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Abstract

Objectives—Despite the exponential proliferation of Chinese diabetes applications, none are 

designed to meet the needs of the largest potential user population. The purpose of this study is to 

examine the features and contents of Chinese diabetes mobile applications in terms of their 

suitability for use by older adults with diabetes.

Methods—A search of the Apple application store and the 360 Mobile Assistant was conducted 

to identify Chinese diabetes applications. Next, we compared the features and contents of all the 

included and most popular diabetes applications with both the International Diabetes Federation 

(IDF) clinical guideline and recommended usability criteria for older adults respectively.

Results—Seventy-one diabetes apps were randomly selected (from a pool of 552 diabetes apps) 

and reviewed. The features of most apps failed to include content areas of known importance for 

managing diabetes in older adults. Usability of all tested applications was rated moderate to good.

Conclusions—Designing maximally effective medical applications would benefit from attention 

to both usability and content guidelines targeted for the largest potential user population. Despite 

the preponderance of older adults in the potential user group, failing to consider the relevance of 
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content, in addition to usability for the specific population will ultimately limit the usefulness of 

the app.
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1. Introduction

China has the greatest number of people with diabetes in the world (110 million) [1], among 

whom people over 60 years account for 80.8% [2]. This number will continue to rise as the 

population ages [1]. Self-management has proven to be an essential component in diabetes 

care. While self-management support programs for diabetes such as Happy Life Club™ 

[3,4], Patient Empowerment Program [5,6] and Peer Leader-Support Program [7] have 

shown promising results, they require participants to join in real-time coaching or activities, 

which challenge older people who are geographically distant, disabled, unable to attend 

sessions, or prefer not to participate in groups.

Mobile applications (apps) have the potential to provide needed support for older adults with 

diabetes. Preliminary research results for mobile app use suggest great potential for 

enhancing the outcomes in diabetes patients [8,9]. There are currently more than 3000 

Chinese medical apps in the app store [10], of which diabetes self-management apps 

comprise a large share. Most of the existing diabetes apps support self-management tasks 

such as blood glucose testing, physical exercise tracking, insulin and other medication 

administration, diet, and general diabetes education [11,12]. However, none described in the 

literature or available for commercial use target the older population.

As both disease management and usability differ for older adults, compared to younger 

people, designing an effective and useful app for older diabetic patients requires careful 

attention to both content and usability. Evidence based guidelines for management of 

diabetes in older adults differ significantly from those for younger diabetics. Older adults are 

likely to have multiple co-occurring conditions, are likely to experience age related sensory 

and cognitive changes[13,14], have increased risk of medication side effects and falls [15], 

and are more likely to experience depression[16–18].

In addition to content tailored for older adult users, there are recommended usability criteria 

for older adult users [19,20]. In terms of features, common age related changes in vision, 

hearing, cognition, memory, problem solving ability and manual dexterity are relevant for 

app design [19,21]. Meeting appropriate usability criteria for included features determines 

patient engagement, optimal benefit of an intervention, and an understanding of 

generalizability [22]. Isaković’s research showed that app features developed for the general 

population are not necessarily suitable for elderly users [23].

Until now, to our knowledge, only two articles have reported studies of diabetes app 

usability for the elderly. Isaković et al [23] recruited older adults to evaluate diabetes app 

they developed for general diabetic patients, reporting that elderly users had difficulty using 

the app. Arnhold et al [20] performed an expert-led usability test of general diabetes apps for 
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patients age 50 years or older; with results showing moderate to good usability. Despite the 

great number of diabetes apps in China, usability evidence for Chinese older adults is absent.

The field of medical apps is currently one of the most dynamic in app development and 

medicine [24,25], with real potential to change the way evidence-based healthcare is 

delivered [24]. Although there is no evidence-based guideline specifically for diabetes apps 

targeted for older adults [26], there is an existing global clinical guideline for managing 

older people with diabetes[27] and mobile app usability criteria that includes basic usability 

for interaction processes, interface design, and comprehensibility of content both in general 

and specifically for the elderly [20]. Combining usability and clinical content 

recommendations in developing the app has the potential to improve the uptake and 

usefulness of apps with also having a positive impact on clinical outcomes.

The purposes of this paper are to (1) provide an overview of features and content of 

currently available Chinese diabetes self-management apps; (2) examine whether the 

contents of diabetes apps reflects clinical issues specific to older adults; and (3) evaluate 

whether popular Chinese diabetes apps fit the usability requirements for older adults.

2. Method

We began with an identification of features and contents found in existing Chinese diabetes 

apps, proceeded to a comparison of evidence-based guidelines for self-managing diabetes in 

older adults with content in existing diabetes apps, and finally compared app features to 

usability guidelines and recommendations for older adult populations.

2.1. Review current commercial diabetes apps

Data source—Given that iOS and Android are the two most commonly used mobile 

operating systems, we focused our search on the Apple App Store and 360 Mobile Assistant 

(the biggest Android platform in China) during September 2015 using keywords “diabetes 

mellitus” and “blood sugar”.

Inclusion and exclusion criteria—A diabetes app was included in our review if (1) it 

was used for diabetes self-management and included at least one of the following 

components: blood glucose testing, dietary and physical activity management, medication 

taking and foot care; (2) intended exclusively for diabetes patients; and (3) ran on mobiles. 

Apps were excluded if (1) there was no Chinese-language user interface; (2) they were 

designed for general health management or general chronic disease management; (3) they 

only provided information, or could only be used for calculation or communication; (4) were 

exclusively for professional health providers; or (5) could not be opened and run due to 

technological issues. No apps intended for older users were found.

Selection and extraction—A first random sample selection of 50 apps (from a pool of 

552 diabetes apps) in the app store was conducted by two reviewers independently with 

Joint-Probability of Agreement of 0.9. Descriptions of diabetes apps in the app store were 

reviewed and filtered based on the inclusion and exclusion criteria. Disagreements on 

inclusion were resolved by revisiting the inclusion and exclusion criteria, or turning to a 
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third reviewer. A second random sample selection of 50 additional apps was conducted with 

Joint-Probability of Agreement was 1.0. The primary author was responsible for reviewing 

these apps. Apps were downloaded and installed on reviewers’ mobile phone to facilitate 

analysis. Two reviewers each checked the apps by operating every module, and extracting 

details including: name, version, operating system, cost and features.

2.2. Comparison with evidence-based guideline

The global guideline for managing older people with type 2 diabetes [27] developed by the 

International Diabetes Federation (IDF) was used to determine content relevance for 

diabetes self-management.

2.3. Evaluation of popular diabetes apps

Based on the rankings in App Annie, the largest app intelligence platform for apps analytics, 

we selected those ranked in the top 500 medical apps in iOS operating system for usability 

testing. We employed the usability assessment criteria developed by Arnhold et al [20], that 

consists of four main criteria (comprehensibility, presentation, usability and general 

characteristics), 11 subcriteria and 18 items with 5 Likert-scales and dichotomous scales. For 

example, when we evaluated “Reducing probability of erroneous data input by limiting 

choice to meaningful values” (under the criterion of “general characteristics” and the 

subcriterion of “high fault tolerance/efficient fault management”), we checked the range of 

parameters of every input. For example, we reversed the systolic and diastolic blood pressure 

entered into apps to identify whether error reports would be generated, examined limitations 

to entry and explored the availability of automatic entry. If an app met all of the 

characteristics, we coded it 5. Throughout the process, two reviewers assessed usability. 

Each item was independently scaled and average scores were obtained. The inter-rater 

reliability was measured using intra-class correlation.

3. Results

3.1. Overview of features and contents in current diabetes apps

Seventy-one apps were reviewed (Figure 1). Among them, 56 were available in iOS, 36 in 

Android, and 21 in both operating systems. The majority (69/71) were free, and only 2.8% 

(2/71) required purchase.

The most common features were data tracking (focusing on self-monitoring of blood 

glucose, medications, physical activity, diet, and other laboratory indices), patient education, 

professional consultation, assessment, social support, reminders, data entry automation and 

data export. In total, 26.8% (19/71) were limited to one or two features, 39.4% (28/71) 

provided three or four features, five or six features were offered by 32.4% (23/71) of apps, 

and only 1.4% (1/71) offered seven or more features.

3.1.1. Data tracking

Self-monitoring of blood glucose: Blood glucose recording was included in almost all apps 

(70/71). Most apps offered instant feedback for glucose level and advice or encouragement.
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Medications: Medication tracking was included in 62.0% (44/71) of diabetes apps. Users 

were encouraged to enter or choose the medication name, dose and frequency, or to upload 

pictures of medications. Two apps restricted medications to only insulin, and eight could not 

accommodate recording medications for other diseases.

Physical activity: Exercise records enabling users to track what, when and how long they 

performed a physical activity was available on 54.9% (39/71) of apps.

Diet: Fifty percent (36/71) of the apps offered diet management assistance. Of these, 67% 

(24/36) allowed users to choose from the food database and record quantities of food, 

automatically calculating calories. Only 11.1% (4/36) allowed users to enter the name and 

quantity of food, while 22.2% (8/36) allowed uploading of pictures and descriptions to share 

with others.

Laboratory tests: Some apps also included data entry for blood pressure, weight, emotional 

status, smoking, drinking, HbA1c and other laboratory tests. Continuous data were usually 

presented graphically, or supplemented with an analysis report.

Data entry automation, data export and reminders: Connectivity to external devices 

(mostly blood glucose meters, blood pressure monitors, weight scales and sensors) and 

internal sensors (mostly embedded pedometers) were available on 39.4% (28/71) and 18.3% 

(13/71) of apps respectively. Only 21.1% (15/71) of apps had data export ability via text 

message, email, designated website, social network software or mobile SD card. Thirty 

seven apps included reminders for predetermined self-management behaviors including 

SMBG, monitoring blood pressure, taking medicines, exercising, conducting a physical 

exam and other custom task settings.

3.1.2. Education—Diabetes education was found in 56.3% of apps (40/71), mostly 

focusing on basic knowledge about diabetes, medication self-management, exercise, diet, 

self-monitoring blood glucose and diabetic complications. Recipes and peer stories were 

also included in 19.7% of apps (14/71). Pictures, cartoons, and videos were used in 4 apps to 

present information in a non-text format. Information push services regarding new research/

information about daily care for diabetes was employed to complement the stationary 

knowledge in apps. Some apps delivered push notices based on category, but others were 

based on the release date.

3.1.3. Professional consultation—Nearly half of the apps (32/71) provided access to 

professional consultants (mostly physicians, but also dieticians and nurses) who were 

employed in hospitals or by technology companies. Users could select a professional as their 

private doctor or consult with the designated professionals using online chat, sending image-

text information, phone calls or emailing data, providing them with tailored advice. Of these, 

15.5% (11/71) required payment for consultation.

3.1.4. Assessment—Assessments were available on 21.1% (15/71) of apps, generally 

falling into five categories: risk for diabetes, severity of diabetes, risk for diabetes 

complications, evaluation of lifestyle, and depression. The contents of assessments included 
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laboratory tests, symptoms of diabetes, medical history, lifestyle, and scales such as Mood 

Disorder Questionnaire (MDQ) and Patient Health Questionnaires (PHQ-9). According to 

predefined algorithms, assessment reports focused on present health status, advice on 

examination and screening, diet and exercise, and goal setting, all of which can be created 

and sent to the user.

3.1.5. Social support—Eighteen percent (13/71) of apps supported communication with 

families, friends and peers through adding friends, creating diabetes groups for instant 

communication, or joining a forum to share experiences and feelings. Seven percent (5/71) 

of apps could warn family members or friends about an abnormal metabolic index via text 

message, email, or Wechat.

3.2. Gaps between the diabetes apps and evidence-based guideline

The global guideline for managing older people with type 2 diabetes covers 22 areas (http://

www.idf.org/sites/default/files/IDF-Guideline-for-older-people-T2D.pdf). Fourteen areas 

were excluded because they involved clinical treatment recommendations from health care 

providers (n=12), recommendations for the end of life care (n=1), or recommendations for 

aged care home (n=1). Evidence-based recommendations in the either areas related to self-

management were extracted from the guideline (Table 1).

The contents of the apps only partially addressed the guideline recommendations for older 

people with diabetes. Specific clinical issues common to older adults with diabetes, such as 

sexual health, falls and pain were almost completely missing from the diabetes apps. Other 

important issues such as expression and hypoglycemia were inadequately addressed. For 

example, only one app asked specifically about depression problems. None of the apps 

offered hypoglycemia risk assessment. Most apps supported diet recording focusing on total 

calories rather than nutritional balance and fluid intake, which were largely overlooked. 

Although most of the apps provided education, content in most apps failed to cover several 

of the areas identified in the clinical guideline. In addition, while the guideline recommends 

involving caregivers in daily care and decisions, only a few of the apps included a sharing 

function, and not all included education for caregivers.

3.3. Usability test of seven popular diabetes apps

Within the group of 71 apps, the top seven (based on App Annie ranking) all demonstrated 

moderate to good (Table 2) usability. The mean average value of comprehensibility, 

presentation, usability and general characteristics were 3.9, 3.7, 3.4 and 3.0 out of 5, 

respectively. The subcriteria “sufficient color contrast”, “use of understandable semantics” 

and “password-protected services” were scored higher with an average value of 4.3, 4.1 and 

85.7%, respectively. The subcriteria “high fault tolerance/efficient fault management”, “large 

size of operating elements”, “instant and easily understandable feedback” and “ability to 

adapt the size of operating elements and displayed images” were scored lower, with an 

average value of 3.0, 3.1, 3.1 and 42.9%, respectively. Among the seven apps, Zhang shang 

tang yi received the highest average usability score of 3.8, while Da yi sheng received the 

lowest score of 3.4. Inner-rated reliability ranged from 0.806 to 0.916.
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4. Discussion

This study revealed that most Chinese diabetes apps are multi-featured, but that the features 

related to specific clinical issues common to older adults with diabetes were mostly absent 

from existing diabetes apps. Most were inadequate for both older adults and their caregivers. 

Thus, commercial diabetes apps designed for general diabetic patients frequently lack 

specificity for clinical issues relevant to older adults.

The contents of apps influence the quality and safety issue for older adults with diabetes to 

use, and also determine the intervention outcome. There is evidence that many apps 

developers have little or no formal medical training, do not involve clinicians in the 

development process and may therefore be unaware of patient safety/population specific 

clinical issues [28–30]. Absence of these functions prevents older adults from being 

informed about potential risks or gravity of symptoms, putting them at risk for negative 

health outcomes [31]. Depression shares many symptoms with diabetes, such as fatigue, 

weight loss and sleep disturbance [27], and is strongly associated with increased burden of 

diabetes symptoms [32], incurring increased risk of diabetes complications [33]. However, 

assessments of depression are generally lacking in diabetes apps. Providing a periodic 

assessment of risk may enable older adults or their caregivers to set up early-warning 

awareness of signs and symptoms, speeding contact with their healthcare professionals, 

reducing time to adjustments in their treatment plans. Older adults are often unwilling to 

inform healthcare providers about their health condition during regular visits (often denying 

pain [27] and reluctant to discuss sexual problems [34]). Including self-assessment and 

feedback in apps could provide a comfortable way for older adults to identify health 

conditions without requiring face-to-face interactions with healthcare providers.

Compared with past literature reviews [11,12,35], Chinese diabetes apps are more likely 

than foreign language diabetes apps to contain education, but are similar in their lack of 

individualized education and topics specific to older adults. We suggest that future diabetes 

apps for older adults could add a transfer link to tailored or individualized contents based on 

assessments and daily data recording. Educational contents that specific to older adults 

resulting from diabetes, such as sexual health, falls and pain need to be included. The 

information should be easy to read and be categorized by theme. Researchers need also find 

out the way that older adults would identify the themes in apps. Another key 

recommendation involves education for informal caregivers of older adults (the primary 

source of everyday advice, emotional support, and practical help for older adults [27]). 

Considering memory decline in older people, it is advisable to periodically send reviews and 

summaries of key points and to send relevant information to caregivers.

The moderate to good outcome for the usability evaluation was similar to findings reported 

by Arnhold et al [20] and by Demidovich et al [35]. Our results indicated that the size of 

operating elements, fault tolerance, and instant feedback of diabetes apps need to be 

strengthened. Firstly, the font size and screen in some apps were not large enough, creating 

an obstacle for older adults with vision impairment or decreased manual dexterity, and may 

increase the possibility of erroneous input. This is a major problem experienced by older 

adults using mobile technology [36]. Ability to adapt the size of operating elements and 
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displayed images could help to eliminate the restriction created by limited screen size. This 

feature is generally used in the education module. Hence, increasing the size of operating 

elements is a priority for improving usability. In addition, adding reading feature to apps is 

an optimal alternative for older adults with visual problems and low literacy.

Secondly, fault management restricting choices for data entry and warning reports were not 

present in some apps, allowing faulty data input, which can be dangerous when used for 

decision support. Applying automatic data entry is recommended in order to decrease the 

possibility of faulty data, and to simplify the cumbersome process of logging data. It is also 

advisable to use voice logging instead of manual entry, and a voice speaker to audit the 

correction. Additionally, it could be helpful to limit the range of data and offer instant fault 

feedback when the apps only support manual entry. Lastly, diabetes apps could be used as 

electronic diaries, providing instant and easily understandable feedback triggered when users 

input the data.

Findings from this study suggest that many diabetes apps are multi-featured, differing from 

Arnhold et al’s [20] finding that most have only one or two functions. Arnhold et al [20] also 

found a negative correlation between the number of functions and usability scores. However, 

this should be interpreted with caution, as usefulness may rely on an even larger set of 

features. One possibility for addressing this dilemma could be to have greater flexibility and 

customization. Features not needed by a particular user or at a particular time could be 

hidden, and reestablished when needed. In order to help older adults with diabetes use multi-

featured apps efficiently, providing training and practice before using, improving self-

efficacy and attitudes about using technology [37] at the same time.

The methodology used in this study suggests that bringing clinicians, researchers and app 

developers together. Specifically, taking both the contents and features of diabetes apps into 

consideration, will maximize diabetes apps quality and usability. This study suggests a 

process that can be used in the development of medical apps. However, the study has several 

limitations. First, apps developed or updated after October 2015 were not included. Second, 

even though the usability evaluation was based on prior recommendations for usability in 

older populations, there is currently insufficient research to develop a best practice guideline 

for usability with this population.

5. Conclusion

Medical apps development is a rapidly growing field in China, with great potential to 

proliferate. The currently available Chinese diabetes apps are not well designed for older 

adults, the largest potential user group. Specifically, the content and usability specific to this 

audience have not been consistently integrated into apps designs. One feasible way to 

determine content is to identify population specific national or international clinical 

guidelines prior to app development[12,38,39]. Unfortunately, currently accepted clinical 

guidelines do not appear to have been consulted in the design of most diabetes apps. 

Research is also available on usability for older adult (as well as other) populations. Uptake 

and continued use of medical apps could have a profound impact on health, but will only be 

achieved by attending to evidence based standards on both usability and content.
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Summary points

What was already known?

• Medical apps will be maximally effective and useful if they are informed by 

evidence relevant to both content and usability.

• The potential user population for self-management of diabetes is increasing 

significantly.

What this study has added?

• Demonstration of process that can be used to maximize user group by 

combining evidence for content and usability.

• Education based on targeted assessments and data recording, can be used to 

maximize effectiveness of medical apps for patients and their caregivers.

• To increase the flexibility and usefulness of diabetes apps, functions not 

needed by a particular user or at a particular time could be hidden, and 

reestablished when needed.

• Usability domains such as size of operating elements, fault tolerance, and 

instant feedback need to be addressed.
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Highlights

• Demonstration of process that can be used to maximize user group by 

combining evidence for content and usability.

• Education based on targeted assessments and data recording can be used to 

maximize effectiveness of medical apps for older adults and their caregivers.

• Usability domains such as size of operating elements, fault tolerance, and 

instant feedback need to be addressed.
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Figure 1. 
Diabetes apps selection process.
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Table 1

Comparison of features and contents in diabetes apps with guideline recommendations.

Areas Guideline Recommendations Description of relevant features/contents 
in 71 diabetes apps

Medication

• Undertake a comprehensive medicine review

• Document the medicine list in a legible form (preferable not 
hand written)

• Medicine administration time must coincide with meal times 
to reduce the risk of hypoglycemia

• Medication recording : 44 
apps (62.0%)

• Medication Reminders: 32 
apps (45.1%)

Hypoglycemia

• Assess hypoglycemia risk

• Every person who is self-administering insulin should have 
an evaluation of their self-administration abilities

• Caregivers and family should receive education about the 
recognition and treatment of hypoglycemia

• Providing education about 
hypoglycemia appeared in 
education

Nutrition

• The meal plan should include a variety of foods to ensure 
essential vitamins, minerals, protein, and fiber are consumed 
in adequate amounts

• A consistent amount of carbohydrate should be provided at 
each meal

• Achieve and maintain a healthy body weight

• Encourage consumption of adequate amounts of fluid to 
avoid dehydration, especially in hot weather

• Diet recording: 36 apps 
(50.7%)

• Weight recording: 30 apps 
(42.3%)

• Fluid recording: 1 app 
(1.4%)

Depression

• Screening for and monitoring of depressive symptoms

• Involvement of the family in recognizing early warning 
symptoms and signs of depression

• Emotion recording: 11 apps 
(15.5%)

• Depression assessment: 1 
app (1.4%)

Pain

• Assess pain risk

• Provide an appropriate pain assessment tool for people at 
moderate to high risk of pain Provide advice on the 
suitability of driving while on pain management medicines

• Provide a referral to a physiotherapist to recommend an 
appropriate activity plan

• Providing education about 
pain seldom appeared in 
education

Falls

• Provide education about fall prevention to all older people 
with

• Provide a referral or intervention to enhance endurance, gait, 
balance, and strength training

• Undertake home safety checks and modifications in 
collaboration with the person with diabetes and their family

• Providing education about 
falls seldom appeared in 
education

Sexual health

• Assess sexual health and well-being

• If a sexual health problem is identified, provide appropriate 
counseling and management

• Providing education about 
sexual seldom appeared in 
education

Education and 
self-monitoring 
of blood glucose

• Provide on-going education and review

• Provide an individualized blood glucose monitoring plan

• Providing education: 40 apps 
(56.3%)
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