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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder
characterized by insulin resistance and impaired insulin secretion. Despite
existing treatments, managing T2DM remains challenging, necessitating novel
therapeutic approaches.

Objective: This study aimed to evaluate the efficacy and safety of three novel
therapeutic approaches for T2DM: GLP-1 receptor agonists combined with SGLT-
2 inhibitors, gene therapy targeting insulin resistance, and stem cell-based
regenerative medicine.

Methods: A quantitative narrative review was conducted, including 25
randomized controlled trials (RCTs) and 15 observational studies involving 7,800
patients. Primary outcomes assessed were changes in HbA1c levels, insulin
sensitivity, beta-cell function, and incidence of adverse effects. Data analysis
was performed using RevMan 5.4 software, and statistical heterogeneity was
assessed using the I? statistic. Publication bias was evaluated via funnel plot
analysis.

Results: GLP-1 receptor agonists combined with SGLT-2 inhibitors reduced
HbA1c by 1.4% and body weight by 5 kg. Gene therapy improved insulin sensitivity
(HOMA-IR decrease of 1.2 points) and beta-cell function by 20%. Stem cell
therapy enhanced C-peptide levels by 0.7 ng/mL, indicating a 40% increase in
endogenous insulin production.

Conclusion: All three approaches showed potential in T2DM management, with
combination therapy providing immediate benefits, while gene and stem cell
therapies offer long-term disease modification possibilities.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic and progressive
metabolic disorder predominantly characterized by insulin
resistance and impaired insulin secretion, which leads to
sustained hyperglycemia. This condition has emerged as a
major global health challenge, with its prevalence steadily
increasing due to the combined effects of aging
populations, sedentary lifestyles, and rising obesity rates.
Currently, T2DM affects over 400 million people worldwide,
imposing a substantial burden on healthcare systems and
contributing to significant morbidity and mortality through
its complications, which include cardiovascular disease,
kidney failure, and neuropathy (1). Although various
pharmacological treatments, such as insulin and oral
hypoglycemic agents, are available, the management of
T2DM remains complex and challenging. Many patients fail
to achieve optimal glycemic control despite adhering to
prescribed therapeutic regimens, underscoring the
limitations of current treatment strategies that primarily
focus on symptom management rather than addressing the
underlying pathophysiological mechanisms of the disease
(2).

Recent advancements in medical research have prompted
the exploration of novel therapeutic approaches that aim to
target the fundamental causes of T2DM more effectively.

Among these, three innovative techniques have shown
promise: the combination of GLP-1 receptor agonists with
SGLT-2 inhibitors, gene therapy targeting insulin resistance,
and stem cell-based regenerative medicine. Each of these
approaches offers distinct mechanisms of action and
potential benefits in improving glycemic control and
modifying the disease course (3). The combination of GLP-1
receptor agonists with SGLT-2 inhibitors leverages the
complementary effects of these two drug classes. GLP-1
receptor agonists enhance insulin secretion and inhibit
glucagon release, while SGLT-2 inhibitors promote
glycosuria by reducing glucose reabsorption in the kidneys.
This dual mechanism has demonstrated significant efficacy
in reducing HbA1c levels, facilitating weight loss, and
improving cardiovascular outcomes, making it a compelling
option for T2DM management (4). Gene therapy, on the
other hand, offers a groundbreaking approach by directly
targeting the genetic factors contributing to insulin
resistance. By modulating gene expression to enhance
insulin sensitivity, this therapy has the potential to provide a
long-term solution to one of the core issues in T2DM,
offering a paradigm shift from conventional treatments that
primarily manage symptoms (5).

Stem cell-based regenerative medicine represents the
cutting edge of T2DM treatment, aiming to restore
endogenous insulin production by regenerating beta cells.
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This approach addresses the root cause of T2DM by
improving beta-cell function and increasing endogenous
insulin production, potentially offering a curative strategy
rather than mere disease management. Early studies have
shown that stem cell therapy can significantly enhance
beta-cell function and insulin secretion, suggesting its
transformative potential in altering the disease trajectory of
T2DM (6). This paper provides a comprehensive analysis of
these three novel therapeutic approaches, examining their
mechanisms of action, clinical efficacy, safety profiles, and
potential implications for the future of T2DM management.
By exploring these emerging techniques, this study aims to
highlight their potential to transform the treatment paradigm
and improve outcomes for patients with type 2 diabetes (7).
The limitations of existing treatments for T2DM, including
their inability to halt disease progression and the risk of
adverse effects, underscore the urgent need for more
effective and innovative therapeutic strategies. As the global
burden of T2DM continues to rise, the development and
integration of novel therapies such as GLP-1 receptor
agonists combined with SGLT-2 inhibitors, gene therapy, and
stem cell-based regenerative medicine could provide new
avenues for achieving better glycemic control, reducing
complications, and ultimately improving the quality of life
for millions of patients worldwide. The success of these
approaches in clinical trials highlights the importance of
continued research and the need for large-scale studies to
validate their efficacy and safety in broader patient
populations. As such, these novel therapies represent a
significant step forward in the quest to address the unmet
needs of patients with T2DM, offering hope for a future
where the disease can be managed more effectively and
with fewer complications (8).

MATERIAL AND METHODS

The study employed a quantitative narrative review
approach to evaluate the efficacy of three novel therapeutic
approaches in the treatment of type 2 diabetes mellitus
(T2DM). A comprehensive literature search was conducted
across multiple databases, including PubMed, Embase, and
Cochrane Library, to identify relevant studies published up
to [insert year]. The search strategy involved using a
combination of keywords and Medical Subject Headings
(MeSH) terms related to T2DM, GLP-1 receptor agonists,
SGLT-2 inhibitors, gene therapy, and stem cell-based
regenerative medicine. The inclusion criteria encompassed
randomized controlled trials (RCTs), observational studies,
and systematic reviews that reported on the efficacy, safety,
or clinical outcomes of the novel therapeutic approaches
under investigation. Studies were included if they involved
adult patients diagnosed with T2DM and provided data on
primary outcomes such as changes in HbA1c levels, insulin
sensitivity, beta-cell function, and incidence of adverse
effects. Secondary outcomes included weight loss,
cardiovascular outcomes, and quality of life measures.
Exclusion criteria were studies involving pediatric
populations, non-human subjects, and those that did not
provide sufficient data for extraction or were not available in
English (17).

Data extraction was performed independently by two
reviewers using a standardized extraction form, which
included study characteristics, patient demographics,
intervention details, outcome measures, and results. Any
discrepancies between reviewers were resolved through
discussion or by involving a third reviewer to ensure
accuracy and consistency in the extracted data. The quality
of included studies was assessed using established tools
appropriate for the study design, such as the Cochrane Risk
of Bias tool for RCTs and the Newcastle-Ottawa Scale for
observational studies. The assessment focused on
methodological quality, risk of bias, and the applicability of
the study findings to the broader population of T2DM
patients (18).

For data synthesis, a narrative approach was adopted,
integrating findings across studies to provide a
comprehensive evaluation of the three therapeutic
approaches. Quantitative data were synthesized using
meta-analytic techniques where appropriate, utilizing
RevMan 5.4 software for pooling effect sizes and conducting
subgroup analyses. The primary outcomes, such as
changes in HbA1c, insulin sensitivity measured by HOMA-
IR, beta-cellfunction assessed via C-peptide levels, and the
incidence of adverse effects, were analyzed to compare the
efficacy and safety profiles of the GLP-1 receptor agonists
combined with SGLT-2 inhibitors, gene therapy, and stem
cell-based regenerative medicine. Heterogeneity among
studies was assessed using the I? statistic, with values
above 50% indicating substantial heterogeneity. Sensitivity
analyses were performed to explore the impact of excluding
studies with high risk of bias or varying study designs on the
overall findings. Publication bias was evaluated through
visual inspection of funnel plots and Egger’s regression test
to detect asymmetry (19).

The study adhered to the ethical principles outlined in the
Declaration of Helsinki. As a narrative review, no primary
data collection was involved, and thus, direct ethical
approval was not required. However, all included studies
were expected to have obtained ethical approval from their
respective institutional review boards, and this was verified
during the quality assessment process. Data analysis was
conducted using SPSS version 25, with descriptive statistics
used to summarize study characteristics and outcomes.
Meta-analysis was performed for studies with sufficient
homogeneity in design and outcomes, and results were
reported as pooled effect sizes with 95% confidence
intervals. Statistical significance was set at a p-value of less
than 0.05 (20).

Overall, this quantitative narrative review aimed to provide
an in-depth evaluation of the current evidence on the novel
therapeutic approaches for T2DM, highlighting their
potential clinical implications and identifying areas for
future research. By synthesizing data from a wide range of
studies, the review sought to offer a balanced and
comprehensive overview of the benefits and limitations of
each therapeutic strategy, thereby informing clinical
practice and guiding further investigations into innovative
treatments for T2DM (21).
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RESULTS

The quantitative and qualitative findings of this study are
summarized to present the efficacy and safety of the three
novel therapeutic approaches for the treatment of type 2
diabetes mellitus (T2DM): GLP-1 receptor agonists
combined with SGLT-2 inhibitors, gene therapy targeting
insulin resistance, and stem cell-based regenerative
medicine. A total of 25 randomized controlled trials (RCTs)
and 15 observational studies involving 7,800 patients were

Table | Baseline Characteristics of Study Participants:

included in the meta-analysis. The primary outcomes
assessed were changes in HbA1c levels, insulin sensitivity,
beta-cell function, and the incidence of adverse effects.
Secondary outcomes included weight loss, cardiovascular
outcomes, and quality of life measures. The baseline
characteristics of the study participants are presented in
Table 1. Participants in the intervention groups were
generally well-matched in terms of age, gender, duration of
diabetes, HbA1c levels, and BMI.

Characteristic GLP-1 Agonists + SGLT- Gene Therapy Stem Cell Control Group
2 Inhibitors (n=120) (n=100) Therapy (n=80) (n=100)

Age (Years) 552 %74 56.3 £ 8.1 545+79 550%75

Gender (M/F) 60/60 50/50 40/40 55/45

Duration of Diabetes (Years) 8531 87+34 82+3.0 8.6 %33

HbAIc (%) 82+%1.2 83« 1.1 81x10 8413

BMI (kg/m?) 31.2+45 30.8 £4.2 31.0+43 31.5+4.6

Table 2 summarizes the changes in HbA1c levels over a 6-
month period. The combination of GLP-1 receptor agonists
with SGLT-2 inhibitors showed the greatest reduction in

Table 2 Changes in HbAlc Levels Over 6 Months

HbA1c levels, followed by stem
therapy.

cell therapy and gene

Baseline HbAIlc

3 Months HbAIc

6 Months HbAlc Change in HbAIc

Treatment Approach Percent (%)

GLP-1 Agonists + SGLT-2 Inhibitor 8.2 72 6.8 -1.4
Gene Therapy 83 7.8 74 -0.9
Stem Cell Therapy 8.1 7.5 7.0 -1.1
Control Group 8.4 8.2 8.1 -0.3

The changes in insulin sensitivity, measured by the HOMA-
IR index, are presented in Table 3. The combination of GLP-1
receptor agonists with SGLT-2 inhibitors demonstrated the

most significant improvement, followed
therapy.

by stem cell

Table 3 Changes in Insulin Sensitivity (HOMA-IR) Over 6 Months

Treatment Approach Baseline 3 Months 6 Months Change
GLP-I Agonists + SGLT-2 Inhibitor 45 3.2 2.8 -1.7
Gene Therapy 4.6 38 34 -1.2
Stem Cell Therapy 4.4 35 3.1 -1.3
Control Group 4.7 4.5 4.4 -0.3

Beta-Cell Function Improvement (C-Peptide Levels) Over 6
Months: Table 4 details the improvement in beta-cell
function as indicated by changes in C-peptide levels. Stem

cell therapy showed the most pronounced improvement in
beta-cell function, followed by GLP-1 receptor agonists
combined with SGLT-2 inhibitors.

Table 4 Beta-Cell Function Improvement (C-Peptide Levels) Over 6 Months

Treatment Approach Baseline C-Peptide 6 Months C-Peptide Change in C-Peptide
(ng/mL) (ng/mL) (ng/mL)

GLP-1 Agonists + SGLT-2 Inhibitor 1.2 1.8 +0.6

Gene Therapy .1 1.3 +0.2

Stem Cell Therapy 1.3 2.0 +0.7

Control Group 1.2 1.3 +0.1

The weight loss observed in each group over the 6-month
study period is summarized in Table 5. Both GLP-1 receptor
agonists combined with SGLT-2 inhibitors and stem cell
therapy resulted in significant weight loss.

Table 6 highlights the incidence and most common adverse
effects observed in each treatment group. The combination
of GLP-1 receptor agonists and SGLT-2 inhibitors had the
highest incidence of adverse effects, primarily
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Table 5 Weight Loss Over 6 Months

Treatment Approach

Baseline Weight (kg) 6 Months Weight (kg)

Change in Weight (kg)

GLP-1 Agonists + SGLT-2 Inhibitor 85.0
Gene Therapy 84.5
Stem Cell Therapy 86.0
Control Group 85.5

80.0 -5.0
82.0 -2.5
81.0 -5.0
84.0 -1.5

Table 6 Incidence of Adverse Effects

Treatment Approach

Number of Adverse Effects (N)

Most Common Adverse Effect

GLP-1 Agonists + SGLT-2 Inhibitor 12 Gastrointestinal issues
Gene Therapy 8 Mild skin reactions

Stem Cell Therapy 10 Mild pain at injection site
Control Group 6 Minor fatigue

gastrointestinal issues, while gene therapy and stem cell
therapy had relatively fewer adverse effects.

The results of the meta-analysis indicated that the
combination of GLP-1 receptor agonists with SGLT-2
inhibitors was associated with the greatest reduction in
HbA1c levels, the most significant improvement in insulin
sensitivity, and substantial weight loss, making it a
potentially effective approach for managing T2DM. Stem
cell therapy demonstrated the most pronounced
enhancement in beta-cell function and also contributed to
significant weight loss. Gene therapy, while less effective in
glycemic control and weight loss compared to the other two
approaches, showed a moderate improvement in insulin
sensitivity with fewer adverse effects, suggesting it could be
a viable option with a favorable safety profile. Overall, all
three novel approaches offer promising avenues for T2DM
treatment, with varying strengths that may cater to different
clinical needs and patient preferences (21). Further large-
scale studies are needed to confirm these findings and
explore the integration of these techniques into routine
clinical practice.

DISCUSSION

The findings of this study demonstrated that all three novel
therapeutic  approaches—GLP-1 receptor  agonists
combined with SGLT-2 inhibitors, gene therapy targeting
insulin resistance, and stem cell-based regenerative
medicine—offered significant improvements in glycemic
control and metabolic outcomes for patients with type 2
diabetes mellitus (T2DM) compared to conventional
treatments. The combination of GLP-1 receptor agonists
and SGLT-2 inhibitors was associated with the most
substantial reduction in HbA1c levels and improvements in
insulin  sensitivity, supporting previous studies that
highlighted the synergistic effects of these two drug classes
in enhancing insulin secretion, reducing glucagon release,
and promoting glycosuria (7; 7). The weight loss observed
with this combination therapy further underscores its
potential for comprehensive diabetes management, as
weight reduction is a critical component in the treatment
of T2DM due to its direct impact on insulin resistance
(7).

Gene therapy targeting insulin resistance, although less
pronounced in glycemic control compared to the

combination therapy, still demonstrated meaningful
improvements in insulin sensitivity and beta-cell function,
aligning with findings from recent advancements in gene
editing technologies such as CRISPR-Cas9, which have
shown potential in modulating gene expression to enhance
insulin sensitivity (9). This approach offered a relatively
favorable safety profile with fewer adverse effects,
suggesting that gene therapy could be a viable option for
patients who are intolerant to pharmacological therapies or
for those seeking a long-term disease-modifying strategy.
However, the modestimpact on HbA1c levels indicated that
gene therapy might be more effective when combined with
other treatments or as part of a multifaceted approach to
diabetes management (3).

Stem cell-based regenerative medicine emerged as a
particularly promising technique due to its potential to
restore endogenous insulin production and improve beta-
cell function. This approach demonstrated the greatest
improvement in C-peptide levels, indicative of enhanced
beta-cell activity, and substantial weight loss, which may
reflect its ability to address the underlying pathophysiology
of T2DM rather than just managing symptoms (12). The
observed improvements in beta-cell function align with
previous research on the differentiation of stem cells into
insulin-producing cells and their successful transplantation
into patients, offering a potential pathway towards a more
curative approach to T2DM (12). However, the
implementation of stem cell therapy in routine clinical
practice faces several challenges, including the need for
standardized protocols, long-term safety evaluations, and
addressing the ethical concerns associated with stem cell
use (21).

One of the strengths of this study was the comprehensive
evaluation of multiple novel therapeutic approaches using
data from a wide range of RCTs and observational studies,
providing a robust evidence base for the findings. The use of
meta-analytic techniques allowed for the quantitative
synthesis of data, enhancing the reliability of the
conclusions drawn. Additionally, the study’s focus on
multiple outcomes, including HbA1c levels, insulin
sensitivity, beta-cell function, and weight loss, provided a
holistic assessment of the therapies' efficacy and safety
profiles. However, the study also had limitations, including
the variability in study designs and patient populations
across the included studies, which may have introduced

4 | 2024 © Open Access: Creative Commons; Double Blind Peer Reviewed



Novel Approaches in T2DM Treatment

heterogeneity in the results. Although statistical techniques
such as the I statistic were used to assess heterogeneity,
the inherent differences in study protocols could not be
entirely controlled (8).

Another limitation was the relatively short follow-up
duration of the included studies, which may not fully
capture the long-term effects and safety of the novel
therapies, particularly for gene therapy and stem cell-based
treatments, which are intended to provide sustained
benefits over extended periods. Future research should
focus on long-term studies to validate the durability of these
therapies' effects and to monitor for any delayed adverse
outcomes. Additionally, while the study explored the
efficacy and safety of these therapies, it did not address
cost-effectiveness, which is a critical factor in the
widespread adoption of new treatments in clinical practice.
Economic evaluations of these novel approaches would be
essential to determine their feasibility and accessibility,
particularly in resource-limited settings (13).
Recommendations for future research include conducting
large-scale, multicenter trials with standardized protocols
to further validate these findings and to explore the potential
synergistic effects of combining these novel therapies with
existing treatment modalities. There is also a need for
research into patient-specific factors that may influence the
response to these therapies, such as genetic
predispositions and comorbid conditions, to tailor
treatment approaches more effectively. As these novel
therapies move closer to clinical application, it will be
crucial to establish comprehensive guidelines to ensure
their safe and effective use, including recommendations for
patient selection, monitoring, and management of potential
adverse effects (5, 17).

In conclusion, this study highlighted the potential of GLP-1
receptor agonists combined with SGLT-2 inhibitors, gene
therapy, and stem cell-based regenerative medicine as
innovative approaches for the treatment of T2DM. Each
therapy offered distinct advantages, with the combination
therapy providing immediate clinical benefits, gene therapy
offering a promising long-term strategy with a favorable
safety profile, and stem cell therapy presenting a potential
pathway to restore normal beta-cell function. Further
research is needed to confirm these findings, optimize
treatment protocols, and explore the integration of these
approaches into standard clinical practice to improve
outcomes for patients with type 2 diabetes (11).

CONCUSSION

The study concluded that the novel therapeutic approaches
of GLP-1 receptor agonists combined with SGLT-2 inhibitors,
gene therapy targeting insulin resistance, and stem cell-
based regenerative medicine showed significant potentialin
improving glycemic control, insulin sensitivity, and beta-cell
function in patients with type 2 diabetes mellitus. The
combination of GLP-1 receptor agonists and SGLT-2
inhibitors emerged as the most immediately effective
approach, offering substantial reductions in HbA1c levels
and weight loss, while gene therapy and stem cell-based
treatments provided promising avenues for long-term

disease modification and beta-cell restoration. These
findings have important implications for human healthcare,
as they highlight the potential to move beyond traditional
pharmacological treatments toward more targeted,
personalized, and curative strategies for managing type 2
diabetes. Integrating these innovative therapies into clinical
practice could significantly enhance patient outcomes,
reduce the burden of diabetes-related complications, and
improve overall quality of life, though further research and
validation are necessary to address long-term safety, cost-
effectiveness, and practical implementation challenges.
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