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Abstract: Background: The prevalence of type 2 diabetes mellitus (T2DM) has been steadily in-
creasing over the past few decades, largely due to the rise in obesity rates. Bariatric surgery is a
gastrointestinal surgical treatment focused on achieving weight loss in individuals with obesity. A
more recent and growing body of literature has shown that improvements in glycemic control and
insulin sensitivity and even the remission of T2DM can be seen in patients with obesity and T2DM
(“diabesity”), before significant weight loss is achieved, justifying the modification of the terminology
from bariatric to metabolic and bariatric surgery (BMS). Main Results: This narrative review provides
an overview of the latest literature on BMS for diabesity, discussing key publications and exploring
controversial and diverging hypotheses. Robust scientific evidence supporting the use of BMS as a
treatment for diabesity has been garnered and new venues are being explored, suggesting the novel
and complementary role of the latest generation of incretin-based pharmacotherapy. Conclusions:
BMS has emerged as a valuable treatment option for patients with diabesity, offering significant
improvements in glycemic control, weight loss, and overall health. The limitations of the currently
available and reviewed literature include the flawed knowledge of the mechanisms of action and
long-term effects of BMS for the treatment of diabesity. Further studies are also warranted to refine
the patient selection criteria and optimal surgical techniques and to evaluate the impact of surgery on
T2DM outcomes in diverse populations. Lastly, there is a scarcity of studies investigating the efficacy
of BMS against incretin-based pharmacotherapy. The non-systematic, narrative nature of this review
and its implicit subjective examination and critique of the body of literature are to be considered
additional and intrinsic limitations.
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1. Introduction

Type II diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by
hyperglycemia, insulin resistance, and relative insulin deficiency [1].

The prevalence of T2DM has been steadily increasing over the past few decades,
hence representing a major public health concern at a global level [2]. According to
the International Diabetes Federation (IDF), in 2021, diabetes affected 537 million adults
worldwide and was responsible for 6.7 million related deaths in the age group of 20
to 79 years old (https://idf.org/about-diabetes/diabetes-facts-figures/; accessed on 3
September 2024). The epidemiological data provided by the World Health Organization
(WHO) indicate a parallel trend between obesity and T2DM. According to these data, adult
obesity has over doubled from 1990 to 2022, reaching a staggering number of 890 million
obese people worldwide (https://www.who.int/news-room/fact-sheets/detail/obesity-
and-overweight; accessed on 3 September 2024).

To note, the WHO defines adult obesity as a condition characterized by a BMI greater
than or equal to 30, while an individual is considered overweight if they have a BMI greater
than or equal to 25. Based on the latter definition, in 2022, 43% of the adult population aged
18 years or older worldwide fell into the overweight category (Obesity and overweight
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(https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight, accessed
on 3 September 2024).

T2DM and obesity are strongly interlinked to the point that they are increasingly
grouped under the same term, “diabesity”. This terminology was introduced in the
1970s [3], although it has gained general popularity only in recent years. The “diabesity”
terminology adds value because it stresses the robust pathophysiological link between
diabetes and excess body weight and thus between the obesity pandemic on one side and
the raising prevalence of T2DM on the other. Moreover, the diabesity terminology suggests
a more rational therapeutic approach to the management of T2DM that entails not just
glycemic control but also weight loss.

Bariatric surgery is a gastrointestinal surgical treatment focused on achieving weight
loss in individuals with obesity [4]. The swift metabolic impacts of these surgeries have jus-
tified the modification of the terminology from bariatric surgery to bariatric and metabolic
surgery (BMS), as improvements in metabolic disorders are frequently seen prior to sig-
nificant weight loss [5]. Hence, the two terms (bariatric and metabolic) are now used in
conjunction to describe a variety of gastrointestinal procedures that lead simultaneously
to weight loss and the amelioration or remission of T2DM and other metabolic disorders
associated with obesity [5].

Several studies have shown that BMS can lead to significant improvements in glycemic
control and insulin sensitivity and even the remission of T2DM in some patients [5].

Hence, BMS is emerging as a treatment for diabesity, although the mechanisms by
which BMS exerts its beneficial effects on T2DM have not been fully elucidated yet [6].

The purpose of this narrative review is to provide an overview of the latest literature
on BMS for diabesity. We will discuss the current state of the research field, highlight key
publications, explore controversial and diverging hypotheses, and discuss the implications
for future research and clinical practice.

2. Current State of Research
2.1. Methods

This narrative review was performed through the PubMed database. The timeframe
for the search spanned from, 1 January 2000 to 5 October 2024. The search keywords
included “bariatric surgery”, “metabolic surgery”, “diabetes mellitus type II”, and “di-
abesity”. Only articles written in the English language and falling into the following
categories were screened for this narrative review: “clinical trial”, “meta-analysis”, “ran-
domized controlled trial”, “review”, and “systematic review”. Additionally, the official
websites of internationally recognized nonprofit medical organizations and societies such as
the WHO, the IDF, the American Society of Metabolic and Bariatric Surgery (ASMBS), and
the International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) were
used as online resources for the extraction of clinical and surgical definitions, referencing
guidelines and epidemiology data.

2.2. Established and Emerging Bariatric and Metabolic Surgery Procedures

The most widely performed metabolic surgeries include vertical sleeve gastrectomy
(VSG) and Roux-en-Y gastric bypass (RYGB). VSG involves the removal of ~80% of the
stomach along the greater curvature (Figure 1a). By contrast, RYGB entails the creation of a
small gastric pouch out of the most cephalad portion of the stomach (gastric restriction) at a
short distance from the gastro-esophageal junction and the rerouting of the intestinal tract,
such that ingested food bypasses 95% of the stomach, the duodenum, and the proximal
jejunum by emptying directly into the distal jejunum (Figure 1b).

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
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Figure 1. (a) Vertical sleeve gastrectomy (VSG). (b) Roux-en-Y gastric bypass (RYGB). (c) One 
anastomosis gastric bypass (OAGB). (d) Single anastomosis duodeno-ileal bypass with sleeve 
gastrectomy (SADI-S). © Dr Levent Efe, courtesy of IFSO. 
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online through the ASMBS website (Bariatric Surgery Procedures—American Society for 
Metabolic and Bariatric Surgery (asmbs.org)). The VSG is a technically simpler and shorter 
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who have multiple medical comorbidities and/or severe obesity (BMI > 50). RYGB is a 
technically more complex and longer procedure and tends to be favored over VSG for 
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do have a pre-existing gastro-esophageal reflux disease, as VSG may worsen this 
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The laparoscopic gastric band, which, at some point, was the most performed 
procedure, has eventually lost favor over the past decade due to serious concerns about 
its long-term efficacy and complications. This has led to a surge in removal and conversion 
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In recent years, newer BMS procedures have gained widespread acceptance. For 
instance, the technical difficulty and the risk of developing internal hernias associated 
with the gold standard RYGB have led to the introduction of the much simpler one 
anastomosis gastric bypass (OAGB) (Figure 1c). However, the greater simplicity, potential 
reversibility, and non-inferior outcomes of OAGB compared to RYGB must be weighed 
against its main pitfall, which is bile reflux [8]. SADI-S (Figure 1d) has been suggested as 
an alternative to OAGB and RYGB. This procedure has shown similar metabolic efficacy 
to OAGB and RYGB, with the even greater remission of T2DM and without the bile reflux 
associated with the former or the need to reconstruct the bowel continuity between the 
alimentary and biliary limbs associated with the latter. Moreover, SADI-S retains the 
principles of biliopancreatic diversion along with pylorus preservation. All of the benefits 
of SADI-S must be weighed against its reported higher rates of early complications and 
mortality [8]. Thus, further research is needed to determine which will be the next gold-
standard procedure. Both procedures (OAGB and SADI-S) have been shown to reduce 

Figure 1. (a) Vertical sleeve gastrectomy (VSG). (b) Roux-en-Y gastric bypass (RYGB). (c) One anasto-
mosis gastric bypass (OAGB). (d) Single anastomosis duodeno-ileal bypass with sleeve gastrectomy
(SADI-S). © Dr Levent Efe, courtesy of IFSO.

The choice of the specific BMS procedure still relies to a great extent on the personal
and professional judgment of the BMS surgeon, who must take into account their experience
and skills and the health history, the perioperative risk, and (to some extent) the preferences
of the patient. The ASMBS has established a Public Education Committee to further the
understanding of the different typologies of BMS. Their recommendations represent a
valuable tool aiding both medical professionals and potential patients in making good,
informed decisions. The information can be easily and publicly accessed online through
the ASMBS website (Bariatric Surgery Procedures—American Society for Metabolic and
Bariatric Surgery (https://asmbs.org/, accessed on 3 September 2024)). The VSG is a
technically simpler and shorter procedure, and it is generally favored for patients with a
lower BMI and minimal or no metabolic disease. Otherwise, VSG is often used as a bridging
procedure to RYGB or single anastomosis duodeno-ileal bypass with sleeve gastrectomy
(SADI-S) in high-risk patients who have multiple medical comorbidities and/or severe
obesity (BMI > 50). RYGB is a technically more complex and longer procedure and tends
to be favored over VSG for patients with more pronounced metabolic diseases and/or
diabesity and/or a higher BMI or for those patients who have a lower BMI and no or
minimal metabolic compromise but do have a pre-existing gastro-esophageal reflux disease,
as VSG may worsen this condition (Bariatric Surgery Procedures—American Society for
Metabolic and Bariatric Surgery (https://asmbs.org/, accessed on 3 September 2024)).

The laparoscopic gastric band, which, at some point, was the most performed pro-
cedure, has eventually lost favor over the past decade due to serious concerns about its
long-term efficacy and complications. This has led to a surge in removal and conversion to
VSG or other BMS procedures [7].

In recent years, newer BMS procedures have gained widespread acceptance. For
instance, the technical difficulty and the risk of developing internal hernias associated with
the gold standard RYGB have led to the introduction of the much simpler one anastomosis
gastric bypass (OAGB) (Figure 1c). However, the greater simplicity, potential reversibility,
and non-inferior outcomes of OAGB compared to RYGB must be weighed against its main
pitfall, which is bile reflux [8]. SADI-S (Figure 1d) has been suggested as an alternative to
OAGB and RYGB. This procedure has shown similar metabolic efficacy to OAGB and RYGB,
with the even greater remission of T2DM and without the bile reflux associated with the
former or the need to reconstruct the bowel continuity between the alimentary and biliary
limbs associated with the latter. Moreover, SADI-S retains the principles of biliopancreatic
diversion along with pylorus preservation. All of the benefits of SADI-S must be weighed
against its reported higher rates of early complications and mortality [8]. Thus, further
research is needed to determine which will be the next gold-standard procedure. Both
procedures (OAGB and SADI-S) have been shown to reduce body weight, improve insulin
sensitivity, increase insulin secretion, and lead to the remission of T2DM in a significant
proportion of patients [9].

https://asmbs.org/ 
https://asmbs.org/ 
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2.3. Key Scientific Evidence Supporting the Use of Bariatric and Metabolic Surgery

Recent randomized controlled trials and meta-analyses have demonstrated that BMS
is more effective than medical therapy alone in achieving long-term glycemic control and
weight loss in patients with T2DM and obesity, a condition that is being more frequently
named “diabesity”. The randomized, controlled, single-center STAMPEDE trial involved
150 obese patients who were assigned, in a 1:1:1 ratio, to one of the three study groups, in
which the effects of intensive medical therapy were compared with those of RYGB or VSG.
Only 5% of the patients in the medical therapy group met the primary end point (glycated
hemoglobin level ≤ 6.0%) at 3 years, as compared with 38% of those in the RYGB group
(p < 0.001) and 24% of those in the VSG group (p = 0.01). Furthermore, patients undergoing
BMS had greater mean percentage reductions in weight from baseline, with reductions
of 24.5 ± 9.1% in the GBP group and 21.1 ± 8.9% in the VSG group, as compared with
a reduction of 4.2 ± 8.3% in the medical therapy group (p < 0.001 for both comparisons).
Lastly, the quality-of-life rates were significantly better in the BMS groups than in the group
being managed with medical therapy [10]. These differences between the two BMS groups
and the medical therapy group persisted at 5 years, although the absolute numbers were
lower in each group as the criterion for the primary end point was met by two of 38 patients
(5%) in the medical group vs. 14 of 49 patients (29%) and 11 of 47 patients (23%) who
underwent GBP and VSG, respectively. Patients who underwent BMS had a greater mean
percentage reduction from baseline in their glycated hemoglobin levels than did patients
who received medical therapy alone (2.1% vs. 0.3%, p = 0.003). At 5 years, the changes
from baseline observed in the BMS groups were greater than the changes witnessed in the
medical therapy group with respect also to body weight, triglyceride levels, high-density
lipoprotein cholesterol levels, the use of insulin, and the quality-of-life measures (p < 0.05
for all comparisons) [11].

The most recent pooled analysis, ARMMS-T2D (Alliance of Randomized Trials of
Medicine vs. Metabolic Surgery in Type 2 Diabetes), conducted between May 2007 and
August 2013 and including four USA-based single-center randomized trials, confirmed the
positive findings of prior randomized trials indicating superior glycemic control with fewer
diabetes medications and higher rates of diabetes remission in patients originally random-
ized to undergo BMS, compared to patients receiving medical/lifestyle interventions only.

The observational follow-up of ARMMS-T2D lasted until July 2022 and included all
participants who had been randomized to undergo medical/lifestyle management or BMS
(RYGB, VSG, or adjustable gastric banding, respectively) [12]. The change in hemoglobin
A1c (HbA1c) from baseline to 7 years was set as the primary outcome for all participants,
although data are reported for up to 12 years. A total of 262 out of 305 eligible participants
(86%) were enrolled in long-term follow-up for this pooled analysis. At 7 years, HbA1c had
decreased by 0.2% (95% CI, −0.5% to 0.2%) from a baseline of 8.2% in the medical/lifestyle
group and by 1.6% (95% CI, −1.8% to −1.3%) from a baseline of 8.7% in the BMS group.
The between-group difference was −1.4% (95% CI, −1.8% to −1.0%; p < 0.001) at 7 years
and −1.1% (95% CI, −1.7% to −0.5%; p = 0.002) at 12 years. The BMS group required
fewer antidiabetic medications. Diabetes remission was greater after BMS (6.2% in the
medical/lifestyle group vs. 18.2% in the BMS group; p = 0.02) at 7 years and at 12 years
(0.0% in the medical/lifestyle group vs. 12.7% in the BMS group; p < 0.001) [12].

Increases in liver, adipose tissue, and muscle insulin sensitivity and in β-cell function
are well-known effects of weight loss. However, a large body of scientific evidence has
clearly shown that BMS leads to a rapid improvement in glycemic control, enabling the
discontinuation of insulin and other glucose-lowering medications, even before substantial
weight loss has ensued (Table 1).
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Table 1. Mechanisms sustaining metabolic improvements after BMS.

Weight Loss-Dependent Weight Loss-Independent

↑ Skeletal muscle insulin sensitivity
↑ Hepatic insulin sensitivity
↑ Adipose insulin sensitivity

↑ Postprandial gut peptides including GLP1

↑ Hepatic insulin sensitivity ↑ Bile acids
↑ Fibroblast Growth Factor 19 (FGF 19)

↑ Whole-body insulin sensitivity ↑ Differentiation towards enteroendocrine cell
lineages (EEC)

↓ Fasting insulin levels ↓ Hepatic glucose production
↓ Hepatic triglycerides and fibrosis ↓ Hepatic triglycerides and fibrosis

Skeletal muscle changes for proteins involved
with insulin signaling and ribosomal pathways Intestinal cell proliferation

Hence, additional mechanisms might add to both early and sustained metabolic
improvements after BMS [13].

With RYGB, nutrients enter the intestine very rapidly as there is no pylorus or antrum
to slow them down. With VSG, the increase in postprandial gastric pressure leads to faster
gastric emptying. These changes in nutrient exposure are believed to affect the intestinal
structure and function in both surgeries. Intestinal hypertrophy has been demonstrated
in both human and rodent studies, with shifts in glucose metabolism towards pathways
that support tissue growth and an increase in 18F-fluorodeoxyglucose uptake in multiple
intestinal segments in correlation with reduced fasting blood levels of glucose [13].

Increased lipid accumulation in the liver is associated with impaired hepatic insulin
sensitivity. BMS is highly effective in lowering the levels of hepatic lipids and is an effective
treatment for non-alcoholic fatty liver disease [14]. In humans, reductions in the hepatic
levels of triglycerides and fibrosis occur after BMS, which translate into overall improved
hepatic insulin sensitivity [13].

Likewise, both short-term and long-term studies find improvements in whole-body
insulin sensitivity that are not correlated with a patient’s weight loss, pointing to better
adipose and skeletal muscle insulin sensitivity after BMS [13].

Higher circulating levels of glucagon are observed postprandially after BMS compared
with the pre-BMS status, suggesting that BMS alters pancreatic α-cell function. However,
BMS’ effects are not limited to the α-cells but are related to the β-cells too. After BMS,
rapid increases in the postprandial blood levels of glucose, related to the rapid entry of
nutrients into the intestine, are paralleled by rapid surges in insulin secretion that quickly
return to baseline. Furthermore, fasting insulin and the total insulin output in response to
intravenous glucose are reduced after BMS, consistent with the enhanced insulin sensitivity
and a change in the dynamic response of insulin to nutrient ingestion.

Another major contributor to the increased postprandial plasma levels of insulin after
BMS is represented by the marked increase in the plasma levels of incretin hormones, the
gut peptides that are traditionally recognized to be secreted by L cells in the distal gut. The
greatest interest has been displayed so far in the incretin hormone glucagon-like peptide 1
(GLP1), whose levels rise over 10-fold after BMS, although there is a host of gut peptides
that also increase postprandially in patients who undergo BMS and these are the subjects
of further investigation. The dramatic increase in postprandial GLP1 secretion after BMS is
widely believed to have a role in mediating the improvements in glucose homeostasis that
occur early on after BMS and before significant weight loss has already occurred [15].

Other incretins have also been identified to play a role in generating the beneficial
metabolic effects of BMS. For instance, the plasma levels of ghrelin are substantially reduced,
while the plasma levels of cholecystokinin (CCK) and gastric inhibitory peptide (GIP) are
markedly increased after VSG [16].
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The most prominent metabolic effect of ghrelin is the stimulation of appetite via the
activation of the orexigenic hypothalamic axis and the food-intake-independent stimulation
of lipogenesis, which both lead to an increase in body weight and adiposity. However,
recent scientific evidence is emerging that suggests the therapeutic value of the pharmaco-
logical inhibition of ghrelin signaling by improving insulin resistance and T2DM. Hence,
ghrelin may play a role in the regulation of glucose metabolism as well [17].

CCK has been traditionally regarded as a peptide with the sole purpose of triggering
gallbladder contraction and regulating digestion. On the contrary, recent evidence has
emerged that supports a role for CCK in the modulation of insulin secretion. For instance, it
does appear that the infusion of pharmacological levels (24 pmol/kg h) of CCK in humans
will stimulate insulin secretion. Hence, the pharma industry is currently looking at the
development of CCK-based pharmacotherapy to treat T2DM [17]. Lastly, like GLP-1,
GIP stimulates glucose-dependent insulin release and is also known to inhibit beta-cell
apoptosis and promote beta-cell proliferation [18].

The plasma levels of both total and specific bile acids increase significantly after
BMS [19]. Bile acids are synthesized in the liver and secreted into the intestine and function
as signaling molecules at multiple target organs via FXR (expressed in the intestine, liver,
adipose tissue, pancreas, and adrenal gland) and TGR5 (expressed in the gall bladder, ileum,
colon, adipose tissue, liver, skeletal muscle, and immune cells) receptors. The activation
of TGR5 by bile acids increases GLP-1 secretion. Hence, bile acids represent an attractive
target to improve the success of bariatric surgery.

The profound changes in the intestinal anatomy and its function produced by BMS
lead to a shift in the composition and diversity of the intestinal microbiome. The improved
regulation of bile acid metabolism is, among others, one of the mechanisms suggested to
explain the favorable effect of microbiome changes after BMS that contributes to T2DM
control [20].

2.4. Optimal Timing of Bariatric and Metabolic Surgery

The optimal timing of surgery during diabetes and the selection criteria for surgery
have been a matter of debate over the past decade. Some studies have suggested that earlier
intervention with surgery may lead to better outcomes, while others have shown that de-
laying surgery can still result in significant improvements in diabetes control. Additionally,
not all patients with diabesity are suitable candidates for metabolic surgery, and careful
patient selection is crucial to ensure favorable outcomes.

In October 2022, the two main governing bodies in the field of BMS—the IFSO
and ASMBS—decided to revise the existing 1991 National Institute of Health (NIH)
consensus guidelines.

Under the newer IFSO/ASMBS 2022 guidelines, all individuals with a BMI > 35 kg/m2

may be eligible for surgery, regardless of the presence of underlying health problems, while
those with a BMI > 30 may be considered for surgery in cases of diabetes (diabesity) or for
those who have not been able to maintain long-lasting weight loss [21].

Furthermore, the IFSO and the ASMBS agreed that the BMI thresholds should be
adjusted for the Asian population, since individuals of these ethnicities typically suffer
negative health outcomes at a lower BMI.

2.5. Bariatric and Metabolic Surgery and Advancements in Pharmacotherapy

In the past few years, we have witnessed some significant advancements in the
development of targeted treatments for monogenic obesity that have led to the introduction
of a new generation of incretin-based therapies. This novel class of incretin agonists can
be grouped into three main categories based on their single or multiple receptor targets
(Figure 2) [22].
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Figure 2. Incretin-based agents that are commonly used in routine medical practice and are currently
under clinical development [22].

2.5.1. Single Incretin Agonists

GLP-1 receptor agonists (GLP-1Ras), such as liraglutide and semaglutide, have been
shown to be effective in weight reduction and the improvement of glycemic control by
enhancing insulin secretion, delaying gastric emptying, and promoting satiety. Semaglutide
can be injected subcutaneously once a week or taken as a once-daily tablet. The STEP
clinical trials together provide valuable information about semaglutide’s safety, efficacy,
and impact on weight loss and cardiovascular outcomes in various patient populations
treated with the once-weekly subcutaneous administration of semaglutide at a dose of
2.4 mg. Roughly 15% weight loss was observed in overweight and obese, non-diabetic
adults across various treatment periods, lasting up to 2 years. Conversely, a smaller but
significant 9.6% weight loss was observed in patients with diabesity in the STEP-2 trial [23].
Further insights into the efficacy of first-generation GLP-1Ras have been provided very
recently by an observational, retrospective cohort study based on data obtained from the
electronic medical records of the largest healthcare organization in Israel. Dicker et al.’s
study included 6070 subjects aged 24 years or older, who had diabesity and no prior
history of ischemic heart disease, ischemic stroke, or congestive heart failure. Patients who
underwent BMS and patients who received GLP-1RAs from 1 January 2008 to 31 December
2021 were matched 1:1 by age, sex, and clinical traits and followed for a median of 6.8 years
(range 4.1–9.4 years). BMS was associated with greater weight loss and lesser mortality
compared with GLP-1RAs among individuals with a diabetes duration of 10 years or
less [24]. It is likely that the lower mortality of the surgical group of patients was mediated
by the significantly greater weight loss achieved in the same.

2.5.2. Dual Incretin Agonists

GLP-1/GIP Agonists: Dual agonists that target both GLP-1 and glucose-dependent
insulinotropic polypeptide (GIP) receptors have displayed improved glycemic control and
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greater weight loss compared to single agonists in various clinical trials. Tirzepatide was
approved in the United States and Europe in 2022 for the treatment of T2DM and is the
most widely studied representative of this class of double agonists (DAs).

In the Phase 3 SURPASS-1-5 studies, which included >6000 people with T2DM,
tirzepatide was associated with clinically meaningful reductions in HbA1c and weight
loss when used as a monotherapy, in combination with basal insulin or in comparison to
semaglutide, insulin glargine, and insulin degludec [25].

Additionally, tirzepatide significantly reduced weight in obese T2DM patients in a
dose-dependent manner; by weeks 40–52 of the trials, a 5 mg dose of tirzepatide resulted
in weight loss of 6.2–7.8 kg, the 10 mg dose led to weight loss of 7.8–10.7 kg, and the 15 mg
dose caused weight loss of 9.5–12.9 kg [25].

A comparison between tirzapatide and BMS can be extrapolated from a mathematical
modeling study that simulated the mean weight and fat loss trajectories in response to di-
etary restriction, semaglutide 2.4 mg, tirzepatide 10 mg, and RYGB. All interventions except
dietary restriction substantially weakened the appetite feedback control circuit, resulting
in an extended period of weight loss prior to the plateau. However, the simulated BMS
intervention resulted in a persistent magnitude more than three-fold greater than dietary
restriction and two-fold greater than tirzepatide and semaglutide. Nevertheless, no com-
parative data on the effects of the three simulated interventions over T2DM amelioration or
remission in obese patients were generated by this study [26].

GLP-1/Glucagon Agonists: Glucagon reduces appetite and food intake while favor-
ably altering lipid metabolism and energy expenditure, making it an attractive option for
the treatment of T2DM and obesity, especially when combined with the insulinotropic
effects of GLP-1. In recent years, two GLP-1/glucagon agonists underwent phase II clinical
trials in human experiments, but only one of the two (cotadutide) has so far completed
its development. Cotadutide effectively improved glycemic control and reduced weight
in patients with diabesity while increasing insulin secretion and delaying gastric empty-
ing, with the most common side effects being dose-dependent nausea and vomiting [27].
Furthermore, a multicenter study evaluated the effects of subcutaneously administered
cotadutide in 834 participants in daily doses of 100 µg, 200 µg, and 300 µg, compared with
a placebo and 1.8 mg liraglutide daily [28]. The study lasted for 54 weeks and assessed
liver abnormalities and metabolic parameters in patients with diabesity. Every dose of
cotadutide and liraglutide significantly reduced the HbA1c levels compared to the placebo.
The highest dose of cotadutide resulted in a significantly greater reduction in weight com-
pared to liraglutide and the placebo and a significant improvement in liver enzyme levels
and parameters indicative of liver fibrosis compared to liraglutide, setting the basis for the
possible use of cotadutide in the treatment of MAFLD. No comparative studies between
cotadutide and BMS have so far been implemented.

2.5.3. Triple Incretin Agonists

GLP-1/GIP/Glucagon Agonists: Emerging therapies that target GLP-1, GIP, and
glucagon receptors hold promise to further strengthen the metabolic benefits of single and
dual therapies. A phase 1b, multicenter, double-blind, placebo-controlled, and randomized
trial investigating the novel triple agonist retatrutide in patients with T2DM showed
significant reductions in body weight and HbA1c by the end of the 12th week compared
to baseline values, while exhibiting a safety and tolerability profile similar to that of
other incretin formulations [29]. No comparative data between retatrutide and BMS are
currently available.

Altogether, peptide-based therapies (single, double, or triple agonists) hold promise for
the treatment of diabesity thanks to their ability to effectively regulate glucose metabolism
and body weight. However, peptides often display poor stability and are susceptible to
rapid degradation, which limits their therapeutic and clinical application potential.

Even though the preliminary results of the clinical trials investigating the efficacy
of these novel anti-obesity medications are encouraging, long-term data on their safety,
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efficacy, and cardiovascular outcomes are yet to be gathered [22]. At present, the reported
weight loss (greater than 10% of overall body weight in more than two thirds of clinical
trial participants) are far from reaching the durable weight loss of 25% reported in the
long-term studies of BMS, which are also associated with rapid, sustained improvements
in complications of obesity.

Likewise, future research and development must address several concerns about the
safety profiles of these medications, as the relatively benign and most common side effects
associated with their use (gastrointestinal disturbances, severe nausea, and/or vomiting)
may be exaggerated by the much more concerning and severe hypoglycemia due to the
excessive lowering of blood sugar levels [30]. On the other hand, BMS carries the risk
of gastro-intestinal disturbances both perioperatively and in the long term (nutritional
deficiencies). Although its associated mortality has been steadily decreasing over time,
it is not and likely will never be nil due to the inherent risk associated with a surgical
intervention under general anesthesia.

In the near future, we will likely see a rising number of comparative studies exploring
the efficacy of these new-generation anti-obesity medications against BMS. There is certainly
a great need for this type of comparative research.

Meanwhile, a mounting body of research is suggesting a novel role of pharmacother-
apy, not as an alternative but as a complementary therapy to BMS. Medications such as
sodium-glucose cotransporter 2 (SGLT2) inhibitors, GLP-1 receptor agonists, and combina-
tion therapies are showing potential to maximize weight loss, improve metabolic outcomes,
and lower the risk of weight regain after BMS. However, the optimal timing and duration,
and which combinations of pharmacotherapy to use together with BMS, are still to be
elucidated. Nonetheless, the integration of BMS with pharmacotherapy is emerging as a
promising approach to managing diabesity and does provide patients with added options
to achieve sustainable weight loss and better their metabolic well-being [31,32].

3. Discussion

Overall, the evidence supporting the use of BMS for diabesity is strong and continues to
grow. Several long-term studies have shown that BMS can lead to sustained improvements
in glycemic control, reduce the need for diabetes medications, and lower the risk of diabetes-
related complications. In some cases, BMS has even resulted in the complete remission of
T2DM, with the normalization of blood sugar levels without the need for medication.

The benefits of BMS extend beyond glycemic control to include improvements in
cardiovascular risk factors, such as hypertension, dyslipidemia, and obstructive sleep
apnea. Weight loss after BMS can also lead to improvements in quality of life, physical
function, and mental health. However, it is important to note that BMS is not without
risks, and although the perioperative mortality (30 days) has dramatically improved over
the past two decades, it presently ranges from 0.03% to 0.2%. Likewise, the 30-day risk
of serious adverse events, such as reoperation, prolonged hospitalization, and venous
thromboembolism, ranges across studies from 0.8% to 5.6%. The rates of reoperation and
readmission are, in general, lower for the most performed BMS (VSG) compared to the
second one (RYGB) [33].

Leaks represent the most feared surgical complications and are usually experienced
within 30 days, with most of them presenting in the first 7 days after BMS [34]. Leaks
can affect the anastomosis (connection) between the intestine and intestine or the intestine
and stomach (RYGB, OAGB, and SADI-S) or the gastric staple line (VSG). The incidence
of leaks has declined over the years, similarly to the other adverse events following BMS,
despite the increasing number of surgical procedures performed over the same period.
Data from large, multicenter studies and database analyses indicate leak rates of 0.7–2.4%
and 0.4–1.9% for VSG and RYGBP, respectively [35]. Recent advancements in endoscopic
treatment have significantly decreased the need for surgical reintervention to treat this
dreaded complication, as more and more cases are being treated with endoscopic manage-
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ment strategies such as endoscopic stenting or closure techniques (clips, suturing) by the
interventional gastroenterologist or the surgical endoscopist [34].

The alteration of the gut anatomy and the disruption of gut absorption associated with
BMS lead invariably to the development of micronutrient (vitamin and mineral) deficiencies,
which represent the most frequent, unwanted long-term effects of BMS, requiring routine
supplementation and lifelong nutritional follow-up [36].

The available literature shows that approximately one third of BMS patients regain
weight or experience suboptimal weight loss within five years post-BMS as result of pre-
existing pathological eating styles and psychopathological traits. Thus, interventions focus-
ing on emotion dysregulation before and after BMS can play a pivotal role in improving its
clinical outcomes [37].

The recent literature has shown gender differences among candidates for BMS in
terms of emotional dysregulation and pathological eating behaviors; for instance, female
patients are at higher risk for and have a significantly greater prevalence of emotional
eating than their male counterparts [38]. These differences further highlight the importance
of individualized care and follow-up to optimize the clinical outcomes of BMS and support
the notion that a successful BMS program cannot and should not rely solely on the technical
skills and surgical prowess of BMS surgeons. The complex and multi-factorial nature of
diabesity and the need for regular and, in some instances, targeted follow-up interventions
necessitate a multidisciplinary approach involving not only core members such as obesity
physicians, BMS surgeons, dieticians, nutritionists, psychologists, and anesthesiologists but
also other specialists available as needed, such as plastic surgeons or physical therapists.
Although the evidence in support of the multidisciplinary team approach is still limited, the
preliminary literature suggests improved quality of care when BMS is managed through
this model [39].

Although the currently available literature offers a valuable body of evidence to
support the use of BMS for the treatment of diabesity, it is still burdened by some significant
caveats. These include the elucidation of the underlying mechanisms of action, as well as
the identification of biomarkers predicting which patients are most likely to benefit from
BMS and the detection of the optimal surgical techniques to maximize the outcomes, as well
as the development of personalized treatment approaches. These are still a matter of debate
and lack sufficient evidence. Another major caveat of the existing literature is the paucity of
long-term studies that assess the durability of the metabolic benefits of BMS and evaluate
the impact of surgery on diabetes-related microvascular and macrovascular complications.

The latest generation of anti-obesity medications has so far produced very promising
results and has overall been accepted by a large portion of the medical community. Paradox-
ically, though, the great enthusiasm generated around these pharmacological interventions
has somewhat limited their potential spectrum of clinical applications, meaning that, so
far, they have been developed and are being investigated as a potential replacement for
what is considered a more invasive treatment, namely BMS. This is difficult to comprehend,
especially in consideration of the fact that the two therapeutic options (pharmacotherapy
and BMS) share common mechanistic actions and both have some limitations and thus
could benefit from each other. For instance, an area of special interest for the surgical
community is represented by those patients who progress well or very well after BMS,
but, over time, eventually regain some weight. The newer anti-obesity and anti-diabesity
medications should be a critical component of the therapeutic armamentarium adopted by
bariatricians and endocrinologists, to whom these patients should be referred by the BMS
team. This focus on integrative and combined approaches could represent the ultimate
solution to some of the long-standing challenges in achieving lasting weight loss and could
virtually eliminate or greatly reduce the need for revisional BMS, which is associated with
a significantly higher risk of peri- and postoperative complications in comparison to the
initial BMS.

The paucity of studies investigating the efficacy of BMS head-to-head against incretin-
based pharmacotherapy represents an additional limitation of the available literature.
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Future research should focus more on this type of comparative study to better clarify
the respective roles of the two therapeutic options (BMS and pharmacotherapy) in the
management of diabesity.

Our review has strengths but also some intrinsic limitations.
The founding rationale of our narrative review is based on our intent to provide an

encompassing interpretation and critique of a wide variety of studies from both the medical
and surgical backgrounds that holds potential for use by medical educators and researchers,
as opposed to prior scientific and systematic efforts that focused on a narrow question and
were conducted according to a prespecified method of selection of similar studies [40].

To our knowledge, our review is the first to explore diabesity and its interlinking
pathophysiologic and epidemiologic implications with obesity, T2DM, and BMS and to dis-
cuss concurrently the role of novel incretin-based therapies as alternatives or in conjunction
with BMS from a surgical perspective and with a narrative style.

The most recent and comparable scientific effort was carried out in 2018 by El Khoury
et al. These authors also had a surgical background, but, with their systematic review, they
aimed to examine clinical trials on the long-term effects of BMS in patients with T2DM and
to evaluate the potential mechanisms behind the improvement of glycemic control [40].
The concept of diabesity and its link with BMS was not explored, nor was the role of novel
incretin-based agents as an alternative or complementary therapy [40].

At the same time, one may argue that the narrative, non-systematic nature and the
implicit subjective examination and critique of the reviewed body of literature associated
with our review also represent its main limitations. For instance, the identification, in-
terpretation, and analysis of the selected literature may have been biased by the surgical
background of the two authors and their professional (surgical) perspective and experience.

The timeframe (20 years) and the search engine (PubMed) chosen by the authors
may also be disputed for contrasting reasons. For instance, a shorter timeframe could
have potentially enabled the authors to focus on those works specifically investigating
the association of diabesity with BMS. Meanwhile, a greater number of search engines
could have strengthened the search of the relevant literature and decreased the risk of
overlooking one or more relevant articles.

4. Conclusions

BMS is a valuable treatment option for patients with diabesity, offering significant
improvements in glycemic control, weight loss, and overall health. While more research
is needed to fully understand the mechanisms of action and long-term effects of surgery,
the current evidence supports the use of BMS as an effective and sustainable treatment
for T2DM. Further studies are warranted to refine the patient selection criteria, optimize
the surgical techniques, evaluate the impact of surgery on diabetes outcomes in diverse
populations, as well as to better define the role of the novel pharmacotherapy in conjunction
with or in comparison to BMS.
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