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Abstract 

Background:  A crucial aspect of continued senior care is the early detection and management of frailty. Developing 
reliable and secure electronic frailty assessment tools can benefit virtual appointments, a need especially relevant in 
the context of the COVID-19 pandemic. An emerging effort has targeted web-based software applications to improve 
accessibility and usage. The objectives of this scoping review are to identify and evaluate web-based frailty assess-
ment tools currently available and to identify challenges and opportunities for future development.

Methods:  We conducted a review with literature (e.g., using MEDLINE databases) and Google searches (last updated 
on October 10, 2021). Each of the identified web applications were assessed based on eight featured categories and 
assigned a rating score accordingly.

Results:  Twelve web-based frailty assessment applications were found, chiefly provided by the USA (50%) or Euro-
pean countries (41%) and focused on frailty grading and outcome prediction for specific patient groups (59%). 
Categories that scored well among the applications included the User Interface (2.8/3) and the Cost (2.7/3). Other 
categories had a mean score of 1.6/3 or lower. The least developed feature was Data Saving.

Conclusions:  Web-based applications represent a viable option for remote frailty assessments and multidisciplinary 
integrated care of older adults. Despite the available web-based frailty assessments on the Internet, many missed cer-
tain needed features for professional use in healthcare settings. This situation calls for fully comprehensive web-based 
applications, taking into consideration a number of key functions linking graphical user interface and functionalities, 
and paying special attention to secure data management.

Keywords:  Comprehensive geriatric assessment, Digital health, Frailty assessments, Web-based software, Web 
applications
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Background
Frailty is a multidimensional state of increased vulner-
ability with age that can lead to increased risk of many 
adverse outcomes, including hospitalization and mortal-
ity [1, 2]. Frailty can be operationalized in many ways, 
although none of them have provided a definite diagnosis 
[2–6]. The phenotypic approach categorizes the physi-
cal presentation of frailty based on five clinical features 

Open Access

*Correspondence:  xiaowei.song@fraserhealth.ca
1 Clinical Research, Surrey Memorial Hospital, Fraser Health, Critical Care 
Tower T2‑820, 13750 96th Avenue, Surrey, BC V3V 1Z2, Canada
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-021-02660-6&domain=pdf


Page 2 of 11Chang et al. BMC Geriatrics          (2021) 21:723 

including weakness, slow walking speed, unintentional 
weight loss, exhaustion, and low physical activity [7, 8]. 
The deficit accumulation based frailty index estimates 
the proportional presentation of health problems of a 
wide range of health domains [6, 9]. Both approaches 
have gained popularity and been widely used in clini-
cal and epidemiological studies [10]. Ongoing efforts 
are being made to enable frailty-informed care of older 
adults involving multidisciplinary care teams [10]. For 
such integrated care, early detection and management of 
frailty is key [10].

Emerging data have also highlighted the relationship 
between frailty and the COVID-19 deaths and other 
adverse effects in older adults, who are more likely to 
have comorbidities of multiple organ systems and to 
encounter other medical and social challenges [11–13]. 
Following the physical distancing guidelines, virtualized 
approaches are being increasingly adopted to continue 
senior care and frailty management, while reducing in-
person appointments [14, 15]. Besides the pandemic, 
some older adults may also be beset by transportation 
related issues that prevent easy access to primary care 
(e.g. mobility problems, lack of caregiver ability to drive, 
no driver’s license, remote area) [16, 17], increasing the 
need for reliable virtual assessments.

Web-based health assessments have potential to ben-
efit virtual appointments and frailty detection, as they 
allow care providers of different settings to feasibly 
access assessment data and better understand the level 
of frailty and its changes in individual patients in devel-
oping optimized care plans (e.g. intervention strategies 
and discharge care). As well, the potential large-scale 
data sharing over the Internet can benefit demographi-
cal research in promoting the health of older adults in 
aging populations. In general, web-based applications 
can also be available for free or at a low cost, more time 
efficient, and allow automatic calculations leading to 
immediate results [18–21]. It is anticipated that with the 
need for maintaining physical distancing, reliable web-
based assessments will be in demand for future frailty 
assessments.

Frailty assessments have traditionally relied on man-
ual data entry and processing, which can be time-con-
suming and error-prone [21, 22]. Recent research has 
enabled computerized solutions. For example, an elec-
tronic frailty index calculation in the Electronic Medical 
Records (EMR) system has allowed for frailty measures in 
primary care for millions of older patients in the UK and 
several other European countries [23, 24]. More recently, 
a computerized frailty measure named the electronic 
frailty index (eFI) has been constructed based on the 
electronic Comprehensive Geriatric Assessment (eCGA, 

a multidisciplinary diagnostic assessment that evaluates 
many domains of older adults’ health and care needs) 
[25, 26]. Being available in the EMR system and as stan-
dalone software that runs on personal computers [25], 
the eFI-CGA is time-efficient and cost-effective. Even so, 
accessing the EMR from home can be cumbersome, and 
downloading/installing the standalone version upgrades 
can be inconvenient. This is especially true for health 
professionals who have no access to an EMR, including 
those who care for older adults in emergency, acute care, 
and long-term care settings.

Motivated to develop a web-based software tool for 
reliable frailty assessment, we conducted a thorough 
search and evaluation of the currently available web 
applications in the field. The purpose of this study is to 
provide insights to guide future web-based frailty assess-
ment software development, including the web-based 
eFI-CGA. Our specific objectives were to: 1) understand 
what web applications exist for frailty assessment; 2) 
describe the usability of these applications; and 3) evalu-
ate the challenges and opportunities of future web-based 
frailty assessments. Where applicable, the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses for Scoping Reviews guidelines (PRISMA-Scr) were 
applied [27] to allow a broad scope on the concept of 
web-based frailty assessments was obtained.

Methods
Information sources
The study used the electronic MEDLINE database, and 
the Google search engine. The MEDLINE-based litera-
ture search was conducted to extract information from 
peer-reviewed research literature. Additional databases 
(EMBASE, which captures more international publica-
tions, and CINAHL,  which captures more publications 
aimed at nursing and allied health professions) were 
searched to verify the websites found, with broader cov-
erage of the high-quality research from the searches. 
Considering the nature of web-based software applica-
tions, for which many developers do not publish jour-
nal articles on their web-based tools, a Google search 
was conducted in addition to the traditional literature 
search by directly identifying the websites linking to the 
software applications. Two researchers (RC and HL) con-
ducted each of the searches independently, which were 
most recently updated on October 10, 2021 (Fig. 1).

Search terms
The searches were performed based on three sets of 
keywords: Set 1: "online" or "web-based" or "website-
based"; Set 2: "geriatric" or "frailty" or “older adult”; and 
Set 3: "assessment" or "software tool" or "application" 
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or “calculator”. For the literature search, the three sets 
of keywords were combined with additional controlled 
vocabulary, which included “Internet”, “geriatrics”, “aged”, 
“frailty”, “mobile application”, “user-computer interface”, 
“geriatric assessment”, and “risk assessment” (Additional 
file  1). For the Google search, the individual terms in 
sets 1 through 3 were combined one on one, creating 36 
unique search inputs (Additional file  2). A “*” sign was 
used to represent different suffixes of the same word in 
the search inputs/string where applicable.

Search methods and selection of sources of evidence
The search strategy consisted of a standard literature 
search supplemented by a  website search. The process 
was developed with the consultation and help of experi-
enced librarians.

Literature search using MEDLINE
We included studies published from the inception of the 
database to October 10, 2021. Article titles and abstracts 
were screened to include publications discussing frailty 
assessment. Names of specific frailty related web-based 

assessments were then extracted from these relevant 
articles.

Website search using Google
To minimize the selection and customization impact 
of the Google search engine, all personal accounts 
were  logged out of prior to each search, and the his-
tory, cookies, and cache were cleared. For each unique 
search input term, the first 50 non-advertisement 
results were retrieved, which sufficiently covered all 
relevant materials. This yielded a total of 1800 initial 
results (Fig.  1). All initial website titles and previews 
were sequentially screened to include websites related 
to frailty assessment. The resulting websites were then 
fully scanned to ensure they either hosted a web appli-
cation on frailty assessment or included a direct exter-
nal link to such a web application (Fig. 1).

An additional check of each of the individual web 
applications was conducted to ensure the assessment 
remains available online and meets the selection cri-
teria as specified below. Finally, the results from these 
searches were combined, yielding a final list of web 
applications for further evaluation and analysis (Fig. 1).

Fig. 1  Flow diagram showing searches on Google and MEDLINE
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Selection criteria
Web-based frailty assessments were included if they met 
the following inclusion criteria: (1) related to frailty, (2) 
had a fillable form for data collection, (3) hosted on a web 
domain, (4) focused on older adults, and (5) interfaced 
in English. The exclusion criteria were: (1) not available 
online, (2) only displayed a non-fillable PDF version or 
conducted a calculation (i.e., a simple calculator that does 
not specify/assess any item), and (3) not accessible for 
research use or any independent application (e.g., assess-
ments built into an EMR system or imbedded within a 
research project).

Assessment characteristics selected and data charting 
process
Considering the common features of web applications, 
each application was evaluated applying IEEE recom-
mendations for scoring that consisted of a comprehensive 
list of software criteria [28–34] of a total of 13 categories 
(Table  2). These included user friendly interface, effec-
tive data saving, completeness of health domain inclusion 
(Additional file  3), completeness of health item inclu-
sion, the cost of usage, results interpretation availability, 
instructions and training availability, remote access, and 
conductance possibility (Table  2, top panel); and time 
efficiency of assessment, algorithm efficiency, security, 
environmental requirements, and browser requirements 
(Table 2, bottom panel). The categories were relevant to 
frailty and widespread application potential (e.g. promot-
ing digital health and benefiting virtual health assess-
ment) and reflected the populations, concepts, and 
contexts of interest in this review [27].

For each web application identified, an assessment 
score was assigned using a rating grade ranging from 0 to 
3 for a given category, with higher scores meaning better 
performance (Table 2). For a category that could not be 
adequately evaluated (i.e. missed being reported by most 
websites), the category was not presented in the summed 
up score. The evaluation and scoring were conducted 
independently by two researchers (RC and HL). Any dis-
crepancies were resolved through discussions between 
the researchers and consensuses were achieved upon the 
majority vote involving additional researchers (AM, XS).

Results
Characteristics of assessments
The final set of results consisted of twelve web-based 
frailty assessment applications, all of which were devel-
oped over the past six years (2015–2021). The majority of 
the web applications were provided by the USA (50%) or 
European countries (41%), with a focus on frailty grading 

and outcome prediction for specific patient groups (59%). 
Each of the web applications is summarized below and 
described with more details in Table 1.

Released in 2015, the QxMD provided web Edmon-
ton Frail Scale consists of 11 items over multiple health 
domains. It provides a simple way to assess frailty in older 
adults and can be completed in 5 min on average.

Also released in 2015, the Myeloma Frailty Score Cal-
culator aids in the prognosis of elderly myeloma patients, 
through assessing 31 items on age, comorbidities, cogni-
tive, and physical functions, which can be saved in a PDF 
document along with the calculated score.

In the following year, the Johns Hopkins Frailty Assess-
ment Calculator was released to assess the five-item 
frailty phenotype [8]. A free trial is limited to 5 calcula-
tions; unlimited calculations and guidebook and database 
access can be obtained with an annual subscription.

The Geriatric 8 (G8) Health Status Screening Tool was 
updated in 2017, for identifying older cancer patients 
who may benefit from a CGA through assessing physical 
and neuropsychological health. Free accounts can down-
load a PDF assessment; a subscription leads to unlimited 
downloads and the ability to add notes to the PDF.

The Liver Frailty Index was also released in 2017 to 
assess physical frailty in patients with chronic liver dis-
ease and/or cirrhosis. It assesses three performance-
based items: grip strength, chair stands, and balance, 
with detailed instructions including diagrams for use.

Also released in 2017, the QFrailty Risk Calculator 
assesses older adults’ risk of developing frailty involving 
40+ deficits over 10 health domains. The software esti-
mates the frailty degrees (e.g “mild” or “severe”), and the 
two-year hospitalization and death risks.

The Frailty Risk Calculator was released in 2018. Uti-
lizing social and clinical variables, this tool estimates the 
probability of hospitalization or death within the next 
year for older adults.

Also released in 2018, the Senior Health Calculator uses 
the CGA items to produce a deficit accumulation based 
FI. Fifty items on medical history, functional status, per-
formance tests, and nutritional status are assessed, and FI 
calculation can be based only on the first two domains. 
The input data, FI, and summary may be saved or printed 
as PDF.

The Modified Frailty Index was recently updated in 
2019 and assesses the morbidity and mortality risks in 
older general surgery patients based on the FI. Free 
accounts can download a PDF assessment; a subscrip-
tion leads to unlimited downloads and adding notes to 
the PDF.

The Myelodysplastic syndromes (MDS) Specific Frailty 
Index was released in 2020 and evaluates frailty in 
patients with myelodysplastic syndrome. Seventeen 
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items are included to calculate a frailty scale ratio, com-
posite score, and estimated survival outcome. Users may 
manually copy/paste the input and output to the local 
computer.

The Cumulative Illness Rating Scale-Geriatric (CIRS-
G) is an assessment that quantifies the disease burden 
in older adults. It uses 14 multiple-choice comorbidities 
to produce a frailty score. With a free account, users can 
copy assessment inputs and results to the local computer.

In 2021, the Frailty Group Calculator was released. It 
assesses 21 items from the Charlson Comorbidity Index, 
Geriatric Nutritional Risk Index, and activities of daily 
living to produce a frailty score. The website includes a 
detailed description of all terms used (Table 1).

Synthesis of results
Eight feature categories could be applied to scoring these 
web applications (i.e., assigning a 0 through 3 to each 
category), making 24 the maximum possible sum-up 
score that a web application could receive for high per-
formance (Table  2). Figure  2 shows the categorical and 
sum-up scores of each web application. The two catego-
ries that scored with high values among the applications 
were User Interface and Cost (2.75/3 and 2.67/3, respec-
tively), whereas the other categories had a mean score of 
1.67 or lower (Fig. 2). The category with the lowest score 
was Data Saving, with only 4 assessments not scoring a 

0, as most of the web applications permitted no or very 
primitive data saving or data loading.

Discussion
We conducted this study to understand what frailty 
assessment tools are currently available online and to 
evaluate their usability considering a large number of fea-
ture categories. To the best of our knowledge, this is the 
first attempt to identify and summarize web-based frailty 
assessment applications in a scoping review. This is also 
the first known study that comprehensively evaluates 
the applicability and limitations of web applications. The 
research has allowed us to generate important insights 
into successful future development of online software 
tools in support of early detection and management of 
frailty.

The assessments under evaluation showed several 
essential merits and have multiple advantages. Most 
applications have implemented a highly friendly user 
interface. One crucial benefit of having a web-based 
assessment is the convenience and ease of completing 
the assessment with simple selections and mouse clicks 
[20, 23]. For example, the web applications realized user 
interface functionality by employing radio button selec-
tion for the binary “yes or no” questions, which is more 
time conservative than using a drop-down menu or text 
box. Most applications also appeared to be highly cost 
efficient. Making assessments available for free can help 

Fig. 2  Graph comparing the total scores of each assessment. *The scoring was based on the categories as given in the legends. Additional 
categories (time efficiency, security, algorithm efficiency, environmental and browser requirements) could not be scored due to limited information 
from the applications under evaluation
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maximize the potential for adoption and impact. Having 
easily accessible frailty assessments will encourage use 
and scale up the effort of frailty management.

Despite these beneficial qualities, several important 
areas may be improved in future development of web-
based frailty tools. For example, the assessment pages 
often lacked clear and comprehensive instructions or 
training materials. Including sufficient materials of 
training and education can be crucial for potential users 
to accurately and effectively complete the assessments, 
especially regarding the specifics of some performance 
items (e.g. specific version of the “sit to stand” test). 
Similar arguments can apply to including helpful mate-
rials for results interpretation. Even though an assess-
ment can yield a score or a frailty rating, these numbers 
would need interpretation with context. Adding this 
information can help the user understand the assess-
ment outcome more accurately, benefiting patient care 
planning.

It is also worth noting that the existing web applica-
tions commonly included limited options for data sav-
ing and retrieval. Although copying of the completed 
assessment and the associated scoring might be allowed 
by some, working with the data or even reloading the 
saved assessments for processing/editing were typi-
cally unmanageable. In the context of virtual health 
appointments, this feature is needed in scenarios where 
an assessment must be completed over more than one 
session due to time restrictions, interrupted Internet 
connections, or other disruptions that healthcare profes-
sionals may experience [35].

Further, a majority of the assessments considered 
only a limited number of health domains and/or total 
items. Because frailty is commonly recognized as a 
multidimensional syndrome characterized by the loss 
of physiological reserve in multiple health systems [6, 
9] frailty assessments can have improved precision 
relating the outcomes when a wide range of health 
domains and items are considered, for a comprehensive 
overview of patients’ health. For example, it has been 
recommended that a deficit accumulation-based frailty 
index includes no less than 30 individual items when 
possible [36, 37].

Our study has several limitations. The literature 
search largely used the MEDLINE databases. Although 
applied a thorough search strategy  was applied and 
checked against additional databases to increase cov-
erage of high quality research, the literature searches 
yielded only a limited number of the websites. This 
situation is determined by the general lack of research 
publications for web applications on frailty. When sup-
plemented by the Google search, more websites hosting 

such web applications were retrieved directly, regard-
less of whetherif any scientific publications were associ-
ated with them. While the search strategy has properly 
targeted the research topic at hand, it is still possible 
that some web applications that are only available from 
less prominent resources may have been overlooked.

Likewise, frailty assessments that are electronic but 
not web-based, such as the EMR data analyses of frailty 
within the UK and several other countries [23, 38], and 
the frailty assessment within the EMRs [26], were not 
included. Other useful but non web-based assessments 
that may have been excluded can include those that are 
eimbedded in specific clinical programs or research 
investigations such as InterRAI, a well-established global 
initiative, in which a wide-range of embedded func-
tional tools are developed, including frailty scales [39]. 
As program-imbedded tools are not readily identifiable 
or accessible via Internet domains, they are not always 
searchable following a consistent approach (e.g., the 
one described in the methodology), and applying prior 
knowledge about these embedded tools in the search 
would likely lead to certain additions, but in the mean-
time, inconsistent inclusions.

Also, while using an online search engine to supple-
ment the standard literature search has merit for a more 
adequate website identification, it is acknowledged that 
the commercial aspect of a search engine can poten-
tially compromise an unbiased search. In addressing 
this limitation, our strategy has allowed the exclusion of 
all results labeled as advertisements, the clean-up of all 
personal accounts, and the scanning of a sufficient num-
ber of  results, avoiding the possibility of limiting the 
search to retrieving only to the “most popular” results 
displayed first.

Further, as the study focused is the availability, accessi-
bility, functionality, and usability of the web applications, 
we have included all frailty conceptualization and opera-
tionalization approaches found; i.e., the content validity 
and psychometrics of the frailty assessments themselves 
based upon the web applications developed were not 
considerations for exclusion [40]. Also, several catego-
ries of the evaluation (time efficiency, security, algorithm 
efficiency, environmental requirements, and browser 
requirements) were not assessable, due to the lack of data 
provided by the web applications under review. Infor-
mation on these aspects can be fundamental in soft-
ware appraisal [25, 28, 30–34], and we encourage future 
developments to take these into consideration with soft-
ware implementation and report how these aspects are 
addressed.

Despite these limitations, our study contributes to the 
research field and is relevant to advancing early detection 
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and management of frailty. We have applied the estab-
lished software evaluation approaches [28–34] for 
an insightful understanding of the available web applica-
tions, highlighting the important features to consider for 
inclusion in future development, including our ongoing 
effort in advancing a fully functional web-based eFI-CGA 
(https://​efi-​cga.​ca/).

Creating robust web-based frailty assessments pre-
sents opportunities for more widely accessible frailty 
monitoring and management. In this regard, standalone 
software tools are limited by the need to manually 
download and install software and any needed updates. 
Standalone applications can also restrict effective data 
sharing, as data is only saved locally on the user’s com-
puter. Similarly, assessments embedded in EMR systems 
are only accessible from certain locations (e.g., family 
physician clinics), restricting accessibility by health pro-
fessionals who care for older adults in acute and long-
term settings, and limiting individualized integrated 
care. Web frailty assessments may allow for a much-
required continuity of care for patients, particularly for 
frail older adults with complex medical needs, as shown 
by the ability to predict hospital outcomes from frailty 
measures [18–21, 41–43].

Another major advantage of web-based frailty assess-
ments is the potential of increasing the efficiency of 
data management and large-scale information shar-
ing. In Canada, and perhaps in some other countries, 
the lack of interoperability of EMR systems represents 
a major barrier to a unified electronic health solution 
[44]. Taking the EMR based eFI-CGA as an example, 
vendors of different EMR systems have automated the 
assessment in different ways, making it difficult to inte-
grate measurements and outputs [25]. A web applica-
tion can provide a solution through the universally 
accessible Internet, which is meaningful for promoting 
efforts in providing better care for people in  the aging 
society.

The COVID-19 pandemic and its consequences have 
also highlighted the value of web-based assessments, 
with healthcare providers needing flexible health assess-
ments to accommodate physical distancing restrictions 
[15]. For instance, we have seen an increasing number of 
requests since the beginning of the pandemic for obtain-
ing a copy of the standalone eFI-CGA software tool [25]. 
Having web-based assessments would allow for frailty 
management to continue during times of limited contact, 
as they can be readily accessed.

One concern related to virtual health appointments 
may be the ability of older adults to use the neces-
sary technologies such as the Internet or video call 
platforms. However, throughout the course of the 

pandemic, many patients or providers who may have 
been deemed as “technologically limited” have adapted 
and become proficient in using video calls for other 
activities such as exercise, socializing, and learning 
[43]. While an initial learning curve is expected, there 
is a generally positive perspective towards virtual care 
applying computerized technologies within the new 
generation of older adults [45].

A foreseeable challenge to widespread adoption  of 
web-based frailty assessments is the patient privacy 
and data security concerns. Given that there are many 
healthcare systems already using external data platforms 
including therapy delivery and patient monitoring, it is 
anticipated that with sufficient precautions and regula-
tions, perhaps one day the same can be done for frailty. 
Even though previous efforts to expand virtual care met 
with some resistance [43], the COVID-19 pandemic 
has “kickstarted” this expansion. As different aspects 
of virtual healthcare advance, it is important that frailty 
assessments advance concurrently – if we expect frailty 
identification and management to have a more central 
role in older adults’ healthcare, as recommended [10, 
46], we must ensure it evolves as the healthcare system 
does. The process may take time and effort, and the pre-
sent study aims to aid the transition by highlighting the 
currently available web-based frailty assessments and 
providing insights on developing web applications for 
use in virtual care.

Conclusions
Taken together, web-based applications represent a 
viable option for remote frailty assessments and mul-
tidisciplinary integrated care of older adults. Presented 
following the PRISMA-ScR, this scoping review has 
shown that despite the availability of web-based frailty 
assessments on the Internet, many lack certain fea-
tures needed for professional use in healthcare set-
tings. This situation calls for fully comprehensive 
web-based applications, taking into account a number 
of key functions linking the front and back ends and 
paying special attention to secure data management. 
It is anticipated that having reliable and effective web-
based health applications will promote remote assess-
ments as an aspect of virtual care as common practice 
in the future.

Abbreviations
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