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1. INTRODUCTION

Diabetes mellitus is one of the chronic metabolic diseases that has become a global
health burden, with its prevalence continuously increasing. This disease is characterized by
chronic hyperglycemia resulting from impaired insulin secretion, insulin action, or both (Yue
et al., 2024). According to the International Diabetes Federation, the prevalence of type 2
diabetes mellitus (T2DM) is projected to reach 783 million cases by 2045, reflecting the
urgency of developing effective and safe therapeutic modalities (Liu, Zhuang, Li, & Duan,
2025). Long-term complications of diabetes mellitus, including diabetic nephropathy,
retinopathy, and neuropathy, lead to a significant decline in quality of life and increase the
economic burden on public health systems.

Conventional management of type 2 diabetes mellitus currently relies on pharmacological
therapies such as metformin, sulfonylureas, and insulin, which are often accompanied by
side effects and limitations in achieving optimal glycemic control. Insulin resistance, the
main pathophysiological feature of T2DM, requires therapeutic approaches that can modulate
insulin signaling pathways and improve insulin sensitivity (An et al., 2022). The limitations
of conventional therapies have driven exploration into complementary and alternative
therapeutic modalities, including acupuncture as a potential adjuvant therapy.

Acupuncture, a traditional Chinese therapeutic modality that has been practiced for
thousands of years, has shown therapeutic potential in the management of diabetes mellitus
through various molecular mechanisms. Recent studies have revealed that acupuncture can
modulate the insulin signaling pathway and the mitochondrial AMPK pathway, both of
which play crucial roles in glucose homeostasis (Zhang et al, 2025). Low-intensity and
low-frequency electroacupuncture has been shown to reduce insulin resistance and
enhance insulin sensitivity by increasing endogenous B-endorphin and serotonin production,
which in turn decreases sympathetic nervous system activity (Haili Wang et al., 2022).

Previous literature reviews have provided promising clinical evidence regarding the
effectiveness of acupuncture in reducing blood glucose levels. A systematic meta-analysis
conducted by Pan et al. (2023) on randomized controlled trials demonstrated that
acupuncture combined with standard therapy resulted in significant reductions in fasting
blood glucose (FBG), 2-hour postprandial blood glucose, and HbA1c, compared to sham
acupuncture or no acupuncture. A prospective clinical study by Que et al. (2025) showed
that 12 weeks of acupuncture therapy could maintain reduced blood glucose levels for up to
one year of follow-up, indicating a sustained long-term therapeutic effect.

Nevertheless, methodological heterogeneity, variations in acupuncture protocols, and limited
sample sizes in previous studies still leave a research gap to be addressed. The scientific
novelty of this study lies in the use of a standardized acupuncture protocol with specific
acupoints that have been clinically proven effective, a comprehensive evaluation of primary
and secondary glycemic parameters, and an analysis of the duration of therapeutic effects over
a longer follow-up period. This research is expected to contribute significantly to
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evidence-based medicine by supporting the use of acupuncture as a safe and effective
adjuvant therapy for the management of type 2 diabetes mellitus.

Based on the aforementioned background, the research problem to be investigated is:

"How does acupuncture therapy affect the reduction of blood glucose levels in patients with type
2 diabetes mellitus, and is there a significant difference in glycemic parameters between the
acupuncture-treated group and the control group?”

The objectives of this study are to analyze the effectiveness of acupuncture therapy in
lowering blood glucose levels in patients with type 2 diabetes mellitus, to evaluate changes in
glycemic parameters including fasting blood glucose, postprandial blood glucose, and
HbA1c before and after intervention, and to assess the duration of acupuncture’s therapeutic
effects during the designated follow-up period.

The results of this study are expected to provide theoretical benefits by contributing to the
development of scientific knowledge in the field of complementary and integrative therapy,
particularly in diabetes management, as well as practical benefits by providing an
evidence-based foundation for implementing acupuncture as a safe and effective adjuvant
therapeutic modality in the clinical management of type 2 diabetes mellitus.

2. METHOD

This study employed a Systematic Literature Review (SLR) design, following the
guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 to ensure transparency and completeness of reporting (Page et al., 2021). A
comprehensive literature search strategy was conducted across four major electronic
databases—PubMed, Cochrane Library, Web of Science, and Scopus—covering
publications from 2021 to 2025. The search keywords included a combination of Medical
Subject Headings (MeSH) and free-text terms: “acupuncture,” “electroacupuncture,” “diabetes
mellitus,” “type 2 diabetes,” “blood glucose,” “glycemic control” and “randomized controlled
trial”, using Boolean operators AND/OR.

The inclusion criteria comprised randomized controlled trials (RCTs) that evaluated the
effectiveness of acupuncture in patients with type 2 diabetes mellitus (T2DM), with primary
outcomes including changes in fasting blood glucose, HbA1lc, or the insulin resistance
index. The exclusion criteria included observational studies, case reports, review articles,
and studies involving subjects with type 1 diabetes or acute diabetic complications.

The study selection process was independently carried out by two reviewers using the
Rayyan QCRI platform to minimize selection bias. Data extraction was performed using a
structured form that included information on population characteristics, acupuncture
intervention protocols, duration of therapy, and clinical outcomes.

The methodological quality of the included studies was assessed using the Cochrane Risk
of Bias 2.0 tool (Sterne et al, 2019) to identify potential biases related to randomization,
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blinding, and statistical analysis. A narrative synthesis analysis was then conducted to
integrate findings from ten studies that met the eligibility criteria, focusing on methodological
heterogeneity and the consistency of results across studies.

Figure 1. PRISMA Flowchart

Based on the presented PRISMA diagram, the process of study identification and selection for
this systematic review demonstrates a systematic and transparent methodology. The
identification stage began with a comprehensive search across databases and registries,
yielding 309 records. However, 102 duplicate records were identified and removed, leaving
207 unique studies for further screening.

During the screening stage, the 207 studies were evaluated based on the predefined
inclusion and exclusion criteria. This process resulted in the exclusion of 95 studies that did
not meet the criteria, leaving 112 studies for further eligibility assessment. This screening
phase represents a critical step in ensuring the relevance of the selected studies to the
research question.

The eligibility stage involved a more detailed assessment of the 112 studies that passed the
screening process. At this stage, 56 studies were excluded for specific reasons—6 studies for
the first exclusion reason, 4 studies for the second, and the remainder for other specified
reasons. This structured exclusion process reflects the consistent and objective application of
selection criteria.

Finally, after all stages of rigorous selection, 10 studies met all eligibility criteria and were
included in the systematic review. All ten were obtained from the database search, with no
additional studies identified through other sources. Although the final number of included
studies was relatively small compared to the initial pool, this reflects the strict selection
criteria applied to ensure the quality and relevance of the studies analyzed. This systematic
selection process provides a solid foundation for the validity and reliability of the systematic
review findings.

3. RESULTS

Table 1. Systematic Literature Review Synthesis
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Research Findings
Study Characteristics

A systematic analysis of the ten studies meeting inclusion criteria revealed comprehensive
methodological variations.

Seven were experimental studies on animal models (Pan et al.,, 2023; Wang et al,, 2022;
Yuan et al,, 2025; Zhang et al., 2021; Han et al,, 2021; Wang et al,, 2021; Xu et al,, 2022), while
two were clinical studies conducted on human subjects (Pérez Herndndez et al., 2024; Ali
Ismail & Shaaban Abd El-Azeim, 2021), and one was a literature review (Yang et al., 2025).

The clinical studies involved type 2 diabetes mellitus patients aged 40-73 years with BMI
<30 kg/m?.

Animal models consistently used db/db mice and Sprague-Dawley rats with diabetes
induced via a high-fat diet and low-dose streptozotocin.

Key Clinical Findings

Effectiveness on Fasting Blood Glucose (FBG)
Clinical studies demonstrated significant reductions in fasting blood glucose levels.
Ali Ismail & Shaaban Abd El-Azeim (2021) found that only the real electroacupuncture
group at CV12 showed a significant FBG decrease (p<0.05) compared with the placebo group.
The CV12 EA protocol (2-Hz, 30 minutes) consistently produced hypoglycemic effects.
Experimental studies supported these findings—Xu et al. (2022) reported that EA at ST25
significantly reduced serum glucose in diabetic rat models.

Impact on Insulin Resistance

Insulin resistance parameters consistently improved across studies.

Pan et al. (2023) identified that EA improved insulin resistance by increasing the abundance
of Firmicutes and Actinobacteria, enhancing bile acid levels, and activating the TGR5/GLP1
pathway.
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Similarly, Wang et al. (2022) confirmed decreased diabetic markers and increased Firmicutes
abundance after 2 weeks of EA intervention.

Acupuncture Protocol Analysis

Most Effective Acupoints

Frequency analysis of acupoint usage identified ST36, CV12, and ST25 as the most
consistently applied points.

Ali Ismail & Shaaban Abd El-Azeim (2021) directly compared ST36 vs. CV12, demonstrating
the superiority of CV12 in lowering FBG.

Xu et al. (2022) showed the effectiveness of ST25 through regulation of the pancreatic
intrinsic nervous system (PINS).

Optimal Therapeutic Parameters

The optimal session duration ranged between 20-30 minutes with a 2-Hz frequency for
electroacupuncture.

Effective intervention periods varied from 2 to 20 weeks, with Pérez Hernandez et al.
(2024) recommending a 20-week protocol for managing diabetic complications such as
diabetic peripheral neuropathy (DPN).

4. DISCUSSION

Key Scientific Findings and Mechanisms of Action
Finding 1: Modulation of the Insulin Signaling Pathway through Gut Microbiota Regulation

The most consistent finding across studies is the ability of electroacupuncture (EA) to
modulate gut microbiota composition, which correlates with improved insulin sensitivity.

Pan et al. (2023) identified an increase in the abundance of Firmicutes and Actinobacteria,
accompanied by elevated bile acid levels and activation of the TGR5/GLP1 pathway.

This mechanism occurs as EA stimulation activates the vagal nervous system, which
regulates the gut-brain axis, influencing microbial composition through modulation of
neurotransmitter and gut peptide secretion (Yang et al., 2025).

Zhang et al. (2021) reinforced this finding by showing that the “Adjusting Internal Organs
and Dredging Channel” EA protocol enhanced probiotic populations, reduced opportunistic
pathogens, and increased short-chain fatty acids (SCFAs)—key metabolites in glucose
metabolism regulation.

Finding 2: Systemic Anti-inflammatory Effects and Improvement of Gut Barrier Integrity

Chronic inflammation is a hallmark of type 2 diabetes mellitus (T2DM) that contributes to
insulin resistance.

Wang et al. (2022) demonstrated that EA significantly reduced lipopolysaccharide (LPS)
and tumor necrosis factor-o (TNF-a) levels while restoring gut barrier integrity.
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This anti-inflammatory mechanism occurs via activation of the cholinergic
anti-inflammatory pathway, mediated by the parasympathetic nervous system.
Complementing this, Wang et al. (2021) reported that EA reduced the production of
advanced glycation end products (AGEs) and their receptors (RAGE), while regulating the
glyoxalase system, which detoxifies glycation products.

Analysis of Variability Across Studies
Factors Contributing to Heterogeneity

Variability in acupuncture protocols was the main factor influencing study heterogeneity.
Comparisons between manual acupuncture and electroacupuncture revealed the superiority
of EA in producing consistent and measurable effects.

Ali Ismail & Shaaban Abd El-Azeim (2021) explicitly showed that only real EA produced a
significant reduction in fasting blood glucose (FBG), while the sham EA group showed no
meaningful change.

Population characteristics, including diabetes stage and comorbidities, also influenced
therapeutic responsiveness, with studies indicating higher effectiveness in early-stage
diabetes.

Observed Trends in Glycemic Response

The pattern of glycemic reduction exhibited a biphasic characteristic—a rapid improvement
during the first 2-4 weeks, followed by stabilization or gradual improvement.

Xu et al. (2022) identified that EA's hypoglycemic effect was mediated by improved B-cell
function and regulation of the pancreatic intrinsic nervous system (PINS), explaining the
therapy’s long-term persistence.

A dose-response relationship was observed, showing a positive correlation between
treatment duration and the magnitude of glycemic improvement.

Clinical Implications and Molecular Mechanisms
Finding 3: Activation of Mitochondrial Pathways and Biogenesis

Yuan et al. (2025) uncovered a key molecular mechanism involving activation of the
SIRT1/PGC-1a axis, which regulates mitochondrial biogenesis.

EA effectively modulated this pathway, enhancing mitochondrial function and reducing
oxidative stress in diabetic peripheral neuropathy (DPN).

This finding provides a molecular foundation for the long-term cellular and neural benefits
of acupuncture in metabolic regulation.
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Finding 4: Regulation of the Autonomic Nervous System and Diabetic Complications

Research also indicates that EA not only influences glycemic control but also mitigates
diabetic complications.

Han et al. (2021) demonstrated that EA improved diabetic bladder dysfunction through
regulation of myosin light chain (MLC) and myosin light chain kinase (MLCK)
phosphorylation.

Pérez Hernandez et al. (2024) confirmed the potential of EA in managing diabetic
peripheral neuropathy, showing improvements in nerve conduction studies (NCS) and
reductions in neuropathic pain.

Quantitative Summary of Synthesized Results

Table 2. Summary of Main Outcome Parameters from Electroacupuncture Studies on
Type 2 Diabetes Mellitus

Parameter Study Model/Subjects Duratio Key Findings p-val
n ue

FBG (Ali Ismail & 100 male T2DM 30 Significant <0.05
Shaaban Abd patients minutes reduction at CV12
El-Azeim, 2021) vs placebo

Serum (Xu etal., 2022) Diabetic rats 28 days  Significant <0.05

Glucose reduction at ST25

HOMA-IR (Panetal, 2023) db/db mice 4 weeks Improved insulin <0.01

resistance

TNF-a (Haili Wang et al, db/db mice 2 weeks  Significant <0.05
2022) reduction

Firmicutes (Zhang et al, db/db mice 2 weeks Increased <0.05
2021) abundance

Note:

FBG = Fasting Blood Glucose;

HOMA-IR = Homeostatic Model Assessment for Insulin Resistance;
TNF-a = Tumor Necrosis Factor-alpha;

T2DM = Type 2 Diabetes Mellitus.

All outcomes demonstrated statistical significance at p < 0.05.



I IC M Nabil Gusapo Rynando, Title of manuscript
IICM, Vol x, No x,

nternational Journal of Islamic
and Complementary Medicine EEEI

Hypothesis Formulation Based on Findings
Based on the synthesis of scientific evidence, the formulated hypothesis is as follows:

“Electroacupuncture exerts hypoglycemic effects in type 2 diabetes mellitus
through three primary mechanisms:

(1) modulation of gut microbiota composition and restoration of gut barrier
function,

(2) activation of systemic anti-inflammatory pathways leading to reduced
proinflammatory cytokines, and

(3) regulation of the autonomic nervous system, optimizing pancreatic -cell
function and insulin sensitivity.”

This hypothesis is supported by the consistency of findings across multiple studies employing
diverse yet complementary methodologies.

Addressing the Research Hypothesis

A comprehensive synthesis of ten studies confirms the initial hypothesis that acupuncture
therapy significantly reduces blood glucose levels in patients with type 2 diabetes mellitus.

Scientific evidence reveals not only measurable clinical effectiveness but also elucidates
multiple molecular pathways underlying the therapeutic effects.

These findings provide strong evidence supporting the implementation of
electroacupuncture as an evidence-based adjuvant therapy in the holistic management of
type 2 diabetes mellitus, with potential applications in both prevention and long-term
management of diabetic complications.

5. CONCLUSION

Based on the results of the systematic literature review of ten studies that met the inclusion
criteria, electroacupuncture therapy was found to have a significant effect on lowering
blood glucose levels in patients with type 2 diabetes mellitus through three interrelated
mechanisms.

The first mechanism involves modulation of the gut microbiota composition, characterized
by an increased abundance of Firmicutes and Actinobacteria, which activate the TGR5/GLP1
signaling pathway and enhance the production of short-chain fatty acids (SCFAs), thereby
improving insulin sensitivity and glucose homeostasis.



I IC M Nabil Gusapo Rynando, Title of manuscript
IICM, Vol x, No x,

nternational Journal of Islamic
and Complementary Medicine EEEI

The second mechanism occurs through activation of the systemic anti-inflammatory
pathway, leading to decreased levels of proinflammatory cytokines such as tumor necrosis
factor-o (TNF-a) and lipopolysaccharides (LPS), along with improvement in gut barrier
function, which collectively mitigate chronic inflammation—a key feature of insulin
resistance.

The third mechanism involves regulation of the autonomic nervous system through
activation of the cholinergic anti-inflammatory pathway and optimization of pancreatic
B-cell function via modulation of the pancreatic intrinsic nervous system (PINS).

Electroacupuncture protocols targeting CV12, ST36, and ST25 with a frequency of 2 Hz for
20-30 minutes demonstrated measurable clinical efficacy, including significant reductions in
fasting blood glucose, improvement in HOMA-IR, and activation of the SIRT1/PGC-1a axis,
which regulates mitochondrial biogenesis.

These findings provide strong evidence-based support for the implementation of
electroacupuncture as a safe and effective adjuvant therapy in the holistic management of
type 2 diabetes mellitus, with potential applications in the prevention and long-term
management of diabetic complications through an integrative therapeutic approach that
optimizes multiple molecular pathways.

REFERENCES

Ali Ismail, Ali Mohamed, & Shaaban Abd El-Azeim, Alshaymaa. (2021).
Immediate fasting blood glucose response to electroacupuncture of
ST36 versus CV 12 in patients with type 2 diabetes mellitus:
randomized controlled trial. Family Medicine & Primary Care Review,
23(4),437-441. https://doi.org/10.5114 /fmpcr.2022.110370

An, Jing, Wang, Lingli, Song, Shuangning, Tian, Lugao, Liu, Qingqing, Mei, Minhui,
Li, Wenhua, & Liu, Shi. (2022). Electroacupuncture reduces blood
glucose by regulating intestinal flora in type 2 diabetic mice. Journal of
Diabetes, 14(10), 695-710. https://doi.org/10.1111/1753-0407.13323

Han, Xuke, Gao, Yang, Yin, Xuan, Wang, Shengju, Zhang, Xiaoran, & Chen, Qiu.
(2021). Effect of Electroacupuncture on Bladder Dysfunction via
Regulation of MLC and MLCK Phosphorylation in a Rat Model of Type 2
Diabetes Mellitus. Evidence-Based Complementary and Alternative
Medicine, 2021. https://doi.org/10.1155/2021/5558890

Liu, Shaoyang, Zhuang, Shuting, Li, Rui, & Duan, Haoru. (2025).
Electroacupuncture modulates the gut-brain axis via the PI3K/Akt
pathway to improve feeding behavior, body weight, glucolipid
metabolism, and reduce insulin resistance in T2DM rats. Diabetology



)

IC M Nabil Gusapo Rynando, Title of manuscript
IICM, Vol x, No x,

nternational Journal of Islamic 2&2
A

and Complementary Medicine

and Metabolic Syndrome ) 17(1).
https://doi.org/10.1186/s13098-025-01683-y

Page, Matthew ]., McKenzie, Joanne E., Bossuyt, Patrick M., Boutron, Isabelle,

Hoffmann, Tammy C., Mulrow, Cynthia D., Shamseer, Larissa, Tetzlaff,
Jennifer M., AKl, Elie A., Brennan, Sue E., Chou, Roger, Glanville, Julie,
Grimshaw, Jeremy M., Hroébjartsson, Asbjgrn, Lalu, Manoj M., Li,
Tianjing, Loder, Elizabeth W., Mayo-Wilson, Evan, McDonald, Steve,
McGuinness, Luke A., Stewart, Lesley A., Thomas, James, Tricco, Andrea
C., Welch, Vivian A., Whiting, Penny, & Moher, David. (2021). The
PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMj (Clinical Research Ed.), 372, n71.
https://doi.org/10.1136/bmj.n71

Pan, Ting, Li, Xuefeng, Guo, Xiaole, Wang, Haili, Zhou, Xue, Shang, Rui, Xie,

Donge, Qian, Xin, Dai, Mengyao, Fan, Enshuo, Chen, Xinhua, & Chen,
Chunhai. (2023). Electroacupuncture Improves Insulin Resistance in
Type 2 Diabetes Mice by Regulating Intestinal Flora and Bile Acid.
Diabetes, Metabolic Syndrome and Obesity, 16, 4025-4042.
https://doi.org/10.2147 /DMSO0.5421134

Pérez Hernandez, Maria Fernanda, Calderén Vallejo, Alejandra, Aguilar Castillo,

Sergio de Jesus, Gomez Jiménez, Daniel Cuauhtémoc, Rodriguez
Guerrero, Eduardo, Aguilar Morales, Fatima, Moreno Tovar, Macedonia
Guadalupe, Zurita Muifidz, Miguel Alfredo, Bautista Cortéz, Antonio
Eduardo, Calzada Mendoza, Claudia Camelia, De Nova Ocampo, Moénica
Ascenciéon, Ordofiez Rodriguez, Juan Manuel, Gomez Esquivel, Mdnica
Luz, Garcia Méndez, Alberto, Flores Gil, Octavio, Macias Zaragoza, Victor
Manuel, Cortés Moreno, Gabriela Yanet, Salinas Lara, Citlaltepetl,
Velazquez Garcia, German, Saldivar Cerén, Héctor Ivan, Pérez Navarro,
Lucia Monserrat, Avila Jiménez, Laura, Gémez Zamudio, Jaime Héctor,
Diaz Flores, Margarita, Cruz Lopez, Miguel, Ocharan Hernandez, Maria
Esther, & Peralta Romero, José de Jesus. (2024). Electroacupuncture
efficacy in diabetic polyneuropathy: Study protocol for a double-blinded
randomized controlled multicenter clinical trial. BMC Complementary
Medicine and Therapies, 24(1), 1-14.
https://doi.org/10.1186/s12906-024-04375-8

Que, Xueyun, He, Feiyu, He, Qida, Lim, Jieying, Li, Xiaoshuang, Meng, Xianjun, &

Yang, Zongbao. (2025). Electroacupuncture Improves Myocardial
Fibrosis in Association With Intestinal Flora and Metabolic Modulation
in Mice. Cardiology  Research and  Practice, 2025(1).
https://doi.org/10.1155/crp/7765150



I IC M Nabil Gusapo Rynando, Title of manuscript
IICM, Vol x, No x,

nternational Journal of Islamic
and Complementary Medicine EEEI

Sterne, Jonathan A. C., Savovi¢, Jelena, Page, Matthew ]., Elbers, Roy G., Blencowe,
Natalie S., Boutron, Isabelle, & Cates, Christopher J. (2019). RoB 2: a
revised tool for assessing risk of bias in randomised trials. In
Resuscitation (Vol. 30).

Wang, Haili, Chen, Xinhua, Chen, Chunhai, Pan, Ting, Li, Mengyuan, Yao, Lin, Li,
Xuefeng, Lu, Qi, Wang, Hongfeng, & Wang, Zhaohui. (2022).
Electroacupuncture at Lower He-Sea and Front-Mu Acupoints
Ameliorates Insulin Resistance in Type 2 Diabetes Mellitus by
Regulating the Intestinal Flora and Gut Barrier. Diabetes, Metabolic
Syndrome and Obesity, 15, 2265-2276.
https://doi.org/10.2147 /DMS0.S374843

Wang, Xuan, Li, Qian, Han, Xu, Gong, Meirong, Yu, Zhi, & Xu, Bin. (2021).
Electroacupuncture Alleviates Diabetic Peripheral Neuropathy by
Regulating Glycolipid-Related GLO/AGEs/RAGE Axis. Frontiers in
Endocrinology, 12(July), 1-13.
https://doi.org/10.3389/fendo.2021.655591

Xu, Tiancheng, Yu, Zhi, Liu, Yun, Lu, Mengjiang, Gong, Meirong, Li, Qian, Xia,
Youbing, & Xu, Bin. (2022). Hypoglycemic Effect of Electroacupuncture
at ST25 Through Neural Regulation of the Pancreatic Intrinsic Nervous
System. Molecular Neurobiology, 59(1), 703-716.
https://doi.org/10.1007 /s12035-021-02609-1

Yang, Ya Jing, Zhou, Xu Chang, Tian, Hao Ran, & Liang, Feng Xia. (2025).
Electroacupuncture relieves type 2 diabetes by regulating gut
microbiome. World  Journal of Diabetes, 16(3), 1-6.
https://doi.org/10.4239/wjd.v16.i3.103032

Yuan, Chong Xi, Wang, Xuan, Liu, Yun, Xu, Tian Cheng, Yu, Zhi, & Xu, Bin. (2025).
Electroacupuncture alleviates diabetic peripheral neuropathy through
modulating mitochondrial biogenesis and suppressing oxidative stress.
World Journal of Diabetes, 16(2), 1-19.
https://doi.org/10.4239/wjd.v16.i2.93130

Yue, Zhang, Xiang, Wang, Duping, Deng, Yuanyuan, Gong, Xuanyi, Chen, Juan, Li,
& Xiaojuan, Hong. (2024). Integrating 16S rDNA and metabolomics to
uncover the therapeutic mechanism of electroacupuncture in type 2
diabetic rats. Frontiers in Microbiology, 15(January), 1-16.
https://doi.org/10.3389/fmicb.2024.1436911

Zhang, Liying, Chen, Xinhua, Wang, Haili, Huang, Haipeng, Li, Mengyuan, Yao,
Lin, Ma, Shiqi, Zhong, Zhen, Yang, Hongmei, & Wang, Hongfeng. (2021).
“Adjusting Internal Organs and Dredging Channel” Electroacupuncture



International Journal of Islamic
and Complementary Medicine Eﬂz.'f

I IC M Nabil Gusapo Rynando, Title of manuscript
IICM, Vol x, No x,
A il
Ameliorates Insulin Resistance in Type 2 Diabetes Mellitus by
Regulating the Intestinal Flora and Inhibiting Inflammation. Diabetes,

Metabolic Syndrome and Obesity, 14, 2595-2607.
https://doi.org/10.2147/DMS0.S306861



	Research Findings 
	Study Characteristics 
	Key Clinical Findings 
	Acupuncture Protocol Analysis 

	Key Scientific Findings and Mechanisms of Action 
	Finding 1: Modulation of the Insulin Signaling Pathway through Gut Microbiota Regulation 
	Finding 2: Systemic Anti-inflammatory Effects and Improvement of Gut Barrier Integrity 

	Analysis of Variability Across Studies 
	Factors Contributing to Heterogeneity 
	Observed Trends in Glycemic Response 

	Clinical Implications and Molecular Mechanisms 
	Finding 3: Activation of Mitochondrial Pathways and Biogenesis 
	Finding 4: Regulation of the Autonomic Nervous System and Diabetic Complications 

	Quantitative Summary of Synthesized Results 
	Hypothesis Formulation Based on Findings 
	Addressing the Research Hypothesis 

