
International Journal of
Technology Assessment in
Health Care

cambridge.org/thc

Assessment

We thank Dr. David B. Hogan for acting as an
external reviewer providing technical editing,
language editing, and proofreading which
greatly improved the manuscript. We thank
Heather Ganshorn for her help in developing
the search strategy for the literature review.
We thank the University of Calgary Vice
President Research Matching Funds
Competition: Engineering Solutions for Health,
for funding support.

Cite this article: Lee JP, Freeman G, Cheng M,
Brown L, De la Hoz Siegler H, Conly J (2019).
Clinical Relevance of Home Monitoring of Vital
Signs and Blood Glucose Levels: A Narrative
Review. International Journal of Technology
Assessment in Health Care 35, 334–339. https://
doi.org/10.1017/S0266462319000527

Key words:
Independent living; Technology; Vital signs;
Aging

Author for correspondence:
John Conly, E-mail: john.conly@
albertahealthservices.ca

© Cambridge University Press 2019. This is an
Open Access article, distributed under the
terms of the Creative Commons Attribution-
NonCommercial-ShareAlike licence (http://
creativecommons.org/licenses/by-nc-sa/4.0/),
which permits non-commercial re-use,
distribution, and reproduction in any medium,
provided the same Creative Commons licence
is included and the original work is properly
cited. The written permission of Cambridge
University Press must be obtained for
commercial re-use.

Clinical Relevance of Home Monitoring of Vital
Signs and Blood Glucose Levels: A Narrative
Review

Jessica P. Lee1, Georgina Freeman1, Michelle Cheng1, Lauren Brown2,

Hector De la Hoz Siegler3 and John Conly1,4,5

1W21C Research and Innovation Centre, O’Brien Institute for Public Health, Cumming School of Medicine,
University of Calgary; 2Schulich School of Engineering, Department of Mechanical and Manufacturing Engineering,
University of Calgary; 3Schulich School of Engineering, Department of Chemical and Petroleum Engineering,
University of Calgary; 4Snyder Institute for Chronic Diseases, University of Calgary, 2500 University Drive, NW,
Calgary, Alberta, Canada, T2N 1N4 and 5Department of Medicine, Cumming School of Medicine, University of
Calgary and Alberta Health Services, University of Calgary

Abstract

Objectives. We sought to assess the presence and reporting quality of peer-reviewed literature
concerning the accuracy, precision, and reliability of home monitoring technologies for vital
signs and glucose determinations in older adult populations.
Methods. A narrative literature review was undertaken searching the databases Medline,
Embase, and Compendex. Peer-reviewed publications with keywords related to vital signs, mon-
itoring devices and technologies, independent living, and older adults were searched.
Publications between the years 2012 and 2018 were included. Two reviewers independently con-
ducted title and abstract screening, and four reviewers independently undertook full-text screen-
ing and data extraction with all disagreements resolved through discussion and consensus.
Results. Two hundred nine articles were included. Our review showed limited assessment and
low-quality reporting of evidence concerning the accuracy, precision, and reliability of home
monitoring technologies. Of 209 articles describing a relevant device, only 45 percent (n = 95)
provided a citation or some evidence to support their validation claim. Of forty-eight articles
that described the use of a comparator device, 65 percent (n = 31) used low-quality statistical
methods, 23 percent (n = 11) used moderate-quality statistical methods, and only 12 percent
(n = 6) used high-quality statistical methods.
Conclusions. Our review found that current validity claims were based on low-quality assess-
ments that do not provide the necessary confidence needed by clinicians for medical decision-
making purposes. This narrative review highlights the need for standardized health technology
reporting to increase health practitioner confidence in these devices, support the appropriate
adoption of such devices within the healthcare system, and improve health outcomes.

The world’s aging population has enormous implications for the healthcare sector. Data from
Statistics Canada 2016 indicate that the population of persons aged 65 years and older (older
adults) has been growing by approximately 8–14 percent per year over the past 40 years. The
older adult population in Canada is expected to make up approximately 25 percent of the total
population by 2036, representing an estimated population of 9.9–10.9 million people (1). Data
from the 2017 revision of the World Population Prospects reported that the older person
(defined here as aged 60 years and older) segment is growing at a rate of approximately 3 per-
cent per year, which is faster than all younger age groups. The number of older persons is
expected to more than double by 2050 from 962 million to 2.1 billion (2).

An aging population will challenge the health system in delivering quality health care. The
current system in the industrialized world has been built around a disease-based acute care
focus not well suited to meet the challenges associated with aging, including multi-morbidity
and frailty (3). Lim et al. (3) state that the sustainability of the healthcare delivery system will
require collaboration that extends beyond the traditional practitioner–patient relationship and
includes sectors such as housing and technology.

With aging in place (4) older adults are supported in remaining in their own home and
avoiding facility-based residential care (i.e., nursing homes). Evidence indicates that the health
of a frail older person is negatively impacted each time they are moved (5). Allowing older
adults to age in place can provide a healthier approach to care with fewer moves compared
with most long-term care pathways, which may require the older adult to move every time
their care needs increase (5). Home health services can assist older adults to remain at
home longer, delaying if not avoiding admission into a nursing home (6). A 2014 survey
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conducted by the American Association of Retired Persons
showed that the majority of older adults would prefer to age in
place (7).

Home monitoring technologies that measure vital signs (i.e.,
temperature, pulse, respiratory rate, blood pressure) and key met-
abolic parameters (such as blood glucose) fit well into the aging in
place model and could allow older adults the ability to indepen-
dently and safely manage their health concerns in a home setting.
These devices have been shown to increase the perception of
safety among independent older adults (8). Their use could
improve patient flow, optimize clinician time, and triage patients
to appropriate clinical settings (9). However, there is skepticism
surrounding the integration of such monitoring technologies
into the healthcare system (10). Much of this is due to the uncer-
tain clinical utility of these devices caused by their inconsistent,
inaccurate, and/or infrequent validation (11). Patient and provider
confidence in the accuracy, reliability, and precision of the mea-
surements recorded by home monitoring devices is essential for
the successful adoption of these technologies for healthcare deci-
sion making.

We conducted a narrative review of the published literature on
home monitoring technologies and devices that could be used to
assess vital signs and blood glucose levels for older adults in a
home setting. Specifically, we assessed the presence and reporting
quality in peer-reviewed publications of the accuracy, precision,
and reliability of home monitoring devices for vital signs and
the metabolic parameter of blood glucose.

Methods

Search Strategy

A search strategy for two medical bibliographic databases
(Medline, Embase) and one engineering bibliographic database
(Compendex) was developed in consultation with an academic
health sciences and engineering librarian (H.G.). It was
designed to identify published, peer-reviewed literature con-
cerning devices used in the home monitoring of vital signs (spe-
cifically, temperature, pulse, respiration rate, and blood
pressure) and blood glucose levels for use in an older adult pop-
ulation, defined as adults aged ≥ 65 years old. Database specific
search strategies used keywords related to vital signs, monitor-
ing devices and technologies, independent living, and older
adults. The search strategies are described in detail in the
Appendix, which can be found in the Supplementary Files.
Due to the rapid turnover of home monitoring technologies,
articles published before 2012 were considered not to reflect
the current state of devices available in the market (9) and
were not included. The initial search was restricted to publica-
tions from between the years 2012 and 2017 and was last con-
ducted on May 31, 2018.

Search Strategy and Data Selection

The search strategy identified 1,978 articles. After eliminating
duplicates across searches, 1,753 papers underwent title and
abstract screening. Screening was completed in two stages. First,
two members of the research team (M.C., L.B.) independently
reviewed the titles and abstracts for potential relevance and any
disagreements were considered by a third independent reviewer
(G.F.) to resolve. Following title and abstract screening, four
reviewers (G.F., J.L., M.C., L.B.) independently undertook full-text

screening. The four reviewers were randomly allocated articles to
review so that at least two people reviewed each of the potentially
eligible literature.

Disagreements on whether an article should be retained for
the qualitative synthesis were resolved through discussion and
consensus among the reviewers. One of the senior investigators
(J.C.) acted as a third-party independent adjudicator in the
event that consensus could not be reached. Articles selected
for full text review met the following criteria: (i) use of a device
to measure a vital sign or blood glucose, (ii) device was
intended to serve an older population (adults ≥ 65 years old),
and (iii) device had an intended use in a home or independent
community setting. Reviews (i.e., narrative, scoping, system-
atic), proof of concept papers, and conference abstracts were
not included in full text screening. The title and abstract
screening led to the selection of the 402 papers for full text
screening for potential inclusion in the qualitative synthesis
as shown in Figure 1.

A data extraction form based on an iterative piloting process
that used thirty-five papers was developed. Extracted information
from the selected literature included publication type, participant
population, setting, which vital signs or blood glucose level was
measured and how, author statement of validity, and description
of the method of validation. After the initial piloting using the
data extraction form, the included articles were reviewed and
data extracted using Numbat (12), a meta-analysis extraction
manager. Based on the full-text reviews a total of 209 articles
were retained for the qualitative analysis.

Assessment of Device Quality Validation

In order to assess the presence and reporting quality of evidence
on the accuracy, precision, and reliability of home monitoring
devices, the research team extracted information concerning the
authors’ statement of validity and/or description of the methods
of validation used in the published article. The author’s statement
of validity was defined as claims made by the authors as to the
accuracy, reliability, or precision of the device, or if the authors
made an explicit claim that the device was valid or had been pre-
viously validated. Validity claims in the included articles were cat-
egorized as: (i) no validity claim made, (ii) validity claim made
but not supported by a citation or a description of the methods
of validation, (iii) validity claim made and method of validation
described, (iv) validity claim made and a supporting citation pro-
vided, and (v) validity claim made with both methods described
and a citation provided.

It was determined whether the test device was validated against
a comparator device and there was a description of the methods
used to verify the accuracy, reliability, and precision of the device.
Two members of the research team (G.F., J.L.) assessed the
method of validation described in the articles. The rating frame-
work developed in collaboration with the teams’ medical expert
(J.C.) to assess the quality of the methods used for validation is
provided in Table 1. Definitions of low-, moderate-, or high-
quality validation methods were based on the description of com-
parator devices and whether the statistical methods used are con-
sidered standard in medical practice. Two independent reviewers
provided ratings for the comparator device and methodology
(G.F., J.L.). Uncertain ratings and disagreements were reconciled
by consensus and consultation with the team’s medical expert
(J.C.).
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Results

Results of Search Strategy and Validation Claims of Medical
Devices

The literature search identified 1,978 potentially relevant articles
(Figure 1). After duplicate articles were removed, there were
1,753 articles that underwent title and abstract screening, which
was conducted independently by two members of the research

team (M.C., L.B.). Disagreements were passed along to a third
independent reviewer (G.F.). Four hundred two articles were
selected for full-text review, with a total of 209 included in the
narrative review (182 full text articles, 9 conventional abstracts,
18 extended abstracts).

While all included articles discussed a device suitable for older
adults, only 22 percent (n = 46) of the reviewed publications tested
a device on a population restricted to older adults. Most tested

Fig. 1. Flow diagram of studies included and excluded from qualitative synthesis.

Table 1. Definitions of Low-, Moderate-, and High-Quality for Comparator Device and Method of Comparison

Low-quality method validation Moderate-quality method validation High-quality method validation

Comparator
device

Device is not named, is described
with minimal details, and no
references are provided.

Device is named, is used as a standard in
medical practice, and/or provides reference to
peer-reviewed validation studies.

Device is recognized as a gold standard
in medical practice as determined by a
medical expert.

Method of
comparison

Statistical methods are minimally
described (e.g., % agreement,
single graph).

Statistical methods are used as a standard in
medical research
(e.g., Bland Altman, Cohen’s kappa,
Mann-Whitney).

Statistical methods are recognized as
gold standard in medical literature as
determined by a medical expert.

336 Jessica P. Lee et al.

https://doi.org/10.1017/S0266462319000527 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462319000527


their device on a mixed population of younger and older adults
(69 percent; n = 144), younger adults only (5 percent; n = 10),
or did not specify the age of the participants or test on humans
4 percent (n = 9). Sixty-eight percent (n = 142) of the reviewed
publications were tested in home or independent living settings
and 32 percent (n = 67) were tested in nonhome, nonindependent
settings (e.g., nursing homes, laboratories, hospitals, or clinics).
To illustrate the multiple items extracted from the 209 included
articles, we have provided frequency tables which highlight pub-
lication type, participant population, setting, vital signs and
blood glucose measured, method of vital sign and blood glucose
measurement, author statement of validity, and method of valid-
ity in Supplementary Tables 1–7.

Forty-three percent (n = 89) of the reviewed publications pro-
vided no claim concerning the validity of the device. While 57
percent (n = 120) of the studies made some type of claim con-
cerning the validity of the device, 12 percent (n = 25) of these
studies did not provide support for this claim, simply stating
that they used a valid device (see Figure 2). Only 45 percent
(n = 95) of the studies provided a citation or some evidence to
support their validation claim. Of these studies, 19 percent
(n = 39) provided a citation for their validation claim, 18 percent
(n = 37) tested that claim, and 9 percent (n = 19) both tested and
cited that claim.

Validation Assessment of Device Quality

Forty-eight of the 209 (23 percent) articles described the use of a
comparator device and the method of comparison. Figure 3 shows
the quality of the comparator device and method of comparison
used by the included studies. Part A of Figure 3 shows the quality
of the comparator device. The results show that 46 percent (n = 22)
of the studies used a high-quality comparator device, 46 percent
(n = 22) used one of moderate-quality, and 8 percent (n = 4)
used a low-quality comparator. Part B of Figure 3 focuses on

the statistical method used to compare the device of interest
and its comparator. In 65 percent of the studies (n = 31), the stat-
istical methods were minimally described and a low-quality rating
was given. Twenty-three percent (n = 11) were given a moderate
rating, and 13 percent (n = 6) a high one.

Discussion

Home monitoring technologies have the potential to improve the
quality of care for older adults and support aging in place by offer-
ing a safe, reliable, and cost-effective alternative to monitoring in
a clinical environment (13). That being said, these technologies
also bring forth concerns from older adults, caregivers, and pro-
viders around privacy, lack of standardization of device measure-
ment, and uncertainty of the effectiveness of the device (14–16).
Our narrative review focused on addressing concerns surrounding
home monitoring technologies from a healthcare provider per-
spective, where device uptake can be slowed due to a lack of con-
fidence surrounding the clinical value of these home monitoring
technologies as well as their ease of integration into the healthcare
system (11;17).

The results observed from our assessment indicating only 45
percent of the 209 included publications provided a citation or
other evidence to support their validation claim, and of the 48
articles that did describe the use of a comparator device, only
12 percent (n = 6) used high-quality statistical methods support
the need for improvement of validation studies of home monitor-
ing devices. Improvements in the conduct and reporting of vali-
dation studies have the potential to improve the adoption of
validated, accurate, reliable, and value-adding devices within the
healthcare system. Our observations are also relevant at a time
where home monitoring technologies are attracting the attention
of both academics and medical professionals due to the growing
population of older adults and increasing use of these devices in
medical practice (17).

Fig. 2. Validation claims in examined literature.
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The primary objective of our narrative review was to assess
how the accuracy, precision, and reliability of home monitoring
devices for vital signs and blood glucose levels in an older adult
population was being reported based on a comprehensive review
of the peer-reviewed literature within the past 6 years. We found
limited reporting of high-quality evidence with respect to these
devices. We found that claims of validity are often either unsub-
stantiated or based on limited statistical methods (i.e., percent
agreement) rather than more robust methodologies. The majority
of studies provided low levels of support for the validity and reli-
ability of the devices described.

While most studies included older adults in their study popu-
lation, only 22 percent tested a device on a population restricted
to older adults. Additionally, a significant proportion (32 percent)
of the studies did not test their device in a home setting. Testing
in the intended setting by the population of interest can identify
important issues with a device and would provide valuable clinical
evidence on their intended use (18). The presence of peer-
reviewed evidence on the use of these devices in their intended
setting by their target population would allow for a balanced
assessment of the claims being made.

We acknowledge the limitations of our work. We did not
examine nonpeer review literature or the gray literature due to
resource limitations and the limited scope of this review. We
did not have access to device manufacturer data on specific med-
ical devices. We acknowledge it is possible assessments that are
more rigorous were done and are available but were not easily
accessible. We also recognize that there are limitations with regard
to the methods used in this review including the use of
QUADAS-2 or STARD to evaluate the quality of the studies
(19;20). We elected to develop a tailored evaluation framework
given the diverse nature of several of the studies identified when
first scoping the literature in this area (e.g., clinical trials, proof
of concept studies, and case studies).

The major focus in our review was on the author’s statement
of validity and the description of the method of validation used
in the literature regarding the reference standard and its compar-
ison with the index test, which we considered germane to the con-
fidence of a clinician who might be using the information for
decision making. Additionally, the QUADAS-2 tool is recom-
mended for use in systematic reviews of diagnostic accuracy but
we chose to focus on a narrative review. Nonetheless, we did

Fig. 3. Reporting of device validation concerning the
comparator device (A) and the method of comparison
(B).
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extract information on components of the four key domains of
QUADAS-2, including patient selection, the index test, and the ref-
erence standard. The team also relied on the experience of a single
medical expert in reviewing the comparator devices and statistical
methods. However, the statistical methods identified as belonging
to the moderate- and high-quality validation categories (e.g., Bland
Altman, Cohen’s Kappa, Mann-Whitney) are frequently used in
clinical research and are generally considered reliable (21–23).

The practice of making validation claims without providing
evidentiary support is inappropriate. If claims continue to be
based on low-quality data, clinician confidence in home monitor-
ing technologies will likely remain limited (7). It is our hope that
there will be a renewed commitment to improving testing and
reporting practices for home monitoring technologies intended
for use by the older adult population.

In conclusion, this narrative review demonstrates the paucity
of high-quality validation data for home monitoring technologies
found in the peer-reviewed literature. Current validity claims pro-
vide limited confidence for clinical decision-making purposes.
Improvements to testing and reporting practices in the validation
of home monitoring devices may result in increased confidence
among healthcare providers in their ability to accurately and
safely monitor their patients’ health at home and improve the
appropriate adoption of these devices within the healthcare
system.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0266462319000527
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