenatal health data would enable her to share this
information with her health care provider during prenatal visits.

Discussion

Principal Results

Objective and Subjective Measures of Physical and
Emotional Well-being

We were able to use the Owra ring to measure objective
indicators of physical and emotional well-being from mid—third
trimester until delivery. There was a decrease in resting heart
rate and an increase in HRV. Deep sleep appeared to increase
as light and REM sleep decreased. In addition, we found
significant positive associations between self-reported
well-being and Oura ring measures- higher positive emotions
with greater HRV, better sleep quality with a higher sleep score,
as well as increased physical activity with a higher step count.

Experience With the THH Intervention Protfofype

Our participant effectively engaged with the THH intervention
as observed by her consistency in wearing the smart ring,
completing the app-based surveys, and practicing the mindful
breathing and movement routines. Her feedback indicated a
positive and rewarding experience with the THH intervention.
Specifically, she found it useful to complete the app-based
surveys to better understand her physical and emotional
well-being, felt confident to practice the strength movement
routines safely and attributed her uncomplicated and quick labor
and delivery to the intervention.

Comparison With Prior Work

Objective and Subjective Measures of Physical and
Emotional Well-being

We found that HRV had a significant positive correlation with
positive emotions, but not with negative emotions. There are
inconsistent findings about these associations in the existing
literature. In one study, no significant association was found
between fear of childbirth and HRV among pregnant women
at 32 to 34 weeks of gestation [47]. However, higher
self-perceived stress and lower HRV was reported among
pregnant women between 12 and 30 weeks of gestation [48].
The literature also shows mixed results about HRV patterns
during pregnancy, with and without intervention [49-51]. It is
worth noting that various factors may influence self-reported
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emotions and HRV, including pregnancy progression, external
circumstances such as the COVID-19 pandemic, and different
methods of measuring HRV (eg, wearable device in the home
setting vs an electrocardiogram in the laboratory), as well as
temporal factors taken into account during measurement (eg,
continuous vs short-term interval and day vs night)
[28.49.50.52,53]. Our findings may have important implications
for continuous remote monitoring of objective and subjective
emotional health, particularly during heightened levels of stress
and anxiety over the course of pregnancy.

With regard to sleep, we observed a decline in rapid eye
movement during sleep, as previously reported [5,54]. Deep
sleep is an indicator of sleep quality [55]. Interestingly, our
study found an increase in deep sleep and a decrease in light
sleep. These results are contrary to those of prior observational
research involving pregnant women who did not participate in
any health intervention during the third trimester [56] and
suggest potential benefits of the THH intervention prototype.
Additionally, self-reported sleep quality from the app-based
24-hour recall surveys corresponded with the sleep score
extracted from the smart ring. Furthermore, self-reported
physical activity was consistent with the step count recorded
by the ring. Overall, our results suggest that WIoT, such as the
Oura ring, along with self-reported data from app-based surveys,
may provide important objective and subjective measures of
physical and emotional well-being during pregnancy.

Experience With the THH Intervention Prototype

Recent literature emphasizes the opportunity to leverage
technology to promote physical and emotional well-being for
pregnant women [57.58]. The high completion rate of the
intervention components and positive feedback from our
participant shows promise for potential use by underserved
pregnant women, many of whom lack access to quality health
information, physical activity instruction, stress reduction
techniques, and other pregnancy-related resources. Our results
align with those of a recent study that found a high adherence
rate and acceptance of a mobile health—based physical activity
intervention among underserved pregnant women [59]. On the
other hand, it is worth noting technology-related challenges that
may prevent effective engagement in exercise interventions
for pregnant women. For example, time
constraints, low technology literacy, and design or complexity of
the user interface comprise few factors that have been observed
in this study and in previous research [57.60]. Results from our
case study are promising, and we anticipate refining the THH
intervention to incorporate lessons learned as we support
pregnant women to use self-management strategies for improved
health and well-being.

Strengths and Limitations

Our study has several strengths. First is the use of both objective
and subjective measures to monitor health and well-being during
pregnancy. The Oura ring features allowed us to continuously
assess important parameters of cardiovascular responses, sleep,
and physical activity. In addition, the THH phone app-based
surveys captured self-reported health and emotional states daily.
Our results suggest the potential of the smart ring and app-based
surveys to monitor physical and emotional states. The
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enthusiasm and commitment demonstrated by the participant’s
completion of the THH intervention prototype components was
especially valuable given that COVID-19 pandemic regulations
made in-person engagement impossible. As seen from her
feedback and experience, the intervention provided her with
care and support during her pregnancy. Our participant was of
low socioeconomic status, and while she was motivated to
exercise, THH provided her with the opportunity to do so safely.
Therefore, the THH intervention has the potential to reach
women in underserved communities, who often face significant
barriers to essential health information and feedback about
healthy lifestyle choices during pregnancy. It is therefore critical
to refine the THH intervention prototype, integrating our
participant’s suggestions, as well as test the study’s feasibility
in a large sample.

Limitations and possible areas for improvement must be noted.
For example, data were available for the third trimester only,
which did not allow for comparisons of health measures between
trimesters. Recruiting women at earlier stages of pregnancy to
examine how physical and emotional health and well-being

Jimah et al

vary across trimesters is recommended for future research.
External factors may have influenced these study results. For
instance, the participant was recruited from MOMS OC where
she received additional social support during her pregnancy.
Also, although the participant desired to have had her final
post-intervention interview prior to giving birth, she was unable
to complete it until a week following delivery due to time
constraints related to birth preparations. Finally, this is a case
study; thus, the study results are not generalizable.

Conclusions

To our knowledge, this study is the first to continuously monitor
objective and subjective health and well-being in a pregnant
woman from the third trimester until delivery. The consistent
patterns between the app-based self-reported data and the Oura
ring data suggest the potential use of the smart ring to provide
valuable health data for pregnant women The enthusiasm and
commitment demonstrated by the participant’s completion of
the THH intervention prototype was especially promising. It is,
therefore, important to refine the intervention and subsequently
test its feasibility among underserved pregnant women.
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