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Abstract

Background: Technology has becomean integral part of our everyday life, and its use to manage and study health isno exception.
Romantic partners play acritical role in managing chronic health conditions as they tend to be a primary source of support.

Objective: This study tests the feasibility of using commercial wearables to monitor couples’ unique way of communicating
and supporting each other and documents the physiological correlates of interpersonal dynamics (ie, heart rate linkage).

M ethods: Weanalyzed 617 audio recordings of 5-minute duration (384 with concurrent heart rate data) and 527 brief self-reports
collected from 11 couplesin which 1 partner had type |1 diabetes during the course of their typical daily lives. Audio data were
coded by trained raters for social support. The extent to which heart rate fluctuations were linked among couples was quantified
using cross-correl ations. Random-intercept multilevel models explored whether cross-correlations might differ by social contexts
and exchanges.

Results: Sixty percent of audio recordings captured speech between partners and partners reported persona contact with each
other in 75% of self-reports. Based on the coding, social support was found in 6% of recordings, whereas at least 1 partner
self-reported social support about half the time (53%). Couples, on average, showed small to moderate interconnectionsin their
heart rate fluctuations (r=0.04-0.22). Couples also varied in the extent to which there was lagged linkage, that is, meaning that
changes in one partner’s heart rate tended to precede changes in the other partner’s heart rate. Exploratory analyses showed that
heart rate linkage was stronger (1) in rater-coded partner conversations (vs moments of no rater-coded partner conversations:
r4ir=0.13; P=.03), (2) when partners self-reported interpersonal contact (vs moments of no self-reported interpersonal contact:
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r4i=0.20; P<.001), and (3) when partners self-reported social support exchanges (vs moments of no self-reported social support
exchange: r4=0.15; P=.004).

Conclusions: Our study provides initial evidence for the utility of using wearables to collect biopsychosocia data in couples
managing a chronic health condition in daily life. Specifically, heart rate linkage might play arole in fostering chronic disease

management as a couple. Insights from collecting such data could inform future technology interventions to promote healthy
lifestyle engagement and adaptive chronic disease management.

International Registered Report Identifier (IRRID): RR2-10.2196/13685

(IMIR Mhealth Uhealth 2024;12:e49576) doi: 10.2196/49576
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Introduction

Coping with a chronic health condition refers to the various
psychological, emotional, and behavioral strategiesindividuals
useto managethe challenges, stressors, and lifestyle adjustments
associated with living with a long-term health condition [1].
Challenges associated with the maintenance of health-promoting
behaviors such as being physically active, following a
medication regime, and monitoring one's current health status
on top of direct effects of the chronic health condition on
cognitive and physical resources (eg, fatigue) can lead to lapses
in treatment adherence, which are common [2]. Poor treatment
adherence, in turn, results in higher morbidity and mortality
rates, as well as increased expenses related to outpatient care
and hospitalization for managing diabetes-rel ated complications
[3]. Models of chronic disease management acknowledge the
important rolethat close others generally, and romantic partners
specifically, play in coping [1,4-6]. Socia support refersto how
social relationships provide resources and assistance to manage
stressorsand challenges [ 7]. Theseforms of assistance manifest
ininstrumental ways (ie, practical assistance with aproblem or
task) and emotional ways (ie, comfort, encouragement,
reassurance, and listening empathetically [8]). Socia support
can facilitate coping by promoting healthy lifestyle choicesand
helping manage disease-related demands in daily life and has
been associated with better disease adjustment and higher quality
of life among patients [9,10]. Moreover, in a dyadic context,
providing social support has also been conceptualized as a
specific form of coping [11]. In laboratory stress paradigms,
social support (eg, in the form of physical touch) buffers
physiological stress reactivity and speeds up recovery, for
example, as assessed by heart rate and salivary cortisol levels
[12,13]. This effect is particularly pronounced when the social
support comes from a close person, such as aromantic partner
[12].

The couple as a unit of study is particularly interesting for
researchers studying chronic health conditions because romantic
partnerstend to be amajor source of support and partners health
isclosely linked [11,14,15]. For example, individuals are more
than 2 times more likely to have diabetes themsel ves when they
are in a relationship with someone who has diabetes [16,17].
Thisis not surprising as lifestyle risk factors for diabetes such
as eating patterns, physical activity, and other health behaviors
are often shared in couples [18]. Newer conceptual models of
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chronic health conditions and coping, including the dyadic
regulation connectivity model [5], see couples as a dynamic
system, inwhich dyadic regulation of chronic health conditions
occurs in a flexible, dynamic, and complex way adjusting to
changing internal contexts (eg, emotional states) as well as
external contexts (eg, work demands). Specifically, dyadic
regulation involves different network hubs (illness
representati ons hub, coping behaviors hub, and outcomes hub),
interconnected through feedback |oopsand constantly interacting
at the person and dyad level. Thisdynamic processis described
as"“a'living’ mechanism whichiscontinuously constructed and
reconstructed in the mind and the behaviors of the individuals
and the couples’ [5]. Consequently, thefield hascalled for more
advanced methodsto be ableto study time- and context-sensitive
processes shaping health behavior and disease management
[19].

New technology including smartphones and smartwatches
allowsto collect observational and physiological datato observe
dynamic phenomena as they unfold in daily life [20]. For
example, researchers have equipped couples with audio
recordersto capture sound snippets as they go about their usual
routines, finding that use of certain speech (eg, positive word
use, deep conversation) was associated with better disease
adjustment to breast cancer in women [21,22]. Furthermore,
health behaviors such as physical activity and medication
adherence can be objectively tracked and this information can
be used to develop targeted interventions in rea time [23].
Researchers have al so used sensor datato measureindividuals
physiologica functioning, for instance, electrodermal activity
(EDA), skin temperature, respiratory rate, blood pressure, and
heart rate [24,25]. Measures of the autonomic nervous system
such as heart rate hold particular significance because they tend
to change rapidly in response to shifting contexts (eg, emotions
or behavior [26]). Thisresponsiveness, in combination with the
relative ease of data collection through wearabl e devices, makes
it an excellent indicator of physiological linkage in couples.

Studies analyzing physiological time seriesdatain couples have
found that romantic partners are interconnected in daily
fluctuations of heart rate, a phenomenon that has been called
“physiological synchrony” or “physiological linkage” [27-29].
Physiological linkage has been associated with central
interpersonal outcomes such as trust, empathy, and effective
cooperation [28,30-32], and could thus be important for social
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processes such as supportive interactionsin managing achronic
health condition. For example, synchrony in skin conductance
levels predicted higher cooperative successin 76 dyads (college
students) playing a Prisoner’s Dilemmagame [30]. In addition,
heart rate linkage was increased in 110 college student dyads
when randomized to playing a trust-related game versus a
control condition [32]. A recent meta-analysis of 60 published
and unpublished experiments also demonstrated that synchrony
exhibits a medium-sized effect on prosocia attitudes and
behaviors [33]. Thus, physiological linkage might be relevant
for coregulation between partners and enable adaptive couple
functioning [34]. Yet, no prior research has examined heart rate
linkage in the context of everyday social contexts and social
support exchangesin individua swith chronic health conditions.

Previous studies on interpersonal dynamics and heart rate
linkage in couples have mostly used electrocardiogram data
from medical-grade devices such as the BIOPAC collected in
laboratory settings[34,35]. However, commercia devicessuch
as smartwatches could be a cost-effective way to collect
biopsychosocia data on couples managing chronic health
conditionsin daily life. Therefore, the objective of thisstudy is
to outline the methods we used to gather two types of data: (1)
information concerning psychosocial processes, encompassing
social contexts and interactions, using observational techniques
(audio recordings), and self-report measures; and (2) data on
biological processes, specifically heart rate. In doing so, we
summarize the feasibility of collecting such data and present
descriptive and exploratory findings. Specifically, we examine
whether heart rate linkage in couples is higher in moments of
personal contact and support.

Methods

Participants and Procedure

We used data of 11 couples who took part in the DYadic
MANagement of Diabetes (DY MAND) study (study protocol
[36]; description of monitoring system [37]). This study was

Table 1. Sample descriptives (N=11 couples).
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funded by the Swiss National Science Foundation
(CR1211_166348). Couples were recruited through newspaper
advertisement, flyer distribution to diabetes speciaists and
pharmacies, diabetes forums, and in diabetes departments of
hospitalsin the German-speaking part of Switzerland from 2019
to 2021. The original recruitment target was 180 couples.
However, due to the COVID-19 pandemic and associated
restrictions regarding in-person research with vulnerable
populations recruitment had to be paused for a considerable
duration. This resulted in the current sample size. Eligibility
criteria comprised one partner having a medical diagnosis of
typell diabeteswith prescribed oral drugs and the other partner
(without such diagnosis) being willing to participate as well.
Participants were excluded if they required insulin injections,
inpatient treatment, were working in shiftwork, or had
insufficient command of the German language. We collected
datafrom 13 couples, who wereliving in metropolitan and rural
regions in the German-speaking part of Switzerland. Two
couples dropped out during the monitoring phase because of
time constraints, resulting in a final sample of 11 couples (see
Table 1 for descriptives). Participantswith typel diabeteswere
aged 52-80 years (mean 68.9, SD 7.7 years), mostly male (10
males, 1 female), and amajority did not have ahigher secondary
school degree (8 with lower secondary education, 3 with higher
secondary degree). Less than half of the participants with type
Il diabetes measured their blood sugar levels daily (4/11, 36%)
and the average long-term blood sugar concentration was 6.8%
(hemoglobin A, [HbA ], SD 0.5%; normal HbA ;. <5.7%[38]).
Most participants reported a positive influence of their
partnership on their diabetes management (10/11, 91%). Partners
were aged 47-80 (mean 66.7, SD 9.2) years, mostly female (1
male, 10 females), and 1 participant had a higher secondary
school degree. Less than half of the participants with type Il
diabetes (3/11, 27%) and partners (4/11, 36%) were employed,
whereasthe mgjority wasretired. Couples averagerelationship
duration was 31.5 (SD 14.6) years. Most couples had amonthly
household income above the poverty line for a household of 2
people in Switzerland (>4000 Swiss Francs; 80% [39]).

Variable Person with type || diabetes

Partner

Age (years), mean (SD) 68.91 (7.71)

Sex 91% male, 9% female

Education 73% with lower secondary degree
Employment status 27% employed

Relationship duration (years), mean 31.58 (14.95)

(SD)

Household income (Swiss Francs?)
10,000 (n=1); and >10,000 (n=3)

Children, n
(n=1), and 4 children (n=2)

2001-4000 (n=1); 4001-6000 (n=2); 6001-8000 (n=4); 8001-

No children (n=2), 1 child (n=3), 2 children (n=3), 3 children

66.68 (9.19)

9% male, 91% female

91% with lower secondary degree
36% employed

31.45 (15.01)

4001-6000 (n=3); 6001-8000 (n=2); 8001-
10,000 (n=1); >10,000 (n=3); and missing
(n=2)

No children (n=3), 1 child (n=1), 2 children
(n=5), and 3 children (n=2)

# Swiss Franc=US $1.13.

After a baseline session in which the participants were trained
to use the equipment and compl eted aquestionnaire battery, the
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participants entered a 7-day monitoring phase. An assessment
wastriggered every hour during a specified time defined by the
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couples in the morning (eg, 6 AM to 9 AM) and evening (eg,
5 PM to 9 PM) during the week and all day (waking hours, eg,
8 AM to 9 PM) on the weekend. This decision was made to
alleviate participant burden by abstaining from data collection
during periodswhen partnersaretypically at work, thus ensuring
that we capture meaningful partner interactions effectively.
Assessments were elicited when partners were close to each
other (when the smartwatch Bluetooth system detected asignal
strength of the partner's watch greater than —80 dB
corresponding to approximately 5 m), and speech was detected.
When the 2 conditions of physical closeness and speech were
not detected, an assessment was triggered at the end of the hour
to ensure sufficient data coverage. The assessment included a
5-minute audio and heart rate recording, followed by a brief
self-report questionnaire on the smartphone which asked about
partner interactions and health behaviors. Each evening, partners
answered a longer survey about their own and their partner’'s
behaviors (data not used in this study). Participants reported
that the study app was easy to use (personswith typell diabetes:
mean 5.9, SD 0.7; partners: mean 6.0, SD 0.7; 1=completely
disagree to 7=fully agree). See the study by Boateng et al [37]
for a detailed description of the development and deployment
of the smartwatch- and smartphone-monitoring system. After
the 7-day monitoring phase, partners returned to the laboratory
for an exit session during which feedback on the study was
collected, and partners were videotaped while having a
10-minute conversation about their diabetes management. In
this exit session, the participants were also allowed to review
their audio recordings and del ete files before the research team
accessed them. None of the couples chose to remove any of the
audio recordings. Couples received 100 Swiss Francs as
reimbursement for taking part in the study.

Ethical Consider ations

Ethics approval was granted by the cantonal ethics committee
of the Canton of Zurich, Switzerland (Reg-2017_00430), and
informed consent was obtained from all participants.

M easures

Audio Recordings

A smartwatch (Polar M600) recorded daily life audio snippets
for 5 minutes each. Four trained research assistants used the
Social Environment Coding of Sound Inventory [40] to code
couples location, activity, conversation partner, and
conversation type. Conversation types included (1) practical:
pragmatic conversations focusing on practical daily matters
such as making plans and discussing meals; (2) small talk: an
interaction without instrumental purpose, involving superficial
exchanges of information that have no significant impact or
consequence on participants' lives; (3) deep or substantive:
conversations with the purpose to exchange thoughts,
information, values, and ideas on nonemotional topics such as
current events; (4) disclosure: conversationsthat involve sharing
personal feelings or emotions, which may include discussing
topics such as the relationship, hopes and dreams, or other
deeply meaningful experiences, surpassing the threshold of
triviality. Furthermore, we coded for instrumental and emotional
socia support, following procedures outlined in the study by
Wang and Repetti [41]. Instrumental support entailed help with
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practical problems and tasks, such as assistance with chores or
the provision of information to help handle a task-oriented
problem (eg, figuring out the fastest driving routeto the doctor’s
office). Emotional support included provisions of comfort,
encouragement, advice, or guidance of an emotional nature, for
example, listening empathetically to a spouse’s frustrations
about work. Fifteen percent of recordings were coded by all 4
research assistants to calculate interrater reliability (intraclass
correlation [ICC] of 2.1, calculated using SPSS; IBM Corp),
which was satisfactory (>0.60[42]; location: ICC=0.77, activity:
|CC=0.67, conversation partners: | CC=0.60-0.74, and support:
ICC=0.63), except for conversation types (ICC=0.39 for
practical, 0.50 for small talk, 0.24 for deep or substantive, and
0.28 for disclosure).

Heart Rate

The smartwatch al so collected heart rateinformation during the
5-minute audio recordings. The watch did not collect equally
spaced recordings (mean spacing=2.7, SD 2.8 seconds). Thus,
to match partner heart rate data, we calculated the mean of all
heart rate values captured in 5 seconds frames (average n=2.1,
SD 1.2, range 1-6 values; if aggregated to 10-second frames,
pattern of findings remains the same). This resulted in a total
of 55,175 heart rate values. We then aligned the heart rate data
of couples by time stamp and kept only segmentsin which data
from both partners were available (n=37,834, 69% heart rate
pairings). Missing values in paired data are due to devices
iciting recordings with a small lag in partners or additional
recordings that were triggered in just 1 partner. Furthermore,
5-minute units with less than 10 paired heart rate values of
partners were deleted (n=6, <1%).

Self-Reported Social Contexts and Exchanges

Subsequently to the audio and heart rate recording, participants
reported whether they had any personal contact with their partner
in the last 5 minutes. Furthermore, participants with type Il
diabetesindicated whether they received emotional or practical
support from their partner in the last 5 minutes with yes or no:
“My partner has supported me emotionally in the last five
minutes’/“My partner has supported me practically in the last
fiveminutes.” Partnersreported emotional and practical support
provision with yes or no: “I have been emotionally supportive
of my partner in the last five minutes’/“1 have been practically
supporting my partner in thelast five minutes.” A social support
exchange was coded when provided or received support was
indicated by at least 1 partner.

Statistical Analysis

Descriptives were calculated using frequencies, means, and
SDs. Heart rate linkage in couples was quantified using
cross-correlations [43], calculated with the ccf function in R
(Stats Package; R Core Team [44]). The linkage between
partners can be in-phase (positive correlation), meaning that
fluctuations in partners heart rates are in the same direction,
or antiphase (negative correlation), meaning that couples show
opposite patterns of heart rate fluctuations over time. The
cross-correl ation model sthe rel ationship between both partners
heart rate time series data for a given recording. An advantage
of the cross-correlation method over traditiona correlation
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techniques is that it calculates the correlation between dyadic
time series of heart rate data at a given maximum lag.
Specifically, it quantifies the dependence of the heart rate time
series data of the person with type Il diabetes on its past
observations, the partner’s concurrent heart rate, and the past
or future observations of the partner’'s heart rate. In this way,
the ccf identifies the maximum cross-correlation for each
recording, which could occur at a positive, no, or negative lag.
We considered only alag of £1 time fragment because we had
averaged heart rate recordings across 5-second windows, and
cross-correlations can be biased if longer lags are used (see
suggestions outlined in the study by Behrens et a [45]). In the
presented results, alag of —1 indicates that changesin the heart
rate of the person with type Il diabetes tended to be a precursor
to changes in the partner’s heart rate. A lag of 0 indicates that
changes in heart rate tended to co-occur. A lag of +1 indicates
that changesin the partner’s heart rate tended to be a precursor
to changes in the heart rate of the person with type |1 diabetes.
Finally, we explored whether cross-correl ations might differ by
social contexts and exchanges using simple random-intercept
multilevel models (observations nested within individual s nested
within couples, controlling for person-level averages; R package
Ime4 [46]). For these models, cross-correl ations were Fisher-Z
transformed to normalize the distribution.

Results

Descriptives

We collected 992 audio files from 11 couples, of which 375
captured the same content (ie, they co-occurred in partners;
37.8%). After removing theaudiofile of 1 partner in these cases,
we had atotal of 617 audio recordings for analysis (mean 56.1,
SD 14.5 per couple; range: 35-83 files). Three-quarters of the
audio files contained speech (74%), and participantswere mostly
at home (80%; 8% in public, 5% in transit, 4% outdoors, and
3% other or unknown). Participants were most frequently
watching TV or listening to radio (195/590, 33%), socializing
(189/590, 32%), or doing housework (69/590, 12%), and, to a
lesser extent, were eating or drinking (32/590, 5%) or physically
active (12/590, 2%). In 16% (85/590) of recordings, activities
were unknown. Recorded conversations (423/617) mainly
included partnerstalking (372/423, 88%), whereas conversations
with friends (77/423, 18%), strangers (17/423, 4%), children
(10/423, 2%), and other family members (9/423, 2%) or self-talk
(241423, 6%) occurred less frequently. Concerning conversation
types, most conversations were substantive (194/423, 46%),
with fewer conversations of practical content (139/423, 33%)
or small talk (76/423, 18%; 3% other). Social support was coded
in 6% of recorded conversations (27/423), with the most
frequent support providers being the partner (16/27, 60%) or a
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friend (9/27, 33%). The nature of the supportive interaction was
63% (17/27) instrumental and 37% (10/27) emotional (single
choice only).

We collected 606 brief self-report questionnairesfrom partners,
of which 79 captured the same situation (completed
simultaneously by the partners). Thus, we analyzed 527
self-report  questionnaires. In  three-quarters of the
guestionnaires, partners reported having had personal contact
with each other (394/527, 75%). Support was self-reported in
morethan half of theinstances (277/527, 53%), with emotional
support occurring 84% (233/277) of the time and practical
support occurring 82% (227/277) of the time (multiple-choice
possible).

Heart Rate Linkage

Dyadic heart rate data were available for 384 of the 617 audio
recordings (ie, the 5-minute segments contained heart rate data
from both partners). Concerning heart rate linkage, on average,
all couples showed small to moderate cross-correlationsin their
heart rate (range: r=0.04-0.22; see Table 2). However, there
was considerable variation in the observed cross-correlation
between recordings (SDs 0.26-0.38). This means that couples
showed alarge variety of cross-correl ations between recordings:
Each couple sometimes showed a positive cross-correlation (ie,
heart rate increases in one partner were linked with heart rate
increases in the other partner; see Figure 1 panels A and B for
examples), sometimes across-correlation closeto O (ie, changes
in heart rate throughout the recording were not systematically
linked), and sometimes a negative cross-correlation (eg, heart
rate increases in one partner were linked with heart rate
decreases in the other partner; see Figure 1 panel C for an
example). Histograms of couples cross-correlations can be
found in Figure 2, pand A.

Table 2 aso denotes the average of the lags corresponding to
each cross-correlation separately by couple. Asoutlined in the
Methods section, the maximum cross-correlation could occur
at alag of +1, O, or —1 for each recording. As seenin Figure 2
panel B, couples showed large heterogeneity in the occurrence
of lags. In some couples, the extent to which heart rate changes
in either the person with type |1 diabetes or the partner tended
to precede heart rate changes in the other dyad member was
balanced (couples 2, 4, 8, 10, and 11). However, in couples 1
and 7, alarge share of recordings featured anegative lag (43%),
suggesting that heart rate linkage in the dyad tended to be driven
by the partner’s heart rate. There was also variation in the extent
towhich recordings occurred that featured alag of O (indicating
same-time linkage with no partner driving the changes)—from
every fifth (17%) recording in couple 2 to amost half of
recordingsin couple 3 (46%).
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Table 2. Overview of cross-correlations and their lags by couple.
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Couple ID Number of observa-  Cross-correlation, | ag® mean (SD) Percent negativelag  Percent no lag Percent positive lag
tions mean (SD)
1 14 0.184 (0.27) -0.214 (0.80) 43 36 21
2 18 0.086 (0.38) 0.056 (0.94) 39 17 44
3 50 0.133 (0.30) -0.220 (0.7) 33 46 16
4 44 0.084 (0.29) 0.000 (0.86) 36 27 36
5 22 0.172 (0.32) 0.136 (0.83) 27 32 41
6 53 0.045 (0.35) 0.321(0.73) 15 38 47
7 47 0.036 (0.37) -0.106 (0.87) 43 26 2
8 31 0.215 (0.37) 0.000 (0.82) 32 35 32
9 27 0.146 (0.26) 0.185 (0.83) 26 30 44
10 45 0.198 (0.34) 0.067 (0.75) 24 a4 31
11 34 0.102 (0.34) 0.059 (0.89) 35 24 41

8A negative lag indicates that changes in the heart rate of the person with type 11 diabetes tend to be a precursor to changesin the partner’s heart rate.
A lag of 0 indicates that changesin heart rate tended to co-occur. A positive lag indicates that changes in the partner’s heart rate tend to be a precursor
to changes in the heart rate of the person with type |1 diabetes.

Figure 1. Three examples of collected dyadic heart rate data across a 5-minute recording. Panel A shows a high positive cross-correlation at alag of
0 (r=0.91), indicating that partners show linked concurrent increases and decreases in heart rate in the same direction. Panel B shows a high positive
cross-correlation at alag of 1 (r=0.79), indicating that partners show linked increases and decreases in heart rate with heart rate changes in the partner
preceding heart rate changesin the individual with type |1 diabetes by 5 seconds. Panel C shows a high negative cross-correlation at alag of 0 (r=-0.79),
indicating that partners show concurrent increases and decreasesin heart rate in opposite directions (eg, one partner shows an increasing heart rate while

the other shows decreasing heart rate). T2D: type || diabetes.
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Figure 2. Distributions of cross-correlations (A) and the respective lags of cross-correlations (B) per couple. A lag of —1 indicates that changesin the
heart rate of the person with type Il diabetes tend to be a precursor to changes in the partner’s heart rate. A lag of O indicates that changesin heart rate
tended to co-occur. A lag of 1 indicatesthat changesin the partner’s heart rate tend to be a precursor to changesin the heart rate of the person with type

11 diabetes.
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Heart Rate Linkage and Social Contexts and
Exchanges

Finally, we explored whether heart rate linkage between partners
might differ by social contexts and exchanges. Using the rater
codings, wefound that heart rate linkage was higher in moments
when partners were talking with each other (mean r=0.17) than
in momentswhen they were not engaged in conversation (mean
r=0.04; b=0.15, SE=0.07; P=.03). Self-report data replicated
these findings, showing that heart rate linkage was higher in
momentswhen parti cipants reported having had personal contact
with each other (mean r=0.20) than in moments when they
reported no such interpersonal contact (mean r<0.01; b=0.22,
SE=0.06; P<.001). Furthermore, heart rate linkage was higher
when participants self-reported giving or receiving support
(mean r=0.22) than in moments of no support (mean r=0.07;
b=0.18, SE=0.06; P=.004). We did not examine associations
between rater-coded social support and heart rate linkage due
to its very low frequency. The findings are displayed in
Multimedia Appendix 1.

Discussion

Principal Findings

Most chronic health conditions require major modification of
on€'s lifestyle, including adhering to sometimes complex
medicati on regimes and engaging in health-promoting behaviors.
Using new technology to monitor everyday biopsychosocial
dynamicsin couples coping with chronic health conditions could
provideimportant insightsfor futureintervention devel opment.
Thisstudy focused on testing amonitoring system that collected
audio recordings, brief self-reports, and physiological data (heart
rate) to log naturally occurring social interactions and to quantify
the extent of physiological linkage in 11 persons with type |1
diabetes and their partners. Specifically, we used smartwatches
to assessthefeasibility of using commercially available devices.
The smartwatches elicited 5-minute audio and heart rate
recordings once an hour (mornings and evenings on weekdays,
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all day on weekends) when the Bluetooth signal indicated that
partnerswere physically close, and speech was detected or when
these 2 conditions were not detected, an assessment was
triggered at the end of the hour to ensure sufficient data
coverage. Self-reports were triggered consequently on linked
smartphones to these recordings. Whereas raters coded social
support as relatively infrequent (6% of audio recordings),
participants self-reported that social support exchanges took
place 53% of the time. On average, couples showed heart rate
linkage of small to moderate degree. Notably, there was
considerable variation in the extent of heart rate linkage and the
occurrence of lags (indicating that one partner tended to drive
heart rate changesin the other partner) acrossrecordingswithin
each couple. According to exploratory analyses, heart rate
linkage was stronger when raters coded partner conversations
and when interpersonal contact or social support exchanges
were self-reported by partners. Thefollowing outlinesimportant
implications and considerations when collecting such data.

Rater-Coded and Self-Reported Social Contexts and
Exchanges

Raters coded conversations between partners in 6 out of 10
audio recordings, and couples self-reported persona contact
with each other 75% of the time, speaking to a good
performance of the triggering system [37]. Concerning social
exchanges, raters coded socia support in 6% of audio
recordings, whereas partners self-reported social support in 53%
of self-reports. Thelow frequency of rater-coded social support
dovetails with a previous study showing that support occurred
only in about 4% of video data captured during 4 days of heathy
couples daily lives[41].

Self-report measures of social support may be influenced by
social desirability biasand gender stereotypes[47]. For example,
while self-report data support the gender support-gap hypothesis
with men receiving more support from women within couples,
naturalistic observational studies show that men provided the
same or more everyday support to their partners than women
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did [41,48], although the quality of the support might differ
[49]. Women might also more frequently seek support from
their partners, demonstrating the importance of collecting data
on support solicitation in daily life [41]. On the other hand,
observational measures are less vulnerable to demand
characteristics and can capture supportive interactions that are
not explicitly recognized or acknowledged by the individual
receiving it [40,41].

However, self-report data capture types of interactions the
individual perceives as supportive, whereas such interactions
may not beimmediately apparent to outside observersunfamiliar
with the couple's unique dynamics. Indeed, the same action
might be percelved as supportive by one person and as
controlling or intrusive by another. The discrepancy between
self-reported and rater-coded social support in this study
emphasi zes the need for acomprehensive approach to assessing
social support in future research. For example, in future
investigations, researchers could use text message content
analysis[50] to capture conversations, expressions of empathy,
encouragement, and tangible assistance between the couple.
Participants could also be asked to press a button on a
smartwatch whenever they are about to provide support, thereby
eliciting an audio recording of the real-time support exchange.
Furthermore, approaches could be developed using machine
learning to automatically detect and capture moments when
social support is occurring in daily life. Supplementary
subjective measures could then be used to assess individuas
satisfaction with and the quality of support they receive within
these objectively captured interactions.

Using Commercial Smartwatchesto Monitor Heart
Rate Linkage

Over the last decade, researchers have used different
physiological parametersto demonstrate physiological linkage
in couples, such asbreathing rate, EDA, and cortisol [43,51,52]
or voice stress [53]. With this project, we build on and extend
this work by taking the research out of the laboratory and into
daily life, using commercialy available devices for heart rate
monitoring. We found that everyday heart rate fluctuations in
persons with type Il diabetes and their partners showed
intercorrelations of small to moderate degrees. Using an optical
sensor (photoplethysmography) instead of electrical signals
(electrocardiogram [ECG]) to estimate heart rate with
commercialy available devices has the benefit of being
relatively unobtrusive, user-friendly, and affordable [54].
Contrasting consumer-grade wearables with the gold standard
ECG, initial research overall shows promising findings regarding
the accuracy of wrist-worn photoplethysmography devices,
although they tend to underestimate heart rate dlightly [55].
Specifically, wearables might be less accurate than ECG-based
devices when participants are physically active versus resting
(about 30% higher absolute error [56]). In our participants, audio
recordings were coded for physical activity, which happened
relatively rarely (in 2% of cases). However, future research
should consider collecting objective movement data via
accelerometry as an essential confounder and other covariates
(for guiddines, seethe study by Nelson et al [55]). Furthermore,
future studies could consider integrating multiple physiological
markers, such as blood pressure, cortisol, and heart rate
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variability, and leverage advanced sensor capabilities of
wearables (eg, apple sensor kit [57]). This has the benefit of
collecting data on markers sensitive to different features of
everyday social contexts, for example, cortisol for
soci oeval uative situations and heart rate variability for prosocial
behavior or compassion [58,59]. However, when doing so, it is
vital to keep the inherent temporal dynamics of each systemin
mind. The appropriate sampling rate will differ between
fast-acting systems, such as sympathetic activation as indexed
by heart rate (seconds) versus hypothalamic-pituitary-adrenal
activation as indexed by salivary cortisol (15-20 minutes) and
needs to align with the psychosocial context under study [26].

Heart Rate Linkage and Social Contextsand
Exchanges

Our exploratory analysis found that heart rate linkage was
stronger when raters coded partner conversations and couples
self-reported interpersonal contact, compared with moments
when raters did not code that partners were engaged in
conversations or when couples did not self-report having had
personal contact with each other. Findings dovetail with
theoretical notions of the dyadic regulation connectivity model,
which suggests that any changes in the dyadic system such as
interpersonal environmentstrigger immediate and synchronized
changesthroughout the network of dynamically linked processes
between partners, including their physiology [5]. Other studies
have al so shown increased physiological linkage when partners
are in each other's presence [52,60]. For example, research
using awristwatch to measure EDA in 40 young couples for 1
day showed that EDA linkage was significant only when couples
self-reported being together but not apart [61]. When partners
are engaged in conversation, they might follow the same
narrative stimuli, which has been associated with increased heart
ratelinkage[62]. Our findings extend past research by focusing
on moments when partners were actively interacting with each
other instead of just being in physical proximity.

Heart rate linkage was also stronger when social support
exchanges were self-reported by partners, as compared with
moments when no social support exchanges were reported.
Rater-coded social support was relatively infrequent (6%),
preventing usfrom conducting exploratory analyses concerning
its association with heart rate linkage. High physiological
linkage has been associated with empathy, perspective-taking,
positive interpersonal contexts such as feeling understood,
appreciated or seeking help, and closeness to the partner
[28,52,63]. A recent study investigating partners’ cardiovascular
markers found significant physiological linkage in heart rate
and heart rate variability in 27 young to middle-aged couples
while discussing positive and negative aspects of their
relationship in the laboratory [34]. In addition, a laboratory
study found that synchronicity in younger couples skin
conductance was higher during supportive touch when exposed
to a pain stimulus, compared with the partner merely being
present [64]. Our findings extend this research by indicating
that heart rate fluctuations of couples managing achronic health
condition might link up during supportive, real-lifeinteractions.
Coherence between partners, for example, indicated by heart
rate linkage, has been theorized to be central to dyadic regulation
[5]. Yet, other studies demonstrated high physiological linkage
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in couples with marital strain, particularly regarding markers
of the stress response system such as cortisol [65]. Potentially,
parasympathetic nervous system markers (eg, respiratory sinus
arrhythmia) might synchronize more during positive
interpersonal contexts. In contrast, markers of the sympathetic
nervous system (eg, EDA) might more likely become entrained
during negative interpersonal contexts [28,29].

Future studies need to build on and replicate our findings using
larger sample sizes, a so looking at the underlying mechanisms
and moderators of heart rate linkage, such as perspective taking,
contagion of emotions, attachment style, relationship quality,
and interdependent self-construal [28]. For example, is heart
rate linkage stronger when partners try to take each other’'s
perspective and higher in couples with greater relationship
satisfaction? Doeslagged heart rate linkage accompany emations
(positive and negative) or stress being transferred from one
partner to the other? [53] Such a study could use audio
recordings to derive indices of vocal quality or pitch indexing
emotional arousal such asthe fundamental frequency [66]. It is
also an open question whether stronger physiological heart rate
linkage during social support exchangesis associated with more
or less favorable outcomes of supportive interactions [67]. For
example, increased skin conductance synchronicity was
associated with less self-reported pain intensity during painful
thermal stimulation when receiving supportive touch from the
partner [64].

Limitations and Future Research

Considering the sample size of 11 couples due to the impact of
the COVID-19 pandemic on data collection, findings from this
study need to be replicated to test generalizability. Furthermore,
our sample comprised couples managing diabetes of mostly
older age, long relationship duration, and relatively good
diabetic control. Therefore, these couples could represent dyadic
systems demonstrating reasonably effective dyadic regulation
and thus higher heart rate linkage. It remainsto be seen whether
biopsychosocia dynamics differ by age and chronic disease
type (eg, cancer [21]). In addition, we coded limited information
about the nature of everyday social interactions between partners
(social support occurrence, type of conversation), and interrater
reliabilities were low for some coding categories. The
unsatisfactory reliability of rater codingsfor conversation types
prevented us from examining differences in heart rate linkage
by type of conversation (eg, deep vs practical). Whether heart
rate linkage is tied to the nature and content of partner
conversations thus presents an important future direction.

Pauly et d

Future studies could also investigate heart rate linkage in the
context of support quality and types of support (emotional,
instrumental). Given that previous literature has linked conflict
to increased physiological linkage, it would aso be important
to study heart rate synchronization in the context of negative
types of socia exchanges managing chronic health conditions
such as negative social control [68]. Future research should also
examine other relevant constructsfor couples managing disease,
such as dyadic efficacy [69] or shared appraisals of the disease
(“we-disease” [70]), and include measures of well-being (eg,
happiness, meaning). Eventually, more advanced systems that
collect multimodal datafrom couples managing chronic health
conditions could learn when and how to intervene (eg, to nudge
partners to provide support) to promote healthy lifestyle
engagement and adaptive disease management [61,71].
Increasingly, researchers use machine learning algorithms to
design just-in-time adaptive interventions [72,73], although
they have seldom been applied in a dyadic context. These
interventions can be delivered through digital platforms, making
them widely accessible, particularly for individuas living in
remote or underserved areas or those with transportation or
mobility limitations.

Conclusions

This study explored the feasibility of using commercia
wearables to monitor the unique communication and support
dynamics between romantic partners, particularly in managing
a chronic hedth condition. First, the rater-coded audio
recordings and self-report analysis provided valuable
information about the occurrence of socia support. Interestingly,
while self-reportsindicated that partners reported socia support
approximately half of the time, raters coded social support in
only 6% of the recordings. This suggests a potential disparity
between partners self-perception and external observation of
supportive behaviors. Second, we demonstrated that couples
exhibited small to moderate interconnections in heart rate
fluctuations, indicating physiological linkage between partners.
Heart rate linkage was stronger when partner conversations
were coded, partners self-reported interpersona contact, and
partners self-reported socia support exchanges. Findings provide
initial evidence on contexts and behaviors that may influence
physiological interconnectivity within couples. Overall, theuse
of wearables for continuous and unobtrusive collection of
biopsychosocia data combined with self-report data in
real-world settings holds great promise for enabling better and
targeted support for individuals managing chronic health
conditions and their partners.
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Multimedia Appendix 1

Magnitude of cross-correlation by rater-coded and self-reported social context and exchange. Thefigure showsthat cross-correlations
tended to be higher in situationswhen raters coded that partners were engaged in conversations (A), when participants sel f-reported
apartner interaction (B), and when participants self-reported a social support exchange (C).

[PNG File, 54 KB-Multimedia Appendix 1]

References

1. DelLongisA, O'Brien T. Aninterpersonal framework for stress and coping: an application to the families of alzheimer’'s
patients. In: Stephens MAP, Crowther JH, Hobfoll SE, Tennenbaum DL, editors. Stress and Coping in Later-Life Families.
New York. Hemisphere Publishing Corp; 1990:221-229.

2. Dunbar-Jacob J, Mortimer-Stephens MK. Treatment adherence in chronic disease. J Clin Epidemiol. 2001;54 Suppl
1:S57-S60. [doi: 10.1016/s0895-4356(01)00457-7] [Medline: 11750211]

3. Polonsky WH, Henry RR. Poor medication adherence in type 2 diabetes. recognizing the scope of the problem and its key
contributors. Patient Prefer Adherence. 2016;10:1299-1307. [FREE Full text] [doi: 10.2147/PPA.S106821] [Medline:
27524885]

4. LyonsKS, Lee CS. Thetheory of dyadic illness management. J Fam Nurs. 2018;24(1):8-28. [doi:
10.1177/1074840717745669] [Medline: 29353528]

5.  KarademasEC. A new perspective on dyadic regulation in chronic illness: the dyadic regulation connectivity model. Health
Psychol Rev. 2022;16(1):1-21. [doi: 10.1080/17437199.2021.1874471] [Medline: 33427585]

6. Berg CA, Upchurch R. A developmental-contextual model of couples coping with chronic iliness acrossthe adult life span.
Psychol Bull. 2007;133(6):920-954. [doi: 10.1037/0033-2909.133.6.920] [Medline: 17967089]

7.  Schwarzer R, Knoll N. Functional roles of social support within the stress and coping process. atheoretical and empirical
overview. Int J Psychol. 2007;42(4):243-252. [doi: 10.1080/00207590701396641]

8.  Rackow P, Berli C, Luscher J, Luszczynska A, Scholz U. Emotional or instrumental support? Distinct effects on vigorous
exercise and affect. Psychol Sport Exerc. 2017;33:66-74. [doi: 10.1016/j.psychsport.2017.07.011]

9.  Scholz U, Knall N, Roigas J, Gralla O. Effects of provision and receipt of social support on adjustment to laparoscopic
radical prostatectomy. Anxiety Stress Coping. 2008;21(3):227-241. [doi: 10.1080/10615800801983759] [Medline: 18938287)

10. Luszczynska A, Pawlowskal, Ciedak R, Knoll N, Scholz U. Social support and quality of life among lung cancer patients:
a systematic review. Psychooncology. 2013;22(10):2160-2168. [doi: 10.1002/pon.3218] [Medline: 23097417]

11. Bodenmann G. Dyadic coping: a systemic-transactional view of stress and coping among couples: theory and empirical
findings. Eur Rev Appl Psychol. 1997;47(2):137-141.

12. Ditzen B, Heinrichs M. Psychobiology of social support: the social dimension of stress buffering. Restor Neurol Neurosci.
2014;32(1):149-162. [doi: 10.3233/RNN-139008] [Medline: 23603443]

13. Dreisoerner A, Junker NM, Schlotz W, Heimrich J, Bloemeke S, Ditzen B, et a. Self-soothing touch and being hugged
reduce cortisol responses to stress: arandomized controlled trial on stress, physical touch, and social identity. Compr
Psychoneuroendocrinol. 2021;8:100091. [FREE Full text] [doi: 10.1016/j.cpnec.2021.100091] [Medline: 35757667]

14. Meyler D, Stimpson JP, Peek MK. Health concordance within couples: a systematic review. Soc Sci Med.
2007;64(11):2297-2310. [doi: 10.1016/j.socscimed.2007.02.007] [Medline: 17374552]

15.  Bodenmann G. Dyadic coping and its significance for marital functioning. In: Revenson TA, Kayser K, Bodenmann G,
editors. Couples Coping With Stress: Emerging Perspectives on Dyadic Coping. Washington, DC. American Psychological
Association; 2005:33-49.

16. Patel SA, Dhillon PK, Konda D, Jeemon P, Kahol K, Manimunda SP, et al. Chronic disease concordance within indian
households: across-sectional study. PLoSMed. 2017;14(9):€1002395. [FREE Full text] [doi: 10.1371/journal.pmed.1002395]
[Medline: 28961237]

17. Leong A, Rahme E, Dasgupta K. Spousal diabetes as a diabetes risk factor: a systematic review and meta-analysis. BMC
Med. 2014;12:12. [FREE Full text] [doi: 10.1186/1741-7015-12-12] [Medline: 24460622]

18. Jeong S, Cho SlI. Concordancein the health behaviors of couples by age: across-sectional study. JPrev Med Public Health.
2018;51(1):6-14. [EREE Full text] [doi: 10.3961/jpmph.17.137] [Medline: 29397647)

19. Scholz U. It'stime to think about time in health psychology. Appl Psychol Health Well Being. 2019;11(2):173-186. [doi:
10.1111/aphw.12156] [Medline: 30972951]

20.  Trull TJ, Ebner-Priemer U. Ambulatory assessment. Annu Rev Clin Psychol. 2013;9:151-176. [FREE Full text] [doi:
10.1146/annurev-clinpsy-050212-185510] [Medline: 23157450]

21. RobbinsML, Karan A, Lopez AM, Weihs KL. Naturalistically observing noncancer conversations among couples coping
with breast cancer. Psychooncology. 2018;27(9):2206-2213. [doi: 10.1002/pon.4797] [Medline: 29904980]

https://mhealth.jmir.org/2024/1/e49576 JMIR Mhealth Uhealth 2024 | vol. 12 | e49576 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v12i1e49576_app1.png&filename=848421cbf84ce075e23f7f63b638f1c6.png
https://jmir.org/api/download?alt_name=mhealth_v12i1e49576_app1.png&filename=848421cbf84ce075e23f7f63b638f1c6.png
http://dx.doi.org/10.1016/s0895-4356(01)00457-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11750211&dopt=Abstract
https://europepmc.org/abstract/MED/27524885
http://dx.doi.org/10.2147/PPA.S106821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27524885&dopt=Abstract
http://dx.doi.org/10.1177/1074840717745669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29353528&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2021.1874471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427585&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.133.6.920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17967089&dopt=Abstract
http://dx.doi.org/10.1080/00207590701396641
http://dx.doi.org/10.1016/j.psychsport.2017.07.011
http://dx.doi.org/10.1080/10615800801983759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18938287&dopt=Abstract
http://dx.doi.org/10.1002/pon.3218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23097417&dopt=Abstract
http://dx.doi.org/10.3233/RNN-139008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23603443&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-4976(21)00065-5
http://dx.doi.org/10.1016/j.cpnec.2021.100091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35757667&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2007.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17374552&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002395
http://dx.doi.org/10.1371/journal.pmed.1002395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28961237&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-12-12
http://dx.doi.org/10.1186/1741-7015-12-12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24460622&dopt=Abstract
https://europepmc.org/abstract/MED/29397647
http://dx.doi.org/10.3961/jpmph.17.137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29397647&dopt=Abstract
http://dx.doi.org/10.1111/aphw.12156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30972951&dopt=Abstract
https://europepmc.org/abstract/MED/23157450
http://dx.doi.org/10.1146/annurev-clinpsy-050212-185510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23157450&dopt=Abstract
http://dx.doi.org/10.1002/pon.4797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29904980&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Pauly et a

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Robbins ML, Mehl MR, Smith HL, Weihs KL. Linguistic indicators of patient, couple, and family adjustment following
breast cancer. Psychooncology. 2013;22(7):1501-1508. [FREE Full text] [doi: 10.1002/pon.3161] [Medline: 22887054]
Sharma A, Mentz RJ, Granger BB, Heitner JF, Cooper LB, Banerjee D, et al. Utilizing mobile technol ogies to improve
physical activity and medication adherence in patients with heart failure and diabetes mellitus: rationale and design of the
TARGET-HF-DM Trial. Am Heart J. 2019;211:22-33. [doi: 10.1016/j.ahj.2019.01.007] [Medline: 30831331]

Wilhelm FH, Pfaltz MC, Grossman P. Continuous electronic data capture of physiology, behavior and experience in real
life: towards ecological momentary assessment of emotion. Interacting With Comput. 2006;18(2):171-186. [doi:
10.1016/j.intcom.2005.07.001]

Lehmann V, Foll S, Maritsch M, van Weenen E, Kraus M, Lagger S, et a. Noninvasive hypoglycemia detection in people
with diabetes using smartwatch data. Diabetes Care. 2023;46(5):993-997. [ FREE Full text] [doi: 10.2337/dc22-2290]
[Medline: 36805169]

Marzoratti A, Evans TM. Measurement of interpersonal physiological synchrony in dyads: areview of timing parameters
used in the literature. Cogn Affect Behav Neurosci. 2022;22(6):1215-1230. [doi: 10.3758/s13415-022-01011-1] [Medline:
35556231]

Timmons AC, Margolin G, Saxbe DE. Physiological linkagein couplesand itsimplicationsfor individual and interpersonal
functioning: aliterature review. JFam Psychol. 2015;29(5):720-731. [FREE Full text] [doi: 10.1037/fan0000115] [Medline:
26147932]

Pauly T, Gerstorf D, Wahl HW, Hoppmann CA. A devel opmental -contextual model of couple synchrony across adulthood
and old age. Psychol Aging. 2021;36(8):943-956. [doi: 10.1037/pag0000651] [Medline: 34672638]

Palumbo RV, Marraccini ME, Weyandt LL, Wilder-Smith O, McGee HA, Liu S, et a. Interpersona autonomic physiology:
asystematic review of theliterature. Pers Soc Psychol Rev. 2017;21(2):99-141. [doi: 10.1177/1088868316628405] [Medline:
26921410]

Behrens F, Snijdewint JA, Moulder RG, Prochazkova E, Sjak-Shie EE, Boker SM, et al. Physiological synchrony is
associated with cooperative successin red-life interactions. Sci Rep. 2020;10(1):19609. [FREE Full text] [doi:
10.1038/s41598-020-76539-8] [Medline: 33184357]

Menster D, Hakonsson DD, Eskildsen JK, Wallot S. Physiological evidence of interpersonal dynamicsin a cooperative
production task. Physiol Behav. 2016;156:24-34. [doi: 10.1016/j.physbeh.2016.01.004] [Medline: 26773466]

Mitkidis P, McGraw JJ, Roepstorff A, Wallot S. Building trust: heart rate synchrony and arousal during joint action increased
by public goods game. Physiol Behav. 2015;149:101-106. [doi: 10.1016/j.physbeh.2015.05.033] [Medline: 26037635]
Rennung M, Goritz AS. Prosocial consequences of interpersonal synchrony: ameta-analysis. Z Psychol. 2015;224(3):168-189.
[FREE Full text] [doi: 10.1027/2151-2604/a000252] [Medline: 28105388]

Coutinho J, Pereira A, Oliveira-SilvaP, Meier D, Lourenco V, Tschacher W. When our hearts beat together: cardiac
synchrony as an entry point to understand dyadic co-regulation in couples. Psychophysiology. 2021;58(3):e13739. [doi:
10.1111/psyp.13739] [Medline: 33355941]

Helm JL, SbarraD, Ferrer E. Assessing cross-partner associationsin physiological responses via coupled oscillator models.
Emotion. 2012;12(4):748-762. [doi: 10.1037/a0025036] [Medline: 21910541]

Luscher J, Kowatsch T, Boateng G, Santhanam P, Bodenmann G, Scholz U. Social support and common dyadic coping in
couples dyadic management of type Il diabetes: protocol for an ambulatory assessment application. IMIR Res Protoc.
2019;8(10):e13685. [FREE Full text] [doi: 10.2196/13685] [Medline: 31588907]

Boateng G, Santhanam P, Fleisch E, Liischer J, Pauly T, Scholz U, et al. Development, deployment, and evaluation of
DyM and—an open-source smartwatch and smartphone system for capturing couples? Dyadic interactionsin chronic disease
management in daily life. ArXiv. :1-25. Preprint posted online on October 11, 2019. [doi: 10.1145/3300061.3343399]
Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of HbA1c test in diagnosis and prognosis
of diabetic patients. Biomark Insights. 2016;11:95-104. [FREE Full text] [doi: 10.4137/BM1.S38440] [Medline: 27398023]
Poverty. Swiss Federal Statistical Office. URL: https://www.bfs.admin.ch/bfs/en/home/statistics/

€conomi c-soci al -situati on-popul ati on/economi c-and-soci al -Si tuati on-of -the-popul ati on/poverty-deprivati on/poverty.html
[accessed 2024-06-25]

Mehl MR, Pennebaker JW, Crow DM, Dabbs J, Price JH. The electronically activated recorder (EAR): adevicefor sampling
naturalistic daily activities and conversations. Behav Res Methods Instrum Comput. 2001;33(4):517-523. [doi:
10.3758/bf03195410] [Medline: 11816455]

Wang SW, Repetti RL. Who gives to whom? Testing the support gap hypothesis with naturalistic observations of couple
interactions. J Fam Psychol. 2016;30(4):492-502. [doi: 10.1037/fam0000196] [Medline: 27010600]

Hallgren KA. Computing inter-rater reliability for observational data: an overview and tutorial. Tutor Quant Methods
Psychol. 2012;8(1):23-34. [FREE Full text] [doi: 10.20982/tgmp.08.1.p023] [Medline: 22833776]

McAssey MP, Helm J, Hsieh F, Sbarra DA, Ferrer E. Methodological advances for detecting physiological synchrony
during dyadic interactions. Methodology. 2013;9(2):41-53. [doi: 10.1027/1614-2241/a000053]

R: alanguage and environment for statistical computing. R Core Team. 2022. URL: https.//www.R-project.org/ [accessed
2024-06-25]

https://mhealth.jmir.org/2024/1/e49576 JMIR Mhealth Uhealth 2024 | vol. 12 | e49576 | p. 11

(page number not for citation purposes)


https://europepmc.org/abstract/MED/22887054
http://dx.doi.org/10.1002/pon.3161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22887054&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2019.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30831331&dopt=Abstract
http://dx.doi.org/10.1016/j.intcom.2005.07.001
https://europepmc.org/abstract/MED/36805169
http://dx.doi.org/10.2337/dc22-2290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36805169&dopt=Abstract
http://dx.doi.org/10.3758/s13415-022-01011-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35556231&dopt=Abstract
https://europepmc.org/abstract/MED/26147932
http://dx.doi.org/10.1037/fam0000115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26147932&dopt=Abstract
http://dx.doi.org/10.1037/pag0000651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34672638&dopt=Abstract
http://dx.doi.org/10.1177/1088868316628405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26921410&dopt=Abstract
https://doi.org/10.1038/s41598-020-76539-8
http://dx.doi.org/10.1038/s41598-020-76539-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33184357&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2016.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26773466&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2015.05.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26037635&dopt=Abstract
https://econtent.hogrefe.com/doi/abs/10.1027/2151-2604/a000252?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1027/2151-2604/a000252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28105388&dopt=Abstract
http://dx.doi.org/10.1111/psyp.13739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355941&dopt=Abstract
http://dx.doi.org/10.1037/a0025036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21910541&dopt=Abstract
https://www.researchprotocols.org/2019/10/e13685/
http://dx.doi.org/10.2196/13685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31588907&dopt=Abstract
http://dx.doi.org/10.1145/3300061.3343399
https://journals.sagepub.com/doi/10.4137/BMI.S38440?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.4137/BMI.S38440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27398023&dopt=Abstract
https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-population/economic-and-social-situation-of-the-population/poverty-deprivation/poverty.html
https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-population/economic-and-social-situation-of-the-population/poverty-deprivation/poverty.html
http://dx.doi.org/10.3758/bf03195410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11816455&dopt=Abstract
http://dx.doi.org/10.1037/fam0000196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27010600&dopt=Abstract
https://europepmc.org/abstract/MED/22833776
http://dx.doi.org/10.20982/tqmp.08.1.p023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22833776&dopt=Abstract
http://dx.doi.org/10.1027/1614-2241/a000053
https://www.R-project.org/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Pauly et a

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

Behrens F, Moulder RG, Boker SM, Kret ME. Quantifying physiological synchrony through windowed cross-correlation
analysis: statistical and theoretical considerations. bioRxiv. :1-53. Preprint posted online on August 28, 2020. [doi:
10.1101/2020.08.27.269746]

Bates D, Méchler M, Bolker B, Walker S. Fitting linear mixed-effects models using. J Stat Soft. 2015;67(1):1-48. [doi:
10.18637/jss.v067.i01]

Barbee AP, Cunningham MR, Winstead BA, DerlegaVVJ, Gulley MR, Yankeelov PA, et a. Effects of gender role expectations
on the social support process. J Soc Issues. 1993;49(3):175-190. [doi: 10.1111/].1540-4560.1993.tb01175.x]

Neff LA, Karney BR. Gender differencesin social support: a question of skill or responsiveness? J Pers Soc Psychal.
2005;88(1):79-90. [doi: 10.1037/0022-3514.88.1.79] [Medline: 15631576]

Bodenmann G, Meuwly N, Germann J, Nussbeck FW, Heinrichs M, Bradbury TN. Effects of stress on the social support
provided by men and women in intimate rel ationships. Psychol Sci. 2015;26(10):1584-1594. [doi:
10.1177/0956797615594616] [Medline: 26341561]

Brinberg M, Ram N. Do new romantic couples use more similar language over time? Evidence from intensive longitudinal
text messages. J Commun. 2021;71(3):454-477. [FREE Full text] [doi: 10.1093/joc/jgab012] [Medline: 34335083]
Coutinho J, Oliveira-Silva P, Fernandes E, Gong¢alves OF, Correia D, Perrone Mc-Govern K, et al. Psychophysiological
synchrony during verbal interaction in romantic relationships. Fam Process. 2019;58(3):716-733. [doi: 10.1111/famp.12371]
[Medline: 29888517]

Pauly T, Michalowski V1, Drewelies J, Gerstorf D, Ashe MC, Madden KM, et a. Cortisol synchrony in older couples:
daily socioemotional correlates and interpersonal differences. Psychosom Med. 2020;82(7):669-677. [doi:
10.1097/PSY.0000000000000838] [Medline: 32868536]

Bulling LJ, Hilpert P, Bertschi IC, Ivic A, Bodenmann G. Associations between vocal arousal and dyadic coping during
couple interactions after a stress induction. Int J Appl Posit Psychol. 2023;8(Suppl 2):187-204. [FREE Full text] [doi:
10.1007/s41042-023-00087-5] [Medline: 38162834]

Puterman E, Pauly T, Ruissen G, Nelson B, Faulkner G. Move more, move better: anarrative review of wearabletechnologies
and their application to precision health. Health Psychol. 2021;40(11):803-810. [doi: 10.1037/hea0001125] [Medline:
34855416]

Nelson BW, Low CA, Jacobson N, Arean P, Torous J, Allen NB. Guidelines for wrist-worn consumer wearabl e assessment
of heart rate in biobehavioral research. NPJ Digit Med. 2020;3:90. [EREE Full text] [doi: 10.1038/s41746-020-0297-4]
[Medline: 32613085]

Bent B, Goldstein BA, Kibbe WA, Dunn JP. Investigating sources of inaccuracy in wearable optical heart rate sensors.
NPJ Digit Med. 2020;3:18. [FREE Full text] [doi: 10.1038/s41746-020-0226-6] [Medline: 32047863]

SensorKit: retrieve data and derived metrics from sensors on an iPhone, or paired Apple Watch. Apple Inc. URL: https:/
[/devel oper.apple.com/documentation/sensorkit/ [accessed 2024-06-25]

Di Bello M, Carnevali L, Petrocchi N, Thayer JF, Gilbert P, Ottaviani C. The compassionate vagus. a meta-analysis on the
connection between compassion and heart rate variability. Neurosci Biobehav Rev. 2020;116:21-30. [doi:
10.1016/j.neubiorev.2020.06.016] [Medline: 32554001]

Dickerson SS, Kemeny ME. Acute stressors and cortisol responses. a theoretical integration and synthesis of laboratory
research. Psychol Bull. 2004;130(3):355-391. [doi: 10.1037/0033-2909.130.3.355] [Medline: 15122924]

Saxbe D, Repetti RL. For better or worse? Coregulation of couples' cortisol levels and mood states. J Pers Soc Psychol.
2010;98(1):92-103. [doi: 10.1037/a0016959] [Medline: 20053034]

Timmons AC, Baucom BR, Han SC, Perrone L, Chaspari T, Narayanan SS, et a. New frontiers in ambulatory assessment:
big data methods for capturing couples’ emotions, vocalizations, and physiology in daily life. Soc Psychol Pers Sci.
2017;8(5):552-563. [doi: 10.1177/1948550617709115]

Pérez P, Madsen J, Banellis L, Tirker B, Raimondo F, Perlbarg V, et al. Conscious processing of narrative stimuli
synchronizes heart rate between individuals. Cell Rep. 2021;36(11):109692. [FREE Full text] [doi:
10.1016/j.celrep.2021.109692] [Medline: 34525363]

Nelson BW, Laurent SM, Bernstein R, Laurent HK. Perspective-taking influences autonomic attunement between partners
during discussion of conflict. J Soc Personal. 2017;34(2):139-165. [doi: 10.1177/0265407515626595]

Reddan MC, Young H, Falkner J, Lépez-Sola M, Wager TD. Touch and social support influence interpersonal synchrony
and pain. Soc Cogn Affect Neurosci. 2020;15(10):1064-1075. [FREE Full text] [doi: 10.1093/scan/nsaa048] [Medline:
32301998]

Liu S, Rovine MJ, Klein LC, Almeida DM. Synchrony of diurnal cortisol pattern in couples. J Fam Psychol.
2013;27(4):579-588. [FREE Full text] [doi: 10.1037/a0033735] [Medline: 23978320]

Imel ZE, Barco JS, Brown HJ, Baucom BR, Baer JS, Kircher JC, et al. The association of therapist empathy and synchrony
in vocally encoded arousal. J Couns Psychol. 2014;61(1):146-153. [FREE Full text] [doi: 10.1037/a0034943] [Medline:
24274679

Zietlow AL, Eckstein M, Herndandez C, Nonnenmacher N, Reck C, Schaer M, et al. Dyadic coping and its underlying
neuroendocrine mechanisms—implications for stress regulation. Front Psychol. 2019;9:2600. [FREE Full text] [doi:
10.3389/fpsyq.2018.02600] [Medline: 30687147]

https://mhealth.jmir.org/2024/1/e49576 JMIR Mhealth Uhealth 2024 | vol. 12 | e49576 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1101/2020.08.27.269746
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1111/j.1540-4560.1993.tb01175.x
http://dx.doi.org/10.1037/0022-3514.88.1.79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15631576&dopt=Abstract
http://dx.doi.org/10.1177/0956797615594616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26341561&dopt=Abstract
https://europepmc.org/abstract/MED/34335083
http://dx.doi.org/10.1093/joc/jqab012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34335083&dopt=Abstract
http://dx.doi.org/10.1111/famp.12371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29888517&dopt=Abstract
http://dx.doi.org/10.1097/PSY.0000000000000838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32868536&dopt=Abstract
https://europepmc.org/abstract/MED/38162834
http://dx.doi.org/10.1007/s41042-023-00087-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38162834&dopt=Abstract
http://dx.doi.org/10.1037/hea0001125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34855416&dopt=Abstract
https://doi.org/10.1038/s41746-020-0297-4
http://dx.doi.org/10.1038/s41746-020-0297-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32613085&dopt=Abstract
https://doi.org/10.1038/s41746-020-0226-6
http://dx.doi.org/10.1038/s41746-020-0226-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32047863&dopt=Abstract
https://developer.apple.com/documentation/sensorkit/
https://developer.apple.com/documentation/sensorkit/
http://dx.doi.org/10.1016/j.neubiorev.2020.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32554001&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.130.3.355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15122924&dopt=Abstract
http://dx.doi.org/10.1037/a0016959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20053034&dopt=Abstract
http://dx.doi.org/10.1177/1948550617709115
https://linkinghub.elsevier.com/retrieve/pii/S2211-1247(21)01139-6
http://dx.doi.org/10.1016/j.celrep.2021.109692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34525363&dopt=Abstract
http://dx.doi.org/10.1177/0265407515626595
https://europepmc.org/abstract/MED/32301998
http://dx.doi.org/10.1093/scan/nsaa048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32301998&dopt=Abstract
https://europepmc.org/abstract/MED/23978320
http://dx.doi.org/10.1037/a0033735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23978320&dopt=Abstract
https://europepmc.org/abstract/MED/24274679
http://dx.doi.org/10.1037/a0034943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24274679&dopt=Abstract
https://europepmc.org/abstract/MED/30687147
http://dx.doi.org/10.3389/fpsyg.2018.02600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30687147&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Pauly et a

68.

69.

70.

71.

72.

73.

Scholz U, Stadler G, Berli C, Liischer J, Knoll N. How do people experience and respond to social control from their
partner? Three daily diary studies. Front Psychol. 2021;11:613546. [FREE Full text] [doi: 10.3389/fpsyq.2020.613546]
[Medline: 33519637]

Brosseau DC, Braeken J, Carmack CL, Rosberger Z, Kérner A. We think we can: development of the dyadic efficacy scale
for cancer. J Psychosoc Oncol Res Pract. 2021;3(4):€066. [doi: 10.1097/0r9.0000000000000066]

Badr H, Acitelli LK. Re-thinking dyadic coping in the context of chronic illness. Curr Opin Psychol. 2017;13:44-48. [doi:
10.1016/j.copsyc.2016.03.001] [Medline; 28813292]

Waulfovich S, Fiordelli M, Rivas H, Concepcion W, Wac K. " | must try harder": design implications for mobile apps and
wearables contributing to self-efficacy of patients with chronic conditions. Front Psychol. 2019;10:2388. [FREE Full text]
[doi: 10.3389/fpsyq.2019.02388] [Medline: 31749733]

Oikonomidi T, Ravaud P, LeBeau J, Tran VT. A systematic scoping review of just-in-time, adaptive interventions finds
limited automation and incomplete reporting. J Clin Epidemiol. 2023;154:108-116. [doi: 10.1016/j.jclinepi.2022.12.006]
[Medline: 36521653]

Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et a. Just-in-Time Adaptive Interventions
(JTAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med.
2018;52(6):446-462. [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

Abbreviations

DYMAND: DYadic MANagement of Diabetes
ECG: electrocardiogram

EDA: electrodermal activity

HbA ... hemoglobin A;.

ICC: intraclass correlation

Edited by L Buis; submitted 07.07.23; peer-reviewed by K Nomura, D Sorkin; comments to author 29.01.24; revised version received
24.04.24; accepted 05.06.24; published 05.08.24

Please cite as:

Pauly T, Luscher J, Wilhelm LO, Amrein MA, Boateng G, Kowatsch T, Fleisch E, Bodenmann G, Scholz U

Using Wearablesto Study Biopsychosocial Dynamicsin Couples Who Cope With a Chronic Health Condition: Ambulatory Assessment
Sudy

JMIR Mhealth Uhealth 2024;12:e49576

URL: https://mhealth.jmir.org/2024/1/e49576

doi: 10.2196/49576

PMID:

©Theresa Pauly, Janina Luscher, Lea Olivia Wilhelm, Melanie Alexandra Amrein, George Boateng, Tobias Kowatsch, Elgar
Fleisch, Guy Bodenmann, Urte Scholz. Originally published in IMIR mHealth and uHeal th (https://mhealth.jmir.org), 05.08.2024.
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 IMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
alink to the original publication on https://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2024/1/e49576 JMIR Mhealth Uhealth 2024 | vol. 12 | e49576 | p. 13

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33519637
http://dx.doi.org/10.3389/fpsyg.2020.613546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33519637&dopt=Abstract
http://dx.doi.org/10.1097/or9.0000000000000066
http://dx.doi.org/10.1016/j.copsyc.2016.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28813292&dopt=Abstract
https://europepmc.org/abstract/MED/31749733
http://dx.doi.org/10.3389/fpsyg.2019.02388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31749733&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2022.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36521653&dopt=Abstract
https://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://mhealth.jmir.org/2024/1/e49576
http://dx.doi.org/10.2196/49576
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/

