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Abstract

Background: Several electronic interventions have been used to improve glycemic control in patients with diabetes. Electronic
interactive games specific to physical activity are available, but it is unclear if these are effective at improving glycemic control
in patients with diabetes.

Objective: This study aimed to determine the effects of electronic game—based interventions on glycemic control in patients
with diabetes.

Methods: Relevant studies that were published before April 1, 2023, were searched from 5 databases: PubMed, Embase, Web
of Science, Scopus, and Cochrane Library. Eligibility criteria included prospective studies examining the relationship between
electronic games with physical activities or diet education and glycemic control as the outcome. The risk of bias was assessed
using the Cochrane risk-of-bias tool. All analyses were conducted using RevMan5.4.1. Depending on the heterogeneity across
studies, the pooled effects were calculated using fixed-effects or random-effects models.

Results:  Participants from 9 studies were included and assessed. Glycated hemoglobin (HbA,.) and fasting blood glucose
improved in the intervention group, although the analysis revealed no significant reduction in HbA ;. (—0.09%, 95% CI —0.29%
to 0.10%) or fasting blood glucose (—0.94 mg/dL, 95% Cl —9.34 to 7.46 mg/dL). However, the physical activity of individuals
in the intervention group was significantly higher than that of those in the control group (standardized mean difference=0.84,
95% CI 0.30to 1.38; P=.002). Other outcomes, such asweight and blood lipids, exhibited no significant improvement (all P>.05).
Conclusions:  Electronic games had a good impact on participants physical activity and offered an advantage in glycemic
control without reaching statistical significance. Electronic games are convenient for reminders and education. Low-intensity
exercise games may not be considered a better adjuvant intervention to improve diabetes self-management care.

(IMIR Serious Games 2024;12:e43574) doi: 10.2196/43574
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mellitus is increasing, probably due to changes in lifestyle.
According to the International Diabetes Federation, in 2021,
approximately 536.6 million adults (aged 20-79 years) were
living with diabetes; this is expected to rise to 12.2% in 2045
[1]. Because of theriseintype 1 and type 2 diabetes, the burden
of health care expenditures and its complications continues to

Introduction

Diabetes mellitus is one of the 4 maor noncommunicable
diseases and is also among the top 10 global causes of death.
Throughout the world, the number of patients with diabetes
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increase, whereas the complications are the main causes of
morbidity and mortality [2]. To address the health challenge
resulting from diabetes, effective and efficient management is
needed [3-5].

Lifestyle management, an efficacious method for diabetes
prevention [6], is a fundamental aspect of diabetes care. It
includes diabetes self-management education and support,
medical nutrition therapy, physical activity, smoking cessation
counseling, and psychosocial care[7]. Food intake and physical
activity are associated with significantly improved control of
diabetes[8]. With advancesin technology, lifestyle management
incorporating novel technologies and formats meets the needs
of various popul ationsfor diabetestreatment [9]. New methods,
such as el ectronic games and wearabl e devices, aim to contribute
to better patient compliance [10].

It has been reported that electronic games can help playerslearn
more about healthy diets and encourage exercise [11,12].
Although they play a role as facilitators in motivating and
accelerating physical activity, they offer little benefit to patients
with chronic disease [13]. Previous systematic reviews have
evaluated the impact of app-based or electronic health
interventionsto support changesin blood glucose management,
physical activity, or diet [9,14,15]. However, previous papers
analyzed relatively few articles or articles that were not solely
on using games. They also used educational or regulation
applications, robots, or virtual worlds that do not contain game
elements. Electronic games specific to physical activity and
dietary education are available; however, we currently lack an
understanding of how effective electronic games can be for
glycemic control.

In this study, we performed a comprehensive literature search
to select studies on the effects of electronic game-based
interventions on glycemic control in patients with diabetes for
meta-analysis. Electronic gaming interventions are defined as
containing an element of gaming that involves virtua reality,
serious gaming, or exergaming [15].

Methods

Data Sources and Search Strategy

This review was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement and its associated checklist
(MultimediaAppendix 1). Relevant studiesthat were published
before April 1, 2023, were searched from 5 databases: PubMed,
Embase, Web of Science, Scopus, and Cochrane Library. The
references of theincluded studieswere hand-searched to identify
any additional articles. The following terms were used during
the search: (“Diabetes” OR “diabetic” OR “diabetes mellitus’
OR “glycemic control” OR “glucose control” OR “glucose”)
AND (“game’ OR “gamification” OR “exergaming” OR
“avatar” OR “wii” OR “virtual” OR “konami” OR “wii-fit" OR
“kinect” OR “tierone” OR “video-game” OR “serious-games’
OR “seriousvideo-games’ OR “Augmented reality” OR “mixed
reality” OR “second life’ OR “TierOne” OR “Konami Dance
Dance Revolution” OR “ Sony Eyetoy” OR “Microsoft Kinec”).
Detailed search strategies for each database are given in
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Multimedia Appendix 2. The reference lists of the searched
articles and the relevant reviews were then screened to identify
any pertinent studies.

Study Selection

Studiesincluded in this meta-analysis met thefollowing criteria
(1) participants were diagnosed as having type 1 diabetes or
type 2 diabetes; (2) the articles were published in English or
Chineseg; (3) the articles presented the el ectronic management
intervention with a gaming element, such as a virtua reality
game, serious game, or exergame; and (4) the outcomeindicators
were blood glucose and glycated hemoglobin (HbA ).

Studies that met the following criteria were excluded: (1)
participants had gestational diabetes mellitus, had other special
types of diabetes mellitus, underwent surgery, had an operation,
or were in the emergency department; (2) participants had a
previous history of mental illnesses, eating disorders, or cancer;
(3) the management intervention was only based on an online,
mobile, or virtual application but did not use agaming element;
and (4) articles that were protocols, conference abstracts, case
reports, reviews, or meta-analyses.

Articles were screened in a 2-step process. First, al titles and
abstracts were examined by 2 investigators. Any citations that
clearly did not meet the inclusion criteria were excluded.
Second, all abstracts and full-text articles were examined
independently by 2 investigators. Any disagreements in the
selection process were resolved through discussion with athird
investigator.

Risk of Bias

The included trials were independently assessed by 2
investigatorsfor therisk of biasusing the Cochranerisk-of-bias
tool [16]. An assessment was performed across 5 domains of
bias (sequence generation, allocation concealment, blinding,
incomplete outcome data, and selective reporting). The risk of
biaswas assessed as either |ow (proper methods taken to reduce
bias), high (improper methods creating bias), or unclear
(insufficient information provided to determine the bias level).
All discrepancies and disagreements were resolved through
consensus or, where necessary, by athird author.

Data Extraction

A Microsoft Excel table was used to extract data on the year of
publication, country, sample size, participant characteristics,
study setting and design, intervention and control arms, duration,
and outcome data. Themain outcomesincluded HbA ;. or fasting
blood glucose (FBG). The secondary outcomes included daily
steps (regarded as a physical activity outcome), blood pressure,
and weight, among others. The data were obtained from the
origina text and attachments supplied. Data from different
studies were converted to common units. Data extraction was
carried out by 2 reviewersindependently. All discrepanciesand
disagreements were resolved through consensus.

Missing Data
Study authorswere contacted by email wherethereweremissing

or unclear data (for instance, relating to the primary outcome).
Studies for which insufficient primary data were available (eg,
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missing data cannot be obtained) were excluded from analysis
but not from the review.

Data Synthesis and Quality Assessment

All analyses were conducted using RevMan5.4.1 (Cochrane).
Data were expressed as the mean difference (MD) and 95% ClI
and pooled using fixed-effect or random-effects models
according to the heterogeneity. A random-effects model assumes
that the study estimates are estimating different, yet related,
intervention effects and thus incorporates the heterogeneity
among studies. Thisisamore appropriate method to pool studies
that may differ dightly in the distribution of risk factors,
population, size, and outcomes.

Heterogeneity was assessed using ax? test and quantified using
the 12 statistic. Significance for the heterogeneity was set at

Figure 1. Flowchart of the study selection process.

In total, 10,088 articles were identified
through the search strategy

Yao et a

P<.05, with an 12>50% considered to be evidence of high
heterogeneity, which prompted us to use the random-effects
model to pool the data.

Results

Overview

Our search identified 10,088 articles, of which 4605 were
screened after removing duplicate records. Of these, 182 were
identified for further evaluation. Of these, 173 were excluded,
resulting in 9 included studies (Figure 1). Of the excluded
articles, 18 were excluded because they only had abstracts and
we could not access the original text and data.

»| 5483 duplicate articles were

Y

4605 articles had their title and abstract
reviewed

excluded

4423 irrelevant articles were

Y

182 articles had their full text reviewed

A J

excluded

1. Same trail (n=1)

2. Protocols (n=3)

3. Not diabetes (n=7)

4. Inappropriate outcome (n=23)
5. Game introduction (n=2)

\

9 articles were included

The results of the remaining 9 studies, comprising 913
participants and 747 cases of type 2 diabetes, wereincluded in
the meta-analysis [17-25]. The characteristics of all 9 studies
are shown in Multimedia Appendix 3 [17-25]. The duration of
trials ranged from 1 month to 1 year. Of the 9 studies, 4 were
undertaken in the United States [18,21,23,25], 2 in Europe
[17,20], and 3 in Asia[19,22,24]. Of the 9 studies, 3 assessed
FBG and 8 assessed HbA ;.

The studiesincluded 2 non—+andomized controlled trials (RCTs)
and 7 RCTs, the quality of which was assessed using the
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| 6. Abstract only (n=38)

7. No control group (n=2)

8. Not a game (n=89)

9. Not in English or Chinese (n=2)
10. Gestational diabetes (n=1)

11. Conference abstract (n=5)

Cochrane risk-of-bias tool. We determined that 3 studies were
of high quality, whereas 4 were of moderate quality and 2 were
of low quality (Figures2 and 3[17-25]). The 2 non-RCTswere
not random and the alocations were unclear. Blinding was
difficult in game interventions; 1 study was unblinded [25] and
4 were unclear, but the studies made an effort to blind either
patients or personnel. One study was not blinded to the outcome
assessment, but it was still analyzed aslow risk, considering its
main outcome was the objective index. The 9 studies had no
el ective outcome reporting.
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Figure 2. Risk-of-bi
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Rafeezadeh E (2019)

Publication bias was not assessed for any outcome as<10trials  As shown in Figure 4A [17,21,23-25], this analysis showed a

were available.
Meta-Analysis
HbA, Level

clinically important improvement in HbA ., but there was no
significant reduction after the intervention among individuals
with diabetes mellitus (7 studies; n=607; MD=-0.09%, 95%
Cl —-0.29% to 0.10%; 1°=37%; P=.36). Figure 4B shows the

A total of 8 articles had HbA, testing but 1 did not provide changeinHbA, after adiet-based gameintervention (3 studies,
postintervention data[25]. We sent an email to the author with  n=167; MD=-0.09%, 95% CI —0.48% to 0.30%; 1°=2%; P=.65).

arequest to provi

de the raw data but received no reply. Figure 4C shows the change in HbA,. after a physica
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activity—based game intervention (5 studies; n=508,

MD=-0.12%, 95% CI —0.34% to 0.09%; 1°=51%; P=.27).

Figure4. Meta-analysis of the effect of electronic games on HbA 1., FBG, and physical activity. (A) HbA 1. after adiet intervention or physical activity

intervention; (B) HbA 1 after adiet intervention; (C) HbA 1 after aphysical activity gameintervention; (D) FBG after an electronic game intervention;
and (E) physical activity after an electronic game intervention. FBG: fasting blood glucose; HbA 1¢: glycated hemoglobin; 1V: inverse variance; Std.:

standardized.

A
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Mean Difference

Mean Difference

—Study or Subgroup Mean[%] SO [%] Total Mean[%] SD[%] Total Weight IV, Fixed,95%Cl IV, Fixed, 95% Cl
Brown SJ (1997) 9.33 1.69 ]| 8.94 1.6 28 54% 0.39[0.45,1.23
CaiH(2019) 7.93 158 27 803 137 23 57% -0.10[0.92,0.72)
Hachsmann C (2019) 6.2 0.7 18 7 1 17 11.5% -0.80[1.37,-0.23)
KempfK {(2013) 6.8 1 a3 6.7 1 83 435% 0.10[-0.20,0.40) —ri—
Kumar V8 (2004) 79 1.1 19 8 0.7 21 11.4% -0.10[-0.68,0.48) I B
Patel MS (2021) 8.7 1.8 92 8.8 1.7 87 14.5% -0.10[0.61,0.41) E E—
Rafeezadeh E (2019) 7.3 15 34 7.7 14 34 80% -0.40[1.09,0.29) - 1
Total (95% CI) 314 293 100.0% -0.09 [-0.29,0.10] q
Helerogeneity: Chi* = 9.48, df= 6 (P = 0.15); F= 37% ! rr 3 o H
Testfor overall effect 2= 0.92 (P = 0.36) HbA1c after electronic game HbA1c after control
HbA1c after diet game HbA1c after control Mean Difference Mean Difference
—Study or Subgroup Mean[%] SD[%] Total Mean[%] SD[%] Total Weight IV,Fixed, 95%Cl IV, Fixed, 95% Cl
Brown SJ (1997) 9.33 169 A 8.94 186 28 21.8% 0.39[-045,1.23]
Kumar VS (2004) 7.9 11 19 8 0.7 21 459% -0.10[-0.68 048] —
Rafeezadeh E (2019) 7.3 15 34 7.7 14 34 323% -0.40[1.09,0.29) =
Total (95% CI) 84 83 100.0% -0.09 [-0.48, 0.30] *
Heterogeneity: Chi*= 2.03, df= 2 (P = 0.36), F= 2% 1 .u: 5 5 0:5 1*
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Testfor overall effect Z=0.22 (P = 0.83) FBG after electronic game FBG after control
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Hochsmann C (2019) 9,783 1,334 18 6552 1,280 17 17.0% 241[152,331) —_——
Kempf K (2013) 59 17 93 6 18 83 288% 0.72[0.41,1.03] ——
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Fasting Blood Glucose Level

The meta-analysis showed that the FBG level of theintervention
groups was not statistically different from that of the control
groups (3 studies; n=286; MD=-0.94 mg/dL, 95% CI -9.34 to
7.46 mg/dL; 1°=0%, P=.83; Figure 4D).

Physical Activity

Of the 7 RCTs, 2 assessed self-reported physical activity and 2
counted participants’ daily steps during theintervention to assess

the patients' physical activity. Because of the differences in
measurement instruments, we calculated standardized mean
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differences (SMDs). These results were statisticaly
heterogeneous with respect to the effect (x%=19.70; P<.001;
12=85%); we found a significant increase in physical activity
above baselinein theintervention groups. Moreover, participants
assigned to the intervention groups increased their physical
activity significantly more than participantsin the control groups
(SMD=0.84; 95% CI 0.30to 1.38; P=.002; Figure 4E).

Weight
Weight also trended toward decreasesin theintervention groups,
with an MD of —1.46 kg (95% Cl —4.71 to 1.80 kg; Figure 5A
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significance (P=.38).

Figure5. Meta-analysis of the effect of electronic games on (A) weight, (B) total cholesteral, (C) LDL-C, (D) HDL-C, and (E) triglycerides. HDL-C:
high-density lipoprotein cholesterol; IV: inverse variance; LDL-C: low-density lipoprotein cholesterol; Std.: standardized.
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Blood Lipids

Therewas no significant reductionintotal cholesterol (3 studies;
n=261; MD=0.05 mmol/L, 95% CI -0.22 to 0.33 mmol/L;

12=2%; P=.71; Figure 5B), low-density lipoprotein cholesterol
(4 studies; n=440; MD=0.08 mmol/L, 95% Cl —0.09 to 0.24
mmol/L; 1>=0%; P=.36; Figure 5C), high-density lipoprotein
cholesterol (3 studies; n=261; MD=0.02 mmol/L, 95% CI —0.06

to 0.10 mmol/L; 12=18%; P=.61; Figure 5D), or triglycerides
(3 studies;, n=261; MD=0.02 mmol/L, 95% CI -0.32 to 0.37

mmol/L; 12=12%; P=.89; Figure 5E) after the intervention
among patients with diabetes mellitus.

Discussion

Principal Findings
This study demonstrated that €l ectronic interactive games were
associated with agood impact on participants’ physical activity.
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However, we found that electronic interactive games did not
present a significant benefit for HbA,. levels, FBG levels,
weight, or blood lipids compared to the control group. Thegame
interventions were intended for education to manage diabetes
through games.

Effects of Diet Education Games on Blood Glucose

Plant-based diets and exercise are major diabetes-protective
factors [26]. The Da Qing Diabetes Prevention Study showed
an overall 51% reduction in diabetes incidence in participants
after a6-year intervention with diet, exercise, or both; its 30-year
follow-up showed that lifestyle interventions reduced the
incidence of serious diabetes complications and diabetes-rel ated
mortality [27]. However, Hemmingsen et al [28] did not find
firm evidencethat diet alone or physical activity aoneinfluences
the risk of type 2 diabetes mellitus or its associated
complications in people at increased risk of developing type 2
diabetes mellitus compared to standard treatment [28]. Thetrials
included in this study had little data on the impact of games on
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diet, and only 3 articles evaluated participants’ postintervention
diet. From the results, education through games was effective,
although the improvements in glycemic control were not
statistically significant. The most important reason was that the
3trials studied patients with type 1 diabetes mellitus aged 8 to
18 years. The games provided diabetes-related diet education
to the patients, but family-based diet intervention may also not
impact glycemic control [29].

Effectsof GamesRelated to Physical Activity on Blood
Glucose

Physical activity with different intensities impacts glycemic
control in individuals with diabetes. Of the included studies, 4
trials[17,18,20,24] assessed physical activity by daily steps or
self-reported activity, and this analysis found a significant
increase. These results are consistent with findings from other
meta-analyses showing increased physical activity among
patientswith chronic disease [30-32]. Some studiesfind positive
effects with low-intensity physical activity, although these are
not reflected by a decrease in HbA . or FBG in patients with
type 2 diabetes [33-35]. A meta-analysis showed that
high-intensity interval exercise significantly reduced HbA ;.
levels compared to no or low-intensity exercise [36]. Low
exerciseintensity in the 9 studiesweincluded may bethereason
why there was no significant difference in HbA . and FBG in
patients with diabetes between the groups. However, the games
in the virtual reality group were relatively novel, which was
very helpful for improving cognition, physical skills that are
directly involved in functional abilities, and enthusiasm for
sports[19].

The study by Héchsmann et a [20] contributed a substantial

amount of heterogeneity; without this study, 12 was 11%. The
high heterogeneity may have been caused by the baseline of the
participantsin thistrial being better than thosein the other trials.
In their trial, Hochsmann et a [20] used a dilapidated garden
to symbolize the patient’s physical condition, and exercise and
daily physical activity execution weretracked by mobile phones,
allowing for feedback. After 24 weeks of intervention, there
was no significant change in HbA .. levels in the intervention
group, while HbA . levelsin the control group receiving 1-time
lifestyle counseling increased. Inthetrial, theintervention group
had a higher increase in daily steps than the control group,
providing evidence that physical activity can be encouraged by
electronic games.

Effectsof Gameson Blood L ipids, Blood Pressure, and
BMI

In our study, game-based intervention resulted in no significant
decreasein blood lipidsin patients with diabetes. Only 2 trials
reported the outcomes of blood pressure [17,20] and BMI
[17,19], and the 2 indexes were both reduced. Systolic blood
pressure was below 140 mm Hg but above 130 mm Hg, which
istill high for patientswith diabetes. Treatment with medication
may be indispensable.

Effects of Games on Weight

Lifestyle intervention can be effective for achieving clinically
important reductions in body weight [37,38]. It has been
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demonstrated that el ectronic game activities are engaging, which
encouragestheir useon aregular basis, improving the long-term
outcome of a treatment for obesity [39,40]. However, an
intervention using a different avatar did not improve physical
activity practice or self-efficacy expectations[41]. Gomez et al
[42] showed that high exercise intensity from active electronic
games elicited significant increases in energy expenditure. In
this study, electronic games did not result in significant weight
reduction, and BMI was reduced dightly in 2 trials. Possible
reasons include insufficient physical activity and that
participantsdid not strictly control their diet. Whether electronic
games are beneficial for weight control by encouraging
appropriate intensity exercisein patients with diabetes requires
more clinical evidencein the future.

The reasons for the lack of significant results in this
meta-analysismay be asfollows. First, participantsin the control
groups were also familiar with what the game taught. Second,
patientswith type 2 diabetes mellitusin the intervention groups,
who were al older than 40 years, could not make full use of
electronic devices and adapt to the games. Third, for
exercise-based interventions, not all studies involved regular
exercise monitoring for participants and established appropriate
feedback or interaction mechanisms.

Limitations and Future Directions

This study had several limitations. First, not every included
study reported the HbA,. and FBG levels. Some excluded
studies had relevant interventions but did not observe blood
glucose changes or failed to give detailed trial data results.
Second, the studies that were included in this meta-analysis
were not homogeneous. Different games or game mechanisms
were used in different patient populations. The number of
participantswas not largein several of theincluded studies, and
each study used different games. Therefore, it is difficult to
conduct detailed hierarchical verification of the effects of
different games on blood glucose. We strived to ensure that the
included studies were high-quality RCTs with strict inclusion
and exclusion criteria, excluding nongaming electronic
interventions. Existing studies have eval uated the effectiveness
of electronic games as an dternative for traditional diabetes
education. Asdiabetes continues, it is necessary to promote this
management model. However, future studies should not only
design the gamein terms of increased knowledge and improved
self-management but should encourage enhanced physical
activity intensity.

Conclusion

As an dternative treatment tool in diabetes management, the
studies on electronic games explored in this study showed a
clinical improvement in glycemic control and weight control,
although this improvement was not superior to that observed
in the control participants. Thus, such interventions may
complement existing treatment courses for diet,
salf-management education, and high-intensity physical activity
to potentially increase the compliance of patientswith diabetes.
More new technologies can be used for diabetes control, and
electronic games can be designed for different groups of patients
with diabetes. For example, immersive virtual readlity is an
emerging strategy to enhance exercise performance for young
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patients with diabetes, and the metaverse may be a new Interactive exercise games can be used in children to increase
community enabling older patients to form new social interest in education and family companionship time, and thus
connections and share their experiences of living with diabetes.  improve exercise compliance.
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