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Abstract

Background: Remote health monitoring technology has been

suggested as part of an early intervention and prevention care

model. Older adults with a chronic health condition have been

shown to benefit from remote monitoring but often have

challenges with complex technology. The current study re-

ports on the usability of and adherence with an integrated,

real-time monitoring system over an extended period of time

by older adults with and without a chronic health condition.

Materials and Methods: Older adults 55 years of age and over

with and without heart failure participated in a study in

which a telehealth system was used for 6 months each. The

system consisted of a wireless wristwatch-based monitoring

device that continuously collected temperature and motion

data. Other health information was collected daily using a

weight scale, blood pressure cuff, and tablet that participants

used for health surveys. Data were automatically analyzed

and summarized by the system and presented to study nurses.

Results: Forty-one older adults participated. Seventy-one

percent of surveys, 75% of blood pressure readings, and 81%

of daily weight measurements were taken. Participants wore

the watch monitor 77% of the overall 24/7 time requested.

The weight scale had the highest usability rating in both

groups. The groups did not otherwise differ on device usage.

Conclusions: The findings indicate that a health monitoring

system designed for older adults can and will be used for an

extended period of time and may help older adults with

chronic conditions reside longer in their own homes in

partnership with the healthcare system.

Key words: home health monitoring, e-health, mobile health,

telehealth, adherence, usability

Introduction
‘‘

A
utomated hovering’’ has been suggested as part of

an early intervention and prevention healthcare

model in which patients are ‘‘watched over’’ not just

at an occasional doctor’s visit, but also daily as

outpatients via mobile devices and real-time wireless data

transmission and analysis technologies.1 Older adults with a

chronic health condition have been shown to benefit from

automated hovering.2 Proactively detecting symptom chan-

ges earlier with healthcare provider intervention is intuitively

better than reactively treating patients who may wait too long

and become seriously ill before seeking treatment. Recent

meta-analyses support this proactive model of care, showing

improvement in quality of life and reduced healthcare costs

when key symptom tracking for chronic conditions was used

with early intervention.2,3 The relationship between tele-

monitoring and improved outcomes, however, has not been

consistent across studies.3,4

Even though electronic monitoring devices can help patients

manage symptoms, technology can be difficult for older adults

with chronic illness to adopt.5,6 Prior descriptive research7 and

a meta-analysis8 found that older adults were concerned about

data privacy but were willing to use remote monitoring and

share data with healthcare professionals if that could help

identify emerging health problems. Therefore, older adults may

use monitoring technology if these criteria are met.

Usability is usually defined as the extent to which people

can quickly learn to reliably and safely operate a device.

Devices such as blood pressure (BP) cuffs are only useful if

participants use them, whereas other sensors, such as wearable

monitors, require less user effort but must be put on. The

variety of components that may require attention can be

overwhelming, possibly further causing a reluctance to use

technology; discomfort and/or disabilities associated with a
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chronic condition may compound the difficulty. These issues

highlight the need for usability to be empirically measured.

The importance of verifying usability in order to help older

adults adopt technology is reflected in recent work addressing

perceptions regarding the ease of monitoring system use for

persons with a chronic condition.9,10

Likewise, how well components function over time—

reliability—is also critical for devices expected to operate

continuously and detect changes in real time that may require

attention, such as a fall or decreased activity level. Recent

work suggests that devices that are used regularly, such as a

scale or BP cuff, appear to perform reasonably well with

minimal data loss.11,12 The current study uses a monitoring

system with both components expected to operate continu-

ously and ones to be used daily. This offers a unique oppor-

tunity to examine (1) how well a continuously operating

wireless home health monitoring system—designed to be low

cost and usable by chronically ill seniors—performs in a home

environment and (2) how well older adults adhere to using

such a system with potential to reduce costs while improving

delivery of care.

The impact of chronic illness on society is enormous. In

2010, 86% of all U.S. healthcare spending was for chronic

medical conditions.13 Heart failure (HF) is a chronic condition

associated with increased mortality, risk of rehospitalization

within 30 days of discharge for an HF-related admission,

higher healthcare costs, and decreased quality of life.14 Be-

cause HF may respond well to early treatment and interven-

tion and because worsening HF symptoms often result in

hospital admission, it may be cost-effective to monitor HF

patients remotely. The current study included monitoring of

persons with HF to investigate whether the adherence rates

and usability ratings would differ for those with a chronic

condition. If actual use data collected over a 6-month period

show that the level of adherence is equal for older adults with

and without HF, this would be an important finding, sug-

gesting that the system is usable by both older adults with a

chronic condition and those coping with the physical and

cognitive changes associated with normal aging.

This study sought to establish whether older adults with and

without the chronic condition of HF can and will use over an

extended period of time a remote health monitoring system

designed for ease of use. A secondary goal was to explore

whether a monitoring system using a cellular wireless con-

nection could reliably collect health data in real time over an

extended period. The results reported in this article are from a

broader trial that included HF participants randomized to

usual care with nurse visits or to usual care with nurse visits

and the telehealth system. This report focuses on describing

the results pertaining to system reliability and adherence for

those receiving the telehealth system.

Portions of the study results have been presented and

published in abstract form as conference proceedings.15,16

Materials and Methods
PARTICIPANTS

Persons with and without HF were recruited through

local hospitals and advertisements for this Institutional

Review Board–approved study. Interested persons were

prescreened to verify the following criteria: living in in-

dependent housing with reliable electricity and phone ser-

vice, not participating in another clinical trial, fluent in

English, have adequate hearing and vision, ambulatory

(with assistive devices if needed), and not suffering from

dementia (as determined by two or fewer errors on the

Short Portable Mental Status Questionnaire17 and a recall

of seven or more items on the Wechsler Memory Scale-

III18). An additional exclusion criterion included unavail-

ability for 21 or more sequential days during the 6-month

study. Those with HF had their diagnosis verified either by

providers (if recruited through hospitals) or by a registered

nurse who interviewed study candidates and reviewed their

health histories and medication regimens during a clinical

interview (if recruited through advertisements). HF par-

ticipants were further assessed for their New York Heart

Association functional class. Enrolled participants were

compensated $15 a week for using the system and $25 for

each monthly in-home nurse visit.

STUDY EQUIPMENT
The monitoring system consisted of Food and Drug

Administration–cleared devices (Fig. 1). The central feature

was the watch device that collected skin temperature and

motion data using built-in tri-axial accelerometers (AFrame

Digital, Inc., Reston, VA). Other components included a one-

button BP cuff (model UA-767PBT) and a digital weight scale

(model UC-321PBT) from A&D Medical (San Jose, CA). Wi-Fi

hotspot devices from two U.S. service providers (AT&T [Dal-

las, TX] and Verizon [New York, NY]) allowed the system to

access the Internet wirelessly through the cellular antenna

network to obviate the need for a home Internet connection. A

Samsung (San Jose) Galaxy�10-inch touchscreen tablet was

used for administering daily health surveys. For ease of use,

the majority of the tablet’s features were disabled, and it was

set up to automatically connect to the Internet through the

Wi-Fi hotspot and only display the health surveys, a welcome

screen with graphical health and wellness status, and system
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information to participants (Fig 2). Therefore, the only par-

ticipant burden from the tablet was remembering to charge the

device periodically and use the power button to wake it from

sleep mode.

MEASURES AND PROCEDURES
To assess perceptions of system us-

ability and to measure the amount of

prior experience with technology (a po-

tential factor in usability), participants

were asked to complete two measures.

Device usability was measured with a

modified (range, 8–40) System Usability

Scale (SUS),19 whereas the Technology

Experience Questionnaire (TEQ)20 was

used to measure a participant’s famil-

iarity with technology. The TEQ asked

participants to rate their level of inter-

action over the last year with various

electronic devices such as cell phones

and digital home appliances. The TEQ

contained 42 items and used a Likert

scale to measure how frequently the

participant used each type of technology

on a scale from 1 (‘‘Not sure what it is’’)

to 5 (‘‘Used frequently’’); thus, the range

of scores was from 42 (little experience) to 210 (frequent

experience).

Each participant read and signed the informed consent after

having the chance to interact with the study equipment and ask

Fig. 1. Overview of the telehealth home monitoring system and its component parts. API, application programming interface;
DSL, digital subscriber line; PHI, protected health information.

Fig. 2. Participant screen on the tablet device.
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questions. Participantswere provided contact information for the

studynursewhowould followup with them to schedule their first

in-home nursing visit. In most cases, the wireless connectivity

meant that the installation and training usually took less than

1 h. Participants were given the TEQ and SUS questions and

asked to complete and return to the nurse on their first visit. This

was done to ensure that participants had some experience with

the system before rating usability. The SUS was administered

again when the system was removed 6 months later.

A registered nurse visited each participant’s home monthly,

during which she would ask if there have been any medical

issues, doctor’s visits, or hospital admissions. She would also

complete a short physical examination and, if necessary, sug-

gest that the individual seek further medical attention.

Between visits, the nurses kept abreast of monitoring data

trends and alerts—analyzed and presented by the monitoring

system—that could potentially indicate changes in symptoms,

contacting participants as necessary.

ANALYTIC STRATEGY
Statistical analysis was completed using PASW (SPSS)

Statistics for Windows version 18.0 (SPSS Inc., Chicago, IL).

The sample size for each group to detect a difference in pro-

portion at the 0.8 (medium effect) level with an alpha of 0.05

was determined to be 25. To allow for attrition, the size for

each group was increased to 30 for a goal of 60 participants.

Table 1. Demographic, Health, and Cognition
Variables by Group

HEART
FAILURE

NON–HEART
FAILURE TOTAL

Number of subjects 21 20 41

Mean (SD) age (years) 71.3 (11.7) 72.2 (4.3) 71.8 (8.8)

Female (%) 57.1 50.0 53.7

White (%) 61.9 85.0 73.2

African American (%) 38.1 15.0 26.8

Education (n)

Less than high school 1 1 2

High school graduate 5 2 7

Vocational school 1 2 3

Some college/

associate’s degree

6 5 11

Bachelor’s degree 3 2 5

Master’s degree 3 6 9

Doctoral degree 2 2 4

Marital status (n)

Single 2 0 2

Married 12 13 25

Widowed 6 5 11

Divorced 1 1 2

Separated 0 1 1

Income yearly (n)

£$15,000 3 1 4

$15,001–49,999 10 12 22

$50,000–99,999 5 4 9

‡100,000 2 3 5

Did not answer 1 0 1

Cognition [mean (SD)]

SPMSQ-Errors 0.65 (0.67) 0.60 (0.68) 0.63 (0.67)

WMS-Recall 10.63 (4.00) 10.05 (4.51) 10.33 (4.23)

Health indicators

BMI (kg/m2) [mean (SD)] 29.33 (5.08) 27.50 (5.21) 28.37 (5.17)

Pain (0–5) self-report

[mean (SD)]

1.38 (0.92) 1.45 (1.15) 1.41 (1.02)

Pain (1–4) nurse OBS

[mean (SD)]

1.43 (0.93) 1.50 (1.00) 1.46 (0.95)

Table 1. continued

HEART
FAILURE

NON–HEART
FAILURE TOTAL

Edema (nurse OBS) (n)

Yes 9 3 12

No 12 17 29

SOB (nurse OBS) (n)

No SOB 11 17 28

SOB with heavy exertion 7 2 9

SOB with moderate

exertion

2 0 2

SOB at rest 1 1 2

Technology experience

[mean (SD)]a
118.80 (31.64) 130.00 (25.38) 124.40 (28.87)

aOn a scale of 47 (no experience) to 210 (Frequent experience).

BMI, body mass index; OBS, observation; SD, standard deviation; SOB,

shortness of breath; SPMSQ, Short Portable Mental Status Questionnaire; WMS,

Wechsler Memory Scale.
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To measure adherence, the percentages of data collected were

calculated by comparing the number of minutes, or days, of

that particular type of data divided by the number of minutes,

or days, that participants were involved in the study (although

not on vacation or in the hospital). In cases in which a partic-

ipant used the BP cuff or scale more than once on a given day,

only the first reading was counted. Skin temperature was sent to

the system’s server once per minute and was used to determine

if the watch was being worn. A reported skin temperature be-

low 76�F generally indicates a watch is not being worn; this

criterion was used to identify nonadherence with watch mon-

itor wearing. This mean temperature comparison value was

determined based upon prior comparisons with ambient tem-

peratures and extensive recording of readings over days, weeks,

and months of usage (24/7 basis) from multiple subjects in prior

studies and in operational use who had consented to continu-

ous wearing of the watch monitor.

Based on feasibility trial results,11 participants were esti-

mated to wear the wrist monitor at least 75% of the time and

complete at least 75% of requested physiological readings

during their 6 months of participation. The 75% figure was

arbitrary but within range of the 80% medication adherence

level generally considered an acceptable target rate.12,21 The

estimated system usability was 80% or higher and motivated

by the work of Giger et al.,9 who reported usability ratings of

over 80% (6 out of 7) during the course of 3 months when

using devices similar to those used in the current study.

Network reliability for a continuous monitoring system was

determined using the number of ‘‘pings’’ (messages saying ‘‘I am

here’’) that reached the remote server. The router sent a ‘‘ping’’ to

the server every 3 min, so each ping suggests uptime, whereas

missing network pings indicate that the network was down.

Ideally, the wireless connection would remain active and

transmit data from the wearable monitor 24h/day for 6 months.

Results
SAMPLE DESCRIPTION

Recruitment fell short of the goal of 60 participants, and the

post hoc achieved power to detect change at the 0.05 level with

41 participants is 0.70. Demographic information for the 41

study participants is presented in Table 1, and the result of

public advertising is that many of the participants were likely in

an early stage of HF as very few were short of breath at low

levels of exertion. Chi-squared tests were conducted for the

categorical variables of gender, racial group, marital status,

education, income, and presence of edema between the HF and

non-HF groups. Groups only differed by the prevalence of

edema [v2 (1, n = 41) = 6.13, p = 0.006]. Independent-samples

t tests were conducted on the variables of age, cognition (Short

Portable Memory Status Questionnaire, Wechsler Memory

Scale-III), technology experience (TEQ), body mass index,

shortness of breath, and pain. No group differences were found,

and these variables were excluded from subsequent analyses.

ADHERENCE
The watch, scale, BP cuff, and daily survey adherence re-

sults are summarized in Table 2 (excluding times when par-

ticipants were away for vacation or in the hospital or when the

system had lost Internet connection). Overall 71% of requested

daily surveys were taken. Overall adherence rates for BP and

weight were 75% and 82%, respectively, and participants

Table 2. Summary of Participant Adherence and Network
Performance by Group

HEART
FAILURE

NON–HEART
FAILURE TOTAL

Number of days of data 3,552 3,331 6,883

Time network was up (%) 94 92 93

Watch worn 24/7 (%) 73 81 77

Daily blood pressure taken (%) 72 78 75

Daily weight taken (%) 77 86 82

Daily survey taken (%) 64 78 71

Table 3. Summary of System Usability Scores by Group

TIME

HEART FAILURE NON–HEART FAILURE

MEAN SD MEAN SD

Watch device

1 25.47 4.86 26.59 4.12

2 29.82 3.96 27.75 7.01

Blood pressure cuff

1 24.94 5.31 27.56 4.93

2 29.18 4.67 26.88 5.50

Weight scale

1 27.00 5.28 28.69 5.00

2 29.82 3.96 27.75 7.01

Tablet device

1 25.47 4.99 27.62 5.14

2 28.65 4.89 25.50 5.83

SD, standard deviation.
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wore the watch monitor 77% of the overall time requested

(24/7, for 6 months each).

A multivariate analysis of variance test was conducted to

test for group differences on adherence between the HF and

non-HF groups on the four adherence measures. Presence of

edema was included as a covariate in the model. There were

statistically significant differences on the combined depen-

dent measures for edema (F4, 35 = 3.03, p = 0.030, Wilks’

lambda = 0.74, g2 = 0.257) and HF (F4, 35 = 3.06, p = 0.029,

Wilks’ lambda = 0.74, g2 = 0.259). The follow-up tests for each

dependent variable showed that edema did not significantly

affect any of the dependent variables for adherence. Using a

Bonferroni adjusted alpha level of 0.02, the only differences

between the HF and non-HF groups that approached signifi-

cance were percentage of time the watch was worn (F1,

38 = 4.38, p = 0.043, g2 = 0.103) and daily surveys taken (F1,

38 = 3.57, p = 0.066, g2 = 0.086), with the HF group trending

lower on both measures (Table 3).

USABILITY

The usability scale, given as a paper measure, had some data

loss. The target goal on the SUS was 80% (a value of 25.6); the

descriptive statistics are shown in Table 3. A

repeated-measures analysis of variance was

conducted to test differences in usabil-

ity over time for all devices and for differ-

ences between HF and non-HF groups with

presence of edema included as a covariate.

The three-way interactions were not sig-

nificant. The interaction effect for usability

ratings over time (F1, 31 = 4.91, p = 0.034,

Wilks’ lambda = 0.863, g2 = 0.137) and

HF was significant, with the HF group

showing higher ratings. The interaction

between usability ratings and device over

time (F3, 29 = 4.68, p = 0.009, Wilks’ lamb-

da = 0.67, g2 = 0.326) was also significant

(Fig. 3).

Follow-up tests were conducted on the

usability ratings for each of the devices.

Using a Bonferroni corrected alpha level

of 0.02, the weight scale had significantly

higher ratings over the other devices

(Table 4 and Fig. 3).

RELIABILITY
The wireless cell-based network con-

nectivity was up 93% of the time (Table 2),

and a t test (t39 = 0.70, p = 0.489) showed

that network reliability was equivalent across groups. There

was a higher rate of network downtime, as well as data loss,

due to issues with Wi-Fi hotspot stability (using a new fourth

generation card); these issues were corrected through up-

grades, such as internal data storage with feed forward cap-

abilities, leading to improved connectivity and data collection

without changing what the participants experienced while

using the system.

Discussion
This study has provided insight into the attitudes and ex-

perience of older adults regarding remote health monitoring

and provides data on actual usage over an extended period of

time by those individuals. Participants used the scale and BP

cuff daily 75% and 82% of the time, respectively. Adherence

rates for wearing the watch 24/7 over 6 months was 77% and

for taking daily surveys was 71%. The difference in survey

completion rate is most likely due to survey length, which

was longer for HF patients, who had additional, HF-specific

questions. The adherence for the watch device is promising

as it was a prototype model, causing some initial concern that

participants may perceive it as an obvious medical assistive

Fig. 3. Usability ratings by group, time, and device. BP, blood pressure; HF, heart
failure; SUS, System Usability Scale; Wt.scale, weight scale. Bars = standard error.
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device. Regarding system usability, an 80% (25.6) score or

higher was achieved for many of the devices as well as the

overall system. Consistent with prior work,10 usability rat-

ings generally improved over time, with a statistically

significant finding for the weight scale. HF participants’

usability ratings for all devices increased over time, whereas

those from non-HF participants were stable. The device that

was rated as the easiest to use was the most frequently used

device over the course of 6 months, suggesting that attitu-

dinal and cognitive barriers that older adults sometimes

have towards technology can be successfully addressed in

an effort to increase use and thereby patient engagement/

adherence.22

Prior to the study, individuals with HF were thought to be

more inclined to use the system given their clear medical

reason to do so. Table 2, however, shows that adherence rates

trended higher for non-HF participants despite higher

usability ratings from HF participants. These results are

consistent with those of Katz et al.,23 who found that

knowledge of symptom management may

not be enough of a motivator for adherence.

For example, participants had the highest

adherence with the weight scale but were less

likely to wear the watch monitor, which was

the only device capable of capturing real-

time information and only had to be put on

in order to work. One possibility is that

because HF participants have been widely

instructed by their providers to monitor

weights for increases that can indicate fluid

build-up, they were accustomed to regular

weighings. Results from non-HF partici-

pants, however, show the same trend; it is

possible that high adherence with the scale is

a habit related to Americans’ interests with

weight and health. Future research may find

that key factors for adherence could be

medical trends or emphasis that comes from

a healthcare provider.

Analysis placed overall system reliability

at 93%. The most common reason for data

loss was the Wi-Fi hotspot cellular connec-

tivity device. In many cases, the connection

did not reset after a brief power outage or

after automatic firmware updates that re-

quired the device to be manually restarted.

Efforts to walk older adults through the

process remotely were often unsuccessful as

the power button was small and flush-

mounted on the edge of the device, making it difficult for

older adults to find. It was discovered that a higher-cost

Wi-Fi hotspot device had fewer problems. Engineers from a

major carrier were consulted about the issues with the less

expensive devices, with no cause for the issues found. The

cellular network was reliable and did not fail during the study.

These findings suggest that the wireless connection device

was the weak link. The temporary nature of the study sug-

gested that the Wi-Fi hotspot would be the most cost-effective

and lowest support option available. It now appears that

careful evaluation and selection of all available options for

wired or wireless access to the Internet should be undertaken

in consultation with equipment and service providers when

assessing access to meet future research or operational med-

ical monitoring requirements.

The presence of usual care, no-contact, control groups may

have improved the study design because nurse visits and par-

ticipant payments could affect overall adherence and usability.

Also, because the majority of participants were recruited from

Table 4. Comparison of System Usability Scores by Device

DEVICE 1,
DEVICE 2

MEAN DIFFERENCE
(DEVICE 1 AND 2)

STANDARD
ERROR P VALUE

95% CONFIDENCE INTERVAL

LOWER
BOUND

UPPER
BOUND

Watch

BP cuff 0.24 0.37 0.534 -0.53 0.99

Weight scale -0.97 0.25 <0.001a -1.48 -0.47

Tablet 0.53 0.49 0.291 -0.48 1.54

BP cuff

Watch -0.24 0.37 0.534 -0.99 0.53

Weight scale -1.21 0.35 0.002a -1.92 -0.49

Tablet 0.30 0.61 0.634 -0.95 1.54

Weight scale

Watch 0.97 0.25 <0.001a 0.47 1.48

BP cuff 1.21 0.35 0.002a 0.49 1.92

Tablet 1.50 0.48 0.004a 0.52 2.48

Tablet

Watch -0.53 0.49 0.291 -1.54 0.48

BP cuff -0.29 0.61 0.634 -1.54 0.95

Weight scale -1.50 0.48 0.004a -2.48 -0.52

ap < 0.02 indicates a significant difference.

BP, blood pressure.
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advertisements, the diagnosis of HF relied on the clinical

interview instead of an ejection fraction. Edema and shortness

of breath were overall mild among the participants; it is possible

that usability ratings would be different withmoderate or severe

symptoms.

In summary, this study shows that chronically ill older

adults can use home monitoring systems designed for their use

for an extended period of time. The results inform the de-

sign community of the potential for and pitfalls of the use

of wireless technology that does not require a home Internet

connection and highlights the need for usability testing as

the device perceived as the easiest to use was indeed used

the most. Encouraging results show that a well-designed

system can be installed quickly and that older adults with

support and training can show relatively high and stable

adherence rates while coping with a chronic health condi-

tion. Overall, the majority of components performed well

during extended use. These findings show the potential

such systems have to provide support to older adults in their

own homes in partnership with healthcare professionals

monitoring the system’s data analysis and trends that

require attention. Although the contribution that remote

monitoring systems have on reducing healthcare costs

and outcomes remains a matter of debate, the foundation

for any potential solution exists in replication across

studies and in consistent implementation of reliable

and usable remote monitoring systems; that goal appears

to be close.
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