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Abstract

Background: Diabetesisamongthe most common chronic conditions people live with acrosstheworld. Whileit can be managed
to asubstantial degree, it can result in significant complications. Assuch, easy accessto accurate toolsto aid diabetes management
isuseful in minimizing these complications. Mobile apps are highly accessible and widely used, but thereisagap intheliterature
examining their compliance with medical guidelines.

Objective: Theams of this study are to develop the Analysis of Diabetes Apps (ADA) checklist to evaluate apps compliance
to guidelines set by the International Diabetes Federation (IDF) on the treatment and management of type 2 diabetes; to assess
type 2 diabetes appsin the Apple App Store and the Android Google Play Store, and their compliance with international guidelines
using the ADA framework; and to compare the novel ADA checklist against both the Mobile App Rating Scale (MARS) tool kit
and app ratings for each store.

Methods: We will develop a checklist based on the “IDF Clinical Practice Recommendations for Managing Type 2 Diabetes
in Primary Care.” Type 2 diabetes apps will be scraped from 6 countries’ app stores using web scraping tools. These countries
include Australia, Brazil, India, Nigeria, the United States, and the United Kingdom, which were selected based on the largest
population of English-speaking people in each continent. The apps will be searched on the web-based scraper using the search
terms “blood sugar,” “diabetes,” “glucose level,” “insulin,” “sugar level,” and “type 2 diabetes” Apps will be excluded if they
arepaid or are not in English. The appswill be assessed using the ADA checklist to evaluate their compliance to the international
diabetes guidelines. Once scored, the results will be analyzed with descriptive statistics. The most popular apps will be further
analyzed using the MARS tool kit. The ADA checklist scores will then be compared to both the MARS tool kit score and app
ratings for each store.

Results: The ADA checklist developed based on the IDF guidelines focuses on general information, risk factors, diagnosis,
pharmacology, lifestyle modification, glycemic recommendations, and medications. The initial stress testing of the protocol
resulted in 173 included apps. Thiswill vary in the final search as the app stores are constantly changing.

Conclusions: The protocol presents the development of a checklist to investigate the compliance of type 2 diabetes apps with
international guidelines. The checklist will hopefully form the basis of a scoring system for future research on compliance of
mobile apps with international guidelines. High standardization of the ADA checklist will make it a robust tool for people with
diabetes and their health care providers alike in assessing type 2 diabetes appsin the future.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic condition that is
prevalent worldwidewith its prevalencerisingin low-, middle-,
and high-income countries[1-5]. In the United Kingdom alone,
around 4.7 million people were diagnosed with T2DM in 2019
representing about 7% of the population [6,7]. The Centersfor
Disease Control and Prevention (CDC) reported that 34.2 million
people had T2DM in the United Statesin 2020 [2].

For individualswho areliving with T2DM, there are significant
risks of complications including cardiovascular and peripheral
vascular damage. In the United Kingdom, T2DM causes 20%
of strokes|[8]. Individualsliving with T2DM are 2.5 timesmore
likely to have a myocardial infarction with 25% of patients
arriving in ahospital for astroke, myocardial infarction, or heart
failure also having preexisting diabetes [6]. However, the
complications also go beyond circulation, and there can be
damage to the peripheral nerves as well. Foot ulcers are a
common complication of T2DM. These can lead to foot
amputations at much higher rates than those without T2DM.
Thissignificant changeto aperson’slife can also increase their
risk of death, with 40% of people who have had a major
amputation dying within 5 years post surgery [6]. Other damages
can be caused by the production of advanced glycosylated end
products. Retinopathy is a common complication causing
blindness. Nephropathy is also acommon complication that can
lead to kidney failure and death [6].

Diabetes treatment is multifaceted. There are multiple drug
therapiesaswell astertiary preventive measuresthat arerequired
to minimize the complications of the disease [9]. Some of these
measuresincluding blood sugar monitoring and healthy nutrition
are supported through mobile health (mHealth) apps[10]. The
use of mHealth apps has shown benefits in the past for T2DM.
In 1 paper, there was better control of glycemic indicators[11].
One study showed areduction in hemoglobin A in those who
used diabetes apps regularly compared to a control population
[12]. Previous research has shown better control of glycemic
indicatorsfor individuals who use mHealth applicationsfor the
management of their disease compared to those who use other
methods [8,10,12-14]. However, more research is required to
determine the quality of available apps including the accuracy
of the information content.

In the past, mHealth apps for T2DM have been evaluated for
their functionality, but not for the quality of the information
provided in the apps. mHealth apps are often analyzed through
the prism of app review criteria such asthe Mobile App Rating
Scale (MARS) [15]. Inthe MARS toal kit, apps are rated based
on engagement, functionality, aesthetic information, and
subjective opinion. Each of these categories is broken down
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further into questions whose answers range from inadequate to
excellent. While this is good for the analysis of apps across
many genres, it does not focus on the quality of specific
recommendations on the management of T2DM from the
guidelines.

Every country has its own specific guidelines for the
management of T2DM. Each variesdightly in recommendations
such as the diet preference or the pharmacology. The largest
area of variation in guidelines between countries comesin the
form of diet and exercise [9]. Each of the countries’ guidelines
suggests healthy eating, weight loss, as well as moderate
exercise. Some countries go into more detailed suggestions for
diets for instance in the United States, it is suggested that a
weight loss diet of vegetarianism or low carbsis best, whereas
in other countries, a Mediterranean diet is recommended.
Recommended dietsinclude DASH, Mediterranean, Nordic, or
vegetarianism. The DASH diet iscomprised of ameal planwith
well-balanced mealswith lower levels of fat, sugar and sodium
in the diet [16]. Similarly, each country recommends at least
150 minutes of moderate exercise aweek with variationsin the
type of recommended exercise. For instance, yoga is
recommended in India’s guidelines[17]. The differencesin the
national guidelines can lead to confusion for both users aswell
as app designers when apps are released in multiple countries

9.

In this review, we will analyze T2DM apps in a selection of
countries with the highest population of English speakers in
each continent, including Australia, Brazil, the United Kingdom,
India, Nigeria, and the United States. Asaresult, this paper will
evaluate the sel ected apps based on the recommendations of the
International Diabetes Federation (IDF), whichisacombination
of hundreds of the world’s national diabetes associations. Asa
result, the IDF's guidelines form a clear source of
recommendations for the management of patients with T2DM
across the world. Therefore, we aim to assess the content of
selected appsfor T2DM based on the IDF’ s diabetes guidelines

[9].

In addition, the result of the content assessment will be
compared to the users rating and the result of another
assessment of the same apps using MARS, which isavalidated
scale. The aim of this comparison is to examine concordance
or otherwise between apps compliance with guidelines, users
ratings, and assessment scores based on validated scales.
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Methods

Development of the Analysis of Diabetes Apps
Checklist

The checklist (Multimedia Appendix 1) covers key areas of
T2DM care. The checklist was devel oped based on the sections
of the “IDF Clinical Practice Recommendations for managing
Type 2 Diabetesin Primary Care” [9]. The Analysisof Diabetes
Apps (ADA) checklist focuses on general information, risk
factors, diagnosis, pharmacologic treatment, lifestyle
modification, glycemic recommendations, and medications.
Thefirst section focuses on health education. It asks if the app
informs the users of the risk factors as listed in the IDF
guidelines. The apps gain points depending on what is
mentioned. The checklistisuseful inthat it providesaqualitative
manner of ranking apps based on their information content.
Information on diabetes diagnosis will also be assessed based
on various diagnostic tests and laboratory values used by
different systems. Glycemic targets will also be evaluated for
accuracy as well as the different units used. Pharmacologic
treatment is key for the management of T2DM and will also be
evaluated. Thefinal and largest section is the reduction of risk.
This includes diet recommendations, exercise strategies, and
other lifestyle modifications.

Sources and Search Terms

Both the Google Play Store aswell asthe Apple App Store will
be searched, using aweb scraping tool. Google Play Store and
Apple Apps Store are the largest app stores on the market for
the public. Both stores will be searched across 6 countries
including Australia, Brazil, the United Kingdom, India, Nigeria,
and the United States, which are countriesthat have the highest
population of English speakers in their respective continents
[18-22]. Although Englishisnot the official language of Brazil,
it has the highest population of English speakers in South
Americadueto itslarge population. Theinclusion of countries
from all continents is intended to achieve a broad geographic
coverage, which allows for increased generalizability of the
study findings. Limiting the search to only 1 country per
continent is aimed to reduce duplication as the same or similar
apps are likely to be available across different countries,
especialy in the same continent.

The search terms to be used are blood sugar, diabetes, glucose
level, insulin, sugar level, and type 2 diabetes. Thesetermswere
selected after a series of preliminary screenings. The search
terms that yielded the most relevant apps were chosen. Each

https://www.researchprotocols.org/2024/1/e48781

Rebus et al

search term will be entered into a web scraping tool to collect
apps.

Eligibility Criteria

Thisreview will collect alist of appsthat are related to T2DM
so that they can be evaluated in terms of their compliance with
the recommendations of the IDF. The inclusion criteriafor the
apps are that (1) the content of the appsisin English; (2) the
apps are freely downloadable—that is, no payment is required
for downloading or using the apps; (3) apps that focus on the
aspects of self-management of T2DM such as diet, physical
activity, blood sugar monitoring, and foot care; and (4) apps
that are compatible with iOS and Android mobile platforms.
Evidence from the literature suggests that T2DM isacondition
that is prevalent among peopl e with |ower socioeconomic status
[23]; hence, fees might limit the use of apps among peoplewith
T2DM.

Apps will be excluded based on the following criteria: (1)
generic lifestyle apps that are not focused on T2DM; (2) apps
requesting feesfor download or use; (3) appsin languages other
than English; and (4) appswith missing or incorrect information
will also be removed as it will be difficult to locate and
download them from the app stores. The expected datafor each
app on the scraping platform include the name of the app, the
URL, the title, the star rating score, the last update, the
publishing date, the genre, and the number of reviews.

App Selection

Thetop 30 appsfrom each keyword search result will be collated
dueto thelimits of the scraping platform. Using the 6 identified
search termsfor each of the 6 countrieswill result in 36 different
searches and a maximum of 1080 apps. The eligibility criteria
relating to cost, language, and compatibility of the appswill be
automatically applied using thefilters on the scraping platform.

Oncethe app list is collated, the top 10 apps from each store on
each search will be selected with a maximum number of 720
apps. The ranking of apps will be based on the search results
with apps higher in the search result being higher on the list.
The apps will not be ranked by star rating score or the number
of downloads but by whichever method Apple and Google Play
sort the apps asthisis more representative of what auser would
seewhen searching for adiabetes app [24]. After the compilation
of the top apps, duplicates will be removed. A PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) diagram showing the proposed scraping method
is presented in Figure 1. A similar app scraping methodol ogy
has been used in previous assessment studies [25,26].
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Figure1l. App selection flowchart.
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Apps Evaluation

The included apps will be evaluated within 6 months of first
scraping using the novel ADA checklist (MultimediaAppendix
1) developed by the authors from IDF clinical practice
recommendations for managing T2DM in primary care [9]. A
total of 2 evaluators will independently assess each app based
on the checklist. Disagreement will be resolved by discussion
between the 2 evaluators [26].

The assessment data will be analyzed by descriptive statistics.
As the data from the scoring system are ordinal, they will be
compared viafrequency distributions, median, and range. This
will be used for each of the checklist itemsto determine whether
there are associations or patternsthat are visible.

Comparison With Other Rating Systems

Additionally, 12 of the appswill be evaluated using the MARS
tool kit. The top app for each country under the keyword
diabetes will be selected from both the Google Play Store and
the Apple App Store. If thereis duplication, the next app on the
list will be selected. The results of the app assessment based on
MARS will be compared to the results of the app assessment
based on the ADA checklist to determine whether there are
concordance or correlations. Further comparison will be done
to ascertain whether there is a correlation with the star rating
of the app stores. We would like to assess whether the score
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from the ADA checklist has a correlation with scores from
MARS and the app stores’ star rating. To test for correlation,
Spearman rank correlation analysiswill be used to comparethe
ADA checklist’stotal scoreto both the MARS total mean score
and the app stores’ star rating for the 12 selected apps.

Ethical Consider ations

No ethicsapproval isrequired for this paper asit will not involve
animal or human participants and all data to be collected are
publicly available.

Results

The ADA checklist (Multimedia Appendix 1) developed based
on the IDF guidelines focuses on genera information, risk
factors, diagnosis, pharmacologic treatment, lifestyle
modification, glycemic recommendations, and medications.
Theinitial stresstesting of the protocol resultedin 173 included
apps. This will vary in the final search as the app stores are
constantly changing.

Discussion

Overview

This is the first time, to the best of our knowledge, that an
mHealth app assessment checklist is being devel oped based on
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medical guidelines and tested on appsin the mobile app stores.
The potential uses of this ADA checklist address a number of
issues related to the quality of mHealth apps for T2DM.
Primarily, it would provide patientswith T2DM and their health
care providers with a reliable tool by which they can assess
whether diabetes apps provide information based on medical
guidelines. The lifestyle changes required as part of diabetes
care are extensive and the health consequences of failing to
make these changesin atimely and appropriate manner can be
severe. Dueto the lack of filtersin mobile app stores related to
compliance with guidelines, it is of the utmost importance that
if patients are reliant on apps such as those to be evaluated by
this protocol, they are able to avoid those that would mislead
them. This new checklist may be useful for further assessment
of diabetes apps based on their compliance with medical
guidelines. The ADA checklist will alow for more trust and
transparency regarding diabetes appsthat are currently used, as
well as future applications.

Furthermore, it would be of interest to assess if users star
ratingsin the app store correlate with app quality based on the
novel ADA checklist, as most prospective users might have
been relying on user ratings while choosing their apps. Users
star ratings, as a metric, are open to a number of biases that
could potentially reduce its correlation to app quality [27,28].
For example, user reviews may be made on the basis of user
interface, aesthetics, or the invasiveness and frequency of any
advertisements the app displays[27,28]. Previous studies have
compared users star ratingswith MARS, an analysis of whether
app ratings correlate to compliance with IDF guidelinesin this
study will further assess the use of users' ratings. On the other
hand, comparison with MARS could help to assess whether
apps that do well on assessment with a generic mHealth app
assessment tool also follow medical guidelines. Irrespective of
the results of this comparison between the generic app
assessment tool (MARS) and the guidelines-based ADA
checklist, both are likely to become complimentary as they
focus on different aspects of mHealth apps.

This novel methodology for assessing apps based on medical
guidelines can be trandlated to apps for other conditions such
as hypertension, hypercholesterolemia, and atrial fibrillation.
Whilethe aspects of the checklist will change between different
conditions, the checklist could be used as abaseline framework
in future studies, especially with other chronic conditions.

Limitations

The proposed methodology has a number of limitations. First,
the app selection process is dependent on the order in which
the appsarelisted on the search results on both the Google Play
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Store and the Apple App Store. These algorithms are subject
to change at any time without warning, and these changeswould
likewise be unbeknownst to users. For the purposes of this
protocol, this unknown ordering process will influence which
appswill beincluded or excluded in our evaluation, as only the
first 30 apps from each set of search resultswill beincluded for
evaluation, excluding duplicates. This may affect the
reproducibility of the results, given the potential for the order
of the app listings to change on search results without
notification or warning. However, this approach was deemed
to be the most objective and unbiased way to select the apps
that would be evaluated as these are the apps that are seen first
by the users. While analyzing apps based on the number of
downloads may be useful, it skews the results of the search to
older apps that may not be up to date on guidelines.

Another limitation of this protocol isthat only free appswill be
evaluated. This is a reasonable exclusion criterion for the
purposes of thisevaluation, asit would ultimately provide useful
information for patients with diabetes in search of amedically
accurate and useful app but who are not willing or able to pay
for one. However, this aso means that the results of this
evaluation will not be generalizable across all diabetes apps; it
may well be that many purchasable apps, or components of free
apps that require in-app purchases, are better than those that
would be included in this evaluation based on the criteria
described above.

In addition, comparison with the apps ratings may be
problematic. The average score on a 5-star rating system may
be skewed by the variability in the number of reviews given.
Because we intend to evaluate many apps, there is bound to be
awide range in a number of reviews. As such, apps with few
reviewsarelikely to havelessreliable average ratings compared
to those with high numbers of reviews. Additionally, thiswould
not at all account for app devel operswho use methodsto inflate
their respective app store reviews. Controlling the number of
reviews may be a helpful step in reducing the bias this could
introduce, though no obvious or reliable method to reduce this
bias exists.

Conclusions

There are hundreds of thousands of health-related apps in the
app stores. Such apps have been assessed previously from
different perspectives, including information quality, reliability,
interface, and efficacy. However, there have been no tools to
assess apps from a clinica guideline perspective. This
methodology developed in this research will demonstrate how
to assess the adherence of mHealth appsto clinical guidelines.

In this paper, there has been no use of machine learning, artificial intelligence, language models, and similar technology in any

of the formation, writing, or analysis of this paper.
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