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Abstract

Background: Patients with type 2 diabetes mellitus (T2DM) face elevated morbidity, mortality, and care costs. Digital
self-monitoring of blood glucose (SMBG) can automatically upload datato apps, share the datawith health care providers, reduce
errors, and aid long-term diabetes management.

Objective: This study aimed to assess the effectiveness of digital diabetes management techniques based on digital SMBG on
blood glucose in patients with T2DM at home.

Methods: A systematic search was conducted in PubMed, Embase, Web of Science, China National Knowledge Infrastructure,
Wanfang, China Biomedical Literature Database, and Cochrane Library for articles published from the establishment of each
database to December 25, 2023. Datawere extracted independently by 2 researchers (Y X and NX), and therisk of biasin individual
trials was rated using the Cochrane risk-of-biastool. A meta-analysis was conducted using RevMan 5.3 (Cochrane).

Results:. Twelve studies were included, involving 1669 participants. The meta-analysis found that in the digital diabetes
management group, hemoglobin A, (mean difference [MD] —0.52%, 95% Cl —0.63% to —0.42%; P<.001), fasting blood sugar
(MD -0.42, 95% CI —0.65 to—0.19 mmol/L ; P<.001), 2-hour postprandial blood sugar (MD -0.64, 95% CI —0.97 t0—0.32 mmol/L;
P<.001), and BM| (MD —1.55, 95% Cl —2.92 to —0.17 kg/m? P=.03) were each improved compared to the control group.
Conclusions: Digital diabetes management has been shown to effectively improve blood glucose levels and BMI in individuals
with T2DM in home settings. A key feature of successful digital health interventionsisthe frequent SMBG by patients, supported
by dedicated health care professionals who provide timely, personalized, and responsive guidance.

Trial Registration: PROSPERO CRD42024560431; https.//tinyurl.com/yfam3nms

(J Med Internet Res 2025;27:e66441) doi: 10.2196/66441
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Introduction

Type 2 diabetes mellitus (T2DM) isachronic metabolic disorder
primarily characterized by persistent hyperglycemia due to
insulin resistance or inadequate insulin secretion [1]. The
International Diabetes Federation [2] reported that the global
prevalence of diabetes reached 533 million casesin 2022, with
projectionsindicating a surge to 783 million by 2045, of which
over 90% are expected to be T2DM cases [3]. This condition
often manifestsinsidiously, progressing over an extended period,
with chronic hyperglycemiaasits hallmark clinical feature [4].
Poorly controlled blood glucose levels over time can inflict
severe damage on vital organs and tissues, including the heart,
brain, and kidneys [5], leading to dehilitating complications
that significantly compromise patients health and quality of
life[6].

T2DM is a lifelong condition, and short-term treatment is
insufficient to achieve effective blood sugar control. Patients
require lifelong management and a long-term, standardized
approach to home care [7,8]. International scholars universally
agree on the importance of home management for individuals
with T2DM [9]. Research by Yan et a [10] has highlighted the
high demand among patients with diabetes for home blood
glucose monitoring, a finding consistent with the observations
by Simsek et al [11] regarding chronic disease management in
older adult populations. An increasing number of patients now
seek personalized, home-based guidance from health care
professionals (HCPs), underscoring the pivotal role of the home
environment in diabetesrehabilitation [12,13]. Moreover, studies
demonstrate that home blood glucose self-monitoring effectively
improves glycemic control and reduces the risk of long-term
complications [14].

Traditionally, home blood glucose management has relied on
clinician-led, face-to-face consultations. However, such offline
consultations are time-consuming for HCPs and impose
economic burdens on patients. In addition, these short-term
interactions often fail to adequately support patients' long-term
self-management efforts, rendering them less effective [15].

Mobile internet technology has brought about a revolution in
diabetes management by introducing digital platformsdesigned
for home-based patients with T2DM. Digital diabetes
management entails using advanced tools to gather
self-monitoring of blood glucose (SMBG) data, which is
subsequently sent to HCPs for analysis and feedback. This
technology simplifies blood glucose monitoring and boosts
patient-provider communication [16]. Research indicates that
it allows HCPsto assessdatain real time, reducing the necessity
for outpatient visits and easing the burden on both health care
facilities and patients [17].

Degspite its benefits, the manual entry of SMBG data during
home care remains time-intensive, particularly for older adult
patients, and is prone to errors, including transcription
inaccuracies or intentional misreporting [18,19]. In addition,
HCPs often face challenges in interpreting SMBG data to
identify lifestyle or treatment issues. Recent advancements in
SMBG devices now allow automatic uploads of blood glucose
measurements to secure digital health applications accessible
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to HCPs [20-22]. Real-time monitoring of this data enables
timely interventions when abnormal readings are detected,
thereby facilitating more accurate management of hypoglycemia
or hyperglycemia. Furthermore, this technology supports
long-term diabetes care by informing adjustments to insulin,
diet, and exercise regimens [23].

Currently, no meta-analysis has systematically assessed the
effectiveness of digital SMBG-based diabetes management
technologies. Evaluating the impact of these technologies on
blood glucose control in home settings is essential for
understanding their utility in managing T2DM. Thisstudy aims
to synthesize global research findings through meta-analysis,
examining the effects of digitad SMBG-based diabetes
management on glycemic control in home-based patients with
T2DM. Theresults areintended to provide evidence to support
the broader application of digital SMBG technologiesin home
care environments.

Methods

Overview

Thisreview followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Anayses) guidelines
published in 2020 [24], and a search protocol retrospectively
registered on July 5, 2024 on PROSPERO (CRD42024560431)
formed the basis of the review process.

Search Strategy

We searched PubMed, Web of Science, Embase, Cochrane
Library, China National Knowledge Infrastructure, Wanfang,
and the Chinese Biomedical Literature Database using theterms
“Diabetes Mellitus, Type 2, “Internet,” and “RCT” from
inception until December 25, 2023. The search strategy used
Boolean logic to combine medical subject headings and text
word searches. We also screened references from relevant
previous systematic reviews as additional sources, and the
languages were limited to Chinese and English. The complete
search strategy can be found in Multimedia Appendix 1.

Eligibility Criteria

Inclusion criteria were formulated based on the populations,
interventions, comparisons, outcomes, and study design (PICOS)
framework:

1. Populations. Participants with T2DM

2. Interventions: Patients used a digital blood glucose
management system that allowed for the automatic upload
of SMBG data from home to a secure platform via
Bluetooth or other wireless technologies, and HCPs
provided timely and responsive personalized guidance

3. Comparisons: Traditional home blood glucose monitoring
methods (including routine outpatient follow-up, blood
glucose monitoring logs, etc)

4. QOutcomes. Hemoglobin A, (HbA ), fasting blood glucose
(FBG), 2-hour postprandial blood glucose (PBG), and BMI.
HbA . is the gold standard for long-term blood glucose
control, reflecting the average blood glucose levels over
the past 2 to 3 months. FBG can present information on
blood glucosein the fasting state, which hel psto understand
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basi c glucose metabolism. Measuring the PBG can evaluate
the body’s ability to handle the glucose load after a meal
and provide insights into the PBG regulation. BMI is a
practical tool for assessing overal body fat, which is
associated with health risks caused by obesity and metabolic
disorders, and the included studies reported at least one of
these findings.
5. Study design: Randomized controlled trials

Exclusion criteriaincluded (1) studies involving patients with
gestational diabetesor type 1 diabetes, (2) review or discussion
papers, and (3) studies with insufficient data.

Study Selection

Two reviewers (YX and NX) independently performed the
screening and selection of studies. Disagreementswereresolved
through discussion or consultation with athird reviewer (ZW).
First, we imported the retrieved literature into the NoteExpress
software (Beijing Aiginhai Software Company) and used it to
identify and remove duplicate literature. Then, we evaluated
whether thetitlesand abstractswere eligible. In addition, clearly
incompatible studies were excluded after screening the titles
and abstracts. Finaly, full texts of qualified studiesthat strictly
adhered to the inclusion and exclusion criteria [25] were
screened to determine their final eigibility for the review.

Data Extraction

Data extraction from the studies included was performed by 2
independent reviewers. Characteristics of the studies (author,
year, country, and sample size) and intervention characteristics
(equipment used by the intervention, intervening measures,
control measures, duration, and outcomes) were included.

Risk-of-Bias A ssessment

The quality of the included studies was assessed using the
Cochrane risk-of-bias tool, administered by 2 independent
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assessors. Thistool evaluatesthe quality of study methodology
across seven core dimensions: (1) the process of randomization
seguence generation, (2) the concealment of alocation, (3)
blinding of participants and researchers, (4) blinding during
outcome assessment, (5) completeness of outcome data and
handling of missing data, (6) selective reporting of study results,
and (7) the potential for other sources of bias. The risk of bias
for each domain was categorized into 3 levels: low, unclear, or
high. Disagreements between the assessors were resolved
through discussion, or, if necessary, consultation with a senior
reviewer (ZW).

Data Analysis

The meta-analysis was conducted using RevMan 5.3 [26], a
desktop version of Review Manager software used for Cochrane
intervention and flexible reviews. For continuous outcomes, we
calculated the mean difference (MD) as a metric; while for
dichotomous variables, the risk ratio was used and visualized

by forest plots. In each analysis, 1 was used to measure
statistical heterogeneity among studies. According to the values

of P and 1% the fixed-effect model (P>.10, 1°<50%) or
random-effects model (0<P<.10, 12>50%) were selected [27].

Results

Results of Literature Search

A total of 5177 papers were retrieved from 7 databases. After
removing 3460 duplicate records, 1360 articles were deleted
dueto unqualified titlesand abstracts. A more detailed full-text
screening was conducted on the remaining 357 articles, and 345
of them were excluded for not meeting the established criteria.
As a result, the final systematic review included 12
meta-analysis studies [28-39]. The detailed research screening
process and results are shown in Figure 1.

JMed Internet Res 2025 | vol. 27 | 66441 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Xiao et d

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram: papersincluded and excluded in thisreview.

RCT: randomized controlled trial; T2DM: type 2 diabetes mellitus.
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Study Char acteristics

The research includes trials conducted in 5 countries: China
[28-34,36], the United States [35], India [37], the United
Kingdom [38], and Italy [39]. These trials were published
between 2015 and 2023. The sample size ranged from 64 to
285 participants, and the intervention duration varied from 1 to
12 months. Among the 12 studies, 6 used Bluetooth technology
to achieve automatic upload of blood glucose values
[28,29,32,34,38,39], one study adopted an implantable blood
glucose sensor for automatic datatransmission [33], and another
5 studies used local area network technology to automatically
upload blood glucose measurement values [30,31,35-37].
Multimedia Appendix 2 [28-39] presents the author, year,

https://www.jmir.org/2025/1/e66441

=345)

Reasons as follow:

sNot RCT (n=96)

eNot automatically upload blood sugar
values (n=199)

eNot T2DM (n=18)

*No data in the literature (n=32)

country, sample size, equipment used by the intervention,
intervening measure, control measure, duration, and outcomes.

Risk of Bias

Based on the Cochrane criteria, a risk-of-bias assessment is
presented in Figures 2 and 3 [28-39]. A total of 12 studieswere
included, all of which were assigned a literature quality grade
of B [28-39]. Randomized methods were reported in detail in
9 (75%) of the 12 studies[28-30,34-39]. Theremaining 3 studies
did not provide detailed randomization methods. In terms of
allocation concealment, 5 studies explicitly mentioned the
methods used [30,32,35-37]. In al studies, participants were
not blinded due to the specificity of the intervention method.
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Figure 2. Risk-of-biasanalysis of each included study.
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Figure 3. Overall risk-of-bias analysis of included studies.
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Results of the Meta-Analysis

Effectson HbA,,

Twelve studies reported the effectiveness of digital diabetes
management in improving HbA . [28-39]. The meta-analysis

Figure 4. Forest plot of hemoglobin A1 (HbA o).

results showed a significant improvement in HbA ;. (n=1669;
MD -0.52%, 95% CI —0.63 to —0.42; z value 9.67, P<.001;
12=34%; fixed-effects model) compared to the control group
(refer to Figure 4 [28-39]).

intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed. 95% CI
Antonio Micolucei 2014 -048 092 114 -0.21 088 135 20.2% -0.29[-0.53 -0.049] =i
Chen-¥u Han 2023 -0.52 101 115 -0.02 0.85 65 147% -0450[F0.78 -0.23]
Chenglin Sun 2019 -1 075 44 -06G 078 47 11.4% -0.34 [0.65,-0.03]
Izgac Sachmechi 2023 -1.58 1.65 38 -031 1.56 34 22% -1.27[1.98,-056]
Menona Guo 2021 -1.16 2.08 32 -0.09 1.92 32 1.2% -1.07 [-2.05,-0.09] *
Sarah H. Wild 2016 -1 135 146 -04 121 139 127% -0.60[-0.90 -0.300 TR
Wermen Yin 2022 -2.42 0.98 52 -184 1.4 47 48% -0.58[1.06,-0.100 = . =
Hiling Zhao 2021 -0.82 072 a0 -0.14 1 a0 96% -0.68[1.02 -0.34] % 7
Ya-kun E 2018 1107 9y  -06 1.14 89 149% -0450[0.F7,-0.23] i
Yan 2017 -0.77 1.29 38 -0.32 1ER ar 28% -045[112,027
Yuli Hu 2020 -1.68 1.73 72 o041 187 To 32% -1.17[1.76,-058 +——
Fhiwei Lu 2021 -1.77 1.88 go0 103 17 L] 2B% -0.74[1.40,-0.08] *
Total (95% CI) 860 809 100.0% -0.52[-0.63,-0.42] <&
Heterogeneity: Chi*= 16.66, df=11 (P =012 F=34% 1 -u=5 : D=5 1

Testfor overall effect: £= 89.67 (P = 0.00001)

Effectson FBG

Seven studies were reported on FBG [28-34]. The results
indicated that participantsin the intervention group experienced

https://www.jmir.org/2025/1/e66441
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asignificantly greater reduction in FBG compared to the control
group (n=839; MD -0.42, 95% CI -0.65 to —0.19 mmol/L; z
value 3.59; P<.001; 12=5%; fixed-effects model; refer to Figure
5[28-34]).
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Figure5. Forest plot of fasting blood sugar.
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intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Chen-Yu Han 2023 -047 144 115 013 1.42 B5  27.8% -0.30[0.73, 013 == T
Chenglin Sun 2019 -0.74 238 44 -0.54 224 47 58% -0.20[1.15 079 =
Mengna Guo 2021 -1.22 1.54 32 -0.27 1.66 32 85% -095[1.73,-017]
Wanwen Yin 2022 -2.74 1.37 52 -2.78 2 47 11.3% 0.04 [0.64,0.72] T s 1
Hiling Zhao 2021 -1.48 213 G0 -1.01 1.88 59  9F% -047[1.21,027] S S
Ya-kun E 2016 -1 254 97 -08 2G5 89 94% -010[-0.85, 0.65] 5 =
Zhiwei Lu 2021 -0.83 1.09 50 -013 1413 50 277% -070[-1.14, -0.26] T e
Total (95% Cl) 450 389 100.0% -0.42[-0.65,-0.19] ‘.’
Heterogeneity: Chif= 6.31, df= 6 (P = 0.39); F= 5% + g : 1 !

Testfor overall effect; £= 3.59 (P =0.0003)

Effectson PBG

Five studies reported on PBG [29-33]. The results showed that
participantsin the intervention group had asignificantly greater

Figure 6. Forest plot of 2-hour postprandial blood glucose.

Favours [intervention] Fawours [control]

reduction in PBG compared to the control group (n=540; MD
-0.64, 95% Cl -0.97 to —0.32 mmol/L; z value=3.92; P<.001;
12=46%,; fixed-effects model; refer to Figure 6 [29-33]).

intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Chenglin Sun 2019 -2.48 3.58 44 -025 304 47 55% -2.23[3.60,-086]
Mengna Guo 2021 -0.68 1.36 32 -044 151 32 2.0% -0.25[-045 0.45] T
Wenwen Yin 2022 -5.92 1.29 52 -501 1.91 47 247% -0.91 [-1.56,-0.26] .
Hiling Zhao 2021 -0.62 1.34 a0 -015 1.35 50 37.4% -0.47 [-1.00, 0.08] —
Ya-kun E 2016 -2 305 9r 1.4 354 89 11.4% -0.60[1.55 0.35] .
Total {95% CI) 275 265 100.0% -0.64 [-0.97,-0.32] L 2
Heterogeneity, Chif= 7.43, df= 4 (P = 0.11); F= 46% 4 2 . 2 4

Test for overall effect: Z=3.92 (P = 0.0001)

Effectson BMI

Six studies reported on the effectiveness of digital diabetes
management in improving BMI [28-33]. The meta-analysis
results showed a significant improvement in BMI (n=720; MD
-1.55, 95% Cl —2.92 to —0.17 kg/m?; z value=2.20; P=.03, I2=

Figure 7. Forest plot of BMI.

Favours [intervention] Fawours [control]

93%; random-effects model) compared to the control group
(refer to Figure 7 [28-33]). Dueto high heterogeneity, 3 studies
wereidentified as contributing to the variability, as revealed by
sensitivity analysis[29-31]. After removing these 3 studies, the
heterogeneity was reduced to 0% (MD -2.16, 95% Cl —2.55to

-1.76 kg/m?; z value=10.70; P<.001).

intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Chen-Yu Han 2023 -1.43 165 115 078 1.31 B5  18.2% -2.21 [265,-1.77] e
Chenglin Sun 2019 039 339 44 -0D84 271 47 16.0% 1.23[-0.04, 2.40] i =
Mengna Guo 2021 -1.88 282 32 -0.24 377 32 147%  -1.64 [327,-0.01] T
Wenwen Yin 2022 -376 269 52 -1.69 2.88 47 18.6% -2.07 [3.17,-0.97] . TR
Hiling Zhao 2021 -6.34 223 a0 -1.06 2.33 a0 17.2% -429[518 -3.40] T
Ya-kKun E 2016 -0.2 265 97 -0D1 345 89 17.2%  -010[0.98 079 . T
Total (95% CI) 390 330 100.0% -1.55[-2.92, -0.17] -
Heterogeneity: Tau®= 2.65; Chi*= 68,68, df= 5 (P = 0.00001); F= 83% 5 & 5 3

Testfor overall effect: = 2.20 (P = 0.03)

Publication Bias and Sensitivity Analyses

Most of the points in the distribution of HbA,., an outcome
measure, were clustered within the funnel plot; however, the
distribution was not entirely symmetrical, suggesting the
possibility of publication biasin theresultsfor HbA . in digital

diabetes management (refer to Figure 8). We also performed a

https://www.jmir.org/2025/1/e66441
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sensitivity analysis to assess how the results varied when
individual studies were excluded and to evaluate the stability
of the findings. When we removed a study from the model and
recalculated the pooled estimates for the remaining studies,
heterogeneity either disappeared or decreased, and the pooled
results remained consistent, indicating the robustness of our
findings.
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Figure 8. Funnel plot. MD: mean difference.
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Subgroup Analysis

Subgroup anaysis of BMI based on the length of the
intervention revealed that digital diabetes management for 3

Table 1. Subgroup analysis.

months or less resulted in more significant improvements in
BMI (refer to Table 1).

Outcomes Studies, n  Participants, n Heterogeneity Effect model Meta-Analysis
P value 12 value (%) Effect size (95% ClI) P value
BMI 6 720 <.001 93 Random —1.55 (-2.92t0-0.17) .03
<3 months 2 164 .005 87 Random —-3.06 (-5.65t0 -0.47) .02
6 months 4 556 <.001 92 Random —0.84 (—2.37t0 0.69) .28
Discussion technologies effectively improve FBG levels [28-34], and 5

Principal Findings

Thismeta-analysis evaluated the effectiveness of digital diabetes
management technol ogy based on digital SMBG for home-based
patients with T2DM. The findings demonstrated significant
improvementsin HbA ., FBG, PBG, and BMI. Key features of
effective digital health interventions include frequent patient
engagement in SMBG and timely, personalized guidance
provided by speciaized HCPs.

Studies have shown that while the compliance rate for blood
glucose control among patients with T2DM during
hospitalization can reach as high as 80%, thisrate significantly
decreases by 25% to 30% once they are discharged and
transition to home self-management [40,41]. Consequently,
there is an urgent need to support home-based patients with
T2DM in managing blood glucose fluctuations [42]. This study
demonstratesthat compared with traditional home blood glucose
management, digital diabetes management technologies can
significantly improve blood glucose levels in home-based
patients with T2DM. Twelve studies [28-39] reported
improvementsin HbA ;. levels among home-based patientswith
T2DM following the use of digital diabetes management
technologies, 7 studiesreported that digital diabetes management

https://www.jmir.org/2025/1/e66441

studies examined the impact on PBG levels [29-33]. In
conclusion, digital diabetes management technologies play a
pivotal role in blood glucose management for home-based
patients with T2DM and should be widely implemented in
clinical practice. Ongoing focus on blood glucose monitoring
is essential for maintaining stable blood sugar levels in these
patients [43].

At the sametime, the meta-analysisresults of this study suggest
that digital diabetes management technologies can reduce the
BMI of home-based patients with T2DM, consistent with the
findings of a systematic review by Marcolino et a [44].
However, the heterogeneity in this study is relatively high.
Sensitivity analysis, conducted by excluding studies one at a
time, indicated that the variability may be dueto differencesin
intervention durations. Subgroup analysisbased on intervention
duration showed that when the intervention lasted less than 3
months, it effectively improved BMI. In contrast, when the
intervention duration exceeded 6 months, no similar
improvement was observed. Given the relatively small sample
size, future large-scale, double-blind randomized controlled
trialsare needed to further validate the impact of digital diabetes
management technologies on BMI.

With continuous innovation in sensor, microelectronics, and
data analysis technologies, researchers have been actively
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investing in research and devel opment. Meanwhile, the market’s
strong demand for convenient and efficient blood glucose
monitoring has spurred the rapid development of continuous
glucose monitoring (CGM) technology. Medical staff assist
patientsin accessing blood glucose data via supporting mobile
apps to formulate treatment plans. CGM technology offers
continuous, dynamic blood glucose data, enabling a
comprehensive grasp of blood glucose fluctuations, allowing
timely detection of asymptomatic hypoglycemia and
hyperglycemia, and contributing to optimized treatment plans
and prevention of diabetes complications.

Nonetheless, CGM technology has limitations. Its equipment
is costly, making long-term use unaffordable for some patients.
In addition, frequent blood glucose checks may cause
psychological stressin some, negatively affecting blood glucose
control. Therefore, SMBG continues to play an indispensable
rolein diabetes management. SMBG offers patientsimmediate
blood glucose readings at specific time points, enabling prompt
adjustments to diet, exercise, or insulin dosage to maintain
glucose levels within a safe range and prevent hypoglycemia
or hyperglycemia. Furthermore, compared to CGM, SMBG
devices are smpler, more affordable, and thus more accessible
to a broader patient population, especially those with limited
financial resources or relatively stable glucose fluctuations.
SMBG also promotes active patient participation, increasing
their awareness of disease management and enabling them to
better understand the impact of daily factors on blood glucose
levels. This process fosters improved lifestyle adjustments,
enhances confidence in glucose control, and strengthens
compliance with self-management regimens.

Among the 12 included randomized controlled trials, only 2
studies evaluated the impact of SMBG frequency on blood
glucose levels [28,36], so a meta-analysis was not conducted.
Both studies demonstrated that more frequent home blood
glucose monitoring improved blood glucose control in
home-based patients with T2DM. We observed that the
frequency of SMBG in theintervention group was significantly
higher than in the control group, and the digital diabetes
management technology notably enhanced blood glucose
control. Tomah et al [45] reported that higher SMBG frequency
correlated with greater improvementsin HbA ., suggesting that
thefrequency of measurements may directly influenceclinically
relevant outcomes, with 4 to 8 measurements per day being the
most effective. Similarly, Mannucci et a [46] found that SMBG
was more effective when a structured monitoring plan was
implemented, and HCPs used the collected data. None of the
12 randomized controlled trialsincluded in this study considered
the frequency of contact with HCPs as an outcome measure to
assess improvements in blood glucose levels. As a result, a
meta-analysis could not be conducted. However, an analysis of
the intervention strategies in these studies reveaed that the
frequency of contact with HCPs was higher in the intervention
group thanin the control group. In addition, asystematic review
found that SMBG without support from HCPs did not yield
significant clinical benefits [47]. This lack of benefit may be
attributed to treatment inertia, where poor adherenceto lifestyle
changes and prescribed medicationsis common among patients
with T2DM [48,49]. When feedback from HCPs is minimal,
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patients may feel anxious and uncertain when faced with poor
SMBG contral. In conclusion, digital diabetes management
technologies, along with SMBG supported by HCPs, can
significantly improve blood glucose control in home-based
patients with T2DM.

This study advocates for the promotion of digital diabetes
management technologies based on digital SMBG for
home-based patients with T2DM. Such technologies can help
eliminate transcription errors associated with manual dataentry
and offer increased convenience for patients, especially older
adult individuals with T2DM, who may struggle with inputting
blood glucose values due to poor vision or limited dexterity.
This technology provides an age-friendly solution for blood
glucose management. In addition, for older adult patients who
live alone or have limited mobility, HCPs can remotely monitor
blood glucose data, offer timely care, and quickly detect and
address hypoglycemia or hyperglycemia. This improves the
continuity and responsiveness of diabetes management.
Furthermore, the use of digital devicesin clinical practice can
reduce the workload of clinical nursesand enhance overall work
efficiency. Thus, it is recommended that this technology be
widely implemented in both home and clinical settings to
improve the safety and efficiency of diabetes management.

Comparison to Previous Work

The results of this meta-analysis align with those of previous
studies on the effectiveness of digital diabetes management
technology for improving blood glucose levels in home-based
patientswith T2DM. However, in many previous studies, SMBG
devices required manual data entry for glucose measurements,
whereas this study focuses on digital SMBG technologies
capable of automatic data uploading [50-56]. To date, no other
meta-analysis has specifically evaluated the application of digita
diabetes management technology based on automatic SMBG
for home-based patients with T2DM.

In addition, theresults of thisstudy revealed that digital diabetes
management technology can significantly reduce BMI levels
in home-based patientswith T2DM, consistent with the findings
of asystematic review by Marcolino et al [44]. However, several
other systematic reviews suggest that digital diabetes
management technology has no significant effect on BMI
improvement [57-59]. This discrepancy highlights the need for
future high-quality, large-sample studies to further investigate
theimpact of digital diabetes management technology on BMI.
Such studies should explore potential differencesin results due
to variationsin patient populations, intervention measures, and
follow-up durations. Moreover, standardizing research
methodologies and evaluation criteria will enhance the
comparability and reliability of findings, providing a stronger
evidence base for determining whether this technology can
effectively improve BMI in patients with T2DM.

Strengthsand Limitations

This systematic review and meta-analysis has several notable
strengths. First, to the best of our knowledge, it is the first
meta-analysis to evaluate digital diabetes management
techniques based on digital SMBG for improving blood glucose
levels and BMI in home-based patients with T2DM. Second, a
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comprehensive search of multiple databases was conducted,
with strict adherence to established methodological tools to
ensure the reliability and transparency of the research process.
Third, this study included a detailed subgroup analysis of BMI
outcomes, confirming that the duration of intervention
significantly influences the effectiveness of digital diabetes
management technologiesin home-based patients with T2DM.
Finally, by analyzing multiple outcome indicators, this review
provides a more comprehensive understanding of the role of
digita health in diabetes management, offering valuable
references for clinical practice.

We aso acknowledge that this meta-analysis has some
limitations. First, confined to Chinese and English literature, it
excluded non—English and Chinese materias, failing to reflect
global research. Future reviews should cover more languages.
Second, most selected studies lack blinding details, risking
measurement biases. Future research must focus on blinded
outcome eval uation to minimize performance biases. Third, the
HDbA ;. funnel plot asymmetry indicates publication bias. Future
studies should use multicenter, large-sample, randomized
controlled trials for reliable results. Fourth, done over a year
ago, the study may miss recent research due to the field'srapid
development, and lacking timeliness. Future research needs
constant updates. Fifth, 8 (67%) of the 12 studies were from
China, with regional limitations as China's medical resources
and telemedicine acceptance differ from elsewhere. Future
studies should include more diverse regionsto boost conclusion
generality.

Future Directions

Overdll, future digital health research can fill the existing gaps
and improve the approach in 5 key areas. First, for the diabetes
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management technology based on SMBG, continuous
exploration should be carried out on its advantages in blood
glucose control. In particular, the impact of SMBG supported
by HCPs on blood glucose should be assessed to tap more
potential. Second, the intervention measures should be
elaborated in detail so as to achieve the maximum degree of
reproducibility and universality in different clinical contexts.
Third, a comprehensive eval uation system will be constructed,
covering aspects such as cost-effectiveness, patient satisfaction,
and technology availability. This system isused to measure the
value of intervention measures for the sustainable devel opment
of digital health in diabetes management. Fourth, researchers
should be encouraged to study the differences in the efficacy
of different population subgroups or provide patient-level data,
enabling future reviews to identify the patient characteristics
related to treatment outcomes. Fifth, researchers should actively
collect and report patients' views on the intervention measures
to improve the design basis.

Conclusion

This meta-analysis demonstrates that digital diabetes
management technol ogies can effectively regulate blood glucose
levels, improve glucose metabolism, and reduce BMI in patients
with T2DM. However, due to the variation in intervention
strategies, frequencies, and content across the included studies,
future research should prioritize multicenter, large-sample,
high-quality randomized controlled trials to refine and
standardize theseinterventions. Notably, effective digital health
interventions share a common characteristic: frequent patient
engagement in SMBG, supported by HCPswho providetimely
and personalized guidance.
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MD: mean difference
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PICOS: populations, interventions, comparisons, outcomes, and study design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
SMBG: salf-monitoring of blood glucose

T2DM: type 2 diabetes mellitus

Edited by N Cahill; submitted 12.09.24; peer-reviewed by M Grady, AN Ali; comments to author 29.11.24; revised version received
19.12.24; accepted 03.02.25; published 03.03.25

Please cite as:

Xiao Y, Wang Z, Zhang L, Xie N, Chen F, Song Z, Zhao S

Effectiveness of Digital Diabetes Management Technology on Blood Glucose in Patients With Type 2 Diabetes at Home: Systematic
Review and Meta-Analysis

J Med Internet Res 2025;27:€66441

URL: https://wwww.jmir.org/2025/1/e66441

doi: 10.2196/66441

PMID: 40053775

©Yuping Xiao, Zhenzhen Wang, Lintao Zhang, Nina Xie, Fangyao Chen, Zihao Song, Sha Zhao. Originally published in the
Journal of Medical Internet Research (https://www.jmir.org), 03.03.2025. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original publication on
https://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2025/1/e66441 JMed Internet Res 2025 | vol. 27 | e66441 | p. 13
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e66441
http://dx.doi.org/10.2196/66441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40053775&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

