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ABSTRACT 

 

OBJECTIVES: To investigate the effect of mobile phone applications on glycemic 

control (HbA1c) in the self -management of diabetes. 

RESEARCH DESIGN AND METHODS: Relevant studies that were published 

between 1996 to June 1st, 2015 were searched from five databases: Medline, 

CINAHL, The Cochrane Library, Web of Science, and EMBASE. Randomized 

controlled trials that evaluated diabetes apps were included. We conducted a 

systematic review with meta-analysis and GRADE of the evidence. 

RESULTS: 1360 participants from 14 studies were included and quality assessed. 

Whilst there may have been clinical diversity, all type 2 diabetes studies reported a 

reduction in HbA1c. The mean reduction in participants using an app compared to 

control was 0.49% (95% Cl 0.30%-0.68%;I2=10%), with a moderate GRADE of 

evidence. Subgroup analyses indicated that younger patients were more likely to 

benefit from the use of diabetes apps and the effect size was enhanced with 

healthcare professional feedback. There was inadequate data to describe the 

effectiveness of apps for type 1 diabetes. 

CONCLUSIONS: Apps may be an effective component to help control HbA1c, and 

could be considered as an adjuvant intervention to the standard self-management for 

patients with type 2 diabetes. Given the reported clinical effect, the access and 

nominal cost of this technology, it is likely to be effective at the population level. The 

functionality and use of this technology needs to be standardized, but policy and 

guidance is anticipated to improve diabetes self-management care. 

 

Word Count Abstract = 235 

Word Count Manuscript = 3002
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What this study adds 

 

• There is a moderate level of evidence that the self-management of type 2 

diabetes is improved by using smart phone applications to reduce HbA1c 

 

• Apps may offer a clinically effective component in the self-management of 

type 2 diabetes 

 

• Younger users were associated with the largest reduction in HbA1c 
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Background 

 

The number of diabetes patients globally is expected to rise to over 500 million by 

2030 (1), there is an urgent need for an improved self-management suite of 

interventions. For self-management to be effective it needs to be structured and cost 

effective (2), and be widely accessible across all health economies, including the 

developing world (2). 

As a newly emerging technology, diabetes mobile phone applications (hereafter 

referred to as diabetes apps) are a promising tool for self-management. We define 

diabetes apps as mobile phone software that accepts data (transmitted or manual 

entry), and provides feedback to patients on improved management (automated or 

by health care profession [HCP]). This technology combines the functions of the 

mobile phone, wireless network for data transmission and sometimes HCPs for 

providing feedback. Due to its ubiquitous, low cost, interactive, and dynamic health 

promotion, there is potential for diabetes apps to provide an effective intervention in 

diabetes self-care. 

In terms of diabetes self-management, numerous studies have proven the 

effectiveness of other telemedicine technologies, such as short message service (3), 

computer-based interventions (4), and web-based interventions (3; 5). Compared 

with these telemedicine interventions, diabetes apps are advantageous in that they 

are global, cheaper, convenient, and more interactive. There is however, current 

uncertainty on the clinical effectiveness of diabetes apps in diabetes self-

management (6-9).  

 

METHODS 

 

Data sources and search strategy 

The PRISMA statement and checklist was followed. Five electronic databases were 

searched (Medline, CINAHL, The Cochrane Library, Web of Science, and EMBASE) 

for studies published between January 1st, 1996 to  June 1st, 2015. Included studies’ 

references were hand searched to identify any additional articles. The following 

terms and medical subject headings (MeSH) were used during the search: (mobile 

OR mHealth OR cell phone OR MeSH “Cellular Phone” OR MeSH “Smartphone” OR 

app OR MeSH “Mobile Applications”) AND (MeSH “Diabetes Mellitus” OR diabete* 
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OR T2DM OR T1DM OR IDDM OR NIDDM).  

 

Inclusion and exclusion criteria  

The inclusion criteria were: the participants were over 18 years old and had type 1 or 

type 2 diabetes; the studies were randomized controlled trials (RCTs); the control 

group in the study received usual diabetes care without any telehealth programs; 

baseline and follow-up mean for HbA1c were reported (or could be calculated).; 

Exclusion criteria were: simulated or self-reported HbA1c data; computer or other 

mobile terminal-based diabetes apps; diabetes apps were exclusively designed for 

HCPs; and diabetes apps were exclusively designed for providing general education, 

or allowing communication between patients and HCPs.  

 

Two reviewers (CH, TF) searched the literature and assessed the studies 

independently. Any disagreements were resolved through discussion with a third 

reviewer (BC). No language restrictions were applied.  

 

Data extraction 

Participant demographics, study design considerations and context were extracted 

from the included studies. Two reviewers independently carried out the data 

extraction (CH, TF). Study authors were contacted to provide additional data, and 

missing standard deviations were estimated by calculation (10). 

 

Quality assessment  

The quality assessment was conducted by two reviewers independently (CH, TF), 

using the quality rating tool proposed by the US Preventive Service Task Force (11).  

Seven criteria were used to assess quality: baseline comparability of the groups; the 

maintenance of comparability of the groups; differential or high loss to follow-up; 

reliable  and valid measurement; clear definition of the intervention; consideration of 

important outcomes; and an intention-to-treat analysis. The quality of each study was 

graded as Good, Fair, or Poor. To be rated as good studies needed to meet all the 

criteria. A study was rated as poor if one (or more) domain was assessed as having 

a serious flaw. Studies that met some but not all of the criteria was rated as fair 

quality.  
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Data analysis 

Changes in HbA1c, or HbA1c at follow-up were compared between groups using a 

mean difference, and were presented with an associated 95% confidence interval 

(95% CI). When studies investigated interventions and contexts that were both 

deemed clinically similar, and free from statistical heterogeneity, pooling was carried 

using an inverse variance random effects model (12). Meta-analyses were 

conducted using the Comprehensive Meta-Analysis Software (version 2.2). The level 

of evidence was applied to the GRADE criteria and reported. 

 

Heterogeneity and subgroup analyses 

Heterogeneity was assessed and quantified using the I2 statistic. When substantial 

heterogeneity was found (I2>50%), further exploration using subgroup analysis was 

undertaken. For type 2 diabetes studies, subgroup analyses were: follow-up duration 

(less than six months, versus more than six months); length of time with diabetes 

(less than nine years, versus more than nine years); age of participants (mean age 

less than 55 years old, versus more than 55 years old); number of self-monitoring 

tasks supported by the diabetes apps (up to three, versus greater than three); and 

types of feedback provided. No type 1 diabetes subgroup analyses were performed 

due to the small number of studies.  

 

Sensitivity analyses and publication bias 

Additional analyses were carried out on studies with: good or fair quality; complete 

information; and studies with a baseline HbA1c level less than 9.0%. A funnel plot 

was used to visually inspect publication bias where 10 or more studies were pooled.  

 

Results 

Identified and included studies  

Searches identified 5209 articles, 4238 were screened after removing duplicate 

records and 4178 were excluded. Sixty studies were eligible for full text review and 

42 were excluded (Figure 1) resulting in 14 included studies. Four studies examined 

type 1 diabetes and 10 studies examined type 2 diabetes.  

 

Characteristics of the included studies and quality assessment 

In the 14 studies, there were 1360 participants, 509 and 851 with type 1 and type 2 
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diabetes respectively (Online Table 1). In the type 1 diabetes studies, the mean age 

of participants ranged from 34 (13) to 36 years old (14), and the mean duration of 

diabetes ranged from 16 (13-15) to 19 years (16). Two studies were undertaken in 

Europe (13; 14), one in Australia (16) and one was multinational (15). In the type 2 

diabetes studies, the mean age of the participants was much higher, ranging from 51 

(17) to 62 years old (18) and the mean duration of diabetes ranged from five (19) to 

13 years (20) from six studies. Four studies were undertaken in Europe (18; 20-22), 

three in the USA (17; 23; 24), two in Asia (19; 25) and one in Africa (26).  

 

One type 1 diabetes study was assessed as good quality (14), two were rated as fair 

(13; 15), and one was rated as poor (16), for further details see Online Table 2. For 

type 2 diabetes studies, one was rated as good quality (21), six were rated as fair 

(17-19; 22; 24; 25) and three were rated as poor (20; 23; 26) (Online Table 2). 

 

INCLUDE FIGURE 1 HERE 

Apps featured in the included studies 

Twelve diabetes apps were identified and examined in this review, with six domains 

of functionality (Online Table 3), details of the feedback provided by each can be 

seen in Online Table 4 

 

Type 1 diabetes apps  

Three apps were used for participants with type 1 diabetes and aimed to help 

patients to calculate the most appropriate insulin bolus, on the basis of patient blood 

glucose levels, food intake and physical activity. Data for all three apps were 

manually entered. One study reported that there was little impact of the app on the 

total time spent on face-to-face or telephone follow-up and concluded that the 

software did not require more time for patients to manage their diabetes (13). A 

further study estimated the average cost to patients and educators time was £38 per 

patient, attributed to the app over a 9 month period (16). HCP feedback was 

provided in all apps, with a frequency ranging from every week to every three weeks 

(Online Table 4). 

 

Type 2 diabetes apps 

Nine apps were used for participants with type 2 diabetes. The apps were designed 
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to improve patient self-management, by providing personalized feedback on self-

monitoring data, such as blood glucose, food intake, and physical activity. In eight of 

the apps, BG was automatically transferred and other data manually entered., with 

one exception where BP, body weight and pedometer was also automatically 

transferred (25),. Quinn et al. (17) reported that the app was associated with shorter 

consultation times. Among seven apps with HCP feedback, three provided feedback 

when needed (eg patient data were considered abnormal). In the other apps, the 

frequency of feedback ranged from once a week to once every three months (Online 

Table 4). 

 

Effectiveness of the apps: 

Type 1 diabetes 

There were mixed results from the type 1 diabetes studies. Two studies (14; 15) 

found no difference between the intervention group and the control group and two 

studies (13; 16) reported statistically significant results that favored the apps. There 

was a statistically insignificant difference in HbA1c between the apps and control 

group of -0.36% (95% Cl -0.87% to 0.14%, P = 0.16, I2 = 87%; Figure 2). No 

subgroup analyses were reported.  

 

INCLUDE FIGURE 2 HERE 

 

Type 2 diabetes 

All ten studies of type 2 diabetes reported a reduction of HbA1c in participants using 

an app, with a median reduction of 0.55% (range 0.15% to 1.87%). After pooling the 

mean reduction in HbA1c was 0.49% (95% Cl 0.30%, to 0.68%; P < 0.001; I2=10%; 

Figure 3). These results exhibited consistent findings with no heterogeneity. One 

study reported a reduction larger than clinically anticipated which raised debate over 

the legitimacy of their findings (26).  After excluding the subgroup of studies that 

were assessed as poor quality, we found a mean reduction of 0.41% (95% CI 0.22%, 

to 0.61%; P<0.001; I2=0%; Figure 3). The level of evidence by GRADE was 

moderate, due to the findings being downgraded due to quality.  

 

INSERT FIGURE 3 HERE 

 

Page 8 of 47

CONFIDENTIAL-For Peer Review Only

Diabetes Care



9 
 

Type 2 diabetes subgroup analyses  

The subgroup analysis by follow-up duration showed that five studies with a shorter 

follow-up duration (less than six months) displayed a larger (but non-significant) 

HbA1c reduction than those with a longer duration (greater than six months) 0.62% 

versus 0.40% (P = 0.33) respectively. There was no difference in the reduction of 

HbA1c in three studies with a mean diabetes duration of less than nine years 

(0.53%) compared to those with a duration ≥ 9 years (0.55%; P = 0.93).  Studies of 

younger participants with a mean age of ≤ 55 years reported a larger and clinically 

significant reduction in HbA1c level of 1.03% compared to those with an average age 

greater than 55 of 0.41%, but the result was not found to be statistically significant (P 

= 0.10). 

 

In the subgroup analysis by number of self-monitoring tasks six diabetes apps 

supported at most three self-monitoring tasks, and had similar results to those 

studies with more than three self-monitoring tasks (mean reduction of 0.44% versus 

0.58%; P = 0.56). Two studies of diabetes apps with only automated feedback had a 

small and statistically non-significant reduction in HbA1c of 0.26% (95% Cl 0.09%, to 

-0.62%). When diabetes apps included HCP feedback were pooled, eight studies 

reported a reduction of 0.56% (95% Cl 0.35%, to 0.78%). There was no statistically 

significant difference between HCP verses automatic feedback subgroup (P = 0.16). 

 

Four sensitivity analyses were undertaken to test the robustness of the results. 

Removing three studies (20; 23; 26) with poor quality reported a mean reduction of 

0.41% (95% Cl 0.22%, to 0.61%, Figure 3). The removal of one study (17) with 

incomplete statistical information was associated with a mean reduction of 0.48% 

(95% CI 0.28%, to 0.67%), and the exclusion of one study (20) conducted on mixed 

participants with type 1 and type 2 diabetes had an attendant mean reduction of 

0.48% (95% Cl 0.27%, to 0.69%). Finally, the exclusion of two studies (17; 23) with 

baseline HbA1c levels > 9.0% was associated with a mean reduction of 0.47% (95% 

Cl 0.25%, to 0.69%).  

 

Discussion 

Ten studies were included for type 2 diabetes, predominately of fair quality. The 

results of these indicated a consistent reduction in HbA1c of 0.5%. Although there 
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was no indication of heterogeneity, the study conducted by Takenga et al. (26) 

introduced a large effect, that was likely to be caused by poor study quality (high 

attrition rate, differential loss to follow-up and high baseline HbA1c level). Thus, 

studies  were stratified into subgroup determined by their quality assessment (27). 

No differences were found between the subgroups, and the studies of poor quality 

were included for completeness, and to highlight the challenges in study design.  

 

Five subgroup analyses showed that the effect did not differ significantly by follow-up 

duration, mean diabetes duration of participants, mean age of participants, number 

of self-monitoring tasks supported by the diabetes apps, or types of feedback. 

Compared to studies that have investigated alternative interventions to improve their 

diabetes self-management, such as: text messaging, mobile device, computer based 

and convention self-management, we have found that apps offer promising results 

and reinforce the message argued by other authors (3; 4; 28-30). The evidence for 

this finding by GRADE was moderate, after down grading due to quality.  

 

The subgroup analysis by follow-up duration suggested that the effect of diabetes 

apps on blood glucose control may attenuate over time. A possible rationale for this 

subgroup effect is a lack in user-friendliness, a lack in perceived additional benefits 

and a lack of use of gamification elements, resulting in a lack of efficacy following 

use (31). The subgroup analysis by mean age of participants indicated that younger 

patients were more likely to benefit from the use of the diabetes apps. It may be 

speculated that younger patients are more amenable to new technologies and more 

familiar with the use of mobile phones. The subgroup analysis by personalized 

feedback system highlighted the gap between automated feedback and healthcare 

professional feedback. Although automated feedback has the advantage of being 

interactive and dynamic, there is a limit to presupposed scenarios, whereas 

feedback provided by healthcare professionals was more individual, especially in 

emergency situations. Feedback options ranged widely between the apps, but it is 

postulated that it was the feedback that triggered improved lifestyle choices, which in 

turn lowered HbA1c. None of the five sensitivity analyses changed the overall effect 

size significantly, which suggests that the findings are not sensitive to these 

scenarios. The results of our meta-analysis lend support to the use of diabetes apps 

in diabetes self-management, especially for type 2 diabetes. However, we have 
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highlighted a number of limitations of current diabetes apps.  

 

For type 1 diabetes, there was little difference in HbA1c between intervention and 

control groups and the results were associated with considerable heterogeneity. The 

level of evidence by GRADE was downgraded to very low due to: study quality; 

inconsistency; and uncertainty; so the findings should be interpreted as very 

uncertain and likely to be change following future research. Furthermore, none of the 

apps in the included type 1 diabetes studies had an automatic data uploading 

functionality. In future studies for type 1 diabetes, we encourage investigators to 

include apps with this functionality, not only for the purpose of being user-friendly, but 

also for safety concerns by reducing the risk of data entry errors. 

 

Two studies reported on the cost effectiveness of the apps for type 1 diabetes with 

inconclusive findings (15; 16). Of three studies on type 2 diabetes that discussed 

compliance, two reported poor compliance with only 35% of patients regular app 

users (21; 24). One study (25) reported a decline in patient use over time, from 70% 

in the first week to 50% in the last two weeks. Four studies tried to explore the 

mechanisms behind the effects, but the conclusions were inconsistent (16; 17; 21; 

24). We postulate that diabetes apps influence lifestyle choice, but how this occurs is 

unclear. One hypothesis is that the reminder and feedback features of diabetes apps 

can lead to improvement in health beliefs, self-efficacy and social support (32).    

 

By the end of the decade, worldwide mobile phone usage is anticipated to exceed 5 

billion (33). Therefore apps may be able to offer an affordable and widely available 

adjunct to diabetes self-management. We have included studies across a variety of 

healthcare systems, from both the developed and developing world, so we argue the 

apps are currently available and could form the basis of improved health promotion 

on diabetes education and self-management. 

 

This study had several limitations. Since this review was restricted to published 

studies and so publication bias cannot be ruled out as highlighted by other 

investigators (30) All included study designs were not blinded, so were downgraded 

in the quality assessment tool, (highlighting the increased risk of ascertainment bias). 

Furthermore, patient-important outcomes and behavioral mechanisms and outcomes 
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were not considered and is a clear gap to be addressed in future studies. A further 

weakness is that some of the effect attributed to the apps could be explained by 

health care providers. Finally, there is no clear definition of diabetes apps and study 

authors defined their interventions in different ways as a result. In this review, we 

defined diabetes apps as software that is designed for use on a mobile phone 

allowing patients to enter data into the app and receive feedback. 

 

The implications for future research include establishing a common standardized 

platform of functionality.  Investigators of future studies need to consider adequately 

powered pragmatic RCTs with secure sequence generation, concealed allocation, 

use of an active control app, and comparable access to HCP. Features such as 

these might reduce the impact of ascertainment bias and effects due to HCP. RCTs 

with longer duration of follow up (> 6 months) using standardized app technology 

may well demonstrate beneficial clinical effect in type 2 diabetes. Furthermore, there 

is significant scope for research in the use of apps in other areas of self-

management, such as increasing physical activity, weight loss and smoking 

cessation. 

 

In a clinical context, we recommend that HCP feedback should be central in all future 

app design and supplemented with dynamic automated feedback. Future technology 

should also be underpinned by behavior change theories and gamification elements 

to achieve a larger effect on blood glucose control and improve compliance of 

patients in using diabetes apps. Finally, future technology should also consider the 

needs of older patients.  
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Figure 1: PRISMA Flowchart of included studies 

 

Figure 2: Pooled Type 1 diabetes studies of HbA1c comparison of apps versus 
control 
 

Figure 3: Pooled Type 2 diabetes studies of HbA1C comparison of apps versus 
control 
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Figure 2: Pooled Type 1 diabetes studies of HbA1c comparison of apps versus control  
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Figure 3: Pooled Type 2 diabetes studies of HbA1C comparison of apps versus control  
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Online Table 1: Baseline characteristics of the included studies and participants 
 

Study    Participants HbA1c (%, mean and SD) 

Name (year) 
Length 
(mths) 

N  Setting Control        group 
Age (years, 
mean and SD) 

Duration of 
diabetes 

(years, mean 
and SD) 

Ethnic groups  Baseline 
Post-

intervention 
change from 
baseline  

Type 1 diabetes          

Rossi et al.  

(2013)
14
 

6 
I:63 
C:64 

Diabetes clinics 
Standard educational 
approach based on CHO 
counting 

I:38.4 (10.3) 
C:34.3 (10.0) 

I: 16.2 (10.0) 
C: 15.0 (8.4) 

N/A 
I: 8.4 (0.79) 
C: 8.5 (0.80) 

I: 7.9 (0.79) 
C: 8.1 (0.80) 

I: -0.49 (0.87) 
C: -0.48 (0.88) 

Rossi et al. 
(2010)

15
 

6 
I:67 
C:63 

Diabetes outpatient 
clinics 

Standard carbohydrate 
counting education 

I:35.4 (9.5) 
C:36.1 (9.4) 

I: 17.1 (10.3) 
C: 15.8 (10.7) 

N/A 
I: 8.2 (0.8) 
C: 8.4 (0.7) 

I: 7.8 (0.87)* 
C: 7.9 (1.04)* 

I: -0.4 (0.9) 
C: -0.5 (1.0) 

Charpentier 
et al.  

(2013)
13
 

6 
I:56 
C:60 

Hospital 
Patients kept their paper 
logbook and attended 
two follow-up visits 

I:32.9 (11.7) 
C:36.8 (14.1) 

I: 17.6 (8.9) 
C: 16.9 (10.5) 

N/A 
I: 9.2 (1.1) 
C: 8.9 (0.9) 

I: 8.63 (1.07) 
C: 9.10 (1.16) 

I: -0.5 (0.9) 
C: 0.2 (0.8) 

Kirwan et al. 

(2013)
16
 

9 
I:25 
C:28 

Diabetes Australia in 
New South Wales 
and Queensland 

Patients continued usual 
care 

I:36.0 (10.7) 
C:34.4 (10.3) 

I: 19.7 (9.6) 
C: 18.2 (9.8) 

N/A 
I: 9.08 (1.18) 
C: 8.47 (0.86) 

I: 7.80 (0.75) 
C: 8.58 (1.16) 

I: -1.10 (0.74) 
C: 0.07 (0.99) 

I=Intervention; C=Control; *SDs were imputed; 
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Study   Participants HbA1c (%, mean and SD) 

Name (year) 
Length 
(mths) 

N  Setting Control        group 
Age (years, 
mean and SD) 

Duration of 
diabetes 

(years, mean 
and SD) 

Ethnic groups  Baseline 
Post-

intervention 
change from 
baseline  

Type 2 Diabetes 

Orsama et al. 
(2013)

18
 

10 
I:23 
C:24 

Community health 
center 

Standard medical care 
I:62.3 (6.5) 
C:61.5 (9.1) 

N/A N/A 
I: 6.86 (1.56) 
C: 7.09 (1.51) 

N/A 
I: -0.37 (0.83) 
C: 0.00 (0.83) 

Holmen et al. 
(2014)

21
 

12 
I:39 
C:41 

Primary care 
Usual care according to 
clinical guidelines 

I: 59 (12) 
C: 56 (12) 

N/A N/A 
I: 8.1 (1.1) 
C: 8.3 (1.2) 

I: 7.8 (0.99) 
C: 8.2 (1.36) 

I: -0.31 (1.11) 
C: -0.16 (1.08) 

Faridi et al. 
(2008)

24
 

3 
I:15 
C:15 

Community health 
center 

Standard diabetes self-
management 

I:55.3 (8.7) 
C:56.7 (10.6) 

N/A N/A 
I: 6.4 (0.6) 
C: 6.5 (0.7) 

N/A 
I: -0.1 (0.3) 
C: 0.3 (1.0) 

Waki et al. 

(2014)
25
 

3 
I:27 
C:27 

Hospital 
Patients continued their 
self-care regimen 

I:57.1 (10.2) 
C: 57.4 (9.4) 

I: 9.6 (7.0) 
C: 8.5 (8.0) 

N/A 
I: 7.1 (1.0) 
C: 7.0 (0.9) 

I: 6.7 (0.7) 
C: 7.1 (1.1) 

N/A 

Nagrebetsky 
et al. 

(2013)
22
 

6 
I:7 
C:6 

General practices 
Usual care and 
supportive lifestyle 
intervention 

I:56 (8) 
C:60 (13) 

I: 3.0 (0.6-4.7)  
C: 2.3 (0.4-
8.0) 

White: 100% 
 I: 8.0 (1.0) 
C: 8.2 (1.2) 

I: 6.9 (0.7) 
C: 7.5 (1.4) 

N/A 

Yoo et al. 

(2009)
19
 

3 
I:57 
C:54 

Hospital and 
community health 
center 

Usual out-patient 
treatment 

I:57.0 (9.1) 
C:59.4 (8.4) 

I: 6.0 (5.4) 
C: 7.2 (6.0) 

N/A 
I: 7.6 (0.9) 
C: 7.4 (0.9) 

I: 7.1 (0.8) 
C: 7.6 (1.0) 

N/A 

Quinn et al.  
(2008)

17
 

3 
I:13 
C:13 

Community 
endocrinology and 
community primary 
care practice 

Patients continued usual 
standards of care  

51.0 (11.03) 
I: 7.61 
C: 11 

African 
American: 62% 
White: 38% 

I: 9.51 (1.22)* 
C: 9.05 (1.21)* 

I: 7.48 
(1.10)*

 

C: 8.37 
(1.33)*

 

N/A 

Istepanian et 
al. 

(2009)
20
 

9 
I:32 
C:55 

Hospital 
Patients received care 
from the diabetes center 

I:60 (12) 
C:57 (13) 

I: 13.3 (8.6) 
C: 11.7 (8.0) 

Caucasian: 34% 
African-
Caribbean: 31% 
Indo-Asian: 31% 
Other: 4% 

I: 7.9 (1.5) 
C: 8.1 (1.6) 

I: 7.76  
D: 8.4 

N/A 

Takenga et 

al.  (2014)
26
 

2 
I:17 
C:14 

Not specified Conventional therapy 
I:53.3 (10.7) 
C:53.4 (9.6) 

N/A N/A 
I: 8.67 (1.22)* 
C: 8.59 (1.21)* 

I: 6.73 
(1..59) 
C: 8.6 (1.35) 

N/A 

Quinn et al. 
(2011)

23
 

12 
I:56 
C:51 

Primary care 
practices 

Patients were provided 
care as usual 

I:52.0 (8.0) 
C:53.2 (8.4) 

I: 8.2 (5.3) 
C: 9.0 (7.0) 

Black: 39% 
White: 53% 
Other: 8% 

I: 9.9 (2.1) 
C: 9.2 (1.7) 

I: 7.9 (1.7) 
C: 8.5 (1.8)  

I: -1.9 
C: -0.7 

I=Intervention; C=Control; *SDs were imputed; 
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Online Table 2: Quality Assessment of the included studies 

Study or subgroup 1 2 3 4 5 6 7 Overall quality 

Type 1 diabetes 

Rossi et al. (2013)14 � � � � � � � Good 

Rossi et al. (2010)15 � � � � � � � Fair 

Charpentier et al. (2011)13 � � � � � � � Fair 

Kirwan et al. (2013)16 � � � � � � � Poor& 

Type 2 diabetes 

Orsama et al. (2013)18 � � � � � � � Fair 

Holmen et al. (2014)21 � � � � � � � Good 

Faridi et al. (2008)24 � � � � � � � Fair 

Waki et al. (2014)25 � � � � � � � Fair 

Nagrebetsky et al. (2013)22 � � � � � � � Fair 

Yoo et al. (2009)19 � � � � � � � Fair 

Quinn et al. (2008)17 � � � � � � � Fair 

Istepanian et al. (2009)20 � � � � � � � Poor* 

Takenga et al. (2014)26 � � � � � � � Poor# 

Quinn et al. (2011)23 � � � � � � � Poor^ 

 

����: criteria met; ����: criteria NOT met or unclear 

 

Methodological Domains  

1, Initial assembly of comparable groups (eg Initial assembly of comparable groups: adequate 

randomization, including concealment and whether potential confounders were distributed equally among 

groups) 

2, The maintenance of comparable groups (eg Maintenance of comparable groups (includes attrition, 

crossovers, adherence, and contamination) 

3, No important loss to follow-up (eg Important differential loss to follow-up or overall high loss to follow-up) 

4, Equal, reliable, and valid measurement 

5, Clear definitions of intervention 

6, All the important outcomes were considered 

7, Intention-to-treat analysis 

 

Studies determined as poor quality  
&Kirwan et al (2013): The study had a very high dropout rate in the intervention group compared to the 

control group. The groups were not suitably comparable (eg the baseline HbA1c was higher in the 

intervention group compared to control) and reported a healthier diet. The randomisation mechanism was 

inadequate  

*Istepanian et al 2009: The study had a very high dropout rate and differential loss to follow-up rate (55.6% 

in the intervention group and 15.4% in the control group).  

^Quinn et al (2011): the study had a high dropout rate which was differential between groups. The 

randomisation mechanism was inadequate and the two groups were not comparable (CPDS patients had 

higher baseline glycated haemoglobin than UC (9.9 vs. 9.2%, P = 0.04). 
#Takenga et al 2014: The study provided limited information on the randomisation methods and 

measurement. The study had neither intention-to-treat analysis nor sample size calculation.  
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1 

Online Table 3: Functionality of the featured apps included 

Type 1 Diabetes 

Study 
App used in 
the study 

Self-monitoring tasks 
Data entry 
method 

CHO/ 
insulin 
bolus 

calculator 

Medication 
adjustment 
support 

Graphical 
feedback 

Automated 
feedback 

HCP 
feedback 

Freq. of 
HCP 

feedback 

Other 
functionali

ties 

Rossi et al. 
(2013)

14
 

Diabetes 
Interactive 
Diary 

BG, food intake (CHO and 
calories), dose of insulin, 
physical activities, and 
specific events 

Data were 
manually 
entered 

� � � � � 
Every one to 
three weeks 

Glycaemic 
target 
setting 

Rossi et al. 
(2010)

15
 

Diabetes 
Interactive 
Diary 

BG, dose of insulin 
injections, food intake, 
physical activity, and specific 
events 

Data were 
manually 
entered 

� � � � � N/A 
Glycaemic 
target 
setting 

Charpentier 
et al. 
(2011)

13
 

Diabeo 
BG, carbohydrate intake and 
physical activity 

Data were 
manually 
entered 

� � � � � N/A 
BG target 
setting 

Kirwan et al. 
(2013)

16
 

Glucose 
Body 

Blood glucose levels, insulin 
dosages, other medications, 
diet (food item in grams), and 
physical activities (minutes) 

Data were 
manually 
entered 

� � � � � Weekly N/A 
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Type 2 Diabetes  

Study 
App used in 
the study 

Self-monitoring 
tasks 

Data entry method 

CHO/ 
insulin 
bolus 

calculator 

Medication 
adjustment 
support 

Graphical 
feedback 

Automated 
feedback 

HCP 
feedback 

Freq of 
HCP 

feedback 

Other 
functionality 

Orsama et al
 (2013)

18
 

Monica 

BP, body weight, 
physical activity 
(pedometer), BG 
measurement only 
for six participants 
with high HbA1c 
level 

All data were 
manually imputed � Not specified � � � 

When 
necessary 

N/A 

Holmen et al.
 (2014)

21
 

FewTouch 
Food habits 
registration, BG, 
and physical activity 

BG data were 
automatically 
transferred to the app; 
activity data and food 
habits were entered 
manually 

� � � � � NA 

Personal goal 
setting system, 
general 
diabetes 
education 
system 

Faridi et al.  
(2008)

24
 

NICHE 
BG, exercise 
(pedometer) and 
weight 

BG data were 
automatically 
transmitted; weight 
and pedometer 
counts were manually 
entered 

� � � � � N/A N/A 

Waki et al.  
(2014)

25
 

DiaBetics 

BG, BP, body 
weight and 
pedometer counts, 
voice/text messages 
about meals and 
exercise,  photos 
of meals 

BG,BP, body weight 
and pedometer data 
were transmitted 
automatically to the 
app; 
meals and exercise 
were input by 
voice/text message or 
photos 

� Not specified � � � 
When 

necessary 

The database 
triggered alerts 
for missed or 
late readings 
(reminder) 

Nagrebetsky 
et al.  
(2013)

22
 

t+Diabetes BG 
BG data were 
automatically 
transmitted to the app 

� � � � � Monthly N/A 

Yoo et al.  
(2009)

19
 

Ubiquitous 
Chronic 
Disease 
Care 

BG, BP, exercise, 
and body weight 

BG data were 
automatically 
transmitted to the 
app; BP and weight 
data were manually 
entered 

� Not specified � � � 
When 

necessary 
Reminder 
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Quinn et al.  
(2008)

17
 

Diabetes 
Manager 

BG, medication 
dosage and 
carbohydrates 
intake 

BG data were 
automatically sent to 
the app, other data 
were manually input 

� � � � � NA 

Direct patients 
to test BG at 
optimal times 
(reminder) 

Istepanian  
et al.  
(2009)

20
 

Not specified BG 
Automatically 
transmitted to the app � � � � � NA 

The mobile 
phone alerted 
the patient 
when a 
measurement 
was due 
(reminder) 

Takenga et  
al. (2014)

26
 

Mobil Diab 

BG, insulin take, 
sport done, BP, and 
body weight and  
body size 

BG data were 
automatically 
transmitted to the 
app; other data were 
manually entered 

� � � � � N/A 

The app is 
integrated into 
a telemedicine 
platform 
directly   

Quinn et al.  
(2011)

23
 

Diabetes 
Manager 

BG, carbohydrates 
consumed, diabetes 
medications taken, 
and miscellaneous 
comments 
regarding diabetes 
self-care 

BG data were 
automatically sent to 
the app, other data 
were manually input 

� � � � � 
From every 
two months 
to weekly 

N/A 
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Online Table 4: Feedback provided by the featured apps 

Type 1 Diabetes 

Study Data inputted Feedback received 

Rossi et al. 
(2013)

14
 

BG, food intake (CHO and 
calories), dose of insulin, 
physical activities, and specific 
events 

1. CHO/insulin bolus calculator: DID can automatically calculate the most appropriate insulin dose on the basis of entered BG, food intake 
(CHO and calories) and current insulin dose, and predefined carbohydrate-to-insulin ratio and the glycaemic correction factor, together with 
other information already filled out in the DID (e.g., physical activity, glycaemic target, insulin dose, and specific events). 
2. All the recorded data were sent to the physician on average each 1–3 weeks. Any new therapeutic and behavioural prescriptions were 
sent from the diabetes clinic computer to the patient’s mobile phone. 

Rossi et al. 
(2010)

15
 

BG, dose of insulin injections, 
food intake, physical activity, and 
specific events 

1. CHO/insulin bolus calculator: DID can automatically calculate the most appropriate insulin dose on the basis of entered BG, food intake 
(CHO and calories) and current insulin dose, and predefined carbohydrate-to-insulin ratio and the glycaemic correction factor, together with 
other information already filled out in the DID (e.g., physical activity, glycaemic target, insulin dose, and specific events). 
2. Data stored in the mobile phone are periodically sent to the personal computer of the physician. Then, any new therapeutic and 
behavioural prescription can be sent from the computer to the mobile phone. 

Charpentier et 
al. (2011)

13
 

BG, carbohydrate intake and 
physical activity 

1. Bolus calculators using validated algorithms, taking into account carbohydrate intake, pre-meal blood glucose, and anticipated physical 
activity reported by the patient. 
2. Automatic algorithms for the adjustment of carbohydrate ratio and basal insulin or pump basal rates when the postprandial or fasting 
plasma glucose levels are off target 
3. Data transmission to medical staff computers to allow easy telemonitoring and teleconsultations. 

Kirwan et al. 
(2013)

16
 

Blood glucose levels, insulin 
dosages, other medications, diet 
(food item in grams), and 
physical activities (minutes) 

1. Patients can view their data on a customizable graph. 
2. Data were reviewed by an educator and all patients in the intervention arm were sent a minimum of 1 personalized text-message 
communication per week for the first 6 months of the study. 
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Type 2 Diabetes  

Orsama et al. 
(2013)

18
 

BP, body weight, 
physical activity 
(pedometer), BG 
measurement only for 
six participants with 
high HbA1c level 

1. Real-time graph display reflecting the uploaded data in relation to individual target value generated by app. 
2. Automatically generated, theory-based, health promotion-rich information, motivation, and behavior skills feedback messages, linked to patients’ 
remote reports of their health parameters. 
3. Study nurses scanned through the status of all intervention patients each week and contacted patients if warranted by their remote data reports. 
4. A web portal (Medinet) enabled participants to view their uploaded data. 

Holmen et al. 
(2014)

21
 

Food habits 
registration, BG, and 
physical activity 

1. Real-time feedback from the app on how the individually set goals were met within the defined period. 
2. Motivational feedback through symbols such as smiling faces and color codes in the app. 
3. Patients can also access related tips and look up words and concepts related to their diseases. 

Faridi et al. 
(2008)

24
 

BG, exercise 
(pedometer) and weight 

1. Real-time, automated, graphical and texts feedback and reminders based on patient-specific data.  
2. A web-based portal for patients and clinicians to view measurement data and prior messages received from the system. 

Waki et al. 
(2014)

25
 

BG, BP, body weight 
and pedometer counts, 
voice/text messages 
about meals and 
exercise,  photos of 
meals 

1. Data were automatically evaluated following the Japan Diabetes Society (JDS) guideline’s targeted values, DialBetics determined if each reading 
satisfies guideline requirements, then immediately sent those results to each patient’s smartphone. 
2. Readings defined as abnormal were reported to a doctor as “Dr Call,” meaning a physician will check the data and interact with the patient if 
necessary. 
3. Voice input was converted to text and matched with text in the DialBetics database; advice on lifestyle modification, matched to the patient’s input 
about food and exercise, was sent back to each patient immediately after the patient’s input. 
4. Patients’ photos of meals were sent to the server; the nutritional value of those meals was calculated by dieticians, then sent back to each patient. 
5. Patients can view their measurement data as well as graphic outputs of their measurements with diet and exercise history. 

Nagrebetsky 
et al. (2013)

22
 

BG 

1. Real-time graphical feedback on glucose levels.  
2. BG reading were also monitored by research nursing twice a week via a web-based portal, and support and encourage patients using 
standardized text messages and telephone calls monthly.  
3. Patients used the phone application to review their glucose levels every 3 weeks and, if necessary, titrate their oral glucose-lowering medication. 

Yoo et al. 
(2009)

19
 

BG, BP, exercise, and 
body weight 

1. Real-time automated SMS feedback of encouragement, reminders, and recommendations according to the data input.  
2. Participants received information via SMS three times a day regarding healthy diet and exercise methods, along with general information about 

diabetes, hypertension and obesity. 
3. A web-based portal for physicians to view patient data and send individualized recommendations to patients when needed. 

Quinn et al. 
(2008)

17
 

BG, medication dosage 
and carbohydrates 
intake 

1. Real-time feedback about the BG level related to the patient-specific target level and was shown HCP-prescribed medication instruction. 
2. If BG levels were above or below target levels, patients received real-time feedback on how to correct the BG level. 
3. Data were sent to server and analyzed by automated algorithms and research team; patients would receive positive feedback if no problems 
detected; if problems detected, patients were given further feedback and education, or even referral if needed. 
4. Suggestions of medical changes to patients (approved by HCP first). 
5. HCPs were provided with logbook to review, attached with analysis of the patient data and trend. 

Istepanian et 
al. (2009)

20
 

BG 
1. The research clinicians reviewed the recordings via a web-based application. Letters were sent from the clinician to the patients and their general 
practitioners with details of the amalgamated readings and treatment recommendations. 

Takenga et al. 
(2014)

26
 

BG, insulin take, sport 
done, BP, and body 
weight and  body size 

1. Doctors can view the clear graphical representation of trends and statistics of patient data from a web portal.  
2. Therapy plans, instructions and recommendations sent from the doctor portal were received directly in the app. 
3. Results of the input data were presented directly in app using different graphs. 
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BG, carbohydrates 
consumed, diabetes 
medications taken, and 
miscellaneous 
comments regarding 
diabetes self-care 

1. Real-time educational, behavioral and motivational feedback regarding patients input data, trend of recent entered data and physicians’ 
medication instruction.  
2. Patients and PCPs had access to a web-portal consisted of secure messaging center (for patient-provider communication), personal health record 
with additional diabetes information, learning library and logbook to review historical data (analyzed data).  
3. Diabetes educators intermittently reviewed patient data and communicated with patients electronically or via phone (frequency: high risk level 
patents: at most 4 times a month; others every 2-3 months). 
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ABSTRACT 

 

OBJECTIVES: To investigate the effect of mobile phone applications on glycemic 

control (HbA1c) in the self -management of diabetes. 

RESEARCH DESIGN AND METHODS: Relevant studies that were published 

between 1996 to June 1st, 2015 were searched from five databases: Medline, 

CINAHL, The Cochrane Library, Web of Science, and EMBASE. Randomized 

controlled trials that evaluated diabetes apps were included. We conducted a 

systematic review with meta-analysis and GRADE of the evidence. 

RESULTS: 1360 participants from 14 studies were included and quality assessed. 

Whilst there may have been clinical diversity, all type 2 diabetes studies reported a 

reduction in HbA1c. The mean reduction in participants using an app compared to 

control was 0.49% (95% Cl 0.30%-0.68%;I2=10%), with a moderate GRADE of 

evidence. Subgroup analyses indicated that younger patients were more likely to 

benefit from the use of diabetes apps and the effect size was enhanced with 

healthcare professional feedback. There was inadequate data to describe the 

effectiveness of apps for type 1 diabetes. 

CONCLUSIONS: Apps may be an effective component to help control HbA1c, and 

could be considered as an adjuvant intervention to the standard self-management for 

patients with type 2 diabetes. Given the reported clinical effect, and the access and 

nominal cost of this technology, it is likely to be cost-effective at the population level. 

The functionality and use of this technology needs to be standardized, but policy and 

guidance is anticipated to improve diabetes self-management care and reduce 

healthcare cost. 

 

Word Count Abstract = 235 

Word Count Manuscript = 3002
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What this study adds 

 

• There is a moderate level of evidence that the self-management of type 2 

diabetes is improved by using smart phone applications to reduce HbA1c 

 

• Apps for type 2 diabetes may offer a clinically effective adjuvant component to 

in the self-medicationmanagement of type 2 diabetes 

 

• Younger users were associated with the largest reduction in HbA1c 
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Background 

 

The number of diabetes patients globally is expected to rise to over 500 million by 

2030 (1), there is an urgent need for an improved self-management suite of 

interventions. For self-management to be effective it needs to be structured and cost 

effective (2), and be widely accessible across all health economies, including the 

developing world (2). 

As a newly emerging technology, diabetes mobile phone applications (hereafter 

referred to as diabetes apps) are a promising tool for self-management. We define 

diabetes apps as mobile phone software that accepts data (transmitted or manual 

entry), and provides feedback to patients on improved management (automated or 

by health care profession [HCP]). This technology combines the functions of the 

mobile phone, wireless network for data transmission and sometimes HCPs for 

providing feedback. Due to its ubiquitous, low cost, interactive, and  dynamic health 

promotion, there is potential for diabetes apps to provide an cost-effective 

intervention in diabetes self-care. 

In terms of diabetes self-management, numerous studies have proven the 

effectiveness of other telemedicine technologies, such as short message service (3), 

computer-based interventions (4), and web-based interventions (3; 5). Compared 

with these telemedicine interventions, diabetes apps are advantageous in that they 

are global, cheaper, convenient, and more interactive. There is however, current 

uncertainty on the clinical effectiveness of diabetes apps in diabetes self-

management (6-9).  

 

METHODS 

 

Data sources and search strategy 

The PRISMA statement and checklist was followed. Five electronic databases were 

searched (Medline, CINAHL, The Cochrane Library, Web of Science, and EMBASE) 

for studies published between January 1st, 1996 to  June 1st, 2015. Included studies’ 

references were hand searched to identify any additional articles. The following 

terms and medical subject headings (MeSH) were used during the search: (mobile 

OR mHealth OR cell phone OR MeSH “Cellular Phone” OR MeSH “Smartphone” OR 

app OR MeSH “Mobile Applications”) AND (MeSH “Diabetes Mellitus” OR diabete* 
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OR T2DM OR T1DM OR IDDM OR NIDDM).  

 

Inclusion and exclusion criteria  

The inclusion criteria were: the participants were over 18 years old and had type 1 or 

type 2 diabetes; the studies were randomized controlled trials (RCTs); the control 

group in the study received usual diabetes care without any telehealth programs; 

baseline and follow-up mean for HbA1c were reported (or could be calculated).; 

Exclusion criteria were: simulated or self-reported HbA1c data; computer or other 

mobile terminal-based diabetes apps; diabetes apps were exclusively designed for 

HCPs; and diabetes apps were exclusively designed for providing general education, 

or allowing communication between patients and HCPs.  

 

Two reviewers (CH, TF) searched the literature and assessed the studies 

independently. Any disagreements were resolved through discussion with a third 

reviewer (BC). No language restrictions were applied.  

 

Data extraction 

Participant demographics, study design considerations and context were extracted 

from the included studies. Two reviewers independently carried out the data 

extraction (CH, TF). Study authors were contacted to provide additional data, and 

missing standard deviations were estimated by calculation (10). 

 

Quality assessment  

The quality assessment was conducted by two reviewers independently (CH, TF), 

using the quality rating tool proposed by the US Preventive Service Task Force (11).  

Seven criteria were used to assess quality: baseline comparability of the groups; the 

maintenance of comparability of the groups; differential or high loss to follow-up; 

reliable  and valid measurement; clear definition of the intervention; consideration of 

important outcomes; and an intention-to-treat analysis. The quality of each study was 

graded as Good, Fair, or Poor. To be rated as good studies needed to meet all the 

criteria. A study with a fair quality had to be free of fatal flaws and a study with at 

least one fatal flaw was recorded as having a poor quality.A study was rated as poor 

if one (or more) domain was assessed as having a serious flaw. Studies that met 

some but not all of the criteria was rated as fair quality.  

Page 34 of 47

CONFIDENTIAL-For Peer Review Only

Diabetes Care



6 
 

 

Data analysis 

Changes in HbA1c, or HbA1c at follow-up were compared between groups using a 

mean difference, and were presented with an associated 95% confidence interval 

(95% CI). When studies investigated interventions and contexts that were both 

deemed clinically similar, and free from statistical heterogeneity, pooling was carried 

using an inverse variance random effects model (12). Meta-analyses were 

conducted using the Comprehensive Meta-Analysis Software (version 2.2). The level 

of evidence was applied to the GRADE criteria and reported. 

 

Heterogeneity and subgroup analyses 

Heterogeneity was assessed and quantified using the I2 statistic. When substantial 

heterogeneity was found (I2>50%), further exploration using subgroup analysis was 

undertaken. For type 2 diabetes studies, subgroup analyses were: follow-up duration 

(less than six months, versus more than six months); length of time with diabetes 

(less than nine years, versus more than nine years); age of participants (mean age 

less than 55 years old, versus more than 55 years old); number of self-monitoring 

tasks supported by the diabetes apps (up to three, versus greater than three); and 

types of feedback provided. No type 1 diabetes subgroup analyses were performed 

due to the small number of studies.  

 

Sensitivity analyses and publication bias 

Additional analyses were carried out on studies with: good or fair quality; complete 

information; and studies with a baseline HbA1c level less than 9.0%. A funnel plot 

was used to visually inspect publication bias where 10 or more studies were pooled.  

 

Results 

Identified and included studies  

Searches identified 5209 articles (Figure 1), 4238 were screened after removing 

duplicate records and 4178 were excluded. Sixty studies were eligible for full text 

review and 42 were excluded (Figure 1) resulting in 14 included studies. Four studies 

examined type 1 diabetes and 10 studies examined type 2 diabetes.  

 

Characteristics of the included studies and quality assessment 
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In the 14 studies, there were 1360 participants, 509 and 851 with type 1 and type 2 

diabetes respectively (Online Table 1). In the type 1 diabetes studies, the mean age 

of participants ranged from 34 (13) to 36 years old (14), and the mean duration of 

diabetes ranged from 16 (13-15) to 19 years (16). Two studies were undertaken in 

Europe (13; 14), one in Australia (16) and one was multinational (15). In the type 2 

diabetes studies, the mean age of the participants was much higher, ranging from 51 

(17) to 62 years old (18) and the mean duration of diabetes ranged from five (19) to 

13 years (20) from six studies. Four studies were undertaken in Europe (18; 20-22), 

three in the USA (17; 23; 24), two in Asia (19; 25) and one in Africa (26).  

 

Our quality assessment of theOne type 1 diabetes study was assessedies report one  

rated as good quality (14), two were rated as fair (13; 15), and one was rated as poor 

(16), for further details see Online Table 2. For type 2 diabetes studies, one was 

rated as good quality (21), six were rated as fair (17-19; 22; 24; 25) and three were 

rated as poor (20; 23; 26) (Online Table 2). 

 

INCLUDE FIGURE 1 HERE 

Apps featured in the included studies 

Twelve diabetes apps were identified and examined in this review, with six domains 

of functionality (Online Table 3), details of the feedback provided by each can be 

seen in Online Table 4 

 

Type 1 diabetes apps  

Three apps were used for participants with type 1 diabetes and aimed to help 

patients to calculate the most appropriate insulin bolus, on the basis of patient blood 

glucose levels, food intake and physical activity. Data for all three apps were 

manually entered. One study reported that there was little impact of the app on the 

total time spent on face-to-face or telephone follow-up and concluded that the 

software did not require more time for patients to manage their diabetes (13). A 

further study estimated the average cost to patients and educators time was £38 per 

patient, attributed to the app over a 9 month period (16). HCP feedback was 

provided in all apps, with a frequency ranging from every week to every three weeks 

(Online Table 4). 
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Type 2 diabetes apps 

Nine apps were used for participants with type 2 diabetes. The apps were designed 

to improve patient self-management, by providing personalized feedback on self-

monitoring data, such as blood glucose, food intake, and physical activity. In eight of 

the apps, BG was automatically transferred and other data manually entered., with 

one exception where BP, body weight and pedometer was also automatically 

transferred (25),. Quinn et al. (17) reported that the app was associated with shorter 

consultation times. Among seven apps with HCP feedback, three provided feedback 

when needed (eg patient data were considered abnormal). In the remaining other 

apps, the frequency of feedback ranged from once a week to once every three 

months (Online Table 4). 

 

Effectiveness of the apps: 

Type 1 diabetes 

There were mixed results forom the type 1 diabetes studies. Two studies (14; 15) 

found no difference between the intervention group and the control group and two 

studies (13; 16) reported statistically significant results that favored the apps . There 

was a statistically insignificant difference in HbA1c between the apps and control 

group of -0.36% (95% Cl -0.87% to 0.14%, P = 0.16, I2 = 87%; Figure 2). No 

subgroup analyses were reported.  

 

INCLUDE FIGURE 2 HERE 

 

Type 2 diabetes 

All ten studies of type 2 diabetes reported a reduction of HbA1c in participants using 

an app, with aand the median reduction from the studies wasof 0.55% (range 0.15% 

to 1.87%). After pooling the mean reduction in HbA1c was 0.49% (95% Cl 0.30%, to 

0.68%; P < 0.001; I2=10%; Figure 3). These results exhibited consistent findings with 

no heterogeneity. One study reported results a reduction larger than clinically 

anticipated which raised debate over the legitimacy of their findings (26).  After 

excluding the subgroup of studies that were quality assessed as poor qualityand only 

including those studies with good or fair quality, we found a mean reduction of 0.41% 

(95% CI 0.22%, to 0.61%; P<0.001; I2=0%; Figure 3). The level of evidence by 

GRADE was moderate, due to the findings being downgraded due to quality.  
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INSERT FIGURE 3 HERE 

 

Type 2 diabetes subgroup analyses  

The subgroup analysis by follow-up duration showed that five studies with a shorter 

follow-up duration (less than six months) displayed a larger (but non-significant) 

HbA1c reduction than those with a longer duration (greater than six months) 0.62% 

versus 0.40% (P = 0.33) respectively. There was no difference in the reduction of 

HbA1c in three studies with a mean diabetes duration of less than nine years 

(0.53%) compared to those with a duration ≥ 9 years (0.55%; P = 0.93).  Studies of 

younger participants with a mean age of ≤ 55 years reported a larger and clinically 

significant reduction in HbA1c level of 1.03% compared to those with an average age 

greater than 55 of 0.41%, but the result was not found to be statistically significant (P 

= 0.10). 

 

The In the subgroup analysis by number of self-monitoring tasks found no difference. 

S six diabetes apps that supported at most three self-monitoring tasks, and had 

similar results to those studies with more than three self-monitoring tasks (mean 

reduction of 0.44% versus 0.58%; ,P = 0.56). Two studies of diabetes apps with only 

automated feedback had a small and statistically non-significant reduction in HbA1c 

of 0.26% (95% Cl 0.09%, to -0.62%). When diabetes apps included HCP feedback 

wereas pooled, eight studies reported a reduction of 0.56% (95% Cl 0.35%, to 

0.78%). There was no statistically significant difference between HCP verses 

automatic feedback subgroup (P = 0.16). 

 

Four sensitivity analyses were undertaken to test the robustness of the results. 

Removing three studies (20; 23; 26) with poor quality reported a mean reduction of 

0.41% (95% Cl 0.22%, to 0.61%, Figure 3). The removal of one study (17) with 

incomplete statistical information was associated with a mean reduction of 0.48% 

(95% CI 0.28%, to 0.67%), and the exclusion of one study (20) conducted on mixed 

participants with type 1 and type 2 diabetes had an attendant mean reduction of 

0.48% (95% Cl 0.27%, to 0.69%). Finally, the exclusion of two studies (17; 23) with 

baseline HbA1c levels > 9.0% was associated with a mean reduction of 0.47% (95% 

Cl 0.25%, to 0.69%).  
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Discussion 

Ten studies were included for type 2 diabetes, of predominately of fair quality. The 

results of these indicated a consistent reduction in HbA1c of 0.5%. Although there 

was no indication of heterogeneity, the study conducted by Takenga et al. (26) 

introduced a large effect, that was likely to be caused by poor study quality (high 

attrition rate, differential loss to follow-up and high baseline HbA1c level). Subgroup 

of study quality were used to stratify studies with a poor quality assessment, 

compared to those with a fair and good quality assessment Thus, studies  were 

stratified into subgroup determined by their quality assessment (27). No differences 

were found between the subgroups based on quality, and the studies of poor quality 

were included for completeness, and to highlight the challenges in study design.  

 

Five subgroup analyses showed that the effect did not differ significantly by follow-up 

duration, mean diabetes duration of participants, mean age of participants, number 

of self-monitoring tasks supported by the diabetes apps, or types of feedback. 

Compared to studies that have investigated alternative interventions to improve their 

diabetes self-management of HbA1c, such as: text messaging, mobile device, 

computer based and convention self-management, we have found that apps offer 

promising results and reinforce the message argued by other authors (3; 4; 28-30). 

The evidence for this finding by GRADE was moderate, after down grading due to 

quality.  

 

The subgroup analysis by follow-up duration suggested that the effect of diabetes 

apps on blood glucose control may attenuate over time. A possible rationale for this 

subgroup effect is a lack in user-friendliness, a lack in perceived additional benefits 

and a lack of use of gamification elements, resulting in a lack of efficacy following 

use (31). The subgroup analysis by mean age of participants indicated that younger 

patients were more likely to benefit from the use of the diabetes apps. It may be 

speculated that younger patients are more amenable to new technologies and more 

familiar with the use of mobile phones. The subgroup analysis by personalized 

feedback system highlighted the gap between automated feedback and healthcare 

professional feedback. Although automated feedback has the advantage of being 

interactive and dynamic (and probably cost-effective), there is a limit to presupposed 
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scenarios, whereas feedback provided by healthcare professionals wais more 

individual, especially in emergency situations. Feedback options ranged widely 

between the apps, but it is postulated that it was the feedback that triggered 

improved lifestyle choices, which in turn lowered HbA1c. None of the five sensitivity 

analyses changed the overall effect size significantly, which suggests that the 

findings are not sensitive to these scenarios. The results of our meta-analysis lend 

support to the use of diabetes apps in diabetes self-management, especially for type 

2 diabetes. However,  we have highlighted a number of limitations of current 

diabetes apps.  

 

For type 1 diabetes, there was little difference in HbA1c between intervention and 

control groups and the results were associated with considerable heterogeneity. The 

level of evidence by GRADE was downgraded to very low  due to: study quality; 

inconsistency; and uncertainty; so the findings should be interpreted as very 

uncertain and likely to be change following future research. Furthermore, none of the 

apps in the included type 1 diabetes studies had an automatic data uploading 

functionality. In future studies for type 1 diabetes, we encourage investigators to 

include apps with this functionality, not only for the purpose of being user-friendly, but 

also for safety concerns by reducing the risk of data entry errors. 

 

Two studies reported on the cost effectiveness of the apps for type 1 diabetes with 

inconclusive findings (15; 16) on type 1 diabetes reported on the cost of the 

intervention. Although the data provided by the two studies seemed to favor the 

diabetes apps as a low-cost self-management intervention for type 1 diabetes, its 

effect on diabetes self-management is still questioned. Of tThree studies on type 2 

diabetes that discussed compliance,described patient compliance, and  two reported 

poor compliance of the patients, reporting compliance with only 35% of patients as 

regular app users (21; 24). One study (25) reported a decline in patient use over 

time, from 70% in the first week to 50% in the last two weeks. Four studies tried to 

explore the mechanisms behind the effects, but the conclusions were inconsistent 

(16; 17; 21; 24). We postulate that diabetes apps influence lifestyle choice, but how 

this occurs is unclear. One hypothesis is that the reminder and feedback features of 

diabetes apps can lead to improvement in health beliefs, self-efficacy and social 

support (32).    
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By the end of the decade, worldwide mobile phone usage is anticipated to exceed 5 

billion (33). Therefore apps may be able to offer an affordable and widely available 

adjunct to diabetes self-management. We have included studies across a variety of 

healthcare systems, from both the developed and developing world, so we argue the 

apps are currently available and could form the basis of improved health promotion 

on diabetes education and self-management. 

 

This study had several limitations. Since this review was restricted to published 

studies and so publication bias cannot be ruled out as highlighted by other 

investigators (30) All included study designs were unblindednot blinded, so were 

downgraded in the quality assessment tool, (highlighting the increased risk of 

ascertainment bias). Furthermore, patient-important outcomes and behavioral 

mechanisms and outcomes were not considered and is a clear gap to be addressed 

in future studies. A further weakness is that some of the effect attributed to the apps 

could be explained by health care providers. Finally, there is no clear definition of 

diabetes apps and study authors defined their interventions in different ways as a 

result. In this review, we defined diabetes apps as software that is designed for use 

on a mobile phone allowing patients to enter data into the app, with response to the 

inputted data through either automatically generated feedback or patients’ HCPs’ 

feedback. and receive feedback. 

 

The implications for future research include establishing a common standardized 

platform of functionality.  Investigators of future studies need to consider adequately 

powered pragmatic RCTs with secure sequence generation, concealed allocation, 

use of an active control app, and comparable access to HCP. Features such as 

these might reduce the impact of ascertainment bias and effects due to HCP. RCTs 

with longer duration of follow up (> 6 months) using standardized app technology 

may well demonstrate beneficial clinical effect in type 2 diabetes. Furthermore, there 

is significant scope for research in the use of apps in other areas of self-

management, such as increasing physical activity, weight loss and smoking 

cessation. 

 

In a clinical context, the need to consider patient safety issues is of paramount 
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importance with apps aligned with current diabetes self-management guidelines. 

Wwe recommend that HCP feedback should be central in all future app design and 

supplemented with dynamic automated feedback. Future technology should also be 

underpinned by behavior change theories and gamification elements to achieve a 

larger effect on blood glucose control and improve compliance of patients in using 

diabetes apps. Finally, future technology should also consider the needs of older 

patients.  
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Figure 1: PRISMA Flowchart of included studies 

 

Figure 2: Pooled Type 1 diabetes studies of HbA1c comparison of apps versus 
control 

 

Figure 3: Pooled Type 2 diabetes studies of HbA1C comparison of apps versus 
control 
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