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Abstract: The purpose of this narrative review is to provide an overview of the latest literature on bariatric and
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1. Introduction

Type II diabetes mellitus (I2DM) is a chronic metabolic disorder characterized by
hyperglycemia, insulin resistance, and relative insulin deficiency [1]. It does affect millions of people
worldwide and is associated with significant morbidity and mortality.

The prevalence of T2DM has been steadily increasing over the past few decades, largely due to
the rise in obesity rates hence representing a major public health concern at global level [2].

Bariatric surgery is a gastrointestinal surgical treatment focused on achieving weight loss in
individuals with obesity [3]. The swift metabolic impacts of these surgeries have justified the shift in
terminology from bariatric to metabolic terminology (bariatric and metabolic surgery — BMS) , as
improvements in metabolic disorders are frequently seen prior to significant weight loss [4].

Several studies have shown that BMS can lead to significant improvements in glycemic control,
insulin sensitivity, and even remission of T2DM in some patients. However, the mechanisms by
which BMS exerts its beneficial effects on T2DM have not been fully elucidated yet [5].

The purpose of this narrative review is to provide an overview of the latest literature on BMS
for T2DM and obesity. We will discuss the current state of the research field, highlight key
publications, and explore controversial and diverging hypotheses. The main aim of this review is to
summarize the robust scientific evidence supporting the use of metabolic surgery as a treatment for
T2DM and to discuss its implications for future research and clinical practice.

2. Current State of Research

2.1. 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 (RYGBP). 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 close distance from the gastro-
esophageal junction and re-routing of the intestinal tract, such that ingested food bypasses 95% of the
stomach, the duodenum and proximal jejunum by emptying directly into the jejunum (Figure 1b).
The laparoscopic gastric band, that at some point was the most performed procedure, has eventually
lost favor over the past decade or so due to serious concerns about its long-term efficacy and
complications that have led to a surge of removal and conversion to VSG or others BMS procedures
[6].

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
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RYGB led to the introduction of the much simpler one anastomosis gastric bypass (OAGB) Figure
1c). However, the greater simplicity, potential reversibility, and the non-inferior outcomes of OAGB
compared to the RYGB, must be weighed against its main pitfall that is bile reflux [7]. Single
anastomosis duodeno-ileal bypass with sleeve gastrectomy (SADI-S) (Figure 1d) has been suggested
as alternative to OAGB and RYGBP. This procedure has shown similar metabolic efficacy of OAGB
and RYGB with even greater remission of T2DM and without the bile reflux associated with the
former or the need to re-reconstruct the bowel continuity between alimentary and biliary limb
associated with the latter; moreover, SADI-S retains the principles of biliopancreatic diversion along
with pylorus preservation. All 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 remission of
T2DM in a significant proportion of patients [8].

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

2.2. 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, condition that is being more frequently named as “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, quality-
of-life rates were significantly better in the BMS groups than in the group being managed with
medical-therapy [9]. 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 2 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 greater mean percentage reduction from baseline in glycated hemoglobin level than did patients
who received medical therapy alone (2.1% vs. 0.3%, P=0.003). At 5 years, changes from baseline
observed in the BMS groups were greater to the changes witnessed in the medical-therapy group
with respect also to body weight, triglyceride levels, high-density lipoprotein cholesterol levels, use
of insulin, and quality-of-life measures (P<0.05 for all comparisons) [10].

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
4 USA-based single-center randomized trials, confirmed the positive findings of prior randomized
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trials indicating superior glycemic control with fewer diabetes medication and higher rates of
diabetes remission in patients originally randomized to undergo BMS compared to patients receiving
medical/lifestyle intervention only.

The observational follow-up of the ARMMS-T2D reached through July 2022 and included all
participants who had been randomized to undergo medical/lifestyle management or BMS (RYGB,
VSG, or adjustable gastric banding respectively) [11]. Change in hemoglobin Alc (HbAlc) 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%) enrolled in long-term follow-up
for this pooled analysis. At 7 years, HbAlc 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 < .001) at 7
years and -1.1% (95% CI, -1.7% to -0.5%; P = .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 = .02) at 7 years and at 12 years (0.0% in the medical/lifestyle
group vs 12.7% in the BMS group; P <.001) [11].

Increases in liver, adipose tissue, and muscle insulin sensitivity and in (-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 of glycemic control, enabling discontinuation of insulin and other
glucose lowering medications, even before substantial weight loss has ensued (Table 1).

Table 1. Mechanisms sustaining metabolic improvements after BMS.

Weight loss-dependent Weight loss-independent

tHepatic insulin sensitivity

Skeletal muscle insulin sensitivity TAdipose insulin sensitivity

tPostprandial gut peptides including
GLP1

1Bile acids
tHepatic insulin sensitivity
1Fibroblast Growth Factor 19 (FGF 19)

fWhole-body insulin sensitivity 1 Differentiation towards the

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 [12].
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With RYGB nutrients enter the intestine very rapidly as there is no pylorus or antrum to slow

them down. With VSG the increase of post-prandial gastric pressure leads to faster gastric emptying.
These changes in nutrient exposure are believed to affect 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 increase in 18F-
fluorodeoxyglucose uptake in multiple intestinal segments in correlation with reduced fasting blood
levels of glucose [12].
Increased lipid accumulation in the liver is associated with impaired hepatic insulin sensitivity. BMS
is highly effective at lowering the levels of hepatic lipids and is an effective treatment for non-
alcoholic fatty liver disease [13]. In humans, reductions in hepatic levels of triglycerides and fibrosis
occur after BMS that translates in an overall improved hepatic insulin sensitivity [12].

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 out a bettered adipose and
skeletal muscle insulin sensitivity after BMS [12].

Higher circulating levels of glucagon are observed postprandially after BMS compared with pre-
BMS status, suggesting that BMS is altering pancreatic a-cell function. However, BMS effects are not
limited to the a-cells but relates to the [3-cells too. After BMS, rapid increases in 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 enhanced insulin
sensitivity and a change of the dynamic response of insulin to nutrient ingestion.

Another major contributor to increased postprandial plasma levels of insulin after BMS is
represented by the marked increase in plasma levels of incretin hormones, the gut peptides which
are traditionally recognized to be secreted by L cells in the distal gut. The greatest interest has been
received so far by the incretin hormone glucagon-like peptide 1 (GLP1) whose levels rise over 10-fold
after BMS although there is a whole host of gut peptides that also increase postprandially in patients
who underwent BMS and are subject of further investigation. The dramatic increase in post-prandial
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
[14].

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 whilst the plasma
levels of cholecystokinin (CCK) and gastric inhibitory peptide (GIP) are markedly increased after
VSG [15].

The most prominent metabolic effect of ghrelin is the stimulation of appetite via activation of
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 suggest a therapeutic value of pharmacological inhibition of ghrelin signaling by improving
insulin resistance and T2DM. Hence ghrelin may play a role with the regulation of glucose
metabolism as well [16].

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 [17].

Plasma levels of both total and specific bile acids increase significantly after BMS [18]. 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,


https://doi.org/10.20944/preprints202407.1403.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2024 d0i:10.20944/preprints202407.1403.v2

and immune cells) receptors. The activation of TGR5 by the bile acids increases GLP-1 secretion.
Hence, bile acids represent an attractive target to improve the success of bariatric surgery.

The profound changes of the intestinal anatomy and its function produced by BMS lead to a shift
in the composition and diversity of the intestinal microbiome. An improved regulation of bile acids
metabolism is among others one of the mechanisms suggested to explain the favorable effect of
microbiome changes after BMS that contributes to T2DM control [19].

2.3. Optimal timing of Bariatric and Metabolic Surgery

The optimal timing of surgery during diabetes and the selection criteria for surgery have been
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 delaying 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 (International Federation for
the Surgery of Obesity and Metabolic Disorders - IFSO and the American Society for Metabolic and
Bariatric Surgery - ASMBS) decided it was time to revise the existing 1991 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 [20].

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

2.4. 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 obesities that lead to the introduction of a new generation of
incretin-based therapies. This novel class of incretin agonist can be grouped in three main categories
based on their single or multiple receptor targets (Figure 2) [21].

Single Incretin Agonists

GLP-1 receptor agonists (GLP-1Ras), such as liraglutide and semaglutide, have shown to be
effective in weight reduction and 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 worthy information
about semaglutide’s safety, efficacy, and impact on weight loss and cardiovascular outcomes in
various patient populations treated with 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 [22]. Further light on the
efficacy of first generation GLP-1Ras has been shed very recently by an observational, retrospective
cohort study based on data obtained from the electronic medical records of largest health care
organization in Israel. Dicker et al. 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 January 1, 2008, through
December 31, 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 [23]. It is
likely that the lower mortality of the surgical group of patients could have been mediated through
the significantly greater weight loss achieved in the same.

Dual Incretin Agonists
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GLP-1/GIP Agonists: Dual agonists that target both GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) receptors, have displayed improved glycemic control and 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 HbAlc and weight loss when used as
monotherapy, in combination with basal insulin or in comparison to semaglutide, insulin glargine
and insulin degludec [24].

Additionally, tirzepatide significantly reduced weight in obese T2DM patients in a dose-
dependent manner; by weeks 40-52 of the trials, the 5 mg dose of tirzepatide resulted in a weight loss
of 6.2-7.8 kg, the 10 mg dose led to a weight loss of 7.8-10.7 kg, and the 15 mg dose caused a weight
loss of 9.5-12.9 kg [24].

A comparison between tirzapatide and BMS can be extrapolated from a mathematical modeling
study that simulated mean weight- and fat-loss trajectories in response to diet restriction,
semaglutide 2.4 mg, tirzepatide 10 mg, and Roux-en-Y gastric bypass (RYGB). All interventions
except diet 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 diet restriction and two-fold
than tirzepatide and semaglutide. Nevertheless, no comparative data on the effect of the three
simulated interventions over T2DM amelioration or remission in obese patients were generated by
this study [25].

GLP-1/Glucagon Agonists: Glucagon reduces appetite and food intake whilst favorably 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 whilst increasing insulin secretion and
delaying gastric emptying; with the most common side effects being dose-dependent nausea and
vomiting [26]. Furthermore, a multicenter study evaluated the effects of subcutaneously
administered cotadutide in 834 participants in daily doses of 100 g, 200 pg, and 300 pg compared
with placebo and 1.8 mg liraglutide daily [27]. 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 HbAlc levels compared to placebo. The highest dose of cotadutide
resulted in a significantly greater reduction in weight compared to liraglutide and placebo and
significant improvement in liver enzyme levels and parameters indicative of liver fibrosis compared
to liraglutide setting the basis for a possible use of cotadutide towards the treatment of MAFLD. No
comparative studies between cotadutide and BMS have so far been implemented.

Triple Incretin Agonists: Emerging therapies that target GLP-1, GIP, and glucagon receptors
hold promise to further strengthen 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 HbAlc
by the end of the 12th week compared to baseline values whilst exhibiting a safety and tolerability
profile like other incretin formulations [28]. No comparative data between retatrutide and BMS are
currently available.
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Figure 2. Incretin-based agents that are commonly used in routine medical practice and are currently
under clinical development [21].

Altogether peptide-based therapies (single-, double- or triple-agonists) hold promise for the
treatment of diabesity thank 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 applications 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 safety, efficacy, and cardiovascular
outcomes are to be gathered yet [21]. As of right now, the reported weight loss (greater than 10% of
overall bodyweight in more than two-thirds of clinical trial participants) are far from reaching the
durable weight loss of 25% reported by the long-term studies of BMS that are also associated with
rapid, sustained improvements in complications of obesity.

Likewise, future research and development will have to address some concerns about the safety
profile 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 excessive lowering of blood sugar levels
[29]. On the other side, BMS carries the risk of gastro-intestinal disturbances both peri-operatively
and on the long-term (nutritional deficiencies) and although its associated mortality has been steadily
decreasing overtime is not and unlikely will ever be nihil due to the inherent risk associated with a
surgical intervention under general anesthesia.

In the next future we will likely assist to 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 kind of comparative research.

Meanwhile a mounting body of research is suggesting a novel role of the pharmacotherapy not
as alternative but as complementary therapy to BMS. Medications such as sodium-glucose
cotransporter 2 (SGLT2) inhibitors, GLP-1 receptor agonists, and combination therapies, are showing
potential for maximizing weight loss, improving metabolic outcomes, and lowering the risk of weight


https://doi.org/10.20944/preprints202407.1403.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2024 d0i:10.20944/preprints202407.1403.v2

regain after BMS. However, optimal timing, duration, and which combinations of pharmacotherapy
to use altogether 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 for achieving sustainable weight loss and bettering their metabolic well-
being [30,31].

3. Discussion

Overall, the evidence supporting the use of metabolic surgery 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 complete remission of T2DM,
with 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
surgery 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 patients must be carefully
evaluated and monitored both before and after surgery to minimize complications.

Future research directions in the field of BMS for diabesity should focus on elucidating the
underlying mechanisms of action, identifying biomarkers for predicting which patients are most
likely to benefit from surgery, optimizing surgical techniques to maximize outcomes, and developing
personalized treatment approaches. Long-term studies are needed to assess the durability of the
metabolic benefits of BMS and to 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.
Paradoxically, the great enthusiasm generated around these pharmacological interventions has
somehow limited their potential spectrum of clinical applications meaning that so far, they have been
developed and are being investigated as a potential replacement for the more invasive BMS. This
blunt parting is hard to comprehend especially in consideration of the fact that the two therapeutic
options (pharmacotherapy and BMS) share common mechanistic actions and have both some
limitations and thus they could benefit from each other. For instance, an area of special interest for
the surgical community is represented by those patients who did well or very well after BMS, but
overtime eventually regained some weight. The newer anti-obesity and anti-diabesity medications
should be a critical component of the therapeutic armamentarium at the hand of the bariatrician and
endocrinologist who these patients should be referred to by the BMS team. This focus on integrative
and combined approaches, could represent the ultimate solution to some of the longstanding
challenges in achieving lasting weight loss and could virtually eliminate or greatly reduce the need
for revisional BMS, which is associated by definition to a significantly higher risk of peri- and post-
operative complications in comparison to the initial BMS.

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 patient selection criteria, optimize surgical techniques, evaluate the impact of
surgery on diabetes outcomes in diverse populations and to better define the role of novel
pharmacotherapy in conjunction and/or in comparison with BMS.
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