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Abstract

Background: Control of blood glucose levels is needed not only to alleviate symp-

toms of hypoglycaemia and hyperglycaemia, but also to prevent or delay diabetes-

related complications. Advice for glucose control is usually provided to patients by

members of the health care team. However, many diabetes apps claim to enhance

self-management of blood glucose by providing decision support to patients when an

out-of-range blood glucose level is recorded. In this study, we investigated the appro-

priateness of action prompts provided by diabetes apps for hypoglycaemia and

hyperglycaemia against evidence-based guidelines.

Methods: We used methods previously reported to identify and select diabetes apps,

which were downloaded and assessed against the American Diabetes Association

(ADA) guidelines. Screenshots of action prompts corresponding to low or high out-

of-range blood glucose values were subjected to content analysis.

Results: Of 371 diabetes self-management apps evaluated, only 217 and 216 apps

alerted patients about hypoglycaemia and hyperglycaemia, respectively. Of these,

20.7% (45/217) and 15.3% (33/216) also provided action prompts. We found 5.1%

of apps (hypoglycaemia: 11/217; hyperglycaemia: 11/216) provided prompts that

were either too general to be helpful or not aligned with ADA guidelines. Overall,

only 17.9% (39/217) and 14.8% (32/216) provided appropriate action prompts for

hypoglycaemia and hyperglycaemia, respectively.

Conclusion: Less than one fifth of apps provided evidence-based steps to guide

patients through hypoglycaemia and hyperglycaemia. The majority of apps failed to

provide just-in-time diabetes self-management education to prevent frequent or

severe episodes of hypoglycaemia and hyperglycaemia. Our findings emphasize the

need for better design and quality assurance of diabetes apps.
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1 | INTRODUCTION

The detrimental effects of hypoglycaemia and hyperglycaemia are

well known. Frequent episodes of hypoglycaemia can lead to develop-

ment of hypoglycaemia unawareness, an increased risk of cerebrovas-

cular and cardiovascular morbidity, neurocognitive dysfunction, and

vision impairment.1 A history of hypoglycaemia predicts future epi-

sodes of hypoglycaemia in people with type 2 diabetes including

severe hypoglycaemic events requiring medical assistance (eg, hospi-

talization, emergency department visit, and treatment by emergency

medical personnel either at home or in a clinical setting),2 which in

turn is associated with an increased risk of mortality for this

Received: 26 August 2019 Revised: 11 November 2019 Accepted: 11 November 2019

DOI: 10.1002/dmrr.3235

Diabetes Metab Res Rev. 2020;36:e3235. wileyonlinelibrary.com/journal/dmrr © 2019 John Wiley & Sons, Ltd. 1 of 6

https://doi.org/10.1002/dmrr.3235

 15207560, 2020, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.3235 by L
eiden U

niversity L
ibraries M

etadata Services &
 A

cquisitions, W
iley O

nline L
ibrary on [21/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-0853-3018
https://orcid.org/0000-0002-4445-1669
mailto:elaine_lum@ntu.edu.sg
https://doi.org/10.1002/dmrr.3235
http://wileyonlinelibrary.com/journal/dmrr
https://doi.org/10.1002/dmrr.3235
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fdmrr.3235&domain=pdf&date_stamp=2020-01-07


population.3,4 Acute hyperglycaemia has been associated with

impaired cognitive function and moods in people with type 2 diabe-

tes.5 Longer-term consequences of hyperglycaemia include tissue-

damaging effects to the retina, kidneys, and peripheral nerves.6

Glycaemic control is needed not only to alleviate symptoms of

hypoglycaemia and hyperglycaemia, but also to prevent or delay

diabetes-related complications, particularly microvascular complica-

tions.7,8 Hence, the importance of appropriate action to promptly

address or prevent more severe episodes of hypoglycaemia or hyper-

glycaemia to maintain glycaemic control.

Patient advice on glucose control is usually provided by members

of the healthcare team (eg, physician, diabetes nurse educator, and

dietitian). However, many diabetes apps claim (and may have the

potential) to enhance self-management of blood glucose by providing

decision support to patients when an out-of-range blood glucose level

is recorded.9 Most diabetes apps fall outside US Food and Drug

Administration regulation; hence, intended effect and clinical safety

are not assured.10 Despite this, in 2018, an estimated 7.8% of people

with diabetes who owned a smartphone used a diabetes app to sup-

port self-management.11

In this study, we investigated the appropriateness of action pro-

mpts provided by diabetes apps for hypoglycaemia and hyper-

glycaemia against evidence-based guidelines.

2 | METHODS

We used methods previously reported to identify and select diabetes

apps for assessment.12 Hypoglycaemia and hyperglycaemia requiring

corrective action were defined as blood glucose less than or equal to

70 mg/dL (3.9 mmol/L) and greater than 180 mg/dL (10 mmol/L),

respectively.8

We defined action prompts as messages prompting patients to

address an out-of-range blood glucose level. Action prompts were

triggered by researchers entering a predetermined set of out-of-range

blood glucose values. Screenshots of action prompts corresponding to

low or high out-of-range blood glucose values were subjected to con-

tent analysis. Action prompts were evaluated assuming users would

enter blood glucose values at the point of measurement.

Appropriate action prompts were specific instructions aligned

with the American Diabetes Association (ADA) guidelines.8 In the case

of hypoglycaemia, ingest glucose or carbohydrate-containing food, re-

measure blood glucose after 15 minutes, and once blood glucose

returns to normal, have a meal or snack to prevent recurrent

hypoglycaemia. For hyperglycaemia, more frequent monitoring, check

urine ketones, seek medical help especially if experiencing symptoms

such as vomiting, alteration in consciousness, and use insulin

(as prescribed).8

Inappropriate action prompts were defined as specific instruc-

tions not aligned with ADA guidelines, nonspecific instructions not

contravening ADA guidelines but are too general to be helpful (eg,

“Take steps to increase blood glucose level immediately”), or non-

specific instructions not aligned with ADA guidelines.

Comparisons between Android and iOS apps were made using

Fisher's exact test with a two-sided P value < .05 for statistical

significance.

3 | RESULTS

Of 5184 potential apps, 371 (198 Android; 173 iOS) met inclusion

criteria and were downloaded for assessment.12 Of these, 217 and

216 apps alerted patients about hypoglycaemia and hyperglycaemia,

respectively. While 20.7% (45/217) of apps alerting patients regarding

hypoglycaemia also provided action prompts, 15.3% (33/216) of apps

did so for hyperglycaemia (Table 1).

3.1 | Hypoglycaemia

Thirty-nine apps (39/45, 86.7%) provided appropriate action

prompts for hypoglycaemia. Of these, 51.3% (20/39) prompted

the patient to have some glucose or carbohydrate-containing food,

43.6% (17/39) to re-measure blood glucose levels after

15 minutes, 10.3% (4/39) to have a meal or snack to prevent recur-

rent hypoglycaemia once blood glucose returned to normal, and

59.0% (23/39) advised patients to seek medical help (ie, speak to your

doctor for further information) upon entry of a single low out-of-

range value (Table 1). Messages that prompted the patient to reflect

on the cause of low blood glucose were provided by five apps

(5/45, 11.1%).

Examples of appropriate action prompts for hypoglycaemia:

Your blood glucose levels are too low. We have set an

alarm in 15 minutes to remind you to check your levels

again. Eat 15 grams of rapid absorption carbs (glucose

gel, 2 sachets of sugar or 125 mL of juice) and wait

15 minutes, then check your glucose levels again.

When at normal levels, eat 15 grams of slow absorp-

tion carbs (sustained effect gel, 3 crackers or a piece of

fruit). ( App Research ID: IE1051)

Your blood sugar is low. Eat some sugar and retest in

15 minutes [app provides a “start timer” feature]. Com-

mon recommendations for adults include: half a glass

of fruit juice or four glucose tablets. ( App Research ID:

AE2013)

3.2 | Hyperglycaemia

Ninety-seven percent (32/33) of apps provided appropriate action

prompts for hyperglycaemia. Of these, 25% (8/32) prompted patients

to monitor blood glucose more frequently, 25% (8/32) to check urine

ketones, 81.3% (26/32) to seek medical help particularly if
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TABLE 1 Diabetes self-management apps alerting patients to hypoglycaemia or hyperglycaemia accompanied by action prompts

Total(n = 371)

No. (%)

Android(n = 198)

No. (%)

iOS(n = 173)

No. (%)

P value (Fisher's

exact)

Hypoglycaemia alerta,b 217 (58.8)c 121 (61.4)d 96 (55.8)d .29

Message alerting user to hypoglycaemia plus action

prompt

45 (20.7) 22 (18.2) 23 (24.0) .50

Appropriate action promptse,f 39 (86.7) 21 (95.5) 18 (78.3) .19

Have some glucose or carbohydrate-containing

food

20 (51.3) 12 (57.1) 8 (44.4) .53

Remeasure blood glucose levels after 15 min 17 (43.6) 9 (42.9) 8 (44.4) 1.00

Have a meal or snack to prevent recurrent

hypoglycaemia once blood glucose returns to

normal

4 (10.3) 3 (14.3) 1 (5.6) .61

Seek medical help 23 (59.0) 13 (61.9) 10 (55.6) .75

Inappropriate action promptsf 11 (24.4) 5 (22.7) 6 (26.1) 1.00

Specific instructions but not aligned with ADA

guidelines

0 (0.0) 0 (0.0) 0 (0.0) -

Nonspecific instructions but does not contravene

ADA guidelines

11 (100.0) 5 (100.0) 6 (100.0) -

Nonspecific instructions and not aligned with ADA

guidelines

0 (0.0) 0 (0.0) 0 (0.0) -

Hyperglycaemia alerta,g 216 (58.4)d 118 (59.9)d 98 (56.6) .60

Message alerting user to hyperglycaemia plus action

prompt

33 (15.3) 18 (15.3) 15 (15.3) .63

Appropriate action promptse,f 32 (97.0) 18 (100.0) 14 (93.3) .45

More frequent monitoring of blood glucose 8 (25.0) 5 (27.8) 3 (21.4) 1.00

Check urine ketones 8 (25.0) 4 (22.2) 4 (28.6) .70

Seek medical help 26 (81.3) 15 (83.3) 11 (78.6) 1.00

Use insulin as prescribed 4 (12.5) 2 (11.1) 2 (14.3) 1.00

Inappropriate action promptsf 11 (33.3) 9 (50.0) 2 (13.3) 0.03

Specific instructions but not aligned with ADA

guidelines

0 (0.0) 0 (0.0) 0 (0.0) -

Nonspecific instructions but does not contravene

ADA guidelinesh
7 (63.6) 5 (55.6) 2 (100.0) .49

Nonspecific instructions and not aligned with ADA

guidelinesi
4 (36.4) 4 (80.0) 0 (0.0) -

aAlerts were defined as any visual or audible cue to notify patients of values outside glycaemic targets or to prompt action and included messages, sounds,

colour changes, or visual cues on graphs and summary statistics (colouration of data points, colour bands on graphs).
bThe arbitrary value of 18 mg/dL (1 mmol/L) or the apps' lowest permissible value was entered to test whether the app alerted the patient regarding

hypoglycaemia (≤70 mg/dL or ≤ 3.9 mmol/L).
cDenominator adjusted; removed two instances of unable to assess (eg, features being evaluated did not work; app closes unexpectedly each time blood

glucose data is entered)
dDenominator adjusted; removed one instance of unable to assess (eg, features being evaluated did not work; app closes unexpectedly each time blood

glucose data is entered)
eSubcategories are not exclusive. Apps may have one or more of these action prompts.
fCategories are not exclusive. Action prompts may consist of appropriate and inappropriate portions. For example, “Your blood glucose is low. Be sure to

take steps to increase it immediately (categorized as inappropriate, instructions are nonspecific but does not contravene ADA guidelines). Talk to your

doctor for more information (categorized as appropriate, patient advised to seek medical help).”
gThe arbitrary value 306 mg/dL (17 mmol/L) was entered to test whether the app alerted the patient regarding hyperglycaemia (>180 mg/dL or > 10

mmol/L).
hExample of an inappropriate action prompt which was too general to be helpful: “Your previous reading was quite low. Please treat this as soon as! [sic]”
iExample of an inappropriate action prompt which was nonspecific and not aligned with ADA guidelines: “Warning! Your blood glucose is too high. What

you can do to feel better: drink water, [… …].”
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experiencing symptoms such as vomiting or alteration in conscious-

ness, and 12.5% (4/32) to use insulin as prescribed (Table 1).

Examples of appropriate action prompts for hyperglycaemia:

Your blood sugar level is high, please check your

ketone level if you can and refer to your GP. If you feel

unwell, call the emergency service. ( App Research ID:

IE1126)

Your glucose levels are high. If you are on insulin, test

your urine for ketones. Seek medical attention immedi-

ately if your blood glucose level is repeatedly more

than 18 mmol/L, you have ketones in your urine, or if

you have multiple signs and symptoms of diabetic

ketoacidosis [… which] include excessive thirst, fre-

quent urination, nausea and vomiting, abdominal pain,

shortness of breath, fruity-scented breath and confu-

sion. ( App Research ID: AE2143, excerpt)

3.3 | Inappropriate action prompts

Apps that provided inappropriate messages were 24.4% (11/45) and

33.3% (11/33) for hypoglycaemia and hyperglycaemia, respectively

(Table 1). Examples of inappropriate action prompts which were too

general to be helpful:

Your previous reading was quite low. Please treat this

as soon as! [sic] ( App Research ID: AE2129,

hypoglycaemia)

Based on your latest glucose, you may be experiencing

hyperglycemia [sic]. It is recommended that you act

immediately to decrease your glycemia [sic]. ( App

Research ID: IE1012, hyperglycaemia)

Example of an inappropriate action prompt that was nonspecific

and not aligned with ADA guidelines:

Warning! Your blood glucose is too high. What you

can do to feel better: drink water, [… …]. ( App

Research ID: AE2046, excerpt, hyperglycaemia)

There were no significant differences between Android and iOS

apps, apart from more Android apps having inappropriate action pro-

mpts for hyperglycaemia (P = .03) compared with iOS overall.

4 | DISCUSSION

Of 371 diabetes self-management apps evaluated, only 217 and

216 apps alerted patients about hypoglycaemia and hyperglycaemia,

respectively. Of these, 20.7% (45/217) and 15.3% (33/216) also

provided action prompts. We found 5.1% of apps (hypoglycaemia:

11/217; hyperglycaemia: 11/216) provided prompts that were

either too general to be helpful or not aligned with ADA guidelines.

Overall, only 17.9% (39/217) and 14.8% (32/216) provided appro-

priate action prompts for hypoglycaemia and hyperglycaemia,

respectively.

We uncovered two important problems regarding the capability

of apps to support diabetes self-management. First, less than one

fifth of apps provided evidence-based steps to guide patients

through hypoglycaemia and hyperglycaemia. Second, the majority

of apps failed to provide just-in-time bite-size diabetes self-

management education to prevent frequent or severe episodes of

hypoglycaemia and hyperglycaemia. As emphasized by the ADA,

diabetes self-management education is one of the most important

elements for sustaining the skills and behaviours needed for ongo-

ing self-management, and consequently, for improving patient clini-

cal outcomes, health status, and quality of life.13 Developers of

diabetes self-management apps should involve diabetes specialists

at the codesign stage so that educational evidence-based action

prompts are triggered when out-of-range blood glucose values are

recorded.

Our findings reinforce the need for better design and quality

assurance of diabetes apps, consistent with literature.9,12,14,15 If

appropriately designed, action prompts could play a role in

augmenting patient education of blood glucose management, which

may translate to improved HbA1c without incurring severe hyp-

oglycaemic episodes. The design of action prompts could be improved

upon, building on previous research into alarms/alerts from medical

devices and clinical decision support systems to avoid “alert fatigue”

due to cognitive overload in distinguishing informative from uni-

nformative alerts.16,17

Future research could also explore the use of nudge theory or

alternatively, boosts, to design decision support and action prompts

that make it easier for patients to “do the right thing” (or empower, in

the case of boosts) for self-management of diabetes.18 Patients may

be more willing to use a diabetes app long-term if the app was well-

designed and decision support is appropriately tailored to offer more

valuable insights for better self-management, eg, prompts take into

account patterns of hypoglycaemia and hyperglycaemia. It would also

be instructive to investigate the incremental impact of diabetes apps

(if any) on patient outcomes by replicating studies focused on face-to-

face diabetes self-management education and support, such as the

one by Ji et al,19 and adding an intervention arm which includes a dia-

betes app with a comprehensive education component and decision

support.

Findings from research could inform regulators and policymakers

when setting standards for health app decision support, prioritization

and classification of decision support to differentiate between poten-

tially life-saving alerts, educational prompts, behavioural nudges or

boosts, and basic reminders. Finally, research examining the impact of

diabetes apps on health outcomes over a longer time period, eg, more

than a year, is needed.20
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Limitations include that new apps may have been released since

the search and that apps syncing only to blood glucose-monitoring

devices were not included (researchers unable to input blood glucose

values).

5 | CONCLUSION

This study highlighted the low presence of appropriate action prompts

for patient self-management of out-of-range blood glucose in diabetes

apps. Better app design processes and standards to ensure appropri-

ate, evidence-based action prompts for patient self-management of

out-of-range blood glucose should be required for diabetes apps.
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