












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

Figure 6. Self-reported quality of sleep.
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Figure 7. Sleep score as measured by the Oura ring.

Figure 8. Stage of sleep (deep sleep).
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Figure 9. Stage of sleep (light sleep).

Figure 10. Stage of sleep (rapid eye movement, or REM sleep).
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Figure 11. Self-reported level of physical activity.

Figure 12. Step recordings as measured by the Oura ring.

Experience With the THH Intervention Prototype
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

engagement (ie, frequency and duration) and high completion
rate (94.6%-100%) of the THH intervention prototype
components, specifically the smart ring, app-based surveys, and
mind-body movement..

JMIR Form Res 2021 | vol. 5 | iss. 11 | e30991 | p. 10https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 1. Engagement and completion of the Two Happy Hearts (THH) intervention prototype.

Frequency or duration (% completion rate)THH intervention components and their description

Smart Ring

Daily for 56 days (100)aResting heart rate, resting heart rate variability, sleep, step output

App-based surveys

Once a day for 56 days (100)a24-hour recall of general health

Once a day for 53 days (94.6)a,bEcological momentary assessment

Mind-body movement

Average of 9666 steps a day for 55 days (98.2)a,cWalking (step count)

Twice a day (3 minutes per practice) for 2 weeks (100)aMindful breathing

Three times per week for 5 weeks (100)aStrength movement

aTotal days in the THH intervention prototype=56 days. Components of the intervention were brought in at different times.
bThree days of missing data.
cOutlier 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.

Postpartum reduction of score
(1 week after delivery)

Baseline score
(at 33 weeks of gestation)

Psychological measures

611Perceived Stress Scale (max score = 40)

717Center for Epidemiologic Studies Depression Scalea (max score = 60)

2024State Trait Anxiety Inventoryb (max score = 80)

aA score of ≥16 indicates depression [46].
bA score of ≥45 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

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 I
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n ot st a y e d s o a cti v e...I will c o nti n u e t o i m pl e m e nt
s o m e of t h e m o v es s h o w n t o m e d uri n g m y
w or k o ut...I’ v e c a u g ht m ys elf t a ki n g a m o m e nt t o
br e at h e a n d c a n h e ar t h e cli p i n m y h e a d dir e cti n g
m e a n d it h as r e mi n d e d m e t o p a us e e v er y o n c e i n a
w hil e d uri n g m y cr az y b us y d a ys.

R e c o m m e n d ati o ns

T h e p arti ci p a nt pr o vi d e d s o m e s u g g esti o ns f or i m pr o vi n g t h e
st u d y. F or e x a m pl e, s h e n ot e d e x p eri e n ci n g s o m e str u g gl e wit h
mi n df ul br e at hi n g gi v e n t h at t h e T H H a p p h a d o nl y a u di o c u es
a n d n o vis u al c u es or a ni m ati o n. S h e w o ul d als o h a v e pr ef err e d
a d diti o n al c al e n d ar n otifi c ati o ns f or mi n df ul br e at hi n g a n d
m o v e m e nt. S h e s u g g est e d t h at i nt e gr ati n g t h e T H H pl atf or m
wit h h er pr e n at al h e alt h d at a w o ul d e n a bl e h er t o s h ar e t his
i nf or m ati o n wit h h er h e alt h c ar e pr o vi d er d uri n g pr e n at al visits.

Di s c u s si o n

P ri n ci p al R es ults

O bj e cti v e a n d S u bj e cti v e M e as ur es of P h ysi c al a n d
E m oti o n al Well- b ei n g

W e w er e a bl e t o us e t h e O ur a ri n g t o m e as ur e o bj e cti v e
i n di c at ors of p h ysi c al a n d e m oti o n al w ell- b ei n g fr o m mi d –t hir d
tri m est er u ntil d eli v er y. T h er e w as a d e cr e as e i n r esti n g h e art
r at e a n d a n i n cr e as e i n H R V. D e e p sl e e p a p p e ar e d t o i n cr e as e
as li g ht a n d R E M sl e e p d e cr e as e d. I n a d diti o n, w e f o u n d
si g nifi c a nt p ositi v e ass o ci ati o ns b et w e e n s elf-r e p ort e d
w ell- b ei n g a n d O ur a ri n g m e as ur es- hi g h er p ositi v e e m oti o ns
wit h gr e at er H R V, b ett er sl e e p q u alit y wit h a hi g h er sl e e p s c or e,
as w ell as i n cr e as e d p h ysi c al a cti vit y wit h a hi g h er st e p c o u nt.

E x p eri e n c e Wit h t h e T H H I nt er v e nti o n Pr ot ot y p e

O ur p arti ci p a nt eff e cti v el y e n g a g e d wit h t h e T H H i nt er v e nti o n
as o bs er v e d b y h er c o nsist e n c y i n w e ari n g t h e s m art ri n g,
c o m pl eti n g t h e a p p- b as e d s ur v e ys, a n d pr a cti ci n g t h e mi n df ul
br e at hi n g a n d m o v e m e nt r o uti n es. H er f e e d b a c k i n di c at e d a
p ositi v e a n d r e w ar di n g e x p eri e n c e wit h t h e T H H i nt er v e nti o n.
S p e cifi c all y, s h e f o u n d it us ef ul t o c o m pl et e t h e a p p- b as e d
s ur v e ys t o b ett er u n d erst a n d h er p h ysi c al a n d e m oti o n al
w ell- b ei n g, f elt c o nfi d e nt t o pr a cti c e t h e str e n gt h m o v e m e nt
r o uti n es s af el y a n d attri b ut e d h er u n c o m pli c at e d a n d q ui c k l a b or
a n d d eli v er y t o t h e i nt er v e nti o n.

C o m p a ris o n Wit h P ri o r W o r k

O bj e cti v e a n d S u bj e cti v e M e as ur es of P h ysi c al a n d
E m oti o n al Well- b ei n g

W e f o u n d t h at H R V h a d a si g nifi c a nt p ositi v e c orr el ati o n wit h
p ositi v e e m oti o ns, b ut n ot wit h n e g ati v e e m oti o ns. T h er e ar e
i n c o nsist e nt fi n di n gs a b o ut t h es e ass o ci ati o ns i n t h e e xisti n g
lit er at ur e. I n o n e st u d y, n o si g nifi c a nt ass o ci ati o n w as f o u n d
b et w e e n f e ar of c hil d birt h a n d H R V a m o n g pr e g n a nt w o m e n
at 3 2 t o 3 4 w e e ks of g est ati o n [ 4 7 ]. H o w e v er, hi g h er
s elf- p er c ei v e d str ess a n d l o w er H R V w as r e p ort e d a m o n g
pr e g n a nt w o m e n b et w e e n 1 2 a n d 3 0 w e e ks of g est ati o n [ 4 8 ].
T h e lit er at ur e als o s h o ws mi x e d r es ults a b o ut H R V p att er ns
d uri n g pr e g n a n c y, wit h a n d wit h o ut i nt er v e nti o n [ 4 9 -5 1 ]. It is
w ort h n oti n g t h at v ari o us f a ct ors m a y i nfl u e n c e s elf-r e p ort e d

e m oti o ns a n d H R V, i n cl u di n g pr e g n a n c y pr o gr essi o n, e xt er n al
cir c u mst a n c es s u c h as t h e C O VI D- 1 9 p a n d e mi c, a n d diff er e nt
m et h o ds of m e as uri n g H R V ( e g, w e ar a bl e d e vi c e i n t h e h o m e
s etti n g vs a n el e ctr o c ar di o gr a m i n t h e l a b or at or y), as w ell as
t e m p or al f a ct ors t a k e n i nt o a c c o u nt d uri n g m e as ur e m e nt ( e g,
c o nti n u o us vs s h ort-t er m i nt er v al a n d d a y vs ni g ht)
[2 8 ,4 9 ,5 0 ,5 2 ,5 3 ]. O ur fi n di n gs m a y h a v e i m p ort a nt i m pli c ati o ns
f or c o nti n u o us r e m ot e m o nit ori n g of o bj e cti v e a n d s u bj e cti v e
e m oti o n al h e alt h, p arti c ul arl y d uri n g h ei g ht e n e d l e v els of str ess
a n d a n xi et y o v er t h e c o urs e of pr e g n a n c y.

W it h r e g ar d t o sl e e p, w e o bs er v e d a d e cli n e i n r a pi d e y e
m o v e m e nt d uri n g sl e e p, as pr e vi o usl y r e p ort e d [ 5 ,5 4 ]. D e e p
sl e e p is a n i n di c at or of sl e e p q u alit y [5 5 ]. I nt er esti n gl y, o ur
st u d y f o u n d a n i n cr e as e i n d e e p sl e e p a n d a d e cr e as e i n li g ht
sl e e p. T h es e r es ults ar e c o ntr ar y t o t h os e of pri or o bs er v ati o n al
r es e ar c h i n v ol vi n g pr e g n a nt w o m e n w h o di d n ot p arti ci p at e i n
a n y h e alt h i nt er v e nti o n d uri n g t h e t hir d tri m est er [ 5 6 ] a n d
s u g g est p ot e nti al b e n efits of t h e T H H i nt er v e nti o n pr ot ot y p e.
A d diti o n all y, s elf-r e p ort e d sl e e p q u alit y fr o m t h e a p p- b as e d
2 4- h o ur r e c all s ur v e ys c orr es p o n d e d wit h t h e sl e e p s c or e
e xtr a ct e d fr o m t h e s m art ri n g. F urt h er m or e, s elf-r e p ort e d
p h ysi c al a cti vit y w as c o nsist e nt wit h t h e st e p c o u nt r e c or d e d
b y t h e ri n g. O v er all, o ur r es ults s u g g est t h at WI o T, s u c h as t h e
O ur a ri n g, al o n g wit h s elf-r e p ort e d d at a fr o m a p p- b as e d s ur v e ys,
m a y pr o vi d e i m p ort a nt o bj e cti v e a n d s u bj e cti v e m e as ur es of
p h ysi c al a n d e m oti o n al w ell- b ei n g d uri n g pr e g n a n c y.

E x p eri e n c e Wit h t h e T H H I nt er v e nti o n Pr ot ot y p e

R e c e nt lit er at ur e e m p h asi z es t h e o p p ort u nit y t o l e v er a g e
t e c h n ol o g y t o pr o m ot e p h ysi c al a n d e m oti o n al w ell- b ei n g f or
pr e g n a nt w o m e n [ 5 7 ,5 8 ]. T h e hi g h c o m pl eti o n r at e of t h e
i nt er v e nti o n c o m p o n e nts a n d p ositi v e f e e d b a c k fr o m o ur
p arti ci p a nt s h o ws pr o mis e f or p ot e nti al us e b y u n d ers er v e d
pr e g n a nt w o m e n, m a n y of w h o m l a c k a c c ess t o q u alit y h e alt h
i nf or m ati o n, p h ysi c al a cti vit y i nstr u cti o n, str ess r e d u cti o n
t e c h ni q u es, a n d ot h er pr e g n a n c y-r el at e d r es o ur c es. O ur r es ults
ali g n wit h t h os e of a r e c e nt st u d y t h at f o u n d a hi g h a d h er e n c e
r at e a n d a c c e pt a n c e of a m o bil e h e alt h – b as e d p h ysi c al a cti vit y
i nt er ve nti o n a m o n g u n d ers er v e d pr e g n a nt w o m e n [ 5 9 ]. O n t h e
ot h er h a n d,  it is w ort h n oti n g t e c h n ol o g y-r el at e d c h all e n g es t h at
m a y pr e v e nt eff e cti v e  e n g a g e m e nt  i n e x er cis e i nt er v e nti o ns
f o r  p r e g n a nt  w o m e n.  F o r  e x a m pl e,  ti m e
c o nstr ai nts,  l o w t e c h n ol o g y lit er a c y, a n d  d esi g n or c o m pl e xit y  of
t h e us er i nt erf a c e  c o m pris e f e w  f a ct ors t h at h a v e b e e n o bs er v e d
i n t his st u d y a n d i n pr e vi o us r es e ar c h [ 5 7 ,6 0 ]. R es ults fr o m o ur
c as e st u d y ar e pr o misi n g, a n d w e a nti ci p at e r efi ni n g t h e T H H
i nt er v e nti o n t o i n c or p or at e l ess o ns l e ar n e d as w e s u p p ort
pr e g n a nt w o m e n t o us e s elf- m a n a g e m e nt str at e gi es f or i m pr o v e d
h e alt h a n d w ell- b ei n g.

St r e n gt hs a n d Li mit ati o ns

O ur st u d y h as s e v er al str e n gt hs. First is t h e us e of b ot h o bj e cti v e
a n d s u bj e cti v e m e as ur es t o m o nit or h e alt h a n d w ell- b ei n g d uri n g
pr e g n a n c y. T h e O ur a ri n g f e at ur es all o w e d us t o c o nti n u o usl y
ass ess i m p ort a nt p ar a m et ers of c ar di o v as c ul ar r es p o ns es, sl e e p,
a n d p h ysi c al a cti vit y. I n a d diti o n, t h e T H H p h o n e a p p- b as e d
s ur v e ys c a pt ur e d s elf-r e p ort e d h e alt h a n d e m oti o n al st at es d ail y.
O ur r es ults s u g g est t h e p ot e nti al of t h e s m art ri n g a n d a p p- b as e d
s ur v e ys t o m o nit or p h ysi c al a n d e m oti o n al st at es. T h e
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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

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.

Acknowledgments
The following contributors are to be considered co-corresponding authors:

Tamara Jimah, BSc, MA, PhD, Email: tjimah@hs.uci.edu

Yuqing Guo, BSN, MSN, PhD, RN, Email: gyuqing@hs.uci.edu

This research was supported by the US National Science Foundation, under the Smart and Connected Communities (S&CC)
(grant CNS-1831918). The authors would like to thank MOMS Orange County for help with recruitment, and First 5 Orange
County Children & Families Commission for the support provided.

Authors' Contributions
YG, PK, PP, AT, AR, and ND designed and supervised the study. HB, PP, and SL collected the data. TJ, YG, and PK conceived
and designed the manuscript. TJ, MA, YG, and PK conducted the data analysis. TJ, YG, and PK wrote the manuscript. All authors
reviewed and approved the final manuscript.

Conflicts of Interest
None declared.

References

1. Bjelica A, Cetkovic N, Trninic-Pjevic A, Mladenovic-Segedi L. The phenomenon of pregnancy - a psychological view.
Ginekol Pol 2018;89(2):102-106 [FREE Full text] [doi: 10.5603/GP.a2018.0017] [Medline: 29512815]

2. Matvienko-Sikar K, Dockray S. Effects of a novel positive psychological intervention on prenatal stress and well-being:
A pilot randomised controlled trial. Women Birth 2017 Apr;30(2):e111-e118. [doi: 10.1016/j.wombi.2016.10.003] [Medline:
27810284]

3. Heiskanen N, Saarelainen H, Kärkkäinen H, Valtonen P, Lyyra-Laitinen T, Laitinen T, et al. Cardiovascular autonomic
responses to head-up tilt in gestational hypertension and normal pregnancy. Blood Press 2011 Apr;20(2):84-91. [doi:
10.3109/08037051.2010.532313] [Medline: 21105762]

4. Hutchison BL, Stone PR, McCowan LME, Stewart AW, Thompson JMD, Mitchell EA. A postal survey of maternal sleep
in late pregnancy. BMC Pregnancy Childbirth 2012 Dec 10;12:144 [FREE Full text] [doi: 10.1186/1471-2393-12-144]
[Medline: 23228137]

5. Izci-Balserak B, Keenan BT, Corbitt C, Staley B, Perlis M, Pien GW. Changes in sleep characteristics and breathing
parameters during sleep in early and late pregnancy. J Clin Sleep Med 2018 Jul 15;14(7):1161-1168 [FREE Full text] [doi:
10.5664/jcsm.7216] [Medline: 29991418]

6. Polo-Kantola P, Aukia L, Karlsson H, Karlsson L, Paavonen EJ. Sleep quality during pregnancy: associations with depressive
and anxiety symptoms. Acta Obstet Gynecol Scand 2017 Feb;96(2):198-206 [FREE Full text] [doi: 10.1111/aogs.13056]
[Medline: 27861713]

JMIR Form Res 2021 | vol. 5 | iss. 11 | e30991 | p. 13https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://journals.viamedica.pl/ginekologia_polska/article/view/56099
http://dx.doi.org/10.5603/GP.a2018.0017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29512815&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2016.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27810284&dopt=Abstract
http://dx.doi.org/10.3109/08037051.2010.532313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21105762&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-12-144
http://dx.doi.org/10.1186/1471-2393-12-144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23228137&dopt=Abstract
https://doi.org/10.5664/jcsm.7216
http://dx.doi.org/10.5664/jcsm.7216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29991418&dopt=Abstract
https://doi.org/10.1111/aogs.13056
http://dx.doi.org/10.1111/aogs.13056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27861713&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Downs DS, Chasan-Taber L, Evenson KR, Leiferman J, Yeo S. Physical activity and pregnancy: past and present evidence
and future recommendations. Res Q Exerc Sport 2012 Dec;83(4):485-502 [FREE Full text] [doi:
10.1080/02701367.2012.10599138] [Medline: 23367811]

8. Obrochta CA, Chambers C, Bandoli G. Psychological distress in pregnancy and postpartum. Women Birth 2020
Nov;33(6):583-591. [doi: 10.1016/j.wombi.2020.01.009] [Medline: 32035798]

9. Liu CH, Erdei C, Mittal L. Risk factors for depression, anxiety, and PTSD symptoms in perinatal women during the
COVID-19 Pandemic. Psychiatry Res 2021 Jan;295:113552. [doi: 10.1016/j.psychres.2020.113552] [Medline: 33229122]

10. Lefmann T, Combs-Orme T, Orme JG. Examining the inter-correlated effects of low income, life stress, and race on birth
outcomes: A representative state study. Soc Work Health Care 2017 Jul;56(6):450-469. [doi:
10.1080/00981389.2017.1316811] [Medline: 28486063]

11. Davenport MH, McCurdy AP, Mottola MF, Skow RJ, Meah VL, Poitras VJ, et al. Impact of prenatal exercise on both
prenatal and postnatal anxiety and depressive symptoms: a systematic review and meta-analysis. Br J Sports Med 2018
Nov;52(21):1376-1385. [doi: 10.1136/bjsports-2018-099697] [Medline: 30337464]

12. Fiskin G, Sahin N. Effect of diaphragmatic breathing exercise on psychological parameters in gestational diabetes: A
randomised controlled trial. Eur J Integr Med 2018 Oct;23:50-56 [FREE Full text] [doi: 10.1016/j.eujim.2018.09.006]

13. Chang S, Kim H, Ko Y, Bae C, An S. Effects of abdominal breathing on anxiety, blood pressure, peripheral skin temperature
and saturation oxygen of pregnant women in preterm labor. Korean J Women Health Nurs 2009;15(1):32-42 [FREE Full
text] [doi: 10.4069/kjwhn.2009.15.1.32]

14. Davenport MH, Sobierajski F, Mottola MF, Skow RJ, Meah VL, Poitras VJ, et al. Glucose responses to acute and chronic
exercise during pregnancy: a systematic review and meta-analysis. Br J Sports Med 2018 Nov;52(21):1357-1366. [doi:
10.1136/bjsports-2018-099829] [Medline: 30337462]

15. Kwon R, Kasper K, London S, Haas DM. A systematic review: The effects of yoga on pregnancy. Eur J Obstet Gynecol
Reprod Biol 2020 Jul;250:171-177. [doi: 10.1016/j.ejogrb.2020.03.044] [Medline: 32446148]

16. Kim H, Cheon E, Bai D, Lee YH, Koo B. Stress and heart rate variability: a meta-analysis and review of the literature.
Psychiatry Investig 2018 Mar;15(3):235-245 [FREE Full text] [doi: 10.30773/pi.2017.08.17] [Medline: 29486547]

17. Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto MW. The effects of physical activity on sleep: a meta-analytic
review. J Behav Med 2015 Jun;38(3):427-449. [doi: 10.1007/s10865-015-9617-6] [Medline: 25596964]

18. Christian LM, Carroll JE, Teti DM, Hall MH. Maternal sleep in pregnancy and postpartum part I: mental, physical, and
interpersonal consequences. Curr Psychiatry Rep 2019 Mar 02;21(3):20. [doi: 10.1007/s11920-019-0999-y] [Medline:
30826881]

19. Yang S, Lan S, Yen Y, Hsieh Y, Kung P, Lan S. Effects of exercise on sleep quality n pregnant women: a systematic review
and meta-analysis of randomized controlled trials. Asian Nurs Res (Korean Soc Nurs Sci) 2020 Feb;14(1):1-10 [FREE Full
text] [doi: 10.1016/j.anr.2020.01.003] [Medline: 32006719]

20. Aalami M, Jafarnejad F, ModarresGharavi M. The effects of progressive muscular relaxation and breathing control technique
on blood pressure during pregnancy. Iran J Nurs Midwifery Res 2016;21(3):331-336 [FREE Full text] [doi:
10.4103/1735-9066.180382] [Medline: 27186213]

21. Lawn S, Schoo A. Supporting self-management of chronic health conditions: common approaches. Patient Educ Couns
2010 Aug;80(2):205-211. [doi: 10.1016/j.pec.2009.10.006] [Medline: 19931372]

22. Lorig KR, Holman H. Self-management education: history, definition, outcomes, and mechanisms. Ann Behav Med 2003
Aug;26(1):1-7. [doi: 10.1207/S15324796ABM2601_01] [Medline: 12867348]

23. Lenzen SA, Daniëls R, van Bokhoven MA, van der Weijden T, Beurskens A. Disentangling self-management goal setting
and action planning: a scoping review. PLoS One 2017;12(11):e0188822 [FREE Full text] [doi:
10.1371/journal.pone.0188822] [Medline: 29176800]

24. Bayo-Monton J, Martinez-Millana A, Han W, Fernandez-Llatas C, Sun Y, Traver V. Wearable sensors integrated with
Internet of Things for advancing eHealth care. Sensors (Basel) 2018 Jun 06;18(6):1851 [FREE Full text] [doi:
10.3390/s18061851] [Medline: 29882790]

25. de Zambotti M, Rosas L, Colrain IM, Baker FC. The Sleep of the Ring: comparison of the ŌURA sleep tracker against
polysomnography. Behav Sleep Med 2019;17(2):124-136 [FREE Full text] [doi: 10.1080/15402002.2017.1300587] [Medline:
28323455]

26. Galea JT, Ramos K, Coit J, Friedman LE, Contreras C, Dueñas M, et al. he use of wearable technology to objectively
measure sleep quality and physical activity among pregnant women in Urban Lima, Peru: a pilot feasibility study. Matern
Child Health J 2020 Jul;24(7):823-828. [doi: 10.1007/s10995-020-02931-5] [Medline: 32350729]

27. Azimi I, Oti O, Labbaf S, Niela-Vilen H, Axelin A, Dutt N, et al. Personalized maternal sleep quality assessment: An
objective IOT-based longitudinal study. IEEE Access 2019;7:93433-93447. [doi: 10.1109/access.2019.2927781]

28. Asgari Mehrabadi M, Azimi I, Sarhaddi F, Axelin A, Niela-Vilén H, Myllyntausta S, et al. Sleep tracking of a commercially
available smart ring and smartwatch against medical-grade actigraphy in everyday settings: instrument validation study.
JMIR Mhealth Uhealth 2020 Nov 02;8(10):e20465 [FREE Full text] [doi: 10.2196/20465] [Medline: 33038869]

JMIR Form Res 2021 | vol. 5 | iss. 11 | e30991 | p. 14https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/23367811
http://dx.doi.org/10.1080/02701367.2012.10599138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23367811&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2020.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32035798&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2020.113552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33229122&dopt=Abstract
http://dx.doi.org/10.1080/00981389.2017.1316811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28486063&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2018-099697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30337464&dopt=Abstract
https://doi.org/10.1016/j.eujim.2018.09.006
http://dx.doi.org/10.1016/j.eujim.2018.09.006
https://doi.org/10.4069/kjwhn.2009.15.1.32
https://doi.org/10.4069/kjwhn.2009.15.1.32
http://dx.doi.org/10.4069/kjwhn.2009.15.1.32
http://dx.doi.org/10.1136/bjsports-2018-099829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30337462&dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2020.03.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32446148&dopt=Abstract
http://psychiatryinvestigation.org/journal/view.php?doi=10.30773/pi.2017.08.17
http://dx.doi.org/10.30773/pi.2017.08.17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29486547&dopt=Abstract
http://dx.doi.org/10.1007/s10865-015-9617-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25596964&dopt=Abstract
http://dx.doi.org/10.1007/s11920-019-0999-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826881&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1976-1317(20)30003-7
https://linkinghub.elsevier.com/retrieve/pii/S1976-1317(20)30003-7
http://dx.doi.org/10.1016/j.anr.2020.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32006719&dopt=Abstract
http://www.ijnmrjournal.net/article.asp?issn=1735-9066;year=2016;volume=21;issue=3;spage=331;epage=336;aulast=Aalami
http://dx.doi.org/10.4103/1735-9066.180382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27186213&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2009.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19931372&dopt=Abstract
http://dx.doi.org/10.1207/S15324796ABM2601_01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12867348&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0188822
http://dx.doi.org/10.1371/journal.pone.0188822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29176800&dopt=Abstract
https://www.mdpi.com/resolver?pii=s18061851
http://dx.doi.org/10.3390/s18061851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29882790&dopt=Abstract
http://europepmc.org/abstract/MED/28323455
http://dx.doi.org/10.1080/15402002.2017.1300587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28323455&dopt=Abstract
http://dx.doi.org/10.1007/s10995-020-02931-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32350729&dopt=Abstract
http://dx.doi.org/10.1109/access.2019.2927781
https://mhealth.jmir.org/2020/10/e20465/
http://dx.doi.org/10.2196/20465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33038869&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Kinnunen H, Rantanen A, Kenttä T, Koskimäki H. Feasible assessment of recovery and cardiovascular health: accuracy
of nocturnal HR and HRV assessed via ring PPG in comparison to medical grade ECG. Physiol Meas 2020 May
07;41(4):04NT01. [doi: 10.1088/1361-6579/ab840a] [Medline: 32217820]

30. Henriksen A, Svartdal F, Grimsgaard S, Hartvigsen G, Hopstock L. Polar Vantage and Oura physical activity and sleep
trackers: a validation study. medRxiv 2020:2020. [doi: 10.1101/2020.04.07.20055756]

31. ACOG Committee Opinion, Number 804: Physical activity and exercise during pregnancy and the postpartum period.
Obstet Gynecol 2015 Dec;135(4):e178-e188. [doi: 10.1097/aog.0000000000003772]

32. Russo MA, Santarelli DM, O'Rourke D. The physiological effects of slow breathing in the healthy human. Breathe (Sheff)
2017 Dec;13(4):298-309 [FREE Full text] [doi: 10.1183/20734735.009817] [Medline: 29209423]

33. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

34. Oura Ring. URL: https://ouraring.com/ [accessed 2021-10-09]
35. Solivan AE, Xiong X, Harville EW, Buekens P. Measurement of perceived stress among pregnant women: a comparison

of two different instruments. Matern Child Health J 2015 Sep;19(9):1910-1915 [FREE Full text] [doi:
10.1007/s10995-015-1710-5] [Medline: 25652063]

36. Austin M, Tully L, Parker G. Examining the relationship between antenatal anxiety and postnatal depression. J Affect
Disord 2007 Aug;101(1-3):169-174. [doi: 10.1016/j.jad.2006.11.015] [Medline: 17196663]

37. Mosack V, Shore ER. Screening for depression among pregnant and postpartum women. J Community Health Nurs
2006;23(1):37-47. [doi: 10.1207/s15327655jchn2301_4] [Medline: 16445363]

38. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983 Dec;24(4):385-396.
[Medline: 6668417]

39. Roberti JW, Harrington LN, Storch EA. Further psychometric support for the 10-item version of the perceived stress scale.
J Coll Couns 2006;9(2):135-147. [doi: 10.1002/j.2161-1882.2006.tb00100.x]

40. Radloff LS. The use of the Center for Epidemiologic Studies Depression Scale in adolescents and young adults. J Youth
Adolesc 1991 Apr;20(2):149-166. [doi: 10.1007/BF01537606] [Medline: 24265004]

41. Neter E, Collins NL, Lobel M, Dunkel-Schetter C. Psychosocial predictors of postpartum depressed mood in
socioeconomically disadvantaged women. Womens Health 1995;1(1):51-75. [Medline: 9373373]

42. Mendez DD, Sanders SA, Karimi HA, Gharani P, Rathbun SL, Gary-Webb TL, et al. Understanding pregnancy and
postpartum health using ecological momentary assessment and mobile technology: protocol for the Postpartum Mothers
Mobile Study. JMIR Res Protoc 2019 Jun 26;8(6):e13569 [FREE Full text] [doi: 10.2196/13569] [Medline: 31244478]

43. Norman G. Likert scales, levels of measurement and the "laws" of statistics. Adv Health Sci Educ Theory Pract 2010
Dec;15(5):625-632. [doi: 10.1007/s10459-010-9222-y] [Medline: 20146096]

44. Hsieh H, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288. [doi:
10.1177/1049732305276687] [Medline: 16204405]

45. Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs 2008 Apr;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969]

46. Radloff LS. The CES-D Scale: a self-report depression scale for research in the general population. Appl Psychol Meas
2016 Jul 26;1(3):385-401. [doi: 10.1177/014662167700100306]

47. Narita Y, Shinohara H, Kodama H. Resting heart rate variability and the effects of biofeedback intervention in women with
low-risk pregnancy and prenatal childbirth fear. Appl Psychophysiol Biofeedback 2018 Jun;43(2):113-121. [doi:
10.1007/s10484-018-9389-1] [Medline: 29476282]

48. Shah Z, Pal P, Pal GK, Papa D, Bharadwaj B. Assessment of the association of heart rate variability and baroreflex sensitivity
with depressive symptoms and stress experienced by women in pregnancy. J Affect Disord 2020 Dec 01;277:503-509. [doi:
10.1016/j.jad.2020.08.039] [Medline: 32882507]

49. Dietz P, Watson ED, Sattler MC, Ruf W, Titze S, van Poppel M. The influence of physical activity during pregnancy on
maternal, fetal or infant heart rate variability: a systematic review. BMC Pregnancy Childbirth 2016 Oct 26;16(1):326
[FREE Full text] [doi: 10.1186/s12884-016-1121-7] [Medline: 27784276]

50. Kolovetsiou-Kreiner V, Moertl MG, Papousek I, Schmid-Zalaudek K, Lang U, Schlembach D, et al. Maternal cardiovascular
and endothelial function from first trimester to postpartum. PLoS One 2018;13(5):e0197748 [FREE Full text] [doi:
10.1371/journal.pone.0197748] [Medline: 29782509]

51. Sawane M, Ambade R, Kawthalkar A. Non linear heart rate variability study during pregnancy in Indian women. JCDR
2018:1-4. [doi: 10.7860/jcdr/2018/29884.11500]

52. Kotlar B, Gerson E, Petrillo S, Langer A, Tiemeier H. The impact of the COVID-19 pandemic on maternal and perinatal
health: a scoping review. Reprod Health 2021 Jan 18;18(1):10 [FREE Full text] [doi: 10.1186/s12978-021-01070-6]
[Medline: 33461593]

53. Rhodes A, Kheireddine S, Smith AD. Experiences, attitudes, and needs of users of a pregnancy and parenting app (Baby
Buddy) during the COVID-19 pandemic: mixed methods study. JMIR Mhealth Uhealth 2020 Dec 09;8(12):e23157 [FREE
Full text] [doi: 10.2196/23157] [Medline: 33264100]

JMIR Form Res 2021 | vol. 5 | iss. 11 | e30991 | p. 15https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1088/1361-6579/ab840a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217820&dopt=Abstract
http://dx.doi.org/10.1101/2020.04.07.20055756
http://dx.doi.org/10.1097/aog.0000000000003772
http://europepmc.org/abstract/MED/29209423
http://dx.doi.org/10.1183/20734735.009817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29209423&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://ouraring.com/
http://europepmc.org/abstract/MED/25652063
http://dx.doi.org/10.1007/s10995-015-1710-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25652063&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2006.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17196663&dopt=Abstract
http://dx.doi.org/10.1207/s15327655jchn2301_4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16445363&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
http://dx.doi.org/10.1002/j.2161-1882.2006.tb00100.x
http://dx.doi.org/10.1007/BF01537606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24265004&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9373373&dopt=Abstract
https://www.researchprotocols.org/2019/6/e13569/
http://dx.doi.org/10.2196/13569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31244478&dopt=Abstract
http://dx.doi.org/10.1007/s10459-010-9222-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20146096&dopt=Abstract
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1177/014662167700100306
http://dx.doi.org/10.1007/s10484-018-9389-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29476282&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2020.08.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32882507&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-016-1121-7
http://dx.doi.org/10.1186/s12884-016-1121-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27784276&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0197748
http://dx.doi.org/10.1371/journal.pone.0197748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29782509&dopt=Abstract
http://dx.doi.org/10.7860/jcdr/2018/29884.11500
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01070-6
http://dx.doi.org/10.1186/s12978-021-01070-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33461593&dopt=Abstract
https://mhealth.jmir.org/2020/12/e23157/
https://mhealth.jmir.org/2020/12/e23157/
http://dx.doi.org/10.2196/23157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33264100&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Sedov ID, Anderson NJ, Dhillon AK, Tomfohr-Madsen LM. Insomnia symptoms during pregnancy: a meta-analysis. J
Sleep Res 2021 Feb;30(1):e13207. [doi: 10.1111/jsr.13207] [Medline: 33140514]

55. Fagherazzi G, El Fatouhi D, Bellicha A, El Gareh A, Affret A, Dow C, et al. An international study on the determinants of
poor sleep amongst 15,000 users of connected devices. J Med Internet Res 2017 Oct 23;19(10):e363 [FREE Full text] [doi:
10.2196/jmir.7930] [Medline: 29061551]

56. Wilson DL, Barnes M, Ellett L, Permezel M, Jackson M, Crowe SF. Decreased sleep efficiency, increased wake after sleep
onset and increased cortical arousals in late pregnancy. Aust N Z J Obstet Gynaecol 2011 Feb;51(1):38-46. [doi:
10.1111/j.1479-828X.2010.01252.x] [Medline: 21299507]

57. Tinius R, Polston M, Bradshaw H, Ashley P, Greene A, Parker A. An assessment of mobile applications designed to address
physical activity during pregnancy and postpartum. Int J Exerc Sci 2021;14(7):382-399 [FREE Full text] [Medline: 34055180]

58. Kogutt BK, Sheffield JS. Feasibility of remote monitoring to confirm exercise adherence in high risk pregnant women
[15N]. Obstetrics & Gynecology 2020;135:149S. [doi: 10.1097/01.aog.0000663712.92808.07]

59. Larsen B, Micucci S, Hartman SJ, Ramos G. easibility and acceptability of a counseling- and mHealth-based physical
activity intervention for pregnant women with diabetes: The Fit for Two Pilot Study. JMIR Mhealth Uhealth 2020 Oct
21;8(10):e18915 [FREE Full text] [doi: 10.2196/18915] [Medline: 33084584]

60. Dodd JM, Louise J, Cramp C, Grivell RM, Moran LJ, Deussen AR. Evaluation of a smartphone nutrition and physical
activity application to provide lifestyle advice to pregnant women: The SNAPP randomised trial. Matern Child Nutr 2018
Jan;14(1):e12502 [FREE Full text] [doi: 10.1111/mcn.12502] [Medline: 28836373]

Abbreviations
ACOG: American College of Obstetricians and Gynecologists
CES-D: Center for Epidemiologic Studies Depression Scale
EMA: ecological momentary assessment
HRV: heart rate variability
PSS: Perceived Stress Scale
REDCap: Research Electronic Data Capture
REM: rapid eye movement
RMSSD: root mean square of successive difference
STAI: State Trait Anxiety Inventory
S&CC: Smart and Connected Communities
THH: Two Happy Hearts
WIoT: wearable internet of things

Edited by G Eysenbach; submitted 06.06.21; peer-reviewed by B Chaudhry, M Mbwogge; comments to author 11.08.21; revised
version received 11.09.21; accepted 18.09.21; published 17.11.21

Please cite as:
Jimah T, Borg H, Kehoe P, Pimentel P, Turner A, Labbaf S, Asgari Mehrabadi M, Rahmani AM, Dutt N, Guo Y
A Technology-Based Pregnancy Health and Wellness Intervention (Two Happy Hearts): Case Study
JMIR Form Res 2021;5(11):e30991
URL: https://formative.jmir.org/2021/11/e30991
doi: 10.2196/30991
PMID:

©Tamara Jimah, Holly Borg, Priscilla Kehoe, Pamela Pimentel, Arlene Turner, Sina Labbaf, Milad Asgari Mehrabadi, Amir M.
Rahmani, Nikil Dutt, Yuqing Guo. Originally published in JMIR Formative Research (https://formative.jmir.org), 17.11.2021.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2021 | vol. 5 | iss. 11 | e30991 | p. 16https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/jsr.13207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33140514&dopt=Abstract
https://www.jmir.org/2017/10/e363/
http://dx.doi.org/10.2196/jmir.7930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29061551&dopt=Abstract
http://dx.doi.org/10.1111/j.1479-828X.2010.01252.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21299507&dopt=Abstract
http://europepmc.org/abstract/MED/34055180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34055180&dopt=Abstract
http://dx.doi.org/10.1097/01.aog.0000663712.92808.07
https://mhealth.jmir.org/2020/10/e18915/
http://dx.doi.org/10.2196/18915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33084584&dopt=Abstract
http://europepmc.org/abstract/MED/28836373
http://dx.doi.org/10.1111/mcn.12502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28836373&dopt=Abstract
https://formative.jmir.org/2021/11/e30991
http://dx.doi.org/10.2196/30991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

