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Pilot and Feasibility Studies

Feasibility and tolerability of physiologic 
monitoring among pregnant nurses 
and nursing teams
Isha Agarwal1,2*   , Madeleine Puissant1,2, Irit Altman1, Alexandra Hinton2, Tania D. Strout1 and 
Erika L. Sabbath3,4 

Background  Most studies of stress during pregnancy have relied on self-reported and recalled measures, leaving 
a knowledge gap about the impact of acute, or momentary, stressors. Heart rate, blood pressure, and cortisol are 
physiologic measures known to increase acutely in response to acute stress. The feasibility of collecting these meas-
ures has not been widely reported among pregnant workers outside of a controlled laboratory setting.

Methods  This pilot study assessed the feasibility and tolerability of measuring ambulatory heart rate, blood pressure, 
and diurnal urine cortisol during periods of work and rest among pregnant nurses, nursing assistants, and clinical 
technicians.

Results  Over a 9-month enrollment period, we received 31 inquiries from potential candidates, of whom 18 
met our eligibility criteria and 12 accepted enrollment (67% acceptance rate). Over the study period, 4 enrollees 
withdrew their participation, and 8 were retained until the end of the study (67% completion rate). Our feasibility 
threshold was the acquisition of ≥ 80% of expected measurements for heart rate, blood pressure, and urine corti-
sol among retained participants. We achieved our feasibility target for blood pressure recordings (acquiring 84% 
of expected measures) but not for heart rate recordings (acquiring 60% of expected measures). Urine cortisol levels 
were successfully obtained 97% of the time. Through qualitative analysis of comments provided by study participants, 
we identified three major themes surrounding barriers to completing physiological monitoring: (1) personal discom-
fort and technical issues with study equipment, (2) work or activity interference, and (3) concerns about study design.

Conclusions  While physiologic monitoring of pregnant workers is important for learning about how work might 
impact pregnancy outcomes, equipment challenges pose a significant barrier to study participation. Future studies 
should allow for a significant withdrawal rate or explore alternative equipment options.
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Key messages regarding feasibility

•	 The feasibility of measuring physiologic markers of 
acute stress has not been widely reported among 
pregnant workers outside of a controlled laboratory 
setting.

•	 Equipment challenges pose a significant barrier to 
study participation in ambulatory heart rate and 
blood pressure monitoring of pregnant shift workers.
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•	 Future studies should allow for a significant with-
drawal rate or explore alternative equipment options.

Introduction
Over 4.9 million nurses are employed in the USA, and 
approximately half of them are women of reproduc-
tive age [1]. Nurses practice in a unique occupational 
environment that can require night shift work, long 
working hours, prolonged standing, and heavy lifting. 
In the Nurses’ Worklife and Health study [2], one-third 
of nurses worked more than 40 h per week, and 17% 
reported having to participate in mandatory overtime. 
Additionally, many nurses work in high-acuity settings, 
such as the emergency department or intensive care 
unit, where they must routinely navigate stressful situa-
tions like resuscitating critically ill patients, de-escalating 
patients or families with emotional upset, and taking care 
of patients with altered mental status, under the influ-
ence of illicit drugs, or who have severe psychiatric illness 
[3]. These occupational exposures also impact those who 
work in parallel to nurses, often in supporting roles, such 
as certified nursing assistants (CNAs) and clinical techni-
cians (hereafter referred to as nursing teams).

Stress during pregnancy is a clinically important expo-
sure associated with adverse pregnancy outcomes [4]. 
Existing studies have demonstrated associations between 
chronic stressors (such as night shift work [4], long 
working hours [4], and financial stress [5]) and multiple 
adverse pregnancy outcomes [4], including spontaneous 
abortion [6], preterm delivery [7], and hypertensive dis-
orders of pregnancy [8]. Potential physiological mecha-
nisms include disruption of normal circadian behavioral 
and physiologic pathways, shortened sleep duration, and 
neuroendocrine dysregulation [9].

Most studies of stress during pregnancy have relied on 
self-reported and recalled measures of chronic stress, 
usually at a single timepoint prior to gestation or dur-
ing pregnancy [10]. However, in addition to chronic 
stress, most individuals, particularly those working in 
high-acuity environments, experience acute or momen-
tary stressors—e.g., short-term events that may lead to 
acute subjective and physiologic stress responses [11]. 
During an acute stress response, the body activates the 
sympathetic nervous system and withdraws the para-
sympathetic nervous system, signaling the adrenal glands 
to release epinephrine and cortisol and stimulating 
increases in heart rate and blood pressure [11]. Human 
experiments in controlled laboratory settings have dem-
onstrated increases in the cortisol, heart rate, and blood 
pressure in response to acute psychosocial stressors, 
among both pregnant [12] and non-pregnant [13] popu-
lations. Sustained increases in the heart rate and blood 
pressure after an acute stressor suggest low autonomic 

nervous system plasticity and unhealthy functioning [11, 
14]. Over time, repeated exposures to acute stress may 
lead to blunted reactivity of the autonomic nervous sys-
tem, resulting in decreased heart rate variability, blunted 
blood pressure dipping during nighttime hours, chronic 
hypertension, and higher risk for cardiovascular disease 
[13–15].

In recent years, ecological momentary assessment 
(EMA) approaches, which collect repeated data in a 
subject’s natural environment, have been increasingly 
applied to study real-world physiologic responses to 
short-term stress during daily life [13]. Wearable blood 
pressure and heart rate monitoring devices can assess 
the magnitude and duration of increases in the heart 
rate and blood pressure in response to acute stress and 
capture measures of autonomic reactivity such as heart 
rate variability [14] and blood pressure dipping [16]. 
EMA approaches are superior to traditional laboratory-
based methods as they capture the variety, severity, and 
duration of stressors that individuals face in their daily 
lives and measure the body’s response to these stressors. 
Wearable devices used in EMA research enable longitu-
dinal data collection that may not be feasible with lab or 
clinic-based measurements. However, most EMA studies 
have been conducted in non-pregnant populations, with 
sparse and limited data available on how daily exposure 
to acute stressors may impact pregnant individuals, as 
well as whether pregnancy poses specific challenges to 
the collection of EMA data [17–19].

To fill this knowledge gap, we conducted an EMA pilot 
study to measure physiologic parameters of acute stress 
(diurnal urine cortisol and continuously monitored heart 
rate and blood pressure) among pregnant individuals 
belonging to nursing teams. The main objectives of our 
pilot were to (1) determine the feasibility [20] of recruit-
ment and longitudinal retention of study participants, 
including both process feasibility and scientific feasibility, 
and (2) to determine the tolerability of study activities. 
Our primary goal was to assess the feasibility and toler-
ability of participation in ongoing physiological monitor-
ing among pregnant participants, to inform the approach 
and design of future work.

Methods
This pilot study was approved by the Institutional Review 
Board (IRB) at Maine Medical Center (MMC), where the 
study was performed. MMC is a 700-bed, level 1 trauma 
center and tertiary care referral center and the state’s 
largest medical center, employing nearly 2000 nurses.

Sample size
Our target sample size of 16 participants was based 
on our a priori estimation of the number of pregnant 
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nurses we expected to be eligible for our study during 
our 9-month recruitment period. Across clinical depart-
ments at MMC, there are ~ 600 nurses who work exclu-
sively day shifts or exclusively night shifts. Applying a 
pregnancy rate of 5% among reproductive-aged women, 
we estimated 30 pregnant nurses (600 × 0.05) at any 
given time period during the study. Given that pregnancy 
lasts ~ 10 months and assuming an equal distribution of 
women at each gestational age of pregnancy, we antici-
pated ~ 3 new pregnancies per month. Over a 9-month 
recruitment period, this would lead to 27 new pregnan-
cies available for participation in our study. Applying a 
recruitment rate of 60%, we anticipated we would be able 
to recruit and enroll 16 participants. Because our aim was 
to establish the feasibility of study procedures and not to 
estimate quantitative differences between study groups, 
we did not base our target sample size on the ability to 
ensure differences in quantitative parameters.

Study recruitment occurred over a 9-month period 
(Nov 2022 through July 2023) using direct and indirect 
recruitment methods, including the posting of IRB-
approved recruitment flyers throughout the hospital 
in clinician-focused spaces (e.g., breakrooms and staff 
locker rooms), notifying potential candidates about the 
study via nursing team leadership, and in-person engage-
ment with clinical staff throughout the hospital during 
both day shift and night shift hours. Candidates were 
directed to express their interest via a study-designated 
email to the research team. Once an inquiry was received, 
potential candidates were screened by study team mem-
bers for eligibility using a detailed study questionnaire 
(Supplement Appendix A). Inclusion criteria included 
female nursing team members of reproductive age (18–
49 years) who were actively working clinical shifts (either 
exclusively night shifts or exclusively day shifts) dur-
ing pregnancy, known singleton pregnancy at the time 
of recruitment, and no known obstetrical complications 
requiring specialty care. If the candidate met inclusion/
exclusion criteria and expressed continued interest in 
the study, an in-person meeting was set up to begin the 
informed consent process. Once a signed consent form 
was obtained, a participant was considered to be enrolled 
in the study.

Study participants were categorized according to their 
gestational age at the time of enrollment into an early 
or late pregnancy group, defined by < 20 or ≥ 20 weeks 
of gestational age, respectively (Tables  1 and 2). Quan-
titative and qualitative indicators of stress were meas-
ured during each category of gestational age during two 
matched 24-h sampling periods: one inclusive of a clini-
cal work shift (i.e., work period) and the other occur-
ring when no clinical work was scheduled (i.e., non-work 
period). Matched work and non-work sampling periods 

were intended to take place within a 1 week (with a maxi-
mum of 30 days) of each other in an effort to better stand-
ardize the data collected to a similar set of life conditions. 
Whenever possible, work and non-work data were col-
lected in both earlier and later pregnancy. For example, if 
a participant was enrolled in the study at a 10-week preg-
nant, a total of four sampling periods would be expected: 
a matched work and non-work sampling period during 
earlier pregnancy, followed by another matched set of 
sampling sessions in later pregnancy. Only two sampling 
periods (a work and non-work period) would be expected 
for a participant enrolled in later pregnancy, e.g., ≥ 20 
weeks of gestational age.

During each sampling period, we measured physi-
ological parameters that are known biomarkers of acute 
stress. These included urine cortisol (one morning and 
one evening collection, separated by 12 h) and 24 h of 
continuously monitored ambulatory heart rate (via Fit-
bit Sense smartwatch) and blood pressure (via Oscar 2 
ambulatory cuff, SunTech Medical). These were chosen 
based on a literature review of available options. Urine 
cortisol was measured from chilled urine samples trans-
ported on ice via liquid chromatograph-tandem mass 
spectrometry (MaineHealth NorDx lab). Participants 
were also asked to complete written surveys using stand-
ardized assessments of self-reported sleep and well-
being. These included a sleep diary to assess sleep–wake 
timing and duration [21], the Patient Health Question-
naire- 9 (PHQ- 9) to measure depressive symptoms [22], 
Pittsburg Sleep Quality Index (PSQI) to measure sleep 
quality [23], and Epworth Sleepiness Scale (ESS) to meas-
ure daytime sleepiness [24], each completed at the end 
of each sampling period. Participants were also asked to 
complete an exit survey at the conclusion of the study, 
in which they could provide quantitative and qualitative 
feedback regarding the tolerability of participating in 
study procedures.

Feasibility targets
Evaluation of feasibility and tolerability was informed by 
Thabane et al., [20] with a focus on process feasibility and 
scientific feasibility. Targets were defined according to a 
priori thresholds (see measures and feasibility targets, 
Table 3).

Process feasibility was measured across three areas: 
enrollment, retention, and acceptability. Enrollment 
was assessed based on the enrollment of the targeted 
number of individuals. Our target for enrollment was 16 
participants, including at least 8-day shift workers and 
4 night shift workers. Retention throughout the study 
was measured by dropout, participation in data col-
lection, missingness in the physiologic measurements 
and written surveys, and reasons for missingness. 
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Our feasibility target was a collection of 80% or more 
of expected data points for all study activities, includ-
ing physiologic measurements (blood pressure, heart 
rate, cortisol) and written surveys (survey completion). 
Acceptability of study activities and overall participa-
tion was measured quantitatively by self-report and 
qualitatively by feedback throughout the study and on 
the exit questionnaire. Our acceptability targets were 
a mean score of less than 4 for self-reported difficulty 
of participating in study activities (0–10 scale) and 80% 
or more of study participants reporting that they would 
recommend participating in the study.

Scientific feasibility was evaluated through the ability 
of ambulatory heart rate and blood pressure measure-
ments to generate meaningful variation in data, across 
sampling periods for each participant. Graphical data 
displays were created to aid in data interpretation.

Descriptive statistics were used to summarize 
the characteristics of the study participants. Cat-
egorical data were summarized using frequencies and 

percentages while continuous variables were sum-
marized using measures of central tendency and 
dispersion.

Qualitative feedback from participants was analyzed 
using a qualitative descriptive approach [25]. Free text 
responses were first read by the researchers to establish a 
feel for the data. Following the initial reads, the research-
ers selected related bits of text and organized them by 
common themes. The research team iteratively read, re-
read, coded, and re-coded bits of text as new insights 
about the data emerged during the process of constant 
comparison.

Results
Process feasibility
Recruitment and enrollment
Over the 9-month recruiting period (November 2022 to 
July 2023), our study team posted more than 50 flyers 
and engaged with nursing leadership across eight hospi-
tal departments to send up to three recruitment emails to 

Table 2  Demographic characteristics of eligible study participants

Withdrawn participants were participants who agreed to participate but withdrew from the study at any time after enrollment. Retained participants participated in 
some or all study activities until the completion of the study protocol

Eligible but declined to participate (N = 6) Withdrawn participants (N = 4) Retained 
participants 
(N = 8)

Age (years), mean (SD) 28.7 (4.7) 31.5 (3.7) 32.0 (2.1)

Gestational age at enrollment (weeks), mean (SD), n

  < 20 weeks 9.6 (5.0) (n = 3) 12.5 (8.2) (n = 2) 11.7 (3.3) (n = 4)

  ≥ 20 weeks 23.9 (2.4) (n = 3) 23.6 (5.5) (n = 2) 26.1 (6.0) (n = 4)

Work schedule, n (%)

  Day shift 4 (67%) 4 (100%) 5 (63%)

  Night shift 2 (33%) 0 (0%) 3 (38%)

Table 1  Sampling periods for which data collection was expected vs. initiated, among enrolled participants (n = 12)

Study participants were categorized according to their gestational age at the time of enrollment into an early or late pregnancy group, defined by < 20 or ≥ 20 weeks 
of gestational age, respectively. Whenever possible, a set of matched work + non-work sampling periods were expected at each category of gestational age

Participant category Gestational age Work vs. non-work Expected number of 
periods

Initiated number of 
periods

% of expected

Day shift Early Work 3 2 67%

Non-Work 3 2 67%

Late Work 9 6 67%

Non-Work 9 5 56%

Night shift Early Work 3 3 100%

Non-Work 3 3 100%

Late Work 3 3 100%

Non-Work 3 3 100%

Total 36 27 75%
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their clinical teams. Interested individuals were directed 
to reach out via the designated study email, and in total, 
we received 31 inquiries from potential candidates. After 
receiving an email inquiry, candidates were screened for 
eligibility. In the majority of cases, answers to all screen-
ing questions (Supplement Appendix A) were obtained 
from candidates; however, some partial screenings also 
occurred. Overall, 25 individuals were screened and a 
total of 18 individuals (72%) were deemed eligible to par-
ticipate. The most common reason for ineligibility was 
that individuals did not work exclusively day or night 
shifts (i.e., they worked a rotating or overlapping shift 
schedule) with one individual found ineligible due to not 
being pregnant (Fig.  1). For screened individuals who 
provided information about their work shift (n = 30), 
inquiries were more numerous from day shift employ-
ees (n = 16) compared to night shift employees (n = 7) or 
those who worked rotating or evening shifts (n = 7). We 

received the greatest number of inquiries shortly after 
we began the study, with 77% (n = 24) occurring in the 
first 2 months of the recruitment. However, the timing of 
inquiries for the subset of individuals working night shift 
(n = 7) was more evenly spaced, with 4 and 3 inquiries 
occurring during the first and second half of the recruit-
ment period, respectively.

Of the 18 individuals who were found eligible to par-
ticipate in the study, 12 participants were enrolled over 
the study period, indicating an acceptance rate of 67% 
(Fig.  1), and an estimated enrollment rate of 1.3 par-
ticipants per month of attempted enrollment. Enrolled 
participants worked across a broad range of clinical 
departments including the emergency department, labor 
and delivery, oncology, critical care, postoperative care, 
and other medical-surgical units.

Retention. Based on the gestational age at enrollment of 
study participants, we expected data to be collected from 

Table 3  Feasibility measures, targets, and outcomes

Process feasibility Measure Feasibility target Outcome

Enrollment N of the total enrolled participants  ≥ 16 participants 12 participants

N of day shift participants  ≥ 8 day shift participants 9 participants

N of night shift participants  ≥ 4 night shift participants 3 participants

Retention N of blood pressure measurements 
of those attempted (e.g., 1 measure-
ment per hour, over each 24-h sampling 
period)

 ≥ 80% expected 84%

N of heart rate measurements of those 
attempted (e.g., 1 measurement per 5 s, 
over each 24-h sampling period)

 ≥ 80% expected 60%

N of urine cortisol measurements of those 
collected (e.g., 2 collections over each 
24-h sampling period)

 ≥ 80% expected 97%

N of the participants who completed 
the requested questionnaires

 ≥ 80% of participants 
with fully completed question-
naires

Patient Health Questionnaire- 9: 96% 
complete (n = 26 complete of 27 
requested; e.g., 26/27)
Pittsburg Sleep Quality Index (PSQI):
100% complete (27/27)
Epworth Sleepiness Scale (ESS):
93% complete (25/27)
Exit Survey:
88% complete (7/8)

Acceptability Self-reported difficulty participating 
in ambulatory monitoring (0–10 scale), 
mean (SD)

 < 4 6 (2.8) (among n = 8 respondents)

Self-reported difficulty of participating 
in urine collection (0–10 scale), mean (SD)

 < 4 1 (1.7) (among n = 6 respondents)

Self-reported difficulty of participating 
in surveys (0–10 scale), mean (SD)

 < 4 0 (0) (among n = 7 respondents)

N of participants who would recommend 
participating in this study to a friend

 ≥ 80% of participants 100% (among n = 6 respondents)

Scientific feasibility
Qualitative variation between sam-
pling periods, for each participant

Heart rate monitor  > 0% variation Yes

Blood pressure monitor  > 0% variation Yes
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a total of 36 sampling periods. However, four enroll-
ees withdrew from the study for various reasons before 
sampling occurred, 1-day shift enrollee did not respond 
to communication to schedule a sampling period, 1-day 
shift enrollee did not complete any sampling periods 
due to job relocation to a different hospital, 1-day shift 
enrollee completed one set of sampling activities but did 
not respond to follow-up communication to schedule 
additional, expected sampling periods, and 1-day shift 
enrollee completed earlier pregnancy sampling peri-
ods but then developed a pregnancy complication and 
could not continue with later pregnancy sampling peri-
ods. In total, data collection was initiated (e.g., some 
or all requested study activities were completed) for 27 
of the expected 36 sampling periods (75% of expected, 
Table 1). Within sampling periods, heart rate and blood 
pressure monitoring were almost always attempted by 
participants.

Demographics
Demographic characteristics of participants who were 
eligible but declined participation and enrolled par-
ticipants who withdrew versus those who were retained 
are summarized in Table  2. Participants who were eli-
gible but declined to participate were slightly younger 
(28.7 years) compared to participants who were retained 
in the study compared to those who withdrew (32.0 vs. 
31.5 years, respectively). Gestational age at enrollment, 
divided into < 20 weeks and ≥ 20 weeks, was similar for 
retained participants, those who withdrew, and those 
who were eligible but declined to participate in the study. 
In comparing day shift and night shift participants, 5 of 
9 (55.5%) enrolled day shift participants were retained in 

the study while 3 of 3 (100%) enrolled night shift partici-
pants were retained.

Feasibility assessments
We used our feasibility criteria as a benchmark to assess 
the data we collected from study participants. A sum-
mary of feasibility targets compared to outcomes is pro-
vided in Table  3. Physiologic measures included blood 
pressure, heart rate, and urine cortisol measurements. 
The blood pressure cuff was programmed to provide one 
measurement per hour for each 24-h sampling period, 
while the heart rate was assessed at a rate of 1 measure-
ment every 5 s over each 24-h sampling period. Our fea-
sibility threshold was the acquisition of ≥ 80% of expected 
blood pressure or heart rate recordings. As shown in 
Table  3, we achieved our feasibility target for blood 
pressure recordings (acquiring 84% of expected meas-
ures) but not for heart rate recordings (acquiring 60% of 
expected measures). When completed, ambulatory heart 
rate and blood pressure measurements were able to gen-
erate meaningful variation in data, across sampling peri-
ods. Examples of complete vs. incomplete heart rate and 
blood pressure recordings from ambulatory measure-
ments are provided in Fig. 2. In addition to missed meas-
urements due to equipment removal, a total of 187 error 
messages were registered during blood pressure monitor-
ing, most commonly related to artifact or an erratic sig-
nal (n = 63, 34%), an air leak (n = 35, 19%), or a blocked 
mechanistic valve (n = 26, 14%). For complete tracings 
of heart rate and blood pressure monitoring, please refer 
to the Supplementary information. Urine cortisol was 
evaluated twice during each sampling period, with a goal 
of successful sample collection ≥ 80% of the time. Urine 
cortisol levels were successfully obtained 97% of the time.

Fig. 1  Flowchart of patient recruitment and enrollment
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We collected self-reported data on depressive symp-
toms, sleep–wake timing and duration, sleep quality, and 
daytime sleepiness, and an exit survey. Our feasibility tar-
get was to obtain fully complete assessments from ≥ 80% 
of participants. As noted in Table 3, there was some vari-
ation amongst instruments; however, the feasibility target 
was surpassed for each of the self-report measures.

Acceptability
Through qualitative analysis of comments provided by 
study participants, we identified three major themes 
regarding process feasibility. These included (1) personal 
discomfort and technical issues with study equipment, 
(2) work or activity interference, and (3) concerns about 
study design.

Fig. 2  Descriptive data from heart rate and blood pressure monitors for two participants. Participant ID 8 had complete data collection, 
and participant ID 13 had incomplete data collection. a Blood pressure (mmHg) collected from blood pressure monitors over sampling periods. b 
Heart rate (beats per minute) collected from heart rate monitors over sampling periods. Dark gray represents work sampling periods, and light gray 
represents non-work sampling periods. Lines are plotted using locally weighted scatterplot smoothing (loess) to visualize trends in the underlying 
data points
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Theme 1: Personal discomfort and/technical issues with 
study equipment  Many participants expressed frustra-
tion with using the blood pressure cuff, including noting 
personal discomfort, repeated cycling, and related sleep 
disturbances (for themselves and their sleep partners). 
One participant wrote, “The blood pressure cuff was very 
cumbersome, uncomfortable and distracting... It woke 
me up every hour of sleep.” Another shared, “I really 
tried to give the blood pressure cuff a good go. But this 
does not seem to be working out for me. I’ve been having 
to readjust the cuff several times and it keeps pumping 
2–3 times each hour and giving me error codes. I don’t 
think I can tolerate continuing to wear it.” Some partici-
pants commented that a less bulky blood pressure cuff or 
different blood pressure cuff sizes (particularly smaller 
sizes) would have improved comfort.

Feedback on the Fitbit device, designed to capture 
heart rate, was primarily focused on technical issues with 
the equipment. Several participants indicated that Fitbit 
displayed the wrong date and time when the study started 
and expressed concern that this could lead to inaccurate 
data analysis.

Theme 2: Work or activity interference  Many partici-
pants felt that the blood pressure cuff limited partici-
pation in work or other activities, although others did 
not. One wrote, “It kept falling out of my shirt and get-
ting stuck on things/pulled by my baby... I found it over-
whelmingly frustrating at home trying to do chores and 
take care of my 1-year-old.” Another felt it was “a bit 
bulky and irritating when trying to move quickly in the 
OR [operating room].” A third reported, “The blood pres-
sure cuff was very cumbersome, uncomfortable, and dis-
tracting. It would only cycle if I was not moving, which 
was very difficult at work.” However, these concerns were 
not universal; some participants stated that they were 
able to take part in daily activities during non-work sam-
pling periods without issue, including painting walls, 
running errands, and walking for extended periods.

Multiple participants reported that they removed the 
Fitbit to shower, although they were told at the start of 
data collection that it was water resistant. One par-
ticipant explained, “I know its immersible, but I never 
shower with devices on.”

Theme 3: Concerns about study design  One participant 
voiced global concerns about study remuneration and 
wondered if the $25 gift card provided for participation 
in each sampling period was adequate compensation. She 
wrote, “Honestly it was a lot to put up with/remember 
during pregnancy for only $25 per session, specifically, 

[wearing the] blood pressure monitor and [collecting] 
two urine samples at specific times around work.” Other 
participants also mentioned difficulty with collecting 
urine at specific times of the day.

Scientific feasibility
Examination of the heart rate and blood pressure moni-
tor data did reveal an ability to generate valid measure-
ments during work and non-work sampling periods. A 
graphical representation of the data generated from the 
heart rate monitor (Fitbit) is illustrated in Supplementary 
Fig. S1 and from the blood pressure cuffs in Supplemen-
tary Fig. S2. As stated above, data was evaluated descrip-
tively but hypothesis testing for differences between work 
and non-work periods was not performed due to the lim-
ited sample size of this pilot study.

Discussion
Pregnant shift workers are a historically understudied 
group [26–28] at increased risk for adverse health out-
comes compared to the general population and in whom 
we have a limited understanding of the physiologic effects 
of night shift work [4, 29]. This pilot study assessed the 
feasibility and tolerability of an EMA study protocol 
designed to monitor physiologic and self-reported stress 
among pregnant nurses during work and non-work peri-
ods. Our methodological approach adds to the literature 
by considering stress as a dynamic and context-specific 
risk factor, with the potential to change over time.

A major aim of our pilot was to determine if we could 
recruit and retain pregnant nursing team members to 
participate in our research protocol. Over the 9-month 
study period, we received 31 inquiries from individuals 
(3.4/month) and enrolled 12 participants (1.3/month). 
Our recruitment efforts were more successful among day 
shift nurses than night shift nurses; though equal effort 
was made to recruit both groups via recruitment flyers, 
emails; and in-person engagement with study team mem-
bers. Possibly, the discrepancy in recruitment success 
may reflect underlying differences between day shift and 
night shift nurses in terms of interest in research or life-
style flexibility to accommodate research participation. 
Due to the small number of participants in our study, we 
are unable to determine if recruitment success was dif-
ferent across hospital departments. Based on qualita-
tive feedback received from participants, increasing the 
financial remuneration for study participants could be 
considered to mitigate recruitment challenges in subse-
quent studies.

Participant retention was a significant challenge for 
our study, with withdrawals and incomplete partici-
pation affecting data collection. Participant concerns 
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included the complexity of the study design, adequacy of 
compensation, and personal discomfort as well as tech-
nical issues with the equipment. Previous studies demon-
strate that pregnant women report mostly altruistic and 
personal reasons for their willingness to participate in 
clinical research, while barriers primarily relate to incon-
veniences [30]. In the future, strategies for improved 
retention could include greater compensation, a more 
streamlined study protocol, and equipment that is less 
burdensome to use. Additionally, given participant con-
cerns with collecting urine at specific times of day, more 
flexible protocols or alternative approaches to measuring 
cortisol, such as via hair or saliva, could be explored.

The Oscar 2 blood pressure cuff and Fitbit device we 
used in our study had frequent technical issues, and par-
ticipants experienced significant discomfort with the 
blood pressure cuff in particular. While we achieved our 
feasibility target for blood pressure recordings (acquiring 
84% of expected measures), we did not achieve our tar-
get for heart rate recordings (acquiring 60% of expected 
measures). Despite these challenges, data from heart 
rate and blood pressure monitors overall yielded valid 
measurements when worn. Other pilot tests of ambula-
tory blood pressure cuffs among pregnant women have 
similarly demonstrated a rate of 15% monitor discontinu-
ation, with sleep disturbance as the strongest predictor 
of patients discontinuing the monitor [31]. Future direc-
tions could include testing alternative devices in this par-
ticipant population to determine if tolerability or data 
capture might be improved. Devices such as the Oura 
ring [32] may have a lower rate of user discontinuation 
than heart rate monitors worn on the wrist. Decreasing 
the frequency of blood pressure measured may also be 
a consideration to improve tolerability. There is a grow-
ing body of work using wrist-cuff devices that cause less 
discomfort and muscle compression than traditional 
upper arm cuffs and cuffless devices (Wearable Sen-
sor by Shuzo, HeartGuide by Omron Corp, Blood Pres-
sure Monitor by Echolabs); however, the validity of these 
methods is still controversial [33].

Our study had several limitations. It was conducted at a 
single tertiary hospital site and was based on a small sam-
ple of enrolled participants (n = 12). As such, we were not 
powered to draw statistical conclusions from our data; 
however, the primary objective of the study was to assess 
feasibility versus test hypotheses. Participant recruitment 
in our study relied heavily on self-selection; if partici-
pants differed fundamentally from non-participants on 
the tolerability of data collection, this could have intro-
duced bias to our results. Additionally, we collected only 
limited demographic data from participants and did 
not capture information on race, ethnicity, and occu-
pational characteristics (e.g., department, typical work 

responsibilities) that should be considered for larger 
studies. Finally, enrollment focused on pregnant nurses 
who worked full-time, exclusively day or night shifts, 
with shift lengths of at least 8  h long. Although these 
inclusion criteria were established to better standardize 
the data collected, the results may not be reflective of 
non-pregnant nurses, pregnant nurses who work fewer 
or shorter shifts per week, or those who work a rotating 
day/night work schedule.

Conclusions
While physiologic monitoring of pregnant shift work-
ers is a relatively understudied area, equipment chal-
lenges pose a significant barrier to study participation in 
ambulatory monitoring of pregnant shift workers. Future 
studies should allow for a significant withdrawal rate or 
explore alternative equipment options.

Abbreviation
EMA	� Ecological momentary assessment
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