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Abstract—Prolonged exposure to stress has been associatedsituations or unresolved stress, the heart rate kdodd

with chronic diseases, depression, and immune disters. Stress
perception is highly subjective. Assessment of oqgational
stress requires personalized physiological monitang and
timely collection of individual characterization of sources of
stress. We implemented a wearable system for monitng of
occupational stress of nurses — UAHealth. Personahonitors
are implemented on iPhone smartphones with Ant+ weless
interface. Interbeat intervals are collected from achest belt, and
step count and cadence from foot pod sensor. All th are
processed in real-time on the phone to assess sgé@sdex. A 30-
minute personalized maximum over predefined threshd
initiates a questionnaire to collect assessment cfources of
stress. In this paper we present system organizatio and
preliminary results.

|I. INTRODUCTION

pressure may fail to return to baseline resultingai new
baseline called allostasis [5].

Appelhans and Luecken describe two theories
(polyvagal theory and neurovisceral integratiorat ttonnect
emotional responses to the activation of the autdno
nervous system and cardiac activity, specificakar rate
variability (HRV) [6]. In general, in healthy emotial
responses to social situations, HRV is greater; dvew
reduced HRV is seen when coping is insufficienttte
demands of the situation. This insufficient copnegults in
anxiety or depression. Studies of occupationalsstigave
shown that HRV is a reliable measure indicativestéin
from insufficient coping to stress [7][8][9]. Earlyetection
of allostasis and interventions to reduce the rstrasponses

immune disorders are widely believed to be reldfdfR].
Researchers and theorists believe that the hy@otfied
pituitary-adrenal and

conflict, and emotional cost of caring have beescdbed as
the main sources of distress for nurses [4]. Howgwecise

sympathetic-adrenalmedullar§Ssessment of stress depends on personalized Iplgysid

responses to stress over long periods of time hee imonitoring and assessment of influence of persama

physiological process responsible for chronic skes [3].

workplace factors. Promising tools in stress redeare

clearly understood.

pressure, and heart rate variability. When recgdiof

McVicar described a continuum of psychological an@hysiological parameters are paired with subjective

physiological outcomes of stress including eustrdisdress,
and severe distress [4]. Although eustress is densil a
helpful response to stress resulting in excitemeand

measurements of stress, new information aboutn@diate
indicators of strain can be developed.
Wearable monitoring has been revolutionized by adea

increased mental acuity and physiological signsr@ased [N Smartphone technology. The need for ubiquitous
heart rate, blood pressure, and cortisol levelsgss too connectivity and integration of multiple devices arsingle
great for an individual's resources can createsaugtion in Platform created the need for smartphones as alesing
homeostasis of the body. McEwen further explainat thuniversal platform. Mass market created a push efeer
individuals can marshal physiological resourcesstmrt, increasing performance of smartphones, where recent
stressful situations, resulting in elevations immeate and Smartphones use high performance embedded prosessor

blood pressure. After the stressful situation psissEn
individual's heart rate and blood pressure will itglly

Smartphones are designed to be used anytime, argiwhe
Wide area connectivity using a cell phone netwaikvjales
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information and events to medical providers or glzed
service. In addition, location capabilities implerted
through integrated GPS or cell phone network laaibn
can provide information about the current locatminthe
person in need. Available memory allows smartphatioes
store physiological data for days and months attiime,
even in the case of limited connectivity. Once aartion is
reestablished, all locally stored data may be wg#dato the
medical server.

In this paper and

we present the development



experimental evaluation of the UAHealth system fo
personalized physiological monitoring and assessnoén
occupational stress. The purpose of the study svagamine
the physiological responses and identify episodds
occupational stress in nurses. Three aims areaefdw the
study: (1) Develop software and database requiresrien
wireless physiological monitoring, (2) Identify aguational
stress during simulated nursing activities, and [&yelop
software on mobile devices to show physiologicdidators
of stress and integrate these with subjective aswads of
stress.

. METHODS

We implemented a wearable monitoring system to tooni
nurses throughout the work day and collect thespoases
about the source of stress. We decided to monéarthrate,
heart rate variability and physical activity usimgarable
sensors and a smartphone. Collected records ategzed in
real-time on smartphone, in our case iPhone, tatera
custom, personalized, stress-index. All
measurements are processed relative to the persaseline
recorded at the beginning of the day. Possible -teny
changes caused by the prolonged occupational séess
assessed using post-activity monitoring. Baselipee-(
activity) and post-activity physiological states aecorded
in the quiet area, in a comfortably sitting positiovith the
legs uncrossed, for 8.5 minutes. The measuremmset ltias
been selected to provide length of record sufficierassess

Heart Monitoring Sensor
(ANT+ Transmitter)

Motion Monitoring Sensor
(ANT+ Transmitter)

baseline and post-activity heart rate variabilityd ablood
pressure variability [10]. Baseline physiologicargmeters
are collected using non-invasive continuous momtpito
monitor beat-to-beat heart rate, SBP (systolic dloo
pressure), DBP (diastolic blood pressure), MAP (mea
arterial pressure), SV (systolic volume), CO (Cacdi
Output), SVR (Systemic Vascular Resistance), antitdP
(maximum first derivative of the pressure). We d&xfin
monitor from BMEYE in Real-time Physiological
Monitoring Laboratory at the University of Alabamia
Huntsville [11].

During normal daily activities, subjects use UAHBal
monitoring system to collect and store RR intervafsi
physical activity. UAHealth is an integrated mobHealth
monitoring system designed to monitor physicalégtiand
heart activity, and collect response from the usHne
System architecture of the UAHealth is presente#igure
1. Users wear a standard heart monitoring beltzafodt pod
sensor. Both sensors communicate with the persooaitor

persondlizén @ wireless body area network (WBAN) using Anowl

power wireless standard. Personal monitor is impleed
on iPhone with Ant+ gateway —Wahoo Fisica key [14].
typical example of the heart rate calculated frorerbeat
(RR) intervals and step count in 15 second epoechs i
presented in Fig. 2. The experimental protocol hasn

approved by the UAHuntsville IRB committee
(FWA00016967).
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Fig. 1. System organization of the monitoring syste
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Fig. 2. Heart rate and step count during dailyétots

Step count is collected in 15 second intervals witfiL2] chest belt and Garmin foot pod..
cadence. Both parameters are used to assess abfamegrt Collected data is uploaded to the personal heattbrd on
rate caused by physical activity. The typical exEmjz a server. Personal medical records on the serverbea
presented in Fig. 2 at time t=26 min, when smalfgidal accessed by the user, medical professionals, oer oth
activity (12 steps in 30 seconds) increased hasgtfrom 69 individuals approved by the user.
to 96 beats per minute. Ubiquitous monitoring systems have to adapt to

The user can also monitor their own physiology omtermittent communication. ThereforeanUAHealth is
mUAHealth application on iPhone (e.g. heart ratmitooing  designed to work both online and offline. Subjeats not
on personal server presented in Fig. 3). always monitored near an Internet connection, aunesetly,
mUAHealth monitors Internet connectivity to determine
when to submit health related information to thenoee
medical server. That is why it is essential for gptaone
medical applications to have a local and remotaluse.

Heart Rate Monitor

Heart Rate:

74 oo Personalized physiological response is assesse@ as
change of heart rate and heart rate variabilitynmensated
Low  Average  High for physical activity. Resulting stress index idcc#ated in
E}? Zpg real-time on the smartphone. Mean heart rate aad hate
variability are calculated in one-minute windowsesy 15
seconds.

All local maximums in a 30 minute window are deelhr
as a stress episode. If no other maximums are tadteihe
program initiates a study specific questionnairectdlect
information about current causes of stress, aesepted in
Fig. 4.

A personal server communicates with the UAHealth All results are stored in the database for posgssiag
medical server using cell phone or WiFi network.eTh&nd analysis. We decided to collect events as marsrin
medical server was designed to be flexible and mupp the 30 minute window to minimize interference witteir

variety of sensors and experimental scenarios. Sgrger egular work. Please note that the questionnaiszivated
uses MySQL database for storing data received ftioen after 30 minutes if no other stressful events Witfher stress
smartphone. index have been detected. We believe that 30-mipeitid
The personal server can monitor patients remotelglla Provides good trade-off between the need to avoid
times and store collected records for future uplotis interference during critical (and stressful) eveats the
organization implements a robust ubiquitous sofutfor ~Need to collect response from nurses as soon afEoafter
health monitoring. apparent stressful event affecting physiology efshbject.

Our WBAN uses low power ANT+ wireless standard with
commercially available off-the-shelf sensors, sastGarmin

Fig. 3 mUAHealth -Heart rate monitoring



At 10:15 your stress level was 74 out of
100. Please describe the cause of your
stress event. (Check all that apply)

Patient in Crisis

Physical Activity

Interaction Stress 4
Increase of Workload

Technology related stress

Lack of supplies

Documentation v

(1]
Competency related stress
Other [2]
Fig. 4. Stress related questionnaire on iPhone [3]
(4]
Ill. DiscussiON ANDCONCLUSION
. . . 5
Personalized wearable monitoring of occupationadsst [5)
of nurses may facilitate objective assessment 4]
physiological changes and facilitate collectionsabjective
responses about the source of stress in the waskplaur [7]

initial experiments included five subjects monithréuring
regular work.

In this paper we present system organization ard
preliminary results from a pilot study. The resdtsm the

pilot study will be used to refine calculation dfess index [9]
and minimally intrusive initiation of the questicaire. After
e . [10]
modifications, we plan to run the experiment onaegér
group of nurses for prolonged period of time.
[11]
[12]
[13]
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