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Abstract

Obesity is now recognised as a disease associated with significant morbidity and mortality. One of the most common
metabolic complications of obesity is type 2 diabetes, because the two disease share similar pathophysiology. Weight loss
is known to ameliorate the metabolic abnormalities underlying type 2 diabetes and improve glycemic control. A 15% or
greater total body weight loss (TBWL) in patients with type 2 diabetes will have a disease-modifying effect, a result that
is incomparable with other hypoglycemic-lowering interventions. Moreover, in patients with diabetes and obesity, weight
loss exerts benefits beyond glycemic control and improves cardiometabolic disease risk factors and well-being. We review
evidence supporting the role of intentional weight loss in managing type 2 diabetes. We suggest that many people with type
2 diabetes would benefit from an additional weight-based approach to managing their diabetes. Therefore, we proposed a
weight-based treatment goal for patients with type 2 diabetes and obesity.
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Introduction

Over the past decade, the treatment of type 2 diabetes
(T2DM) has evolved and undergone significant concep-
tual shifts from controlling a single parameter (glucose) to
multiple variables affecting disease outcomes. This shift
has accelerated after the Food and Drug Administration
(FDA) mandated cardiovascular (CVD) safety as an impor-
tant outcome measure for all new diabetes medications in
2008/2010. The “European Medicines Agency” also indi-
cated that novel compounds developed for T2DM need clini-
cal trials to guarantee CVD safety. Pharmaceutical compa-
nies thus had to shift their focus away from glucose control
alone to health gains instigated by better diabetes control.
The American Diabetes Association (ADA) and European
Association for Study of Diabetes (EASD) consensus report
in 2022 recommended a patient-centred approach when
treating diabetes [1]. This includes consideration of efficacy
and key patient factors, which include the effect on diabetes
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complications such as atherosclerotic cardiovascular disease
(ASCVD), chronic kidney disease (CKD), and heart failure
(HF). Moreover, the guidelines also suggest that hypoglyce-
mia risk and the effect of medication on body weight should
be considered in addition to factors like cost and patient pref-
erence. However, even with these interventions, the manage-
ment of diabetes mainly focuses on delaying the progres-
sion rather than reversing and remission of T2DM. Several
landmark trials showed the importance of using substantial
weight loss for patients with T2DM to achieve sustained
remission and discontinue traditional diabetes medications
associated with weight gain [2-4].

Bariatric surgery has the highest rate of sustained weight
loss and has become safer with time, but scaling the treat-
ment to millions of patients on T2DM remains challenging.
Anti-obesity medications (AOM) are improving and can
achieve > 15% weight loss, which has the ability to place
T2DM in glycaemic remission [5] or substantially improve
glycaemic control [6-10].

A weight-centric approach, instead of glucocentric, may
help disrupt T2DM because it addresses the pathophysiology
of diabetes rather than controlling its signs and symptoms.
Ultimately, interventions can stop the disease from progress-
ing or even reverse the disease when it has occurred. This
review will evaluate the clinical evidence supporting weight
loss as an integral treatment strategy for T2DM, proposes a
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novel framework for approaching T2DM, and explores chal-
lenges to the widespread implementation of this approach
for people living with type 2 diabetes.

Type 2 diabetes and obesity are
interconnected heterogeneous diseases

Obesity and T2DM are twin epidemics that share common
features and complications. It remains controversial whether
T2DM is a metabolic complication of the disease of obesity
or whether obesity is a pathognomonic feature in some dia-
betes phenotypes [11]. Not all patients with obesity are at
the same risk of diabetes, while not all patients with T2DM
have a raised body mass index (BMI). In a population-
based cohort study with more than a million patients, for
an equivalent age-adjusted and sex-adjusted incidence of
T2DM, BMI that signifies risk for developing T2DM, varied
dramatically between ethnic groups. In White populations,
a BMI of 30-0 kg/m? signified the same risk as a BMI of
23.9 kg/m? for South Asians, 28.1 kg/m? for Black popu-
lations, 26.9 kg/m2 for Chinese, and 26-6 kg/m2 for Arab
populations [12].

Similarly, having a high BMI could lead to other meta-
bolic functions in some populations like non-alcoholic
steatohepatitis (NASH) [11] while causing no metabolic
complications in other populations [13]. The challenge is
to identify those patients at high risk of developing diabe-
tes and obesity-related complications with lower weight, fat
deposition, or minimal adipose dysfunction. While race is
an important parameter, this is not a modifiable factor. Body
weight is, however, a modifiable risk marker for diabetes
with the potential to be disease-reversing [4].

The WHO (World Health Organization) now redefines
obesity as not only based on BMI but also incorporating
the health risks and complications caused by excess fat. As
a result, the WHO new definition of obesity as “abnormal
or excessive fat accumulation that presents a risk to health”
[14], and the American Association of Clinical Endocrinolo-
gists redefined obesity as an adiposity-based chronic disease
(also known as ABCD) to explain its chronic nature [15]. A
BMI > 30 kg/m? has relatively poor sensitivity and specific-
ity for predicting obesity complications, suggesting that BMI
can be used as a screening tool to indicate which patients
should be investigated for obesity. The new definitions of
obesity have higher specificity for adipose tissue disease,
leading to better prioritisation of patients for advanced thera-
peutic interventions. Even though starting body weight is not
a perfect marker to diagnose obesity, the amount of weight
loss appears to be robust as a marker of treatment benefits
that may be achieved [16].

A new proposed framework will focus on the quantity and
quality of diabetes complications which can be addressed

@ Springer

with substantial weight loss. Practically, health care provid-
ers need to be aware that although patients might have the
same diagnoses, the appropriate intervention could be dif-
ferent. Moreover, targeting improvement in parameters of
glycaemia such as HbAlc, Self-monitoring blood glucose
(SMBG), and Continues Glucose Monitoring (CGM) alone
will not lead to remission of T2DM, but rather substantial
weight loss of > 15% is typically needed to achieve remis-
sion [5].

Benefits of weight loss and improving
adipose tissue across the disease continuum

Adiposopathy (or sick fat) is a proposed cardiovascular dis-
ease (CVD). The concept of adiposopathy may explain the
anatomical and/or functional changes to fat cells, which may
indirectly increase other CVD risks. Adipose tissue volumes
per se are also an integral part of the pathogenesis of dia-
betes [17]. Visceral adiposity will initiate the development
of diabetes through decreasing p-cell volume and function,
which in turn results in hyperglycemia and T2DM [18].
Patients with higher pancreatic fat deposition were at higher
risk of T2DM, with each percentage increase in pancreatic
fat increasing the risk for diabetes by 7% [19]. Decreasing
the total fat mass percentage in patients with T2DM by
20.5% (7.49 kg) will reduce the HbAlc by 0.76% [20]. The
quality of the adipose tissue function plays an important role
in insulin resistance. An agent that improves adipose tissue
function can reduce insulin resistance and inflammation,
even if they lead to fat tissue expansion and the promotion
of weight gain. One of the important mechanisms of the
anti-diabetic agent (Pioglitazone) is reversing maladaptive
adipose tissue remodelling [21].

Although adipose tissue quantity and quality are essen-
tial, the best way to assess and utilise it in practice is still
evolving. Hence, the current valid parameter that could be
used is the amount of weight loss, which is shown to be
effective even at lower BMI. Because non-white races are
developing diabetes with lower BMI, it is important to have
more cost-effective, sensitive and specific measurements to
assess adiposity, especially in those who develop T2DM at
lower BMIs [12]. The Asian populations are examples of
people who develop T2DM at a lower weight, but reducing
weight will still have a significant impact on glycemic status.
Using AOM to decrease weight in Asian patients with predi-
abetes and a BMI of 27 kg/m? lead to the prevention of dia-
betes [22]. Furthermore, only 9% remained prediabetic after
68 weeks. In addition, reaching glycaemic remission status
was achieved in more than 80% of patients with diabetes
despite having BMI> 27 kg/m? pre-intervention [22]. More-
over, the macrovascular and microvascular complications of
T2DM are worse in patients with class IIT obesity compared
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with patients with T2DM who have a BMI < 30 kg/m? [23,
241]. Complications appear to be reduced in those with
T2DM who achieved substantial weight loss, regardless of
the starting BMI and intervention [25-27]. Recently, the
ReTune study (Diabetes remission by weight loss in ‘normal-
weight people with type 2 diabetes) has shown that weight
loss even in patients with a BMI of 24.8 + 1.7 kg/m?) has
achieved sustained remission of diabetes [28].

The recent consensus on diabetes remission defined
remission as an HbAlc < 6.5% for three months without glu-
cose-lowering medication. This definition is more straight-
forward than before but may need refinement in the future
because with newer pharmacotherapy options that have
weight loss dependent and weight loss independent effects
on glycaemic control; a new definition may be required.
Here we will discuss different non-invasive and invasive
interventions that were able to achieve diabetes remission
through focusing on weight loss.

Intensive lifestyle interventions for weight
loss in people with type 2 diabetes

The lifestyle intervention could lead to diabetes remission
for up to 2 years if patients respond to the treatment and
the weight loss occurs early. The DiRECT study was a ran-
domised clinical trial evaluating total diet replacement and
the chance of DM remission. Remission was higher among
people who maintained more than 15 kg weight loss com-
pared to those who lost less than 5 kg (70% vs 5% remission
at two years) [4]. The number of weight loss responders to
the intervention remain modest around 20%, but those who
do respond do very well. For the entire study population for
whom 24-month data were available (n=272), remission at
24 months was achieved by 29 of 45 participants who main-
tained at least 10 kg weight loss, and 14 of 20 participants
who lost 15 kg or more [4].

The Look AHEAD (Action for Health in Diabetes), a
long-term RCT in patients with obesity and type 2 diabe-
tes, was aimed to achieve and maintain weight loss through
decreased caloric intake and increased physical activity [29].
Over ten years, approximately 20% of participants lost at
least 10% of their body weight in the first year. These weight
loss responders had a 21-24% reduction in the risk of cardio-
vascular outcomes than those with stable weight or weight
gain [25]. Also, individuals who had larger month-to-month
weight losses in year one and whose weight loss was more
sustained during the first year had better maintenance of
weight loss over four years, independent of characteristics
traditionally linked to weight loss success (p <0.001) [30].
Approximately 11.5% of patients in the intensive lifestyle
intervention had remission of T2DM within the first year of
intervention, and 7% were in remission after four years [31].

Challenges of maintaining weight loss
in the long term

Although substantial weight loss can be achieved with
lifestyle interventions, weight loss maintenance remains
a challenge [32]. There are, however, a proportion of
patients who achieve weight loss and weight loss mainte-
nance in the long term [25, 33]. This may suggest that life-
style treatment may be an effective obesity treatment for
those patients who maintain weight loss, but that lifestyle
treatment may be similar to simple starvation for others
who are prone to weight regain.

In those patients where lifestyle treatment only repre-
sents simple starvation, the benefit of the initial weight
loss on glycaemic control is lost very quickly. Whether
this yo-yo pattern of weight, as well as the yo-yo pattern
on glycemia, is detrimental still needs to be determined.

Pharmacotherapy associated with weight
loss in type 2 diabetes

The Food and Drug Administration has approved five anti-
obesity medications: orlistat, phentermine—topiramate,
naltrexone—bupropion, liraglutide 3.0 mg, and semaglutide
2.4 mg. These medications can also be used in patients
with T2DM for the treatment of obesity because all have
a favourable glycemic effect [6-10]. These medications
have a varied response, but at least 1 in 4 patients with
T2DM are able to achieve and maintain > 10% weight loss,
which is almost four-fold better than lifestyle treatment
alone [34]. In addition, some agents have weight loss inde-
pendent effects on glycemia [35].

Modern medications for T2DM, such as the
sodium—glucose co-transporter 2 inhibitors (SGLT2i),
also have weight loss effects, albeit less effective than the
anti-obesity medications. SGLT?2i alone can achieve > 10%
weight loss in 5.4% of patients, but combining this with
phentermine results in 34.9% of participants achiev-
ing > 10% weight loss [36].

The newer GLP-1 analogues are now part of the stand-
ard of care for T2DM. Semaglutide 1.0 mg dose combined
with the SGLT2i, canagliflozin reduced weight by 5.1%
and HbAlc by —1.5% [37]. In addition, 15% of patients
were able to achieve > 10% weight loss [37]. The higher
doses of Semaglutdie (2.0 mg and 2.4 mg) achieve signifi-
cantly more weight loss, but the effect on glycemic control
does not be much better than the 1.0 mg dose [8, 38].

The newly FDA-approved glucose-dependent insulino-
tropic polypeptide receptor and glucagon-like peptide-1
receptor agonist (GIP/GLP-1 RA), Tirzepatide, has shown
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Fig. 1 Modulation of the
intensiveness of weight loss
lowering in type 2 diabetes.
Patient and disease factors are
used to determine the optimal
weight loss target. Characteris-
tics and features toward the left
justify more stringent efforts to
decrease weight; those toward
the right suggest less stringent
efforts. Adapted and reprinted
with permission from Silvio E.
Inzucchi; Richard M. Bergen-
stal; John B. Buse; Michaela
Diamant; Ele Ferrannini;
Michael Nauck; Anne L. Peters;
Apostolos Tsapas; Richard
Wender; David R. Matthews,
Management of Hyperglycemia
in Type 2 Diabetes, 2015: A
Patient-Centered Approach:
Update to a Position State-
ment of the American Diabetes
Association and the European
Association for the Study

of Diabetes; Diabetes Care
2015;38(1):140-149, https://
doi.org/10.2337/dc14-2441.
Copyright 2015 by the Ameri-
can Diabetes Association [47]
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tremendous weight loss in patients with T2DM of more
than 10% in 47% of the patients, and more than 15% in
quarter of the participants [39]. In addition, a HbAlc
reduction of — 1.9 to —2.3%, with more than 93% of
patients achieving an HbAlc < 7% versus insulin deglu-
dec where 61% of patients achieved a HbAlc < 7% [40].
This medication and those that will follow soon are able
to be scaled and thus have the ability to address obesity in
patients with T2DM to disrupt diabetes.
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Bariatric surgery

Bariatric surgery acts on several mechanisms to address
obesity and T2DM. The primary benefit of these mecha-
nisms is substantial weight loss which seems associated
with a reduction in body fat mass set point, making weight
loss straightforward and sustainable [41, 42]. The chance
of diabetes remission correlates with percentage weight
loss [43], but several non-weight loss-dependent mecha-
nisms also contribute. With biliopancreatic diversion, the
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rate of remission of T2DM is 50% after ten years [3]. Bari-
atric surgery in patients with T2DM has also been associ-
ated with an increased life expectancy of 9.3 years (95%
CI7.1-11.8) [27].

The Microvascular Outcomes after Metabolic Surgery
(MOMS) study included renoprotective agents such as
empagliflozin and liraglutide as part of the “best medi-
cal care” for people with diabetic kidney disease (DKD),
but Roux-en-Y Gastric Bypass (RYGB) was still better at
achieving remission of DKD at two years [44]. This study,
however, shows the benefit of combining bariatric surgery
with modern diabetes medicine to thus further amplify the
benefits of each modality.

Combination therapy

Combining anti-obesity medications is becoming more
popular because the mechanism of the modalities appears
to be complementary. The combination of sleeve gastrec-
tomy (SG) and phentermine and topiramate extended-
release in patients with a BMI of > 50 kg/m.? showed that
patients with the combination therapy lost about —38.2%
after surgery, while the patients receiving surgery alone
only lost —27% [45]. The GRVITAS study, another RCT,
used liraglutide 1.8 mg in combination with RYGB or SG
for patients who did not achieve remission of DM. Patients
who received liraglutide had better glycaemic control as
well as an additional 4.2 kg weight loss compared to pla-
cebo after 26 weeks [46]

Practical considerations for making
sustained weight loss a primary treatment
goal of T2DM

When redefining treatment goals for patients with type 2
diabetes, sustained weight loss should be considered. First,
nutritional therapies, pharmacotherapies, and surgical thera-
pies are all valid and potentially helpful options, and each
can be disruptive to T2DM. BMI alone is not sufficient to
select one treatment above another, but a more personalised
approach is needed. Second, the patient's own expectations
are important to consider, and this can be used to personal-
ise the treatment further (Fig. 1) [47]. Third, combination
therapies may be essential to optimise benefits for the patient
with T2DM in the short, medium, and long term.
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