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1. Introduction

Prediabetes is a condition characterised by elevated glucose levels 
that are higher than normal but not high enough to be classified as 
diabetes [1]. In 2017, it was estimated that 7.3 % of the global popu
lation, equivalent to 352 million people were estimated to have pre
diabetes [2,3]. This figure is projected to rise to 8.3 %, or 587 million 
people by 2045 [4]. Worryingly, most people who have prediabetes are 
unaware of the condition [5]. Individuals with prediabetes are at a 
significant risk of developing type 2 diabetes mellitus (T2DM) along 
with the severe and life-threatening complications of the disease. For 
instance, people with prediabetes experience a higher risk of developing 
chronic kidney disease, neuropathy, diabetic retinopathy, cardiac 
events, and stroke. Therefore, identifying individuals with prediabetes 
and subsequently, preventing or delaying the development of diabetes 
has the potential to significantly reduce mortality, maintain a good 
quality of life and reduce the burden on the healthcare system [2].

The implementation of lifestyle-changing programs to modify the 
lifestyle, daily activities, and diet of individuals with prediabetes have 
been demonstrated to substantially reduce the risk of developing T2DM 
[6]. For instance, the Diabetes Prevention Programme (DPP) demon
strated that lifestyle intervention reduced the incidence of T2DM by 58 
% over an average of 2.8 years [7]. This finding was similarly observed 
in both the Finnish Diabetes Prevention Study and the Chinese Da Qing 
Diabetes Prevention Study which concluded that lifestyle changes could 
prevent T2DM [8,9]. Key objectives in these programmes include 
achieving a minimum weight loss of 7 % and engaging individuals in 
moderate-intensity physical activity for a minimum of 150 min every 
week. While meta-analyses of studies have indicated that lifestyle in
terventions are effective in preventing or delaying the progression to 
T2DM, implementing these interventions on a large scale remains 
challenging [10]. Some key challenges include the difficulty in moni
toring the activity and dietary practice of individuals with prediabetes, 
maintaining high levels of motivation and adherence to the prescribed 
interventions, as well as the delivery of relevant and timely information 

[10,11].
One solution to overcome these challenges is through the use of 

digital technologies - electronic systems designed to provide service 
remotely which have become increasingly prevalent in healthcare [12,
13]. These technologies include telehealth, mobile health (mHealth), 
game-based support, social platforms, patient portals, as well as wear
able devices that collect health data and deliver information [14]. 
Digital technologies are now used in the monitoring and management of 
non-communicable diseases including hypertension, T2DM, weight and 
diet management, as well as to improve medication adherence. The 
incorporation of digital technologies as remote components has been 
promising as scalable tools to improve health outcomes as they enhance 
efficacy, efficiency, accessibility, and allows for personalisation, 
potentially complementing lifestyle interventions which are often a key 
challenge in implementation [15]. However, while there is considerable 
enthusiasm for the innovative role of digital health interventions, the 
World Health Organization highlighted that it is equally important to 
generate high-quality evidence and evaluate intervention-contributing 
effects to ensure that resources are not diverted to ineffective ap
proaches [16]. The lack of comprehensive pooled data from 
randomised-controlled trials (RCTs) precludes the implementation of 
digital technologies as an integral digital approach for preventing or 
delaying diabetes among high-risk groups at a larger scale.

While several reviews on the use of digital technologies have been 
published, these review only focus on people with type 2 [17,18], type 1 
[19,20] and gestational diabetes [21]. To our best knowledge, there are 
no reviews that attempted to summarise the published research related 
to the use of different digital technologies and its impact various out
comes for people with prediabetes, with only one review that reported 
the effects of digital health on weight loss [22]. Another recent review 
compared the different delivery modality but these do not look into the 
various digital technologies used [23]. Understanding the effects of 
different digital technologies are important to guide future policy 
making and incorporation into routine clinical practice. This systematic 
review aims to determine the effectiveness of various digital 
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technologies used in lifestyle interventions for people with prediabetes.

2. Materials and methods

This review was conducted according to the Cochrane Handbook for 
Systematic Reviews of Interventions and reported according to the 
Preferred Reporting Items for Systematic Reviews and meta-analyses 
guideline statement [24]. This study was registered with PROSPERO: 
CRD42020188051.

2.1. Search strategy

The following databases were searched from database inception to 
July 31st, 2024: EMBASE, Ovid MEDLINE, Cochrane Central Register of 
Controlled Trials, AMED and PsychINFO for published articles 
describing the use of digital technologies among people with prediabe
tes. The search terms related to digital health and prediabetes were used 
and included telemedicine, telehealth, prediabetes, impaired fasting 
glucose, and glucose intolerance. A full list of the search term used can 
be found in Supplementary File 1. This was supplemented by a hand 
search of the references of included articles.

2.2. Eligibility criteria

Articles were included if (1) the study examined individuals irre
spective of age with prediabetes [25] (defined as having a fasting blood 
glucose level between 100 and 125 mg/dL or 5.6–6.9 mmol/l, 2-h 
postprandial glucose between 140 and 199 mg/dL or 7.8–11.0 mmol/l 
or HbA1c levels between 5.7 and 6.4 %); (2) was a randomised 
controlled trial; (3) examined the use of digital technology [26] (either 
telehealth application, mHealth, social platform, game-based support, 
patient portal, electronic device) for the care of people with prediabetes; 
and (4) had a control arm. No language restrictions were imposed. 
Conference proceedings, case studies, reports, editorials, and letters 
were excluded.

2.3. Data management and selection process

Articles retrieved from the search were compiled using EndNote 
version 20 (Philadelphia, PA). Any duplicate articles were removed. The 
list of articles and their abstracts were screened independently by two 
reviewers for inclusion based on the eligibility criteria detailed above, 
and any differences were resolved through consensus.

2.4. Data extraction and risk of bias assessment

Two reviewers independently extracted the study demographic data, 
intervention details, as well as the outcomes of interest using a pre- 
validated data extraction form. Corresponding author of the articles 
reviewed were contacted (when necessary) for additional information. 
The primary outcomes of interest were: 1) changes in body weight; and 
2) changes in blood glucose levels [glycated haemoglobin test (HbA1c) 
and fasting plasma glucose (FPG)]. Other outcomes of interest include 
body mass index (BMI), waist circumference, biomarkers of cardiovas
cular diseases including lipid levels (total cholesterol, high-density li
poprotein (HDL), low-density lipoprotein (LDL), triglyceride), blood 
pressure as well as the type and amount of physical activity conducted 
by the study participants. In addition, outcomes on progression to 
T2DM, quality of life, and cost-effectiveness were also included. Two 
independent reviewers assessed the risk of bias in all included studies 
using the Cochrane 2.0 risk-of-bias tool [27].

2.5. Intervention classification

Digital technologies are an umbrella term for electronic systems 
aimed to provide remote services such as health monitoring, education, 

and intervention [26]. As defined in past reviews [21,26,28], we cate
gorized studies based on the type of digital technologies used for in
terventions, which can include telehealth, mHealth, social platform, 
game-based support, patient portal, and electronic device. The specific 
definitions for each type of digital technology can be found in Supple
mentary File 2. Interventions that utilized more than one type of digital 
technologies were classified as hybrid.

2.6. Statistical analysis

We used the random effects meta-analysis model to pool results and 
presented them as mean differences (MDs) or odds ratio (OR) with their 
95 % confidence intervals (CI) for outcomes. We stratified the analyses 
based on the types of digital technologies used in the interventions to 
explore the respective effectiveness. We assessed study heterogeneity 
using the I2 statistics. Small study effects were examined using funnel 
plots. We performed subgroup analysis for each of the primary outcomes 
by study region (Americas, Asia, Europe and Oceania) as well as inter
vention study duration (0–11months or 12 months or more). Analyses 
were conducted using RevMan version 5.4.1 (Cochrane Collaboration, 
Copenhagen, Denmark). All costs were presented in USD 2021. Any 
reported costs incurred in other currencies or/and previous years were 
first converted using purchasing power parities (PPP) or/and inflated 
using a GDP deflator [29,30].

3. Results

3.1. Selected articles

The initial search identified a total of 480 articles, with 37 articles 
describing 31 unique studies recruiting a total of 32,624 individuals 
with prediabetes eligible for inclusion (Fig. 1) [31–67]. Six articles were 
post hoc analysis papers of included studies [32,48,50,53,54,66]. These 
studies were conducted in the United States, Germany, the United 
Kingdom, Canada, Japan, India, Hong Kong, Bangladesh, New Zealand, 
Singapore, Finland, Saudi Arabia and Thailand. Further details of these 
studies are summarized in Supplementary File 3.

3.2. Risk of bias

Most included studies had some bias in one of the five domains 
assessed using RoB 2.0 except for 10 studies. Key limitations were that 
studies did not report sufficient details on the implementation of study 
results as well as missing outcome data. Although most trials were not 
blinded, but these studies were not downgraded due to the nature of the 
intervention (Fig. 2).

3.3. Intervention assessment

Included studies varied in terms of intervention technology and 
components used. Several interventions were fully delivered remotely 
using digital technologies [34,35,37,42,49,51,52,55,57,59–62,67] 
while others included an in-person components [31,33,36,38–41,43–47,
56,58,63–65]. The usual care group received: (1) some form of lifestyle 
education on T2DM prevention delivered in-person or through 
paper-based leaflets [34–37,40,42–44,46,47,49,56,57,62,63,65], (2) 
usual care from healthcare professionals which differed according to 
practice and may comprise of lifestyle advice and/or education leaflets 
[33,38,39,41,45,52,55,57–61,67], or (3) non-diabetes related education 
and was waitlisted [31]. Two studies also provided the control group 
with online/in-app T2DM prevention modules, but without additional 
remote education sessions or reinforcements [51,64].

3.4. Digital technologies used

Most studies (n = 17) used a combination of several digital 
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technologies, and were classified as hybrid [31,33–39,41,42,44,45,56,
59,61,65,67]. The remaining studies focused on mHealth (n = 9) or 
telehealth (n = 5) alone. None of the studies used game-based support or 
patient portals. The details of the delivery methods used in each study 
are described in Supplementary File 4.

3.4.1. Telehealth
Thirteen studies used telephone calls as part of the intervention [33,

36–41,43,45,49,56,63,67] to provide motivation, education, coaching, 
support for behavioural change, consultations, and monitoring in 
real-time. Telephone calls were most frequently used in combination 
with monitoring devices, in-person consultations, and hardcopy mate
rials. Apart from phone calls, telehealth was utilized in a telemonitored 
lifestyle intervention as a communication tool to guide participants 
throughout the program [35].

3.4.2. mHealth
mHealth technologies used were messaging systems (text messages 

and email) and mobile applications. Text messages were the most 
commonly used as part of the intervention in eleven studies [33,41,44,

46,47,51,52,56,57,62,63]. Emails were only utilized in 3 studies [36,56,
67] and at times, used in combination with text messages [33,52]. These 
messaging systems were mainly used to provide education, motivation, 
and increase disease awareness. In two of the reviewed studies, text 
messaging was also integrated into software platforms. The study con
ducted by Fischer et al. (2016) utilized a patient relationship manager 
software platform to send messages to selected participants on a pre
determined schedule, as well as to facilitate the screening of incoming 
participant messages and record participant interactions [41]. In the 
study conducted by Staite et al. (2019) specific text messages were 
programmed to be sent to participants based on their level of activity as 
recorded by their wearable device, as well as on the information 
recorded by the participants regarding their behaviour into the smart
phone application [51].

Mobile applications were utilized for a wide variety of purposes, 
including recording health behaviours (with or without feedback from a 
wearable device), goal and routine setting, providing feedback, deliv
ering educational and motivational content, learning reinforcement 
through quizzes as well as establishing social groups [31,36,42,51,
58–61,64,65,67]. In some cases, these were interactive and customised 

Fig. 1. PRISMA diagram of searching and screening process.
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based on input received from participants, which allowed for the indi
vidualised messages to meet the specific needs.

3.4.3. Social platforms
Eight studies used social platforms/websites [31,34,36,37,44,56,59,

61], which included: (1) social media sites for coaching and peer sup
port, (2) websites that provided educational materials, allowing com
munications with health advisors and peer support and (3) online 

platforms that recorded data from wearable devices or data that was 
input by participants, as well as providing education and feedback. 
Websites were mostly used in conjunction with mobile applications, 
devices, text messaging, and other materials.

3.4.4. Devices
Ten studies utilized devices as part of the intervention components 

[31,34,35,37–39,42,45,65,67]. These devices included accelerometers 

Fig. 2. Risk of bias of included studies.
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to detect motion and activity, pedometers to track the number of steps 
taken daily, glucometer for blood glucose monitoring, as well as 
weighing scales with varying levels of digital capabilities for weight 
monitoring. Notably, in all the studies, the devices played supportive 
roles in the intervention to support in monitoring of activities. None of 
the studies used the devices exclusively as an intervention nor were 
there any studies where the focus of the intervention was the device 
used. In addition, some studies used the devices as assessment and/or 
encouragement tools for both intervention and comparison groups [33,
40,43,46,49,51,58,63,65].

3.5. Features of the interventions

The interventions in the studies reviewed provided participants with 
various content on physical and psychological health, as well as diet. In 
several studies, participants were also provided with feedback on their 
performance as well as progress during the intervention.

3.5.1. Healthy eating
Twenty-eight studies provided participants information on nutrition 

and diet. These included education on the components of a healthy diet 
and healthy options for meal times, as well as goal setting. Some studies 
also provided advice on specific diet regimens, while others provided 
advice on reducing the intake of sugars and fats as well as increasing the 
intake of fruits and vegetables.

3.5.2. Physical activity
Twenty-nine studies provided participants with some information on 

how to increase their level of physical activity. This information 
included advice on goal setting, starting new physical routines, and 

maintenance of good physical habits. Some studies also provided 
coaching on how certain types of exercise should be performed.

3.5.3. Psychosocial health
Twenty-five studies addressed the issues of psychological, emotional, 

mental, and social well-being. The studies provided participants with a 
mixture of motivational techniques and strategies, as well as advice on 
stress management, personal development, problem-solving, and 
building mental resilience. The move was often coupled with social 
support through the form of peer support and encouragement by the 
coaching team as well as by other participants in the studies.

3.5.4. Feedback
Eleven studies actively provided feedback to the participants on their 

progress and achievements during the intervention. The progress 
included feedback on their reported diet, activity, as well as the 
achievement of (or failure to achieve) set goals. Feedback was frequently 
provided either in response to reports or on a regular schedule e.g. 
weekly or quarterly. The feedback is intended to reinforce positive 
behaviour and encourage the practice of good habits.

3.5.5. Recording of activities
In several studies, participants were asked to document their health 

behaviours as part of the intervention and data collection process. This 
documentation included tracking body weight, physical activity, daily 
step count and food intake. Physical activity and step count were pri
marily recorded with wearable devices equipped with accelerometers 
and pedometers, while food intake was recorded through a combination 
of logbooks and digital tracking tools.

Fig. 3. Pooled effects of digital technology stratified by types on body weight changes at the end of study.
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3.6. Outcomes

3.6.1. Anthropometry
Pooled analysis of 20 studies indicated that digital technologies were 

effective in reducing participants’ body weight by 1.19 kg [95 % CI: 1.82 
to − 0.55] when compared to usual care (Fig. 3, Table 1). Individuals 
receiving digital technology were found to be twice as likely compared 
to usual care to achieve a 5 % or more weight loss from baseline (Odds 
ratio: 2.45, 95 % CI: 1.11 to 5.40, Table 1). Importantly, the use of a 
combination of digital technologies (hybrid) appeared more beneficial 
(MD: 1.55 kg; 95 % CI: 2.35 to − 0.75) compared to the use of telehealth 
or mHealth alone.

Similarly, participants randomised to digital technologies reported 
reduction in the BMIs (− 0.74 kg/m2; 95 % Cl: 0.99 to − 0.49, Fig. 4) and 
waist circumference (MD: 1.63 cm; 95 % Cl: 2.49 to − 0.77, Fig. 5). 

Larger improvements in BMI (MD: 0.87 kg/m2; 95 % CI: 1.12, − 0.62) 
and waist circumference (MD: 2.56 cm; 95 % CI: 3.41, − 1.72) were 
noted when two or more digital technologies were used compared to 
only mHealth.

3.6.2. Blood glucose profile
Pooled results found that the use of digital technologies had a limited 

impact on glycosylated haemoglobin (HbA1c) levels (n = 15 studies; 
− 0.04 %; − 0.09 to − 0.00) (Supplementary File 5) or fasting plasma 
glucose (n = 8 studies; − 0.07 mmol/L; − 0.22 to 0.07, Supplementary 
File 6).

3.6.3. Lipid profile
Digital technologies had minimal effects in improving lipid param

eters including total cholesterol (− 0.04 mmol/L; 95 % CI: 0.09 to 0.01), 
LDL (0.00 mmol/L; 95 % Cl: 0.08 to 0.07), HDL (0.04 mmol/L; 95 % Cl: 
0.01 to 0.07) and triglyceride levels (− 0.05 mmol/L; 95 % Cl: 0.10 to 
0.00) when compared to usual care (Supplementary File 7).

3.6.4. Blood pressure
Five studies reported changes in systolic and diastolic blood pressure 

at the end of study [35,58,61,62,65]. Pooled analyses suggest that dig
ital technologies can reduce systolic blood pressure marginally by 3.77 
mmHg (95 % CI: (− 6.86 to − 0.69) but not diastolic blood pressure (4.36 
mmHg; 95 % CI; − 17.49 to 26.20, Table 1).

3.6.5. Physical activity
Interventions that used digital technologies showed improvements in 

objectively-measured outcomes such as steps count per day [33,38,58], 
exercise endurance level [39], moderate physical activity level [58], 
time spent in moderate-to-vigorous activity, and time spent walking 
[33]. In addition, self-reported data demonstrated favourable outcomes 
in sedentary time [38], leisure time activity [39], time spent in physical 
activity [65] and physical activity energy (METs)/min/week [62]. Other 
studies reported minimal effect on steps count/day, time spent in 
physical activity, sedentary time [51,63,64] while Khunti et al. (2021) 
found that improvement in physical activity was not sustained.

3.6.6. Incidence of type 2 diabetes mellitus
Seven studies including 13857 reported the incidence of type 2 

diabetes after 6–48 months of follow up were analysed. At the end of 
latest follow-up, individuals in the intervention group had a lower odds 
of progressing to type 2 diabetes mellitus (Odds ratio: 0.94; 95%CI: 0.81 
to 1.09, Table 1) when compared to usual care [35,38,46,47,49,52,57].

3.6.7. Cost and cost-effectiveness analyses
Seven studies reported cost-related results (Table 2). The results 

varied widely between studies due to differences in the measurement 
and reporting of cost-related outcomes. Fottrell et al. (2019) suggested 
that the intervention used was highly cost-effective while Wong et al. 
(2013) suggested that there may be some reduction in costs when 
compared to standard care [52,57]. Khunti et al. (2021), however, re
ported the interventions had lower probabilities of being cost-effective 
[33].

3.6.8. Quality of life
Seven studies including 4170 individuals reported quality-of-life 

outcomes using EuroQoL-5D (EQ-5D), Short Form-36 or 15-dimensoio
nal questionnaire (Table 3) [33,37–39,45,46,53]. Follow-up time var
ied between 6 months and 4 years. Most studies reported no significant 
difference in the quality of life while only two other studies reported a 
significant increase in the quality-of-life post-intervention [38,53]. 
Pooled analyses showed no difference for EQ-5D, Short-Form (SF) 
Physical function, SF mental well-being and SF-36 general health scores.

Table 1 
Summary results of meta-analyses of the effects of digital technologies on 
various outcomes.

Outcome No. of 
trials

No. in 
digital 
group

No. in 
control 
group

Effect size 
(95 % CI)

I2 

%

Anthropometric outcomes
Weigh changes at 
end of study (kg)

20 4904 5034 − 1.19 (− 1.82 
to − 0.55)

94

Body mass index 
(kg/m2)

14 2952 2945 − 0.74 (− 0.99 
to − 0.49)

73

Waist circumference 
(cm)

12 2760 2764 − 1.63 (− 2.49 
to − 0.77)

77

>5 % weight loss at 
end of studya

5 671 701 2.45 
(1.11–5.40)

79

>3 % weight loss at 
end of studya

1 78 79 2.29 
(1.13–4.61)

–

Weight loss (%) 3 565 575 − 3.53 (− 5.08 
to − 1.97)

88

Glucose outcomes
HbA1c (%) 15 3048 3071 − 0.04 (− 0.09 

to 0.00)
77

Fasting plasma 
glucose (mmol/L)

8 1984 1924 − 0.07 (− 0.22 
to 0.07)

92

Lipid profile
Total cholesterol 
(mmol/l)

11 2696 2688 − 0.04 (− 0.09 
to 0.01)

0

Low density 
lipoprotein (mmol/l)

3 1143 1157 0.00 (− 0.08 
to 0.07)

0

High density 
lipoprotein (mmol/l)

11 2711 2693 0.04 
(0.01–0.07)

57

Triglycerides 
(mmol/l)

11 3962 3928 − 0.05 (− 0.10 
to 0.00)

16

TG/HDL ratio 1 163 176 − 0.42 (− 0.55 
to − 0.29)

–

Blood pressure
Systolic blood 
pressure (mmHg)

4 285 290 − 3.77 (− 6.86 
to − 0.69)

31

Diastolic blood 
pressure (mmHg)

4 285 290 4.36 (− 17.49 
to 26.20)

96

Quality of life
Changes in EQ-5D 3 1414 1464 0.00 (− 0.07 

to 0.07)
0

SF Physical 
functioning

3 538 520 − 0.07 (− 0.19 
to 0.05)

0

SF mental well being 2 358 398 0.10 (− 0.04 
to 0.24)

0

SF-36 general health 2 213 145 − 0.04 (− 0.25 
to 0.17)

0

Other outcomes
Change in 
Framingham 
diabetes risk score 
from baseline

2 466 543 1.81 (− 1.80 
to 5.43)

93

Incidence of type 2 
diabetesa

7 6864 699113 0.94 
(0.81–1.09)

48

TG/HDL: triglyceride/high density lipoprotein; SF: Short-form.
a Presented as odds ratio with corresponding 95 % confidence interval.
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3.7. Subgroup analyses

Subgroup analyses of primary outcomes by study region showed that 
studies conducted in the Americas region had better weight changes and 
HbA1c outcomes compared to other regions. Similarly, studies that were 
conducted at least 12 months or longer resulted in significant changes in 
weight loss compared to studies that were of shorter duration.

4. Discussion

The present systematic review and meta-analysis showed that life
style interventions delivered using digital technologies were effective in 
reducing body weight, BMI, and waist circumference outcomes in 
comparison to the usual care group. When these interventions 

incorporated more than one type of digital technology, this appeared to 
be more beneficial compared to when mHealth or telehealth was used 
alone. These results are very encouraging as weight loss is the corner
stone for the reduction and delay in T2DM incidence among people with 
prediabetes [68–70]. However, pooled analysed did not demonstrate 
any effects in improving HbA1c, fasting blood glucose and lipid levels 
when compared to usual care.

Interventions that can successfully prevent people with prediabetes 
from developing T2DM can have a major impact on public health [71]. 
As such, there have been attempts to implement lifestyle interventions 
and community programs that delay/prevent the development of T2DM 
and its complications. A recent systematic review and meta-analysis 
elucidated that lifestyle interventions focusing on the change in phys
ical activity and diet are safe, clinically effective, and cost-effective for 

Fig. 4. Pooled effects of digital technology stratified by types on body mass index.

Fig. 5. Pooled effects of digital technology stratified by types on waist circumference.
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preventing or delaying the progression of T2DM [72]. The imple
mentation of these programs, however, can be challenging, and the 
integration of digital technologies may help overcome some of the 
hurdles faced. Thus, this review provided timely and important insights 
into the present and future use of digital technologies for individuals 
with prediabetes by highlighting the effectiveness of currently available 
evidence and areas for further improvements.

We noted from the studies reviewed that interventions utilizing 
digital technologies are considered complex interventions where there is 
no one single element that contributed most to the pooled-effect sizes. 
This is a common finding among other reviews of digital technologies 
used in lifestyle interventions for healthcare [21]. This may partially 
reflect the complex health needs of people with prediabetes along with 
the complexities related to the intervention. In line with the studies 
reviewed, interventions delivered using digital technologies typically 
consist of various active components including the provision of educa
tion, behaviour change support, communications with healthcare pro
fessionals, self-tracking, and monitoring [73]. While we attempted to 
explore the respective effectiveness of various types of digital technol
ogies by stratifying our analyses, the number of studies for each category 
remained small, limiting further comparison. The diverse combination 
of digital technologies used in the studies reviewed has also made it 
more difficult to identify and outline the contribution of these technol
ogies to the beneficial effects observed. As a start, we found that using 
several types of digital technologies which may include a combination of 
mHealth, telehealth, social platforms, and devices appeared slightly 
more beneficial than the use of one specific category of digital tech
nology (mHealth or telehealth alone).

One of the objectives of this review was to determine whether life
style interventions using digital technologies were effective in reducing 
the risk of developing T2DM among people with prediabetes. The review 
and meta-analysis conducted on the included studies suggest that these 
interventions may be beneficial, although the magnitude of the effect 
remains unclear. Only seven of the 31 studies reviewed specifically 
investigated the incidence of T2DM among the study population, and 
while the results of the studies indicated that the groups receiving the 
interventions had lower prevalence or lower incidence of T2DM when 
compared to the control group, the observed differences were often not 
statistically significant. As such, we had to consider the impact of these 

Table 2 
Cost and cost-effectiveness outcomes reported in studies.

Study Cost Details Perspective USD 2021 (95 
% CI)

Interpretation

Irvine 
2011

Direct medical 
cost comparing 
the 
ICER per QALY 
(compared to 
usual care)

Healthcare 
and limited 
societal

16,693 (NA) Not cost- 
effective (only 
16 % 
probability 
that 
intervention is 
cost-effective)

Wong 
2013a

Direct medical 
cost comparing 
the cost 
reduction for 
each subject 
with 5.05 % of 
T2DM onset 
compared to 
usual practice

Healthcare 237 (NA) Cost-saving

Fischer 
2016

Total annual 
program direct 
medical cost

Healthcare 92,877 (NA)b NA

Limaye 
2016

Direct 
incremental 
medical cost of 
treating/ 
preventing one 
case of 
overweight/ 
obesity in 1 year

Healthcare 2314 (NA)b NA

Coventry 
2019

Direct 
incremental 
medical cost per 
point 
improvement on 
outcome (CSQ- 
8)

Healthcare 42 (19–213) NA

Fottrell 
2019

Direct 
incremental 
cost- 
effectiveness 
ratios per case of 
T2DM prevented 
among 
individuals with 
intermediate 
hyperglycaemia 
at baseline.

Healthcare 11,407 (NA) Highly cost- 
effective 
(according to 
WHO cost- 
effectiveness 
threshold)

Direct 
incremental 
cost- 
effectiveness 
ratios per DALY 
averted among 
individuals with 
intermediate 
hyperglycaemia 
at baseline.

Healthcare 4464 (NA) Highly cost- 
effective 
(according to 
WHO cost- 
effectiveness 
threshold)

Khunti 
2021

Direct medical 
costs were used 
for both model- 
based evaluation 
and within trial 
analysis

Healthcare 
and limited 
societal

2600-2609 
(interventions) 
compared to 
2561 (usual 
care) (NA)c

The 
probabilistic 
lifetime costs 
of 
interventions 
remained 
higher than 
those for usual 
care at a 
threshold of 
USD 2021 
2267 per 
QALY

CI, Confidence interval; CSQ-8, Client satisfaction questionnaire-8; DALY, 
Disability-adjusted life-year; ICER, Incremental cost-effectiveness ratio; NA, not 
applicable; T2DM, Type 2 diabetes mellitus; QALY, Quality-adjusted life-year; 
WHO, World Health Organization.

a Values reported by Wong 2015.

b Not clearly reported, value was estimated by the reviewer.
c GBP 2017 was taken as the original currency year and was reported to be 

GBP 2017/2018.

Table 3 
Quality of life outcomes reported by each study.

Study QoL 
Measurement

Results

Morey 2012 SF-36 No significant difference between I and C
Wong 2013a QALY Higher 0.063 life years and 0.071 QALYs 

gained in I compared to C
Dawes 2014 EQ-5D and SF-36 No significant differencesb

Davies 2016 15-D Significant increase betwee [1,2]n I and C at 36 
months (0.02 (95 % CI: 0.01, 0.03), p < 0.01) 
but not between 6 and 24 months

Coventry 
2019

EQ-5D-5L and EQ 
VAS

No significant difference between I and C

Nanditha 
2020

EQ-5D-3L No significant differenceb

Khunti 
2021

EQ-5D-5L and SF- 
8

No significant differencesb

15-D, 15-Dimensional; C, Comparator; EQ-5D, EuroQol-5 Dimensions; I, Inter
vention; SF-36, 36-Item Short Form Health Survey; SF-8, 8-item Short Form 
Health Survey; QALY, Quality-adjusted life-year; QOL, Quality of life; VAS, vi
sual analogue scale.

a Values reported in Wong 2015.
b Comparison not stated for statistical significance analysis.
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interventions on the risk factors of developing T2DM such as body 
weight, BMI, waist circumference, blood glucose, and lipid levels in our 
analyses.

Overall, our findings reinforced that lifestyle interventions are 
effective in improving the health of individuals with prediabetes [8–10]. 
Our study further extends the current knowledge base in literature by 
showing the potential use of digital technologies in reducing the risk 
factors associated with the development of T2DM, particularly in 
anthropometry outcomes. The usage of digital technologies was instru
mental for the frequent and regular data collection, communication of 
education and information, and maintaining motivation in the studies 
reviewed. The data suggest that at a minimum, similar programs uti
lizing digital technologies to overcome the usual barriers of information 
collection, intervention delivery and adherence, can help improve 
health and reduce the risk of developing T2DM.

While the improvement of health should contribute to a better 
quality of life, the interventions in the studies reviewed did not appear to 
have much of an impact on quality of life. It is unclear, however, 
whether this is due to an actual lack of impact or due to the lack of an 
appropriate quality-of-life questionnaire or measurement instrument for 
people with prediabetes. Discussions on incorporating digital technol
ogies often touch on the issue of cost-effectiveness and whether the use 
of these technologies will result in an unsustainable or infeasible in
cremental cost to either healthcare providers or patients. The studies in 
this review, unfortunately, did not provide conclusive evidence on the 
cost-effectiveness of the interventions, which suggests that subsequent 
studies using digital technologies in lifestyle interventions to prevent 
T2DM should include full economic evaluations. The wider imple
mentation of these interventions will also have to consider the targeted 
community’s ability to afford the devices used, as these can vary widely 
[74].

4.1. Limitations

There are some limitations to this review that needs to be acknowl
edged. Firstly, we did not have access to individual participants’ data 
and thus the effects of potential confounders including digital literacy 
could not be ruled out. Secondly, most of the trials included were 
exploratory in nature and included a wide variety of digital technologies 
ranging from telephone calls to digital devices, making specific com
parisons between intervention types challenging. Another limitation is 
the small number of studies. Despite the extensive search, only 31 
unique studies were identified. The studies were also predominantly 
conducted in high-income countries, which suggests that additional 
studies that address the acceptability, feasibility, and implementation of 
these interventions in low-income and middle-income countries are 
required.

The studies reviewed also varied in terms of methodological aspects 
including intervention intensity, duration of follow-up, and the out
comes measured. Many of the studies reviewed reported a wide variety 
of outcomes, ranging from metabolic and glucose parameters, anthro
pometrics, as well as patient-reported outcomes such as quality of life. 
For example, several studies had only reported on glucose parameters 
while others included blood pressure and even cost analysis. The dif
ferences across studies may partially explain the large heterogeneity 
seen in this study. Most of these studies were also assessed in isolation, 
and often do not reflect the usual clinical practice. Besides, some of the 
studies had some concerns of bias based on our assessment. Poor 
reporting was a common issue as most studies had not reported on 
missing data, which limits the conclusions that could be drawn. Finally, 
most of the included studies had a small sample size and lacked clearly 
defined primary outcomes, which may result in false positive results. 
Nevertheless, the study design, study question, eligibility criteria, 
description of intervention, and the definition of the study outcomes 
were found to be adequate in most of the studies included.

4.2. Clinical relevance

With the current global burden of T2DM, countries worldwide must 
take effective preventive action. Along with the growing interest in 
digital technologies attributed to increasing affordability and the pros
pects for universal health coverage, our findings are timely and relevant 
for the prevention of T2DM among high-risk groups. Overall, the review 
contributes to advancement in the management of prediabetes through 
the use of digital technologies for greater diabetes prevention outreach. 
Nonetheless, further evaluations into digital technologies are needed to 
support people with prediabetes. This should ideally be conducted using 
an adequately powered RCT, with appropriate outcomes as study end
points. Beyond that, further research on implementation is needed to 
understand the feasibility and acceptability in a diverse community and 
setting. These ideally should leverage on real-world data which can be 
used to inform the acceptability in clinical practice. Finally, it would 
also be important to explore the possible impact on behavioural changes 
at various time points, such as adherence to lifestyle advice and physical 
activity.

5. Conclusion

The evidence, to date, suggests that lifestyle interventions incorpo
rating digital technologies can be effective in helping people with pre
diabetes reduce their body weight, BMI, and waist circumference. The 
effectiveness of these interventions in improving blood glucose, lipid 
profile, blood pressure, physical activity, and quality of life remains 
unclear. While the results are encouraging, more work is required to 
improve the evaluation and implementation of these complex 
interventions.
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