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Background: Traumatic injuries are a health event that can begin a trajectory towards chronic health 
and social challenges. Mobile technology-based prevention and treatment interventions have been used to 
monitor and transform outcomes across a myriad of health conditions, but their potential in long-term injury 
recovery is unexplored. The goal of this pilot study was to assess the acceptability and feasibility of mobile 
health monitoring for long-term outcomes in a population of trauma patients with known barriers to health 
and social care after injury.
Methods: We re-recruited 25 individuals, 12–36 months after acute hospitalization, from a recently 
concluded study of psychological outcomes in seriously injured Black men in Philadelphia, Pennsylvania. 
This mixed- methods pilot study was conducted in three phases: (I) qualitative interviews and development 
of a pilot monitoring platform; (II) a 3-month feasibility trial of mobile monitoring of patient-
reported outcomes and biometric data using a wrist-worn commercial fitness monitor (n=18); (III) post-
implementation qualitative interviews. 
Results: Analysis of data from pre-implementation interviews indicated that the majority of participants 
used smartphones as a primary means of communicating with their social network and to access the internet. 
The 90-day pilot trial of mobile monitoring indicated participants’ preference text-delivered communication 
and survey elicitation. Response rates for 12 automated surveys ranged from 84–92%. Twenty-four hours a 
day adherence to optional biometric monitoring was generally lower than 50% but ranged widely indicating 
both very low adherence and very high adherence. Four of 25 participants, 2 who had opted for Fitbit 
monitoring, were lost to follow-up at the end of the 90-day pilot trial. In post-implementation assessments, 
participants endorsed the acceptability of mobile monitoring highlighting the benefit of its convenience 
and flexibility over in-person outcome monitoring. Participants also perceived its potential benefit in long-
term engagement with health and social services to assist with the challenges they faced when attempting 
to achieve physical, psychological, social, and financial recovery after hospitalization. These findings were 
reinforced through qualitative interviews which highlighted, in addition to acceptability, the perceived value 
of self-monitoring through the use of wearable devices to track health data like physical activity and sleep.
Conclusions: This study indicates the feasibility and acceptability of mobile health monitoring used to 
examine long-term injury sequalae. Future research may leverage this novel strategy, refining its application 
to address current limitations in the reliability and accuracy of commercially available wearable technology, 
relative costs and benefits of different mobile data collection strategies, integration within current clinical 
paradigms and generalizability across injured populations and socio-ecological environments.
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Introduction

Injuries and their long-term consequences come at great 
cost to individuals, health systems and society at large. Each 
year more than 2.5 million people are hospitalized for an 
injury in the United States (US) (1). Over the last thirty 
years innovations in clinical practice and the implementation 
of accreditation standards for specialized trauma centers 
has yielded significant reductions in injury mortality (2-4). 
Now, approximately 95% of patients admitted to hospitals 
for trauma will survive to discharge (5,6). While a this 
represents a critical achievement for emergency and acute 
healthcare, there have not been comparable successes in 
the prevention of long-term dysfunction and decline in 
physical, mental, and social health after injury (7).

The organization and scope of trauma care can present 
important challenges to addressing comprehensive long-
term and chronic patient needs. Trauma care services are 
often siloed within physically and disciplinarily discrete 
emergency, acute, and rehabilitation care settings (8). These 
divisions can limit a comprehensive continuum of care and 
may also obscure the true burden of long-term sequelae and 
need for enhanced post-hospitalization interventions. 

Patients themselves are often not in a position to seek out 
the healthcare and supportive services that could improve 
the course of their recovery trajectory. For example, 
recent research on outcomes in predominately low income 
seriously injured Black men indicated the concurrence of 
tremendous psychological symptom burden after injury (9), 
and prohibitive barriers to mental health services ranging 
from financial constraints to a lack of knowledge of local 
mental health services (10). Enhanced screening at post-
hospitalization outpatient follow-up may similarly miss 
patients most in need. Outpatient follow-up after trauma 
has an adherence rate as low as 50% (11), and is notably 
lower in patients lacking health insurance or enrolled in 
Medicaid (12). 

With these constraints in mind, addressing comprehensive 
recovery in the community-setting and after injured people 
return home and attempt to return to their daily lives could 

yield substantial improvements in long-term outcomes 
(13,14). To date, however, there has been limited research 
that has systematically explored the breadth and temporal 
range of long-term injury sequelae. We do know that 
physical and psychological symptoms, as well as the social 
and economic challenges that commonly occur after injury 
are complex; current evidence suggests that functional 
and psychological symptoms and correlates of recovery, 
like return to work, often inter-relate as they appear 
and continue for months and years after hospitalization 
(13-20). Recovery outcomes are also impacted by the 
context of individual diversities in physiology, health 
status, lifestyles, and environmental exposures. Efforts are 
underway to identify key patients-reported outcomes in 
the year after hospitalization for trauma (21,22), which 
may assist in the prediction of outcomes most amenable 
to intervention. An emerging body of research is also 
strengthening the evidentiary basis for enhanced follow-up 
after hospitalization and the need better coordinate post-
discharge care (23).

Additional interventions are needed to more fully 
address the complex and changing symptoms that injured 
people experience after hospitalization (24,25) and in a way 
that is responsive to variations in the physical and social 
environment in which people attempt to heal (26). As we 
consider the impact of social environments specifically, 
mobile technologies like smartphones are an increasingly 
integral aspect of most people’s daily lives. Although mobile 
technology-based prevention and treatment interventions 
have been used to monitor and transform outcomes 
across a myriad of health conditions, including long-
term psychological symptomology (27-30), mobile health 
application for monitoring and addressing interrelated 
psychological, functional, and social outcomes in long-term 
traumatic injury recovery has not been unexplored.

The goal of this research was to identify the feasibility 
and acceptability of long-term mobile health monitoring 
in a population of patients who both experienced a serious 
traumatic injury and who live with existing barriers to 
health and social care after injury. The specific aims of 
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were to: (I) elicit the perspectives of patients who had 
experienced a serious traumatic injury in the past 24 months  
on the acceptability, delivery, and content of a technology-
assisted monitoring intervention, and (II) assess the 
feasibility of collecting indicators of recovery using both 
automated surveys delivered to patients’ smartphones 
and supplementary biometric data from commercially 
available wrist-worn fitness monitors. We hypothesized that 
technology-assisted monitoring would be an feasible and 
acceptable way to assess symptom burden, study patient-
identified recovery priorities, and collect select biometric 
data markers of functional and psychological recovery. 
This pilot research is a first step in identifying the utility 
and implementation specifications of real-time monitoring 
of long-term physical, psychological and social outcomes 
in trauma patients using mobile technology. We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
mhealth-19-200). 

Methods

Study design

This mixed- methods study was conducted in three 
phases: (I) qualitative interviews and development of the 
pilot monitoring platform; (II) a 3-month feasibility trial 
of mobile monitoring of patient-reported outcomes and 
biometric data; (III) post-implementation qualitative 
interviews. To achieve the aims of this study we leveraged 
an existing web-based health research platform called Way 
to Health (WTH) to deliver self-monitoring assessments, 
identify how patients prioritize their health and recovery 
needs, and to test the feasibility of collecting biometric data 
using a commercially available wrist-worn fitness monitor. 
WTH has demonstrated feasibility, acceptability, and utility 
with patients across the age spectrum and a variety of other 
chronic health conditions (31,32). Housed at the University 
of Pennsylvania, WTH has infrastructure and processes that 
emphasize data security and the privacy of health information 
collected through surveys and device integration. The study 
protocol was approved by the Institutional Review Board of 
the University of Pennsylvania.

Setting and participants

Access to patients with known barriers to health and social 
care after hospitalization for injury can be a challenge, 

but we were able to re-recruit participants from a 
recently concluded study of psychological outcomes after 
hospitalization in a cohort of over 600 predominately 
low-income Black men living in and near Philadelphia, 
Pennsylvania. This cohort study consecutively enrolled men 
18 years or older, who self-identified as Black, resided in 
the Philadelphia Region and presented to a Level 1 Trauma 
Center and were subsequently hospitalized for care of a 
serious traumatic injury of any cause. The intent of this 
cohort study was to determine predictors of depression 
and PTSD at 3 months after injury. Men with diagnosed 
cognitive dysfunction or psychotic disorder, hospitalized for 
attempted suicide, or in current treatment for depression or 
PTSD were excluded from cohort eligibility (9). The cohort 
study had concluded approximately eight months prior to 
the initiation of this study, but informed consent included 
an assent to re-contact for future research. 

Our goal was to recruit a subsample of the cohort who 
had experienced an injury in the past 24 months. We began 
by recruiting the most recently injured cohort members 
for qualitative interviews and continued recruitment until 
we reached a 25-person sample for the mobile monitoring 
component of the pilot. Recruitment activities entailed 
contacting approximately 20% (n=116) of the original 
cohort through phone calls and letters and increasing 
our time frame to those injured in the past 36 months. 
Consecutive recruitment, beginning with the most recently 
injured members of the cohort, was used as a strategy to 
reduce biases related to recall and selection based on type 
or mechanism of injury. Of the original cohort, 50% lacked 
accurate or current contact information and over 5% had 
died based on records of the healthcare system in which 
they were initially treated for injury. Figure 1 illustrates the 
recruitment and retention scheme of this study.

Procedures, variables, and data sources

Data collection began with focus group and individual 
interviews. Six focus group interviews were conducted from 
June 2018 to August of 2018 in a community-based setting 
with groups of 3–8 participants. Five additional participants 
were interviewed individually to meet the needs of their 
work schedules or mobility limitations outside of the home 
(from, for example, severe neuropathies and paraplegia). 
All interviews were audio-recorded and conducted by the 
primary investigator who has experience in focus group and 
individual interview facilitation, using a semi-structured 
interview guide. Participants were prompted to describe 
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residual symptoms they identified as related to their injury, 
perceptions of changes in their recovery needs since 
hospitalization, and facilitators and barriers that they felt 
were most influential in their recovery process. We also 
asked if and why they would they accept an intervention 
aimed to maintain longer term contact with health and 
social care providers, the technological specifications of 
mobile monitoring, and their perceptions of wrist-worn 
fitness monitors to track data like physical activity and sleep. 
Interviews also incorporated an opportunity to elicit initial 
feedback on the mobile interface, called Way to Recovery 
(WTR), designed for this pilot trial and concluded with an 
opportunity to initiate participants’ user profiles and establish 
a first connection to WTR. Participants were provided 
$50 in compensation for participation in these interviews. 
Twenty-five of 26 participants agreed to participate in a 
subsequent 90-day feasibility and acceptability trial. 

We then adapted the WTH platform for the WTR 
study to automate survey data collection through both 
email and text messages (SMS). WTR was programmed 

to deliver 12 surveys, at approximately one week apart, 
throughout the 90-day pilot trial. Each survey was available 
to the respondents for 48 hours. Each survey (see Table 1) 
comprised a unique aspect of trauma recovery (i.e., sleep 
quality, pain, mental health, physical activity). Survey 
response was monitored, and each individual with non-
response was reminded up to two times via an email and 
text message reminder.

WTR assessed different patient outcomes at each 
wave of survey administration using items from survey 
instruments that have demonstrated validity and reliably 
for use with injured people and diverse patient populations. 
Prior research has identified a suite of concerns that injured 
people have articulated are important for their post-
hospitalization recovery, including: achieving independence, 
re-establishing physical and mental wellbeing, resuming 
family roles and returning to work (34). To address these 
priority areas survey items were derived from the Functional 
Status Questionnaire (FSQ) to assess functional recovery 
in the domains of physical function, mental health, work 

Attempted recontact with 116
most recently members of
concluded cohort study

48 no valid contact information

8 deceased

2 ineligible (no smartphone/internet access)

4 left Philadelphia region

8 declined

9 no response to invitations

11 unable to schedule for pre-
implementation qualitative interviews

1 declined three-month pilot trial

2 lost to follow-up month 1
1 lost to follow-up month 2
1 lost to follow-up month 3

37 interested in participation and
meeting inclusion criteria

26 participate in pre-
implementation qualitative

interviews

25 participants in three-month
pilot trial; 18 with optional Fitbit

integration

60 invited to participate

Figure 1 Recruitment and retention schema.
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Table 1 Outcome monitoring and pilot response rate (n=25)

Domain Instrument/tool Survey wave Response rate, % [n]

Sign/symptom of recovery challenges

General health status and Bed days National Health Interview Survey (33) 1 92% [23]

Self-described recovery priorities and 
challenges

Open ended, in rank order 2 88% [22]

Disrupted Sleep/sleep disturbance PROMIS sleep disturbance SF (32) 3 92% [23], See Table 2

FitBit Sleep actigraphy Continuous for 90 days

Pain Brief Pain Inventory (34) 4 92% [23]

Physical limitations FSQ physical function subscale (30) 5 84% [21]

Psychological distress FSQ mental health subscale (30) 6 88% [22]

Social roles and function FSQ social quality subscale (30) 7 88% [22]

Work Performance FSQ work performance subscale (30) 10 84% [21]

Mobility/physical activity Fitbit (35) physical activity output Continuous for 90 days See Table 2

Recovery environment

Injury care access Multiple choice and open ended 
questions

8 88% [22]

Neighborhood environment Neighborhood Environment Scale 9 84% [21]

Home environment Multiple choice and open ended 
questions

11 84% [21]

General health care access Multiple choice and open ended 
questions

12 84% [21]

User acceptability survey Multiple choice questions Post-implementation 72% [18]

performance, level of social interaction, and quality of social 
interaction (36). Sleep disturbance has been shown to predict 
poorer recovery during post-acute rehabilitation (37).  
We therefore also surveyed participants using the Patient-
Reported Outcomes Measurement Information System 
(PROMIS) Sleep Disturbance Short Form (33). We 
assessed pain using the Brief Pain Inventory (38). We 
examined perceptions of environmental exposures during 
recovery using the Neighborhood Environment Scale (39), 
and questions about home environment and safety from 
the Ontario Rapid Risk Factor Surveillance System (40). In 
addition, we asked participants to recall the number of days 
in the past month spent in bed due to health as a measure 
of their residual disability [from the National Health 
Interview Survey (41)], and to answer open ended questions 
to: rank their most important recovery priorities, rank their 
most difficult recovery challenges, and identify where they 
would seek care if they experienced an injury-related health 
problem. At the end of the pilot trial, we also prompted 

participants to quantify, using a series of Likert scaled items, 
their perception of the acceptability and content of the 
WTR platform. Participants were given a $100 incentive 
at the end of each of the three months in which they 
completed automated surveys.

Eighteen of 25 participants met criteria (access to a 
smart phone and willingness to wear a wrist worn monitor  
24 hours a day) and opted to pilot the integration of 
biometric data collection using a commercially available 
wearable monitor (Fitbit Charge 2) (42,43). Initiating 
biometric monitoring required meeting participants at their 
homes to instruct them on the set-up and maintenance of 
their device and its connection to WTR. Prior to the start 
of the 90-day data collection period, we collected Fitbit 
data for a minimum of 14 days to affirm data capture and 
troubleshoot technical difficulties participants encountered 
in using their device. Participants were prompted through 
emails and text messages on a weekly basis to synchronize 
their device to their smartphone to enable upload of data 



mHealth, 2021Page 6 of 14

© mHealth. All rights reserved. mHealth 2021;7:5 | http://dx.doi.org/10.21037/mhealth-19-200

to the WTR platform. WTR collected data on daily step 
count (as a marker of physical activity), hour of initiation of 
sleep, sleep duration, sleep restlessness, resting heart rate 
and average hourly heart rate.

In April of 2019, after all participants had completed 
the pilot trial, two focus group interviews were conducted 
in a community-based setting with 8 participants. Five 
additional participants were interviewed from May through 
June of 2019 individually to accommodate their work 
schedules or mobility limitations outside of the home. All 
interviews were audio-recorded and conducted using a semi-
structured interview guide. Participants were prompted to 
describe: their perceptions of their recovery since the last 
interview, the acceptability of WTR monitoring platform, 
delivery, content, and when applicable the acceptability and 
utility of Fitbit integration. Participants were provided $50 
compensation for participation.

Analysis

Focus group and individual interview data were analyzed 

for thematic content using NVivo version 12 software 
for qualitative data management. These data were open 
coded iteratively by the PI and two research assistants and 
developed into a codebook that summarized overarching 
categories and themes. Additional focused content, such 
as specific reference to the acceptability of the WTR pilot 
was coded deductively. A third research assistant recoded 
the qualitative interviews using the final codebook and 
any inconsistencies or the emergence of new, previously 
uncoded content, were re-evaluated and discussed as a 
research team until consensus was achieved. 

Data from quantitative and qualitative survey items were 
downloaded from the WTR platform. We descriptively 
analyzed survey data including calculation of summary 
statistics with means, medians, and ranges for continuous 
variables and frequencies for discrete variables in SPSS 
version 23. 

Data from the Fitbit monitors for the subsample who 
opted into this additional component of the pilot were also 
downloaded from the WTR platform. Fitbit monitoring 
adherence was assessed by examination of daily step count 

Table 2 Fitbit monitoring adherence over 90 days (n=16*)

Participant Step Days
Step monitoring 

Adherence rate (%)
Sleep days

Sleep monitoring 
adherence rate (%) 

1 49 54.4 1 1.1

2 50 55.6 38 42.2

3 58 64.4 49 54.4

4 69 76.7 88 97.8

5 64 71.1 37 41.1

6 58 64.4 39 43.3

7 58 64.4 58 64.4

8 76 84.4 66 73.3

9 61 67.8 40 44.4

10 5 5.6 10 11.1

11 8 8.8 9 10

12 58 64.4 31 34.4

13 58 64.4 50 55.5

14 83 92.2 32 35.6

15 22 24.4 10 11.1

16 65 72.2 50 55.6

Sample mean (SD) 52.6 (21.6) 58.5 (24.7) 38 (23.0) 42.2 (24.6)

*, 2 participants lost to follow-up in month one, not included in data presented or sample mean.
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and sleep data for each subject. Days in which a subject 
recorded a non-zero step count was counted as a day 
that the subject actually wore the Fitbit. Days with zero 
steps were counted as non-adherence days, based on the 
assumption that the Fitbit was stationary, and thus not 
worn. Adherence data were converted into a binary variable 
to create a total number of adherence days for the 90-day 
monitoring period. Adherence percentage was calculated by 
taking this total of "adherence days" and using the 90-day 
monitoring period as the denominator. For sleep adherence, 
non-adherence days were counted as days with zero 
recorded sleep minutes, and adherence days were counted 
as days with any recorded sleep minutes. If there were no 
recorded sleep minutes, the subject was assumed to have 
not worn the Fitbit during sleep for that day. Days of sleep 
adherence were then divided by the 90-day monitoring 
period to calculate the sleep adherence percentage.

Results

Table 3 describes participants’ demographic and injury 
characteristics. This sample included predominantly single, 
high-school educated Black men, across the adult age 
spectrum, with relatively low annual income, and more than 
half of whom had been injured intentionally (gun and other 
forms of interpersonal violence). Analysis of data from pre-
implementation focus groups indicated that the majority 
of participants used their smartphones as a primary means 
of communication with their social network and to access 
the internet. All endorsed the perception of the potential 
feasibility and acceptability of responding to long-term 
symptom assessments via their smartphones. The constraint 
that was discussed by some was financial barriers specific to 
the cost of maintaining consistent cellular data services or 
replacing inoperable telephones. 

Findings from the 90-day pilot trial  of  mobile 

Table 3 Participant characteristics (n=25)

Characteristics Frequency/Mean (SD)

Gender

Male 25 (100%)

Race

African American/Black 24 (96%)

Native American 1 (4%)

Age

Years 40.2 (11.9)

Range (years) 21–61

Marital Status

Single, never-married 20 (80%)

Married 3 (12%)

Divorced 2 (8%)

Income

<$10,000 9 (36%)

$10,000–29,999 8 (32%)

$30,000–49,999 6 (24%)

$50–79 k 1 (4%)

Missing 1 (4%)

Employment Status

Employed full-time 9 (36%)

Employed part-time 2 (8%)

Unemployed, looking for work 12 (48%)

Retired 2 (8%)

Education

Some high school 2 (8%)

High school graduate or GED 15 (60%)

Some college 5 (20%)

College graduate 2 (8%)

Trade/technical training 1 (4%)

Type of injury

Intentional 18 (72%)

Unintentional 7 (28%)

Time since injury (months) 27.8(9.4)

Hospitalization length of stay 
(days)

9.8 (17.4)

Table 3 (continued)

Table 3 (continued)

Characteristics Frequency/Mean (SD)

Primary payer at time of injury

Private insurance 5 (20%)

Medicare 1(4%)

Medicaid 8 (32%)

Self-pay/uninsured 8 (32%)

Missing 3 (12%)
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Table 4 Example of self-reported outcome data using PROMIS 
Sleep Disturbance SF (n=23)

Item: In the past 7 days… Frequency (%)

1. My sleep was restless

Not at all 2 (8.7)

A little bit 5 (21.7)

Somewhat 6 (26.1)

Quite a bit 10 (43.5)

Very much 0 (0.0)

2. I was satisfied with my sleep

Not at all 3 (13)

A little bit 9 (39.1)

Somewhat 9 (39.1)

Quite a bit 1 (4.3)

Very much 1 (4.3)

3. My sleep was refreshing

Not at all 5 (21.7)

A little bit 6 (26.1)

Somewhat 9 (39.1)

Quite a bit 2 (8.7)

Very much 1 (4.3)

4. I had difficulty falling asleep

Not at all 2 (8.7)

A little bit 6 (26.1)

Somewhat 3 (13)

Quite a bit 11 (47.8)

Very much 1 (4.3)

5. I had trouble staying asleep

Never 1 (4.3)

Rarely 5 (21.7)

Sometimes 9 (39.1)

Often 6 (26.1)

Always 2 (8.7)

6. I had trouble sleeping

Never 1 (4.3)

Rarely 3 (13)

Sometimes 9 (39.1)

Table 4 (continued)

Table 4 (continued)

Item: In the past 7 days… Frequency (%)

Often 8 (34.8)

Always 2 (8.7)

7. I got enough sleep

Never 4 (17.4)

Rarely 11 (47.8)

Sometimes 2 (8.7)

Often 4 (17.4)

Always 2 (8.7)

8. My sleep quality was

Very poor 4 (17.4)

Poor 8 (34.8)

Fair 9 (39.1)

Good 2 (8.7)

Very Good 0 (0.0)

Total Sleep Disturbance*

None to slight 7 (30.))

Mild 6 (26.1)

Moderate 9 (39.1)

Severe 1 (4.3)

*, based on transformed score.

monitoring using the WTR platform indicated participants’ 
preference for text-delivered communication and survey 
elicitation. Response rates for each wave of automated 
survey administration are illustrated in Table 1. The 
response rate was generally high (87%), ranging from 
84–92% on each of the 12 individual assessments, though 
participation waned over the course of the 90-day pilot 
trial. In post-implementation interviews, participants 
remarked that some survey items, particularly those about 
environmental exposures felt repetitive or incongruent 
with their perception of recovery. At the end of 90-days, 4 
participants had been lost to follow up, 2 who had opted 
for Fitbit monitoring. Two of participants were lost to 
follow up in month 1 (one for unknown reasons/unable to 
recontact, one for acute hospitalization), a third in month 
two due to need for inpatient psychiatric care, and a final 
participant in month three for unknown reasons. 

After loss to follow-up there were 16 participants with 
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Table 6 Qualitative evaluations of feasibility and acceptability

Theme Representative quotes

Utility of smartphone-
based symptom and 
recovery outcomes 
monitoring

“Because sometimes they (healthcare 
providers) don’t really know the 
aftermath. Because once you leave 
the hospital they going on to the next 
situation or patient.  And for them –they 
can read it and realize, wow.”

Text-messaging 
as an ideal 
communication 
interface

“You know, if somebody called me, it 
would have made it harder.  No.  That 
(reporting symptoms and outcomes 
via text-delivered surveys) was easy, 
because I could go to it when I was 
ready.  I see  it there.  I just go back to it 
when I had a free moment.  And then if 
I didn’t complete it, I could go back to it 
again.  So – no.  That was the best way. 
And you can get it without going all the 
way in – which takes up their time and 
it takes up our time – costs money.”

Utility of biometric 
recovery monitoring 
using a fitness 
monitor for 
integration with 
clinical care

“You’re walking or you’re seeing your 
heart rate or you’re working out, 
whatever else.  It actually helps.  And 
then knowing that you all are going to 
look at it.  You know what I mean?  It’s 
just like, all right, let me go make myself 
productive today.”

Utility of biometric 
recovery monitoring 
using a fitness 
monitor for personal 
recovery monitoring 
and motivation

“It keeps you driven – like just to know 
that I took that many steps.  You know 
what I mean?  Like I did that much or I 
could watch my health. It was kind of 
like enlightening.  And it made me walk 
more.”

Concerns about 
personal information 
privacy

I think that’s a little too personal. I 
mean, it’s okay.  But – no, I think it’d 
be a little bit too much.  I mean – no.  
I wouldn’t – I wouldn’t do it if they 
(healthcare providers) always could 
monitor me.

Table 5 Acceptability survey response (n=22)

Item Frequency 

Did you complete the surveys?

Through text messaging only 10 (56%)

Through texts and emails 7 (38%)

Through emails only 1(6%)

Did you find completing the surveys?

Easy 15 (83%)

Somewhat easy 2 (11%)

Neither easy nor difficult 1 (6%)

Somewhat difficult 0 (0.0%)

Difficult 0 (0.0%)

Did you think that the time that the survey was available to 
complete was:

Enough time 17 (94%)

Mostly enough time 1 (5%)

Not enough time 0 (0%)

If there was something that would have made it easier to 
complete the surveys, describe that here

No response/nothing/it was easy 17 (94%)

In-person interview 1 (6%)

Would you have been willing and able to complete surveys like 
the ones you received when you were first discharged from the 
hospital?

Yes 14 (77%)

No 3 (17%)

I’m not sure 1 (6%)

If based on your responses to surveys someone from the health 
system or other kind of support service followed up with you, 
would you:

Be open to contact 12 (67%)

Prefer a referral and follow-up myself 1 (6%)

I’m not sure 5 (27%)

What do you see as the benefit, if any, of communication about 
your injury recovery through texts and emails on your phone? 
Select all that apply

It’s convenient 13 (72%)

I can do it on my own time 8 (44%)

It makes it easier to talk about things that are 
difficult

8 (44%)

Table 5 (continued)

Table 5 (continued)

Item Frequency 

It’s one way to communicate but I would 
have preferred speaking to someone in 
person

3 (17%)

It’s one way to communicate but I would 
have preferred speaking to someone through 
a telephone call

0 (0%)

I don’t see any benefit 0 (0%)
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Fitbit data. Adherence to Fitbit monitoring, illustrated in 
Table 2, was generally lower than 50%, but ranged widely 
indicating some very low adherence and some very high 
adherence. Adherence rates also differed by daytime 
and nighttime monitoring periods, suggesting that some 
participants who were willing to wear a wrist-worn fitness 
monitoring during daytime activities were not willing to do 
so during night time activities and periods of sleep. 

Step data, as a marker for physical activity, ranged from 
277 to 12,466 steps per day (representing approximately 
a quarter mile to 5 miles of walking per day). The Fitbit 
also measured each participant’s average daily resting heart 
rate and then projected daily activity intensity based on 
time spent at ranges above the resting heart rate. These 
are measured as total daily minutes “out of range” of the 
resting heart rate, total minutes in “fat burn mode”, total 
minutes in “cardio” mode, and total minutes in “peak” 
mode. The average resting heart rate across participants 
was 69 beats per minute (SD =6.6) and ranged from 56.8 
to 79.3 beats per minute. The time spent out of “rest” 
for heart rate indicated at least an hour of activity per day 
for all participants with Fitbit data. Some never entered 
the “cardio” or “peak” ranges of heart rate, which might 
indicate that those participants who were not engaged in 
regular physical activity or exercise. This may or may not be 
due to their limitations post-injury.

The minimum sleep level, as an average per participant, 
was less than two hours per sleep cycle. The high end of 
the range for all participants was 447.8 minutes, which is 
just under 7 and a half hours of sleep. The average duration 
of sleep across participants was approximately 5 hours. 
Several participants had periods of daytime sleeping and 
periods of wakefulness during nighttime hours, which 
may reflect daytime sleepiness, sleep disturbance, and/or 
evening and nighttime activity and employment. Although 
there are known limitations to the accuracy of these data 
when compared to clinical sleep studies and research-grade 
polysomnography devices (43), as a basic indicator of sleep 
difficulties or disturbances in long-term injury recovery 
this data may have use in conjunction with patient-reported 
outcomes. For example, we collected self-reported sleep 
evaluations using the PROMIS sleep disturbance short 
form and evaluated the pilot sample’s risk scores (Table 4). 
In concert with the limited sleep durations indicated by 
sleep cycle output from sub-sample who adhered to Fitbit 
monitoring, over 25% of participants reported mild sleep 
disturbance, and nearly 50% reported moderate to severe 
disturbance.

The acceptability of mobile elicitation of patient-
reported outcomes and wrist-worn biometric monitors was 
assessed through a mobile survey and post-implementation 
interviews. The results of the survey are presented in Table 5.  
Overall, the participants found mobile monitoring to be 
acceptable, highlighting the benefit of convenience and the 
flexibility to reflect and respond to survey items at their 
own pace. Participants also offered additional feedback 
on the perceived benefit of long-term engagement with 
health and social services after hospitalization and the 
opportunity for enhanced peer-group interactions. These 
findings were reinforced in post-implementation interviews 
which highlighted, in addition to the acceptability of mobile 
monitoring, the value of self-monitoring through use of 
the Fitbit device to track physical activity and sleep on its 
smartphone application. The major themes and exemplar 
quotes from analyses of these data are outlined in Table 6.  
The one disadvantage cited about mobile monitoring 
concerned information privacy and control over who would 
be able to surveil physical activity and sleep data. 

An unanticipated finding from this study was the 
extent to which it established the feasibility of collecting 
qualitative assessments of long-term injury outcomes and 
patient experience through text-delivered mobile elicitation. 
One example is that participants were asked in an open-
ended item to identify their top three priorities when 
recovering from injury and rank order these priorities from 
most important to least important. Twenty-two participants 
responded to this question. Of these participants, 3 
responded “none.” The most common theme identified for 
“Priority 1” highlighted physical wellness and restoration. 
Responses included relief from physical pain, “getting 
better,” “back to normal” or questions about the extent to 
which they would return to pre-injury levels of function 
as in: “Will I walk the same way as before my injury?” 
The second most common priority was related to financial 
security and employment, as in: “how was I going to be 
able to provide a living for myself with no savings and 
no income.” Additional themes identified as priorities 
concerned mental health, family stress and safety. Five 
respondents described mental health as a particular priority 
in terms of symptom management, for example: “dealing 
with depression”, “try and get over my anxiety”, and 
“becoming happy again”. Five respondents identified family 
stress as a priority describing concern for the impact of 
their injury within their family units, households, and social 
network, as in, “how this injury impacts my children and 
the rest of my loved ones”.



mHealth, 2021 Page 11 of 14

© mHealth. All rights reserved. mHealth 2021;7:5 | http://dx.doi.org/10.21037/mhealth-19-200

Discussion

As hypothesized, we found that overall, mobile health 
monitoring was a feasible and acceptable way to assess long-
term symptom burden, examine patient-reported recovery 
outcomes and collect select biometric indicators in a sample 
of patients with past and/or current barriers to health 
and social care resources. Of perhaps equal importance 
to these findings, is the extent to which the research 
process demonstrated the healthcare disenfranchisement 
and vulnerability of the patient cohort from which we 
recruited this pilot sub-sample. Within 12 months of 
hospitalization, and in approximately 20% of a cohort 
of over 600 seriously injured Black men hospitalized at 
trauma center in Philadelphia, half lacked accurate or 
current contact information and 5% had died based on 
records of the healthcare system in which they were initially 
treated for injury. This highlights the urgent need for 
interventions that initiate and extend a continuity of long-
term engagement with tools like mobile health monitoring. 
Similar to the limited corpus of research on long-term 
outcomes after trauma, we found that many patients in this 
pilot study continued to express signs and symptoms of 
poor recovery and chronic injury sequalae months and years 
after their hospitalization (13,15,44-47). 

Wearable device data may have multiple benefits for 
understanding and improving long-term injury recovery. 
As demonstrated here, these kind of technologies can be 
a mechanism through which to collect and integrate data 
like step count and hours of sleep with patient-reported 
ratings of their functional status and sleep. These biometric 
data may offer an additional way to assess the emergence 
of sleep disrupting disorders like PTSD after a traumatic 
event (48), or the impact that psychological symptoms 
like traumatic stress or depression interplay with other 
indicators of recovery like mobility outside of the home and 
undisturbed sleep. Wearable device data may also be a way 
to monitor for real-time indicators that patients are in need 
of enhanced outreach and services, if for example, there 
are notable reductions or changes in patterns of biometric 
data output (49). Finally, as expressed by participants in this 
study, self-monitoring of data may offer motivation and 
validation to individuals in their own attempts to regain or 
improve physical mobility, strength, and sleep hygiene (35) 
in the aftermath of an injury. 

These findings must be interpreted in the context of 
this study’s limitations. First and foremost, this is pilot 
research that did not intend or achieve, by design, a sample 

size sufficient to demonstrate any statistically significant 
associations between patient characteristics and long-term 
outcomes. We limited recruitment to a patient population 
of Black men residing in or near Philadelphia which may 
not be representative of the many other patients and socio-
ecologic contexts associated with risks for poor long-term 
recovery trajectories after injury. The participants that we 
were able to recruit had a relatively wide range of time since 
injury (12–36 months) which could impact their reactions 
to, and responses to mobile monitoring using surveys and 
Fitbit monitors. We were also unable to assess the feasibility, 
acceptability, and utility of WTR initiated at or closer 
to the time of hospital discharge. The biometric data we 
collected on step count, sleep, and heart rate were through a 
commercially available wearable monitor, which has known 
limitations in its accuracy and reliability when compared 
to research-grade devices (42,43,49-51). Finally, we had a 
moderate loss to follow-up (16%) and waning response rate 
to automated survey elicitation over the 90-day trial.

Despite these limitations, to our knowledge, this is the 
first trial of mobile monitoring for collective long-term 
physical, psychological and social outcomes after injury. 
We were able to demonstrate acceptability in an often 
underserved patient population by engaging community-
based recruitment activities and participant interviews. 
In addition, we demonstrated the feasibility of automated 
data collection of patient-reported outcomes and the utility 
a text (SMS) interface for eliciting qualitative outcome 
assessments long after the injuring event and hospitalization. 

This study adds evidence to support efforts to more 
systematically and comprehensively conceptualize the 
aftermath of physical trauma as an often long-term 
and chronic health condition (7). Previous research has 
demonstrated the feasibility and utility of mobile health 
assessment and interventions for psychological trauma after 
physical injuries (27,30). This study extends these findings 
to a wider range of postinjury sequalae. It also prompts 
several opportunities for future research aimed to improve 
long-term injury outcomes and enhance the current 
continuum of trauma care services. Along with efforts to 
more systematically collect patient reported outcomes and 
monitor biometric indicators of recovery using wearable 
devices, implementation research is needed to investigate 
how clinical or social services would ideally integrate these 
data within practice environments and to establish its 
relative value over current clinical paradigms. There is also 
need to evaluate mobile monitoring interventions like WTR 
to optimize its feasibility and acceptability in a diverse 
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patient populations, across different types of injury and 
levels of injury severity. Further research is also warranted 
to evaluate how to best balance the accuracy, effort and 
timeliness of patient-reported outcomes and biometric data 
collection. It may be that there are different benefits to 
using continuous (wearable), periodic (automated surveys) 
and repeated measurement of outcomes, or even ecologic 
momentary assessments (24) (deployed several times a day) 
to understand and improve common long-term outcomes 
like sleep, pain, mobility, mental health and quality of life. 

Conclusions

This study identifies that mobile health technologies are a 
feasible and acceptable tool for monitoring and studying 
long-term injury sequalae in the community-setting. 
Moreover, it was shown to be acceptable in a cadre of 
trauma patients with known outcome disparities, access 
barriers, and a history of disenfranchisement from health 
and social care resources. Future research may leverage this 
novel strategy, refining its application to address current 
limitations in the reliability and accuracy of commercially 
available wearable sensors, relative benefits of different 
mobile data collection strategies, integration within current 
clinical paradigms and generalizability across injured 
populations and social environments.
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