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Background: Improving sleep for hospitalized patients is an essential clinical need. Compared to the
traditional “one-size-fits-all” interventions designed by clinicians for all patients, an individualized strategy
engaging patients to identify salient sleep disruptors and seek their input how to address these disruptors are
more likely to succeed. Followed by our work of developing the Factors Affecting Inpatient Sleep (FAIS)
scale, in this report we developed a set of icons illustrating 14 common sleep disruptors on the FAIS scale,
and proposed behavioral sleep promotion tips addressing each sleep disruptor. The set of icons and sleep
promotion tips were built into the mobile health (mHealth) tool SLEEPKit, which was the start of our
endeavor using mHealth technology to support individualized sleep promotion.

Methods: A participatory iterative approach including feedbacks from patients, family members, and
clinicians was used to develop and refine the icons and sleep promotion tips. Focus groups were used to inform
the initial development and to brainstorm for the refinement of the icons. Individual interviews with patients
and clinicians were conducted to validate each version of the icons using a standardized Content Validity Index
(CVI) on a 4-point Likert scale, and offered comments and suggestions for improvement. Strategies of sleep
promotion were first identified by the literature review, and then enriched by the summary of data from our
previous work. Focus groups were conducted in order to learn empirically if the sleep promotion tips on the
current version were acceptable to both patients and clinicians, and how they could be improved.

Results: Six focus groups were conducted and achieved saturation in suggestions for improvement. A total
of 5 patients and 3 family members who served on the Patient/ Family Advisory Council, and 42 nurses who
served on the interdisciplinary professional practice committees participated in the focus groups. A total of
75 patients and 50 clinicians offered individual feedback and the CVI test for the icons. Successive two or
four phases of iterative icon evaluation and refinement were carried out until the average CVI ratings for
each icon achieved 3 and above. The sleep promotion tips were created to demonstrate a collaborative effort
between patients and clinicians. To empower patients for bedside communication related to their sleep,
examples of communication starters (“Iry saying”) were included in the tips for patients.

Conclusions: By using the participatory iterative approach, these icons for common sleep disturbing
factors were understandable by both patients and clinicians, and the sleep promotion tips were perceived
to be feasible and effective in the acute care hospital setting. This work moved the individualized sleep
promotion forward, and supported the development of a novel mHealth tool for inpatient sleep promotion

tailored to individual patient’s needs.
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Introduction

Despite the growing evidence linking inpatient sleep
disturbance to detrimental outcomes such as delirium and
falls (1-3), sleep deprivation and poor sleep quality are
common in hospitalized patients (4). Unfortunately sleep
has not been adequately assessed or managed in acute care
hospitals (5). Limited understanding of the importance of
sleep, lack of clear guidance of how to evaluate and improve
sleep, and inadequate communication are all barriers to
effective inpatient sleep management (5). Reflected by
clinician’s perceived lack of options to manage inpatient
sleep, sedative-hypnotic medications are frequently
prescribed for hospitalized patients, which can result in
preventable harm including delirium, falls, hip fractures,
and increased morbidity and mortality (6,7). It is clear that
addressing the underlying causes of poor sleep is a safer
and more effective alternative to inpatient pharmacological
sleep-aid use.

Studies testing non-pharmacologic sleep promotion
interventions typically planned by clinicians to address one
common inpatient sleep disruptor for all the patients (e.g.,
quiet time or white noise to minimize environmental noise,
relaxation techniques such as music or massage to relieve
anxiety), but this traditional “one-size-fits-all” strategy has
demonstrated limited success (8). This is not surprising. For
example, a study using white noise to improve sleep may not
be beneficial if a portion of patients do not perceive noise as
a disruptor to their sleep, or if some patients do not prefer
white noise as a way to minimize noise. Going beyond this
“one-size-fits-all” method, we believe that an individualized
strategy with patient’s input to identify what interferes
their sleep and how to improve their sleep is more likely
to succeed. As the first step making individualized sleep
promotion feasible, we developed a brief assessment tool,
the Factors Affecting Inpatient Sleep (FAIS) scale (9). The
FAIS scale assesses 14 commons factors in three domains,
including sleep interruptions due to hospital environment
or medical care, sleep disturbance due to discomfort or care
plan, and emotional or physical impairment due to illness
or hospitalization. With established content validity and
psychometric adequacy, the FAIS scale can be used on a
daily basis to identify salient modifiable sleep disruptors in
the hospital setting (9).

Our previous work demonstrates that routine assessment
of sleep, open dialogue with patient, collaborative care
planning, and tailored patient-centered interventions
are key to successful inpatient sleep promotion (5).
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Interventions using mobile health (mHealth) technologies,
which improve timely communication, heighten patient
involvement, and offer individual tailoring, hold great
promise to address these key issues of sleep promotion
(10,11). As our continued effort of individualized sleep
promotion, we have developed an innovative mHealth
tool, Sleep Promotion Toolkit for hospitalized patients
(SLEEPKit). With the FAIS scale built in as the basis of
sleep assessment, the SLEEPKit aims to establish evidence-
based linkages between routine assessment for modifiable
sleep disruptors and tailored behavioral interventions
incorporating patient’s input to improve sleep in acute
care hospitals. SLEEPKit uses icons to depict an easy-to-
interpret summary of patient-specific sleep disruptors, and
offers strategies targeting each sleep disruptor to support
collaborative care planning. The objective of this report was
to develop icons and strategies addressing each of the 14
common sleep disturbing factors on the FAIS scale, which
were key components built into the SLEEPKit to guide
real-time individualized sleep promotion.

Methods
Overview

A participatory iterative approach was used to develop and
refine the icons and sleep promotion strategies for each of
the 14 sleep disturbing factors on the FAIS scale. Feedbacks
from stakeholders including patients, family members,
and clinicians were obtained throughout the development
process. Focus groups were conducted with patients/
family members and clinicians who served on the Patient/
Family Advisory Council, or the existing interdisciplinary
professional practice committees at the study hospital.
A semi-structured interview guide was used to focus and
facilitate the interview process. Content analysis including
data reduction, data display, and conclusion drawing were
performed for each interview to derive topical codes to
interpret the data (12). Institutional review board (IRB)
approval at the study institute was obtained. All participants
provided informed verbal consent.

Developing and validating icons for sleep disturbing factors

Focus groups were used to inform the initial development
and to brainstorm for the refinement of the icons. Individual
interviews with patients and clinicians were conducted to
validate each version of the icons. The inclusion criteria
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for patient participants for the individual interviews were:
admission to a patient care unit, awake and alert, cognitively
intact, older than 18, able to understand and speak English
to provide feedback on icons. Clinicians involved in direct
patient care were invited for the interviews. Purposive
sampling was used to ensure a diverse sample for patients
and clinicians in terms of age, gender, race, education,
and years of practice. During the individual interviews,
participants rated their satisfaction of the icons using a
standardized Content Validity Index (CVI) to see if the icon
represented the concept on a 4-point Likert scale, with the
choices of 1 (strongly disagree), 2 (moderately disagree),
3 (moderately agree), and 4 (strongly agree), and offered
comments and suggestions for improvement (13). After
reviewing CVI scores and feedback, the research team
consulted with the illustrator to refine the icons. Successive
phases of iterative icon evaluation and refinement were
carried out until the average CVI ratings for each icon
achieved 3 and above.

Developing and refining strategies addressing sleep
disturbing factors

Strategies of sleep promotion were first identified by the
literature review, and then enriched by the summary of data
from our previous work, including interviewing data from
patients and clinicians and written feedback collected from
a survey (5,9). Focus groups with clinicians and patients
were conducted, in order to learn empirically if the sleep
promotion tips on the current version were acceptable
to both patients and clinicians, and how they could be
improved. Inquiries were primarily focused on (I) if any
important strategy was missing; (II) if the descriptions of
the strategies were clear; and (III) if the strategies proposed
to improve sleep were perceived to be effective and feasible
in the acute care hospital setting.

Results

Six focus groups were conducted and achieved saturation
in suggestions for improvement. Among them, three focus
groups were conducted with patients and family members
and nurses who served on the Patient/ Family Advisory
Council, and three were conducted with nurses serving
on the interdisciplinary professional practice committees.
A total of 5 patients, 3 family members, and 42 nurses
participated in the focus groups.
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A total 75 patients and 50 clinicians (including 45 nurses
5 nurse assistants) offered individual feedback and the CVI
test for the icons. Among the 75 patient participants, 56%
were female, 40% were over 65 years, 80% self-identified
as non-Hispanic White, and 43 % reported to have at least
college education. The majority of the clinician participants
were non-Hispanic White (86%) females (92%), 60% of
them with age ranged from 35 to 44, and with an average
over 10 years of practice at current hospital. After two
iterations, 12 out of the 14 icons achieved an average CVI
score ranged from 3.3 to 4.0. Two additional rounds of
iterations were conducted for the two icons “disturbed
bedtime routine” and “reduced daytime physical activity”
based on the feedback from individual interviews and focus
group discussions, with their final versions achieved the
mean CVI scores at or above 3.0. No significant differences
were observed in the CVI scores between evaluations from
patients and clinicians.

See http://fp.amegroups.cn/cms/1d112efcd3d0f8897cd
649¢619efle19/mhealth-20-31-1.pdf lists the final version
of icons and the sleep promotion tips targeting each sleep
disturbing factor on the FAIS scale. The tips were created
to demonstrate a collaborative effort between patients and
clinicians. Based on the feedback from the focus groups,
one challenge was that patients did not know how to
share their concerns with the care team or how to make
suggestions related to their care. To address this challenge
and empower patients for bedside communication related
to their sleep, we included examples of communication
starters (“Iry saying”) in the tips for patients (see http://
fp.amegroups.cn/cms/1d112efcd3d0£8897cd649c619ef
le19/mhealth-20-31-1.pdf).

Figure 1 illustrates how the icons and sleep
promotion tips were built into the SLEEPKit to support
individualized sleep promotion. We include screen shots
from the SLEEPKit app, using the sleep disturbing
factor “worried about medical condition or procedures” as an
example. Using SLEEPKit, the patient started a sleep
self-assessment based on the previous night, including the
14 sleep disturbing factors using the FAIS scale. On the
summary page for the sleep disturbing factors, the icons
were highlighted if the patient responded “YES” to those
factors. By clicking on the icon, the SLEEPKit offered
strategies addressing this specific sleep disruptor for both
patients and clinicians, with the goal to support bedside
communication and collaborative care planning for sleep
promotion.
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Figure 1 Workflow of the Sleep Promotion Toolkit (SLEEPKit) with screen shot examples.

Discussion

We developed a set of icons illustrating 14 common sleep
disruptors and strategies to manage each of the sleep
disturbing factors, which were built into the mHealth
tool SLEEPKit to support individualized sleep promotion
in acute care hospitals. This work is part of our effort to
change current clinical practice related to patient sleep, and
to advocate a new individualized sleep promotion strategy
by addressing specific sleep disruptors and engaging patient
in care planning and implementation. The set of icons and
sleep promotion tips are part of the development of the
SLEEPKit, which demonstrates the start of our endeavor of
using mHealth technology to support individualized sleep
promotion.

As we seek to improve care quality and safety through
patient-centeredness, sleep as a basic human need which
is critical to recovery should be emphasized, even in the
context of complex and busy medical care (14). Inspired
by the patient-centeredness, one strength of our work is
the participatory approach engaging patients throughout
the development process. The CVI testing technique,
which was previously used to validate fall prevention icons
supporting patient-centered education (13,15), offers both
quantitative and qualitative approaches maximizing user
input in the icon development. By effectively illustrating
common inpatient sleep disturbing factors, this set of icons
can be used together with the FAIS scale as part of routine
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sleep assessment, as well as in both electronic and paper
versions of education forms and clinical work sheets related
to patient sleep.

The tips we proposed to address each sleep disruptor
emphasize a collaborative effort and open dialogue between
patient and clinician in order to achieve successful sleep
promotion. Most of these sleep promotion strategies
perceived as effective and feasible by both patients and
clinicians are at low risk, low cost, and easy to implement.
None of the interventions we propose involves radical
redesign of the environmental space or care processes,
which supports the feasibility of sleep promotion tailoring
to individual patient’s needs. However, clinicians could
not know individual patient’s preferences without asking
(e.g., bedtime routine, preference of relaxation technique).
This further emphasizes the need to communicate with
patients and engage patients in the care planning process.
The behavioral interventions of sleep promotion are
still evolving, with overall insufficient to low strength of
evidence supporting their effect to improve sleep quality
or quantity for hospitalized patients (8). We acknowledge
that the tips we proposed in http://fp.amegroups.cn/cms/1
d112efcd3d0£8897cd649c619eflel19/mhealth-20-31-1.pdf
reflect the current state of science and are perceived to be
feasible in the study hospital, have not yet been systemically
validated in practice; nevertheless, we propose these as a
starting point. We anticipate future refinement of these tips
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to make them relevant to diverse patient populations and
practice environments.

With routine sleep assessment including patient-specific
sleep disturbing factors, open dialogue with patients, and
collaborative care planning, we believe that individualized
sleep promotion can be feasible and is likely to succeed in
acute care hospitals. As a rapid growing area of research,
mHealth interventions can be used to support these key
features of successful sleep promotion. As we illustrated in
Figure 1, the icons and sleep promotion tips we developed
for each common inpatient sleep disruptor were built into
the SLEEPKit, an mHealth tool to support individualized
sleep promotion. The workflow of the SLEEPKit
demonstrates the process of sleep assessment, identification
of the salient modifiable sleep disruptors, and tailored
education for both patients and clinicians on specific sleep
disruptors to support bedside discussion and collaborative
care planning. A separate report from our team will focus
on our development and evaluation of the SLEEPKit from
an implementation science perspective. As an innovative
mHealth sleep promotion tool, we hope that SLEEPKit
can be an exemplar supporting real-time tailored sleep
management in home or long-term care settings.

Conclusions

Improving sleep for hospitalized patients is an essential
clinical need. Patient-centered care is critically needed to
improve inpatient sleep. Behavioral sleep promotion and
minimization of pharmacological sleep-aid use continues
to be part of the strategy that reduces delirium, hospital
cost, and hospital length of stay (16). Sleep is known to
be poor among hospitalized patients for many reasons.
Compared to the traditional “one-size-fits-all” sleep
promotion interventions designed by clinicians to address
one or a few sleep disruptors delivered to all patients, an
individualized strategy engaging patients to identify salient
sleep disruptors and seek their input how to address these
disruptors are more likely to succeed. Followed by our
work of developing the Factors Affecting Inpatient Sleep
(FAIS) scale to identify patient-specific sleep disruptors (9),
in this report we developed a set of icons illustrating 14
common sleep disturbing factors on the FAIS scale, and
proposed behavioral sleep promotion tips addressing each
sleep disruptor for both patients and clinicians. By using
the participatory iterative approach, these icons were
understandable by both patients and clinicians, and the
sleep promotion tips were perceived to be feasible and
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effective in the acute care hospital setting. This work moved
the individualized sleep promotion forward, and supported
the development of a novel mHealth tool SLEEPKit to
support inpatient sleep promotion tailored to individual
patient’s needs.
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