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Abstract

Postpartum depression (PPD) is a mood disorder affecting one in seven women after childbirth that is
often under-screened and under-detected. If not diagnosed and treated, PPD is associated with long-
term developmental challenges in the child and maternal morbidity. Wearable technologies, such as
smartwatches and fitness trackers (e.g., Fitbit), offer continuous and longitudinal digital phenotyping for
mood disorder diagnosis and monitoring, with device wear time being an important yet understudied
aspect. Using the All of Us Research Program (AoURP) dataset, we assessed the percentage of days
women with PPD wore Fitbit devices across pre-pregnancy, pregnancy, postpartum, and PPD periods,
as determined by electronic health records. Wear time was compared in women with and without PPD
using linear regression models. Results showed a strong trend that women in the PPD cohort wore
their Fitbits more those without PPD during the postpartum (PPD: mean=72.9%, SE=13.8%; non-PPD:
mean=58.9%, SE=12.2%, P-value=0.09) and PPD time periods (PPD: mean=70.7%, SE=14.5%; non-
PPD: mean=55.6%, SE=12.9%, P-value=0.08). We hypothesize this may be attributed to
hypervigilance, given the common co-occurrence of anxiety symptoms among women with PPD. Future
studies should assess the link between PPD, hypervigilance, and wear time patterns. We envision that
device wear patterns with digital biomarkers like sleep and physical activity could enhance early PPD
detection using machine learning by alerting clinicians to potential concerns facilitating timely

screenings, which may have implications for other mental health disorders.
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Introduction

The rise of wearable device ownership, such as Fitbits®, have led to significant advancements in the
realm of digital phenotyping’. Because wearables can be used to monitor the same individual in a
continuous and longitudinal manner, their use for personalized medicine is exciting, especially for
mental health where individualized tools for diagnosis and treatment monitoring are lacking. Digital
biomarkers from wearables are collected in a passive manner in non-clinical settings, thus enabling
these devices to offer potential enhancements to several clinical aspects of the mental health care
continuum?,

Postpartum depression (PPD) is a mood disorder that is one of the most common complications
of childbirth3. PPD has significant implications for maternal morbidity, associations with developmental
delays for the child, and incurs significant costs to society*~’. Because PPD is a highly heterogeneous
condition and often stigmatized, many patients go undiagnosed®. One significant issue with PPD is that
most women do not receive sufficient screening, as only about 31% of women with PPD receive a
diagnosis*. As noted by Cox et al., there are reliable screening instruments for PPD (e.g., the
Edinburgh-Postnatal Depression Scale [EPDS])*° and specific treatments for PPD (e.g., brexanalone
and zuranolone)'®!"; yet screening and diagnosis of PPD lag behind and novel approaches for PPD
detection are direly needed.

Wearables have provided an opportunistic route for enhanced behavioral phenotyping during
pregnancy and in the postpartum period, including for PPD?%'%3, Given the under-diagnostic rate of
PPD, readily available consumer wearables may aid in its early detection due to their rise in ownership
and passive data collection, thereby improving patient outcomes. For example, our recent work
demonstrated that individualized machine learning (ML) models using digital biomarkers (heart rate,
physical activity, and energy expenditure) from a Fitbit were able to distinguish between four phases of
pregnancy, including pre-pregnancy, pregnancy, postpartum, and during PPD'2. Wearable devices
have also been shown to predict whether a woman will experience preterm birth using only one week

of activity and sleep data'3. Additionally, studies have demonstrated that activity intensity distribution
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during the day, resting heart rate, and heart rate variability captured from a wearable device were
predictive of maternal loneliness, which is associated with PPD'. Collectively, these studies highlight
a relationship between digital biomarkers and perinatal mental health, suggesting that wearables may
enhance longitudinal monitoring.

While it has been shown that digital biomarkers from wearables, such as the Fitbit, combined
with ML can provide insight into mental health conditions, patterns of wear time remain relatively
unexplored. Prior studies exploring wearable device wear time have mainly taken place in the human-
computer interaction field in a general population and disease-agnostic setting’-'°. A few studies have
looked at wear time behavior in the context of biomedical research, but only in a limited capacity. For
instance, analyses from the Framingham Heart Study suggest that higher depressive symptoms are
associated with lower smartwatch use, defined as wearing the device for more than five hours at least
one day of the week. The authors suggest this observation is due to the link between motivation and
depressive symptoms, where individuals are less likely to engage with a smartwatch for health-related
activities like tracking daily steps or promoting healthy lifestyle behaviors??. While this result posits a
relationship between device wear time and mental health, there is a need to explore wearable device
wear time in pregnancy cohorts, which are heterogeneous and constantly changing, making it difficult
to identify potential screening tools and biomarkers.

In this study, we sought to demonstrate the value of wearable device wear time as an insightful
digital biomarker in digital mental health. We leveraged the All of Us Research Program dataset
(AoURP), a longitudinal dataset with several health-related data types, including as electronic health
records (EHRs), surveys, physical measurements, and Fitbit data?’. To highlight the potential value of
Fitbit wear time in facilitating early detection of PPD, we characterized differences in wear time between
women with and without PPD. We propose that wearable device wear time may serve as a clinically
informative biomarker to help facilitate early detection of mental health disorders in a continuous,

passive, and non-clinical setting. For PPD specifically, gaining insight into wearable behavior patterns
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could offer valuable understanding of perinatal mental health, potentially enhancing screening and

diagnosis in real-world settings.
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Methods

Data sources and platforms

Data in this study leveraged the AoURP Controlled Tier v7 data set. Analysis was conducted using the
AoURP Researcher Workbench cloud platform. All phenotyping and data analysis were conducted
using R. Fitbit data in the AoURP operates under a bring-your-own-device model, where participants

who consent to participate in the study share data from their device that they already own?2.

Ethical considerations

The protocol for the AoURP study was reviewed by the institutional review board of the AoURP
(protocol 2021-02-TN-001). The institutional review board follows the regulations and guidance of the
National Institutes of Health Office for Human Research Protections for all studies, ensuring that the
rights and welfare of research participants are overseen and protected uniformly. The informed consent
process states that participants have the option to withdraw at any time. Privacy of participant data is
maintained in the following three ways: 1) storing data on protected computers, 2) preventing
researchers from seeing identifiable patient information, such as name or social security number, 3)
having researchers sign a contract they won'’t try to identify participants. Furthermore, access to the
AoURP dataset is only available through the Researcher Workbench, which is only to researchers who
have completed the requisite training at institutions with a signed Data Use Agreement. For
compensation, participants are offered $25 one-time in the form of cash, gift card, or an electronic
voucher if they are asked and decide to go to an All of Us partner center for physical measurements to
give blood, saliva, or urine samples. Of note, other racial/ethnic groups were not reported since the
sample sizes for several of them were less than 20 and could risk patient reidentification, which violates

the AoURP Dissemination policy?3.
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Computational phenotyping of PPD and non-PPD cohorts

Women were assigned to the PPD cohort using the same approach that we described previously'?24.
Briefly, identifying women with PPD consists of a three-fold approach: 1) a PPD diagnosis, 2) a
diagnosis of depression during the postpartum period, or 3) antidepressant drug exposure during the
postpartum period. Women were assigned to the non-PPD cohort by identifying women with available
pregnancy or delivery EHR data in a similar manner to the PPD cohort and then excluding those who
were in the PPD cohort.

To assess wear time behavior in a longitudinal manner, Fitbit wear time data for each woman in
the PPD cohort was assigned to one of four time periods: 1) pre-pregnancy (starting from two years
prior to the PPD index date), 2) pregnancy, 3) postpartum without depression (after the delivery date
and before the PPD diagnosis date), or 4) PPD (a diagnosis up to 24 months from the date of delivery,
which has been done in prior work and in this study also represents a time period)?>26. The PPD time
period ranged from 14 days prior to the index date through 30 days after the index date, which was
selected because 1) the diagnostic criteria for PPD requires that women display 5 depressive symptoms
lasting 2 weeks and 2) some individuals received antidepressant medication on the same date as their
index date, which can take effect after 4 weeks of use?”28,

Because women in the non-PPD group didn't undergo a "fourth" phase of PPD as seen in the
PPD group, we introduced a pseudo-time period called the PPD-equivalent phase as a time frame for
the non-PPD group to align with the PPD phase. The index date for the PPD-equivalent period was set
at 58 days following delivery, corresponding to the median number of days after delivery of PPD
diagnosis among women in the PPD group, following the same strategy we employed in our prior work.
Similarly, 14 days prior to the index date was not used since these women did not actually experience
PPD'2. Women were only included in the PPD or non-PPD cohorts if they had any Fitbit data during

any of the four time periods.
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Measuring and comparing Fitbit wear time between PPD and non-PPD cohorts

Fitbit wear time was measured by first determining the number of hours a smartwatch was worn in a
day using methods described previously?°. Prior studies have indicated that a “valid” day of smartwatch
data requires 10 hours of wear time and between 100 and 45000 steps. In this study, rather than
analyze days of “valid” data, we wanted to understand patterns of Fitbit wear time behavior amongst
women with PPD. Hence, we established a binary variable for each day to indicate whether the device
was worn or not based on the presence of at least 1 hour of wear time, where hours of wear time were
measured based on the presence of step data, similar to prior studies?®>. We then determined the
percentage of days the Fitbit was worn during each of the four time periods (i.e., pre-pregnancy,
pregnancy, postpartum, and PPD [or PPD-equivalent for the non-PPD cohort]) by counting the number
of days the device was worn divided by the total number of days during that time period for each woman.
The total number of days was determined for each person by filtering data after the first recorded date
of any Fitbit data to ensure that we were not labeling someone as not wearing their smartwatch if they
didn’t even own one. Fitbit wear time was compared between PPD and non-PPD cohorts using linear
regression, where four total models were run (one for each time period). Each model filtered on data
during one time period and the means were calculated using the emmeans() function°. Models were
run with covariates of age at PPD diagnosis (or age at the index date for the non-PPD cohort) and

race/ethnicity at a significance level of 0.05.

Measuring and comparing the number of hours Fitbit devices were worn per day between PPD and

non-PPD cohorts

We determined the number of hours per day the Fitbit was worn using the same logic as described
above. To assess whether there was a difference in the number of daily hours the Fitbit was worn
between PPD and non-PPD cohorts during each time period, we ran a linear mixed effects model using
the Ime4 package in R since there were multiple days of data per person (i.e., person ID was included

as the random effect) at a significance level of 0.053"32, The dataset was filtered on individuals who
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had at least 1 hour of wear time, since we wanted to ensure that we were assessing whether there was
a difference in the number of hours the device was worn per day among days that the device was
actually worn. Models were also run adjusting for age at PPD diagnosis (or age at the index date for

the non-PPD cohort) and race/ethnicity at a significance level of 0.05.

Measuring and comparing the percentage of days Fitbits were worn to sleep between PPD and non-

PPD cohorts

In order to assess how often women with PPD wore their device to sleep, we focused on whether
women had any record of “main sleep” for each date as a binary variable for yes or no. We then
determined the percentage of days the Fitbit was worn to sleep during each of the four time periods
(i.e., pre-pregnancy, pregnancy, postpartum, and PPD [or PPD-equivalent for the non-PPD cohort]) by
counting the number of days the device was worn to sleep divided by the total number of days during
that time period for each woman. The analysis was run in a similar fashion as described for comparing
the percentage of days the device was worn, where a linear regression model was used to assess if
there was a difference in the percentage of days the device was worn to sleep between women in the
PPD and non-PPD cohorts during each of the time periods at a significance level of 0.05. Models were
rerun with covariates of age at PPD diagnosis (or age at the index date for the non-PPD cohort) and

race/ethnicity at a significance level of 0.05.

Assessing the correlation between device wear time prior to and during PPD

The correlation between device wear time prior to PPD with device wear time during PPD was
performed by filtering on two time periods of interest (e.g., pre-pregnancy and PPD) and assessing the
correlation amongst all women in the PPD cohort. The ggpubr package was used to determine the
correlation and was evaluated at a significance level of 0.05%3. The same analysis was conducted
comparing device usage during pregnancy and PPD time periods as well. Both analyses were repeated

in women without PPD for comparison.
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Assessing the correlation between device consistency prior to and during PPD

Device wear time consistency was measured by determining the maximum number of consecutive days
the Fitbit was worn for each time period for each unique person. Device wear time for one day was
defined using the same definition as before, where we considered an individual wore the device if they
had at least one hour of wear time for each date based on the presence of step data?®. We then
determined the relationship between device wear time consistency during pre-pregnancy and PPD by
calculating the Pearson correlation coefficient between the max number of days the device was worn
during the PPD time period versus the pre-pregnancy time period at a significance level of 0.05 using
the ggpubr package in R3334. We also performed the same analysis replacing the pre-pregnancy time
period with the pregnancy time period to assess the correlation between device consistency during

pregnancy and PPD. This process was repeated in the non-PPD cohort for comparison.

Large language models

ChatGPT (GPT-3.5), developed by OpenAl (https://openai.com/) was used to edit some portions of the

manuscript, including grammar, language, and synonyms. All recommendations from ChatGPT were

reviewed by the author and were not used for the purpose of generating ideas or content.
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Results

Descriptive statistics

Women were determined to be in the PPD cohort using methods as previously described (see Methods
section; Figure 1)'224. Our AoURP cohort consisted of 142 women who experienced pregnancy and
had available Fitbit data with a total of 108062 days of data, where 41 women experienced PPD (31201
days of data) and 101 women (76861 days of data) did not. To achieve an accurate comparison in
women without PPD, we created a pseudo-time period labeled PPD-equivalent starting 58 days
following delivery, which was the median number of days after delivery for PPD diagnosis (see more
details about pregnancy time periods in the Methods section). In the PPD and non-PPD cohorts, there
were 13225 and 40212 days of data during pre-pregnancy, 11055 and 27559 days during pregnancy,
5089 and 6060 days during postpartum, and 1832 and 3030 days of data during the PPD/PPD-
equivalent time periods, respectively. The median age of the PPD cohort was 33.1 years old
(interquartile range [IQR]=29.1-35.7) compared to 33.9 years old (IQR=30.9-37.1) for women in the
non-PPD cohort. Both the PPD (87.8%) and non-PPD cohorts (75.2%) were predominantly white non-

Hispanic (Table 1).
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Figure 1: Flow diagram describing the inclusion and exclusion criteria of postpartum

depression (PPD) and non PPD cohorts.
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Table 1: Descriptive statistics of women in the PPD and non-PPD cohorts.

Cohort Number of women (%) Number of days of data (%)
Everyone 142 (100%) 108062 (100%)

PPD 41 (28.9%) 31201 (28.9%)
non-PPD 101 (71.1%) 76861 (71.1%)

Cohort Time period Number of days of data (%)
Everyone Pre-pregnancy 53437 (49.5%)
Everyone Pregnancy 38614 (35.7%)
Everyone Postpartum 11149 (10.3%)

PPD
Everyone (or PPD-equivalent) 4862 (4.5%)

PPD Pre-pregnancy 13225 (42.4%)

PPD Pregnancy 11055 (35.4%)

PPD Postpartum 5089 (16.3%)

PPD PPD 1832 (5.9%)
non-PPD Pre-pregnancy 40212 (52.3%)
non-PPD Pregnancy 27559 (35.9%)
non-PPD Postpartum 6060 (7.9%)
non-PPD PPD-equivalent 3030 (3.9%)

.

Cohort Median age IQR age
Everyone 33.7 30.6 - 36.5

PPD 33.1 29.1-357

noPPD 33.9 30.9 - 37.1

Cohort Race/ethnicity Number of women (%)
Everyone white non-Hispanic 112 (78.9)
PPD white non-Hispanic 36 (87.8)
non-PPD white non-Hispanic 76 (75.2)

*IQR = interquartile range
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Women in the PPD cohort wore their devices more often during the postpartum and PPD periods

compared to those in the non-PPD cohort.

We first sought to evaluate whether women with PPD displayed Fitbit wear time behavior that differed
to those without PPD. We calculated the percentage of days that each woman wore their device during
the PPD and PPD-equivalent time periods and built a linear regression model adjusted for age at PPD
diagnosis and race/ethnicity. The results revealed a strong trend that the percentage of days the device
was worn in the PPD cohort (mean=70.7%, standard error [SE]=14.5%) was greater than the non-PPD
cohort with a mean of 55.6% (SE=12.9%, P-value = 0.08; Figure 2).

Observing this pattern during the PPD/PPD-equivalent time frames, we proceeded to explore
potential disparities in wear time between PPD and non-PPD cohorts across other pregnancy stages,
including pre-pregnancy, pregnancy, and postpartum periods. Such analysis aims to discern potential
associations between Fitbit wear time behavior and future PPD onset. Models were run in a similar
fashion for the pre-pregnancy, pregnancy, and postpartum time periods, where we also detected a
strong trend of increased wear time during the postpartum time period, with a mean of 72.9%
(SE=12.8%) in the PPD cohort compared to 58.9% (SE=12.2%) in the non-PPD cohort (P-value=0.09;
Figure 2). These results suggest that women who go on to develop PPD may wear their device more
than those who don'’t in the postpartum period. Alternatively, there was no significant difference in the
percentage of days the device was worn during pre-pregnancy or pregnancy time periods between the

two cohorts (Figure 2).
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Figure 2: Women in the PPD cohort tended to wear their wearable device more than those in the

non-PPD cohort during the postpartum and PPD time periods.
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The percentage of days women in the PPD and non-PPD cohorts wore their wearable device during
the pre-pregnancy (top left), pregnancy (top right), postpartum (bottom left), and PPD (or PPD-
equivalent; bottom right) time periods. Data in the PPD and non-PPD cohorts were compared using
linear regression adjusted for age at PPD diagnosis and race/ethnicity and are expressed as mean +

standard error.
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We did not detect a significant difference in the number of hours per day wearables were worn between

PPD and non-PPD cohorts

Observing variation in the percentage of days wearable devices were worn between PPD and non-
PPD cohorts, we subsequently evaluated if there were any differences in the daily duration of device
wear time adjusted for age at PPD diagnosis and race/ethnicity. Surprisingly, our findings revealed no
trends or significant differences between PPD and non-PPD cohorts during pre-pregnancy (PPD:
mean=14.4, SE=0.98; non-PPD: mean=14.8, SE=0.87, P-value=0.50), pregnancy (PPD: mean=15.8,
SE=0.98; non-PPD: mean=16.4, SE=0.85, P-value=0.36), postpartum (PPD: mean=16.5, SE=1.00;
non-PPD: mean=17.2, SE=0.84, P-value=0.29), or the PPD/PPD-equivalent periods (PPD:

mean=17.4, SE=0.97; non-PPD: mean=17.8, SE=0.84, P-value=0.53; Figure 3).
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Figure 3: Women in the PPD and non-PPD cohorts wore their Fitbit for the same number of

hours per day across time periods of pregnancy.
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The number of hours per day women in the PPD and non-PPD cohorts wore their wearable device
during the pre-pregnancy (top left), pregnancy (top right), postpartum (bottom left), and PPD (or PPD-
equivalent; bottom right) time periods. Data in the PPD and non-PPD cohorts were compared using
linear mixed-effects models with person ID as the random effect adjusted for age at PPD diagnosis and

race/ethnicity and are expressed as mean * standard error.
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Women in the PPD cohort wore their Fitbit to sleep more during the postpartum and PPD periods

compared to those without PPD

Given the extensive connection between sleep and PPD, we sought to describe and compare the
percentage of days women in the PPD cohort wore their Fitbit to sleep compared to those without PPD
during each phase of pregnancy®>-4'. When comparing the percentage of days women in each cohort
wore their Fitbit to sleep, the results displayed a similar observation as the percentage of wear time,
where we noticed a trend of women wearing the device to sleep more during the postpartum period in
the PPD cohort (mean=58.9%, SE=12.2%) compared to the non-PPD cohort (mean=45.6%,
SE=10.8%, P-value=0.07) adjusted for age at PPD diagnosis and race/ethnicity (Figure 4). There was
a similar trend during the time period women experienced PPD (mean=64.4%, SE=13.4%) compared
to those who did not (mean=49.8%, SE=11.8%, P-value=0.07; Figure 4). No differences were detected
in the percentage of days Fitbits were worn to sleep between PPD and non-PPD cohorts during the

pre-pregnancy or pregnancy time periods (Figure 4).
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Figure 4: Women in the PPD cohort tended to wear their devices more during sleep than those

in the non-PPD cohort during the postpartum and PPD time periods.
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The percentage of days women in the PPD and non-PPD cohorts wore their wearable device to sleep
during the pre-pregnancy (top left), pregnancy (top right), postpartum (bottom left), and PPD (or PPD-
equivalent; bottom right) time periods. Data in the PPD and non-PPD cohorts were compared using
linear regression adjusted for age at PPD diagnosis and race/ethnicity and are expressed as mean +

standard error.
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Fitbit wear time consistency during pre-pregnancy was not correlated with consistency during PPD, but

did correlate among women without PPD.

Lastly, we wanted to explore individual-level device wear time patterns before and during PPD.
Therefore, we examined the correlation between the percentage of days within women who wore their
smartwatch during time periods prior to PPD (i.e., pre-pregnancy and pregnancy) with the PPD time
period. For instance, a positive correlation would suggest that those who wore their smartwatch more
frequently during the pre-pregnancy period tended to do so during the PPD time period. We conducted
this analysis in parallel with the non-PPD cohort for comparison. In women with PPD, the results
displayed a significant positive correlation between the percentage of days the Fitbit was worn during
pre-pregnancy and PPD time periods (r=0.48, P-value=0.005; Figure 5). A positive correlation was also
detected during pre-pregnancy and PPD-equivalent time periods among women without PPD, although
it was not as strong (r=0.24, P-value=0.018; Figure 5). There also existed a strong positive correlation
between the percentage of wear time during the pregnancy and PPD time periods among women in

the PPD (r=0.77, P-value<0.001) and non-PPD cohorts (r=0.66, P-value<0.001; Figure 5).
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Figure 5: Women in the PPD and non-PPD cohorts displayed the same pattern of correlation

between wear time during earli

er and later pregnancy time periods.
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The Pearson correlation coefficient between the percentage of days women wore their Fitbit during pre-

pregnancy and PPD (top) in addition to pregnancy and PPD (bottom). The blue line represents the line

of best fit and gray shading shows the 95% confidence interval.
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To further understand the wear time behavior of women and their Fitbit during each time period,
we also sought to analyze the consistency with which the device was worn. Our earlier analyses
focused on comparing the percentage of days the device was worn across different time periods;
however, we acknowledged that wear patterns could vary. For example, if there were 50 days in total
to potentially wear the device during one of the time periods, wearing it consistently for 25 consecutive
days followed by 25 days of non-use is different from alternating between wearing and not wearing the
device every other day, even though both scenarios indicate 50% wear time. Therefore, to assess
individual-level consistency during each time period, we determined the maximum consecutive number
of days the device was worn during each time period and examined the correlation across time periods
(i.e., during pre-pregnancy and PPD [or PPD-equivalent]; during pregnancy and PPD [or PPD-
equivalent]). The results displayed a strong trend in wear time consistency between pre-pregnancy and
PPD-equivalent time periods among women without PPD (r=0.25, P-value=0.07), while those with PPD
did not exhibit any correlation (r=-0.05, P-value=0.84; Figure 6). Alternatively, a significant correlation
was present in both the PPD (r=0.48, P-value=0.02) and non-PPD (r=0.54, P-value<0.001) cohorts
between the pregnancy and PPD (or PPD-equivalent) time periods (Figure 6). These data suggest a
relationship between the consistency of Fitbit usage during pregnancy and the PPD (or PPD-
equivalent) periods in both cohorts. Notably, when analyzing the consistency of smartwatch wear time
during pre-pregnancy, the relationship only was present among women in the non-PPD cohort (Figure

6).
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Figure 6: Consistent Fitbit wear time during pre-pregnancy was not correlated with PPD wear

time consistency among women in the PPD cohort.
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The Pearson correlation coefficient between the maximum number of days in a row women PPD and

non-PPD cohorts wore their Fitbit during pre-pregnancy and PPD (top) in addition to pregnancy and
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PPD (bottom). The blue line represents the line of best fit and gray shading shows the 95% confidence

interval.
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Discussion

Our study elucidated numerous insights related to Fitbit wear time and PPD across time periods of
pregnancy. First, we observed a strong trend that women with PPD wear their device a higher
percentage of days than those without PPD during the postpartum and PPD time periods (Figure 2).
However, among the days that women in the PPD and non-PPD cohorts wore their device, there was
not a significantly different number of daily hours the device was worn (Figure 3). In terms of Fitbit wear
time behavior to sleep, a similar pattern to percentage of daily wear time was observed with women in
the PPD cohort wearing their Fitbit to sleep a higher percentage of days during the postpartum and
PPD time periods compared to those in the non-PPD cohort (Figure 4). It was also seen that women in
the PPD and non-PPD cohorts displayed the same correlation patterns between wear time during
earlier and later pregnancy time periods (Figure 5). Finally, we found that women in both the PPD and
non-PPD cohorts who wore their devices more consistently during pregnancy also maintained higher
levels of device wear consistency during the PPD (or PPD-equivalent) periods. However, there was no
correlation in the consistency of Fitbit wear time during the pre-pregnancy and PPD time periods among
women in the PPD cohort (Figure 6).

Our study's first key finding showed that women with PPD wore their Fitbit a higher percentage
of days compared to women without PPD. A similar trend was detected during the postpartum time
periods amongst women in the PPD and non-PPD cohorts (Figure 2). One reason we hypothesize that
women with PPD wore their devices more frequently than those without PPD is due to anxiety and
hypervigilance, which commonly occurs in women with PPD, and may drive increased personal tracking
behavior*?. Since PPD often goes undetected, women in the PPD cohort during the postpartum period
(prior to EHR diagnosis) may have already been experiencing PPD symptoms, which could explain the
similarities in patterns observed between the postpartum and PPD periods®. Unfortunately, AoURP
does not have symptom-related data so we cannot know for sure when symptoms began. While it was
originally suggested that PPD symptoms peak between 4-6 weeks in the postpartum period*344, recent

work suggests subgroups of women display unique symptom trajectories*. Further, although women
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in the PPD cohort tended to wear their Fitbit a higher percentage of days during the postpartum and
PPD time periods, we did not detect any difference in the number of hours per day the device was worn
compared to women without PPD (Figure 3). Our findings showed that both the PPD and non-PPD
cohorts wore their devices approximately 15-17 hours of the day, which is consistent with other studies
involving Fitbits*647.

The next component of our study was to investigate the percentage of days women with PPD
wear their device to sleep across each phase of pregnancy compared to those without PPD given the
extensive relationship between sleep and PPD35#'. Our findings revealed women in the PPD cohort
tended to wear their device more to sleep during the postpartum and PPD time periods compared to
those without PPD (Figure 4). Considering the similar pattern observed in Fitbit wear time frequency
(Figure 2), it was not surprising to find the same result in sleep data. Unfortunately, it is not possible to
determine whether the device was intentionally worn for sleep tracking or simply due to continued use,
but it could be interesting to investigate in future studies. The fact that women on average wear their
device between 15-17 hours per day suggests that when women in these cohorts do wear their device,
they also wear it to sleep*647.

Lastly, our study sought to assess whether Fitbit wear time behavior during time periods prior to
PPD may correlate with behavior during PPD, with the potential that wear time behavior during pre-
pregnancy or pregnancy time periods may be able to help predict PPD onset. Our findings displayed
that women who wear their device more during pre-pregnancy also wore their device more during PPD
(Figure 5). A similar observation was detected when comparing pregnancy and PPD time periods;
however, this relationship also persisted among women in the non-PPD cohort (Figure 5). When
assessing the consistency of Fitbit wear time, we noticed a strong trend only in women without PPD
that greater wear time consistency in pre-pregnancy correlated with greater consistency during the
PPD-equivalent period (Figure 6). This may be attributed to women with PPD experiencing co-occurring
mood and anxiety symptoms, leading them to wear their devices more frequently regardless of pre-

pregnancy consistency*2.
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While this study is the first to evaluate wearable device wear time behavior amongst women with
PPD across phases of pregnancy, it is not without limitations. First, the number of hours the device was
worn was estimated based on recorded Fitbit steps data using previously established methods;
however, it is not “ground truth” data and therefore may contain some level of inaccuracy?®. Second,
we do not have access to study participants in AOURP to perform any qualitative analysis to further
understand causal relationships about individual-level Fitbit wear time patterns and disease
symptoms/severity. Future studies should include user-experience-related questionnaires and
qualitative methods tailored towards women with and without PPD during the postpartum period to
assess the connection between PPD, hypervigilance, and device wear time'®~'°. Third, this study only
investigated wearable device behavior for the Fitbit. While the Fitbit is the most commonly wearable
device used for research purposes, it would be valuable to incorporate women with other devices, such
as the Apple Watch, Google Fit, Garmin smartwatch, or Oura ring, which has shown high levels of
adherence, and the type of device could be adjusted as a covariate*®-5'. Fourth, the PPD and non-PPD
cohorts were relatively small and we posit we may have observed statistical significance with larger
sample sizes. Finally, these cohorts consisted primarily of women who were white and non-Hispanic,
where results may not generalize to other patient populations. Future work should involve more diverse
populations to validate our findings and evaluate differences in wear time behavior between PPD and
non-PPD cohorts across different racial/ethnic groups. Notably, one strength of this study is that AcURP
does not send any type of notification or reminders for continued usage, thus our work provides a great
foundation for the first study to assess real-world wearable device wear time behavior in women with
PPD.

Understanding wearable device wear time behavior can provide insightful clinical information
related to women with PPD. Considering that screening and diagnosis pose significant challenges,
wearables, including features of wear time behavior, could potentially offer a viable solution. We
envision a future using wearables combined with a machine learning algorithm that incorporates

wearable device wear time and other digital biomarkers like sleep and physical activity, facilitate early
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detection of PPD by notifying the clinician with potential concern to prompt timely screening. Wear time
behavior presents a passive and relatively straightforward feature to aid in evaluating PPD in non-
clinical environments, and its application could potentially extend to other perinatal and general mental

health disorders.
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