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Abstract: Type 1 diabetes mellitus (T1D) is a chronic autoimmune disease caused by the
immune-mediated destruction of insulin-producing pancreatic beta cells, resulting in the
lifelong need for exogenous insulin. Over the last few years, overweight and obesity
have recently emerged as growing health issues also afflicting patients with T1D. In this
context, the term “double diabetes” has been coined to indicate patients with T1D who
have a family history of type 2 diabetes mellitus (T2D) and/or patients with T1D who are
affected by insulin resistance and/or overweight/obesity and/or metabolic syndrome. At
the same time, the use of second-generation incretin analogs semaglutide and tirzepatide
has substantially increased on a global scale over the last few years, given the remarkable
clinical benefits of these drugs (in terms of glucose control and weight loss) in patients with
T2D and/or overweight/obesity. Although the glucagon-like peptide-1 (GLP-1) receptor
agonists and the novel dual GIP (glucose-dependent insulinotropic polypeptide)/GLP-1
receptor agonist tirzepatide are currently not approved for the treatment of T1D, a growing
body of evidence over the last few years has shown that these medications may serve as
valid add-on treatments to insulin with substantial efficacy in improving glucose control,
promoting weight loss, preserving residual beta-cell function and providing other beneficial
metabolic effects in patients with T1D, double diabetes and latent autoimmune diabetes in
adults (LADA). This manuscript aims to comprehensively review the currently available
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literature (mostly consisting of real-world studies) regarding the safety and therapeutic use
(for different purposes) of semaglutide and tirzepatide in patients with T1D (at different
stages of the disease), double diabetes and LADA.

Keywords: type 1 diabetes; T1D; LADA; autoimmune diabetes; overweight; obesity; GLP-1;
GIP; C-peptide; beta-cell function; double diabetes; semaglutide; tirzepatide

1. Introduction: Incretin Analogs, Autoimmune Diabetes, Overweight
and Obesity

Incretin analogs are drugs that mimic the physiologic actions of gut-derived peptide
hormones (also referred to as “incretin hormones” or “incretins”) secreted by enteroen-
docrine cells in response to food ingestion [1,2]. Thanks to their glucose-lowering and
weight loss effects, incretin analogs were first approved for the treatment of type 2 dia-
betes mellitus (T2D) and subsequently for chronic weight management in people with
obesity or overweight associated with at least one weight-related comorbidity [3]. Over
the last two decades, these drugs have revolutionized the management of T2D and over-
weight/obesity [3]. However, over the last decade, it has become increasingly evident that
these medications should not simply be regarded as glucose-lowering and weight loss
drugs, as they have been proven to exert significant cardioprotective and nephroprotective
actions in patients with T2D and/or overweight/obesity [3–8]. In particular, the pleiotropic
effects of incretin analogs are probably mediated, at least in part, by their anti-inflammatory
and antioxidant properties. In fact, evidence suggests that incretin hormones and incretin
analogs can reduce oxidative stress [9], systemic inflammation [10], gut inflammation [11],
adipose tissue inflammation [12] and allergen-induced lung and airway inflammation [13].
This review aims to comprehensively discuss the studies that have examined the therapeu-
tic role of second-generation incretin analogs (semaglutide and tirzepatide) in patients with
type 1 diabetes mellitus (T1D) and latent autoimmune diabetes in adults (LADA).

1.1. Type 1 Diabetes Mellitus (T1D)

Type 1 diabetes mellitus (T1D or T1DM) is a chronic autoimmune disease caused by
the immune-mediated destruction of insulin-producing pancreatic beta cells, resulting in
the progressive loss of endogenous insulin secretion, hyperglycemia, and a lifelong need for
exogenous insulin [14]. T1D accounts for about 5–10% of all cases of diabetes mellitus [15].
Although the incidence of T1D peaks in puberty and early adulthood, disease onset can
occur at any age [16]. Over the last few decades, there has been a gradual rise in the
incidence of T1D, which amounts to an annual increase of approximately 3–4% [17,18], and
it has mainly been attributed to changes in the environment [19]. Indeed, T1D is considered
a complex multifactorial disease in which susceptibility genes and environmental factors
interact and cause the triggering of autoimmune destruction of pancreatic beta cells [20].

The natural history of T1D is characterized by four sequential stages, as follows:

• Stage 1: Subjects exhibit beta-cell autoimmunity [as evidenced by the presence of at
least two pancreatic islet autoantibodies: glutamic acid decarboxylase autoantibodies
(GADA), tyrosine phosphatase-related islet antigen 2 autoantibodies (IA-2A), insulin
autoantibodies (IAA), zinc transporter 8 autoantibodies (ZnT8A), and pancreatic islet
cell antibodies (ICA)], but maintain normoglycemia and remain asymptomatic.

• Stage 2: Subjects maintain beta-cell autoimmunity and remain asymptomatic, but
exhibit abnormal blood glucose values (dysglycemia), as evidenced by the presence of
impaired fasting glucose, an abnormal oral glucose tolerance test, and/or a glycated
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hemoglobin (HbA1c) value ≥5.7% (≥39 mmol/mol). Therefore, stages 1 and 2 are
part of the so-called “presymptomatic T1D”.

• Stage 3: Subjects experience the onset of symptomatic disease (clinical onset of T1D),
with clinical manifestations of insulin deficiency and overt hyperglycemia, such as
polyuria, polydipsia, weight loss, and/or fatigue, which can subsequently lead to the
development of diabetic ketoacidosis (DKA).

• Stage 4: Stage 4 marks the postdiagnosis period of long-standing disease (long-
standing T1D) [21].

About two-thirds of patients with new-onset T1D experience a transient spontaneous
partial remission phase (a.k.a. “honeymoon phase”) shortly after the initiation of insulin
therapy [22,23]. This phase is classically characterized by a substantial reduction in exoge-
nous insulin requirements (or, in rare instances, by the lack of need for exogenous insulin)
associated with near-normoglycemia [22], as a likely consequence of both metabolic and
immune factors contributing to temporary beta-cell recovery (i.e., reduction in beta cell
glucotoxicity and improvement in insulin sensitivity due to the optimization of glucose
control following the initiation of insulin therapy; transient restoration of immune toler-
ance to beta-cell autoantigens) [23,24]. Moreover, it is important to note that patients with
long-standing T1D can exhibit detectable levels of serum C-peptide (a surrogate marker
of endogenous insulin secretion), together with the persistence of insulin-producing pan-
creatic islets, for decades after the disease onset [25–27]. This aspect has relevant clinical
implications, since the persistence of detectable serum C-peptide levels has been associated
with various clinical benefits throughout the course of T1D, including better glucose control,
lower total daily insulin requirements, lower risk of hypoglycemia, decreased glycemic
variability, reduced risk of chronic complications of diabetes (such as retinopathy and
nephropathy), and reduced risk of DKA [28–31]. Therefore, interventions that aim to halt
autoimmune beta-cell destruction and preserve endogenous insulin secretion are highly
desirable in patients with T1D [32].

Moreover, it is important to underscore that T1D is characterized by significant in-
terindividual heterogeneity regarding pathophysiological, genetic, immunopathological
and metabolic features (e.g., severity of autoimmune responses against pancreatic beta cells,
rate of beta-cell loss, proportion of residual insulin-containing pancreatic islets, and degree
of C-peptide preservation) [33–35]. Hence, T1D patients can be classified into different sub-
types based on the existence of distinct etiopathological processes (endotypes), autoimmune
responses (immunotypes) and degrees of responsiveness to potential disease-modifying
agents, such as immunotherapies (theratypes) [33–35]. This heterogeneity influences the
clinical course and progression of T1D through its sequential stages [34].

Based on recent estimates, approximately 8.4 million individuals are affected by T1D
on a global scale [36]. Although a definitive biological cure for this disease is still not
available, a growing body of evidence over the last few years has shown that immunother-
apeutic agents (including the FDA-approved humanized anti-CD3 monoclonal antibody
teplizumab) and investigational beta-cell replacement strategies based on the use of en-
capsulated stem cell-derived beta cells can modify the natural history of T1D at different
disease stages [32,37–41]. Even though insulin therapy (administered through multiple
daily subcutaneous injections via insulin pens or through continuous subcutaneous infu-
sion via insulin pumps) remains the mainstay of T1D management [42], it is associated
with an increased risk of hypoglycemia and weight gain [43,44].

Over the last years, overweight and obesity have emerged as growing health issues
also afflicting T1D patients, in contrast with the outdated belief that T1D is a disease of
lean individuals [45]. In fact, international large-scale registries have estimated that the
prevalence of overweight and obesity in T1D patients ranges from 15.3% to 36.8% [45,46]
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and is therefore comparable to that observed in the general population [47]. In this context,
the term “double diabetes” has been coined to indicate T1D patients who have a family
history of T2D, and/or T1D patients who are affected by insulin resistance (IR) and/or
overweight/obesity and/or metabolic syndrome [48,49]. Indeed, metabolic syndrome is
becoming increasingly common even in patients with T1D [50].

Despite the remarkable advances in artificial pancreas systems, continuous glucose
monitoring (CGM) sensors and novel insulin analogs over the last years, achieving ad-
equate glucose control remains challenging for many pediatric and adult patients with
T1D [51] due to several factors, such as weight gain, hypoglycemia (including exercise-
induced hypoglycemia), high glycemic variability, postprandial glucose excursions (early
postprandial hyperglycemia and late postprandial hypoglycemia), possible presence of
binge eating disorder and disordered eating behaviors, as well as other factors that can
negatively affect physical activity routines and adherence to insulin therapy (e.g., fear
of hypoglycemia, psychological factors, and poor acceptance of the disease) [45,52–57].
The aforementioned factors are major hurdles in improving glucose control in a signifi-
cant proportion of T1D patients. The concomitant presence of overweight or obesity in
T1D patients further complicates the achievement and maintenance of adequate glucose
control. Indeed, management of overweight and obesity in patients with T1D (double
diabetes) can be particularly challenging, as these subjects need to maintain a balance
between adequate caloric intake and increased physical activity while limiting the risk
of hypoglycemia, preventing increases in their daily insulin requirements, and avoiding
further weight gain [45].

Given the growing obesity pandemic (also afflicting children and adolescents) [58–60] and
the increasing incidence of T1D [17], the prevalence of double diabetes is likely to concomitantly
increase [61]. This epidemiologic trend is particularly alarming, as insulin resistance and
overweight/obesity make the achievement or maintenance of adequate glucose control in
T1D patients more challenging and concomitantly increase the risk of cardiovascular diseases,
hypertension and metabolic disorders, such as dyslipidemia [62–67]. Moreover, double diabetes
is associated with an increased risk of both macrovascular and microvascular complications of
diabetes [48,68,69].

In view of the above, there is an urgent need for non-insulin adjunct therapies that can
effectively treat or prevent excess weight and reduce the risk of cardiometabolic diseases in
patients with T1D.

1.2. Latent Autoimmune Diabetes in Adults (LADA)

Compared to T1D, latent autoimmune diabetes in adults (LADA) represents a distinct
type of autoimmune diabetes characterized by an older age of onset and by a slower and
less severe immune-mediated destruction and functional deterioration of pancreatic beta
cells, resulting in a slower progression to insulin dependence [70]. Key diagnostic criteria
for LADA include the following: (a) adult-onset diabetes (age greater than 30 years at the
time of diagnosis); (b) presence of islet autoantibodies (with GADA being considered the
predominant islet autoantibodies and the most sensitive laboratory marker of LADA); and
(c) absence of insulin requirement for at least 6 months after the disease diagnosis [71].
However, defining categorical immunogenetic and phenotypic characteristics of LADA is
difficult given that this condition is characterized by marked clinical heterogeneity and
shares clinical and metabolic features with both T1D and T2D [70,71]. Indeed, LADA
patients exhibit significant variability in the rate of beta-cell destruction, varying degrees of
preservation of endogenous insulin secretion, heterogeneous patterns of islet autoimmunity,
as well as varying degrees of insulin resistance, probably as a consequence of differences
in genetic and immune factors [70,71]. Interestingly, a similar type of slowly progressive
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autoimmune diabetes has also been described in young-onset cases and is referred to as
latent autoimmune diabetes in the young (LADY) [71,72].

LADA accounts for about 2–12% of all cases of adult-onset diabetes [71]. Given its
adult-onset and heterogeneous clinical presentation, LADA is often misdiagnosed and
treated as T2D; this can delay proper treatment, resulting in poor glucose control, more
rapid progression to insulin dependence, and increased risk of chronic complications of
diabetes [73]. Therefore, as in the case of T1D patients, therapeutic interventions able to
preserve beta-cell function are highly desirable in LADA patients [73].

1.3. Novel Incretin Analogs: Semaglutide and Tirzepatide

Incretins [mainly glucose-dependent insulinotropic polypeptide (GIP, a.k.a. gastric
inhibitory polypeptide) and glucagon-like peptide-1 (GLP-1)] are gut hormones released by
enteroendocrine cells into the bloodstream in response to food intake [1,2]. GIP (secreted by
enteroendocrine K cells, which are predominantly located in the duodenum) and GLP-1 (se-
creted by enteroendocrine L cells, which are located in the distal gut) are rapidly degraded
by the ubiquitous enzyme dipeptidyl peptidase-4 (DPP-4) [1,2,74]. Both endogenous GIP
and GLP-1 have very short half-lives, which are measured in minutes [75]. Once released
into the bloodstream, GIP and GLP-1 potentiate glucose-stimulated insulin secretion (GSIS)
by pancreatic beta cells, regulate glucagon secretion from pancreatic alpha cells, and exert
anorectic actions by binding to their receptors, which are expressed in different regions of
the central nervous system involved in the regulation of appetite [1,2,76–78]. GIP stimulates
glucagon secretion (in a glucose-dependent manner) and inhibits gastric acid secretion,
whereas GLP-1 inhibits glucagon secretion, slows gastric emptying, inhibits gastric acid
secretion, and attenuates small bowel motility [1,2,77,79].

Therefore, the insulinotropic, glucoregulatory and anorectic actions of GIP and GLP-1
have supported the development of incretin-based therapies for the treatment of T2D and
obesity [1]. In particular, among the incretin analogs, there are drugs acting as GLP-1
receptor agonists (GLP-1 RAs) or dual GIP/GLP-1 receptor agonists (dual GIP/GLP-1
RAs), which are biochemically modified for enhanced potency and prolonged action, as
they are not susceptible to DPP-4-mediated inactivation [80,81]. These medications mimic
the physiologic actions of endogenous GLP-1 and GIP, thus exerting antihyperglycemic
effects, promoting satiety, reducing appetite and inducing weight loss [82].

Importantly, native GLP-1 and GLP-1 RAs have been shown to exert multiple ben-
eficial actions in the cardiovascular system by reducing blood pressure in patients with
hypertension, attenuating ischemic cardiac injury, mitigating inflammation in the heart and
blood vessels and exerting anti-atherogenic effects [1,83]. GLP-1 RAs have been shown
to significantly reduce the risk of major adverse cardiovascular events and to slow the
progression of chronic kidney disease in clinical trials involving patients with T2D and/or
overweight/obesity [5–7,84].

It is also interesting to note that animal studies have shown that GLP-1 and GLP-1
RAs can expand beta-cell mass by reducing beta-cell apoptosis and stimulating beta-cell
proliferation and beta-cell neogenesis (differentiation of beta cells from ductal progenitor
cells) [85–88]. Moreover, experimental studies conducted on well-differentiated beta cell
lines (INS-1 cells) showed that GIP also promotes beta-cell proliferation and inhibits beta-
cell apoptosis [89,90]. Hence, both GLP-1 RAs and dual GIP/GLP-1 RAs have the potential
to promote beta-cell proliferation and survival.

The GLP-1 RA semaglutide and the dual GIP/GLP-1 RA tirzepatide are second-
generation, long-acting incretin analogs approved for the treatment of T2D and for chronic
weight management in patients with obesity or overweight associated with at least one
weight-related comorbidity (such as hypertension, T2D and hypercholesterolemia) [3,91].
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Of note, tirzepatide is a “first-in-class” and the only commercially available GIP–GLP-1
co-agonist (a.k.a. “twincretin”) at the present time [92], and it received marketing autho-
rization in the US after semaglutide [82]. Furthermore, in 2024, the U.S. Food and Drug
Administration (FDA) approved the use of semaglutide to reduce the risk of cardiovascular
death, heart attack and stroke in adults with cardiovascular disease and either overweight
or obesity [93]. In the same year, the FDA also approved the use of tirzepatide for the
treatment of moderate to severe obstructive sleep apnea (OSA) in adults with obesity [94],
following the results of two randomized controlled trials demonstrating that this drug
provided significant reductions in the apnea–hypopnea index in this population [95].

Retrospective studies have already suggested that the use of GLP-1 RAs (including
semaglutide) as non-insulin adjunct therapies may be effective in improving glucose
control and reducing insulin requirements and excess weight in T1D patients [96,97]. In
two double-blind, randomized, placebo-controlled phase 3 trials (ADJUNCT ONE and
ADJUNCT TWO), the GLP-1 RA liraglutide —in addition to insulin therapy— reduced
HbA1c levels, insulin requirements and body weight in patients with long-standing T1D;
however, reductions in HbA1c levels were modest and occurred at the cost of increased
rates of hypoglycemia and hyperglycemia with ketosis [98,99]. Moreover, a multicenter,
double-blind, parallel-group trial found that liraglutide treatment leads to significant
preservation of residual beta-cell function and reduction in daily insulin requirements
during the first year after diagnosis in patients with new-onset T1D [100]. Similarly, a post-
hoc analysis performed using data from three randomized phase 3 trials (AWARD-2,-4,-5)
documented that the GLP-1 RA dulaglutide is effective in lowering HbA1c values over a
12-month follow-up period in patients with LADA [101]. Furthermore, GLP-1 RAs have
been shown to exert beneficial effects in terms of metabolic control in patients with LADA,
unless circulating C-peptide levels are markedly reduced [71].

Although GLP-1 RAs and the dual GIP/GLP-1 RA tirzepatide are currently not ap-
proved for the treatment of T1D, growing evidence over the last few years has shown that
these medications may serve as valid add-on treatments to insulin with substantial efficacy
in improving glucose control, promoting weight loss and determining other beneficial
effects (including preservation of residual beta-cell function) in patients with autoimmune
diabetes. This evidence primarily comes from real-world data on the use of semaglu-
tide and tirzepatide in T1D patients with concomitant overweight/obesity, although a
randomized crossover trial investigating the efficacy of semaglutide in adults with T1D
using an automated insulin delivery system has recently been published (discussed later
in the manuscript). Therefore, this manuscript aims to comprehensively review the cur-
rently available literature regarding the use of the new incretin analogs semaglutide and
tirzepatide in patients with T1D (at different stages of the disease) and LADA, examin-
ing the safety and efficacy of these medications administered for different purposes in
real-world settings.

2. Materials and Methods
We conducted a narrative review of the literature regarding the use (for different

purposes) of the novel incretin analogs semaglutide and tirzepatide in patients with T1D
(at different stages of the disease) and LADA within a real-world context. The search
strategy consisted of capturing all publications pertaining to the use of semaglutide and
tirzepatide in patients with T1D and LADA on the MEDLINE/PubMed and Scopus scien-
tific databases. Only one article (case report) published in a journal not indexed in PubMed
and Scopus [102] was identified by reviewing the reference list of another article published
in a journal indexed in PubMed [103]. The search was conducted using the following
keywords: “type 1 diabetes” or “type 1 diabetes mellitus” or “T1D” or “T1DM” or “Latent
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autoimmune diabetes in adults” or “Latent autoimmune diabetes of adults” or “LADA”
or “Latent autoimmune diabetes in the young” or “LADY” or “autoimmune diabetes”
or “autoimmune diabetes mellitus” AND “semaglutide” or “tirzepatide”. Only original
articles and case reports written in English and published between 5 December 2017 (date
of the first global semaglutide approval in the US as an adjunct to diet and exercise to
improve glucose control in adults with T2D) [104] and 23 January 2025 were considered for
inclusion in the present review. We describe the retrieved articles related to the topic of
the present review starting from the highest level of evidence (in this case: randomized
controlled trials) to the lowest level of evidence (case reports).

3. Clinical Studies on the Use of Semaglutide in T1D
3.1. Randomized Controlled Trials (RCTs)

At the time of the present writing, only one randomized controlled trial investigating
the use of semaglutide in T1D patients has been published [105]. This study currently
represents the highest level of evidence regarding the therapeutic role of semaglutide in
patients with T1D. Of note, Pasqua et al. [105] conducted a randomized, double-blind
crossover trial at the Research Institute of the McGill University Health Centre in Montreal
(Quebec, Canada) to evaluate whether once-weekly subcutaneous semaglutide, compared
to placebo, improves glucose control and other non-glycemic outcomes in adults with
T1D while using an automated insulin delivery (AID) system. AID systems (a.k.a. closed-
loop systems or artificial pancreas systems) currently represent the most advanced form
of insulin therapy for T1D and consist of a control algorithm that automatically and
dynamically drives insulin delivery from a subcutaneous infusion pump based on real-time
and predicted interstitial glucose levels measured through a CGM sensor [106].

Among the inclusion criteria of the study published by Pasqua et al. [105], there
was the diagnosis of T1D for 1 year or longer. Each arm was 15 weeks (with 2 weeks
of washout) and the total study duration was 32 weeks. After the initial visit, at each
intervention, participants were titrated up to 1 mg or the maximum tolerated dose of
semaglutide or placebo over a 11-week dose titration period. Intervention doses were
de-escalated in case of participants’ intolerance of side effects. Participants remained on
their usual pump therapy during the entire dose titration period. The titration period was
followed by the use of a research-based AID system for 4 weeks. The AID system included
a Dexcom G6 CGM sensor, an Ypsomed insulin pump, and a Pixel 2 smartphone with an
application running the McGill insulin dosing algorithm, as previously described [107].
At the end of the 4-week AID use, anthropometric measurements and laboratory testing
were performed [105]. Participants returned to their usual insulin for a 2-week washout
period. After the washout period, the second study drug was started, with identical
procedures to the first intervention. The primary endpoint was the percentage of time
spent in the target glucose range (3.9–10.0 mmol/L; 70–180 mg/dL) between semaglutide
(at the maximum tolerated dose) and placebo, during the 4 weeks of AID use. Secondary
endpoints included the mean glucose level, the standard deviation (SD), and the coefficient
of variation (CV) of glucose levels (which are markers of glycemic variability) [108], time
spent in hyperglycemia (above 10.0 mmol/L and above 13.9 mmol/L; above 180 mg/dL
and above 250 mg/dL), and time spent in hypoglycemia (below 3.0 mmol/L and below 3.9
mmol/L; below 54 mg/dL and below 70 mg/dL) [105].

Of the 113 adults with T1D who were initially screened, 28 participants (female
participants: n = 17; 61%) were recruited and randomized. The mean age of the study
participants was 45 years, whereas the mean diabetes duration was 28 years. At baseline,
22 participants (79%) were using commercial AID systems, while 7 participants (25%) were
affected by overweight, and 18 participants (64%) were affected by obesity. Moreover, less
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than one-third of participants (n = 8; 29%) met the HbA1c target (<7%) at baseline. Of the
28 participants who were randomized, 24 completed the trial.

The primary endpoint was met. Indeed, compared to the placebo, semaglutide signifi-
cantly increased the time in range (TIR) without increasing the time below range (TBR). For the
last 28 days of each intervention, during the use of the study’s AID system, the mean TIR of
3.9–10.0 mmol/L was 74.2% for semaglutide vs. 69.4% for placebo, a significant paired dif-
ference of 4.8 percentage points. Moreover, during the last 28 days of AID use, there was no
difference in mean values of TBR < 3.9 mmol/L (TBR < 70 mg/dL) between the interventions,
indicating that the increase in TIR was entirely due to a decrease in time spent in hyperglycemia
[a.k.a. TAR, time above range]. Indeed, there was a significant difference between the inter-
ventions in mean values of TAR > 10.0 mmol/L (TAR > 180 mg/dL) (semaglutide 24.1%
vs. placebo 29.1%; paired difference of 5.0%) and in median values of TAR > 13.9 mmol/L
(TAR > 250 mg/dL) (semaglutide 5.4% vs. placebo 8.4%; paired difference of 1.7%).

Mean glucose levels and SD of glucose levels were also significantly reduced with
semaglutide use (8.4 mmol/L and 3.0 mmol/L, respectively) compared to placebo
(8.8 mmol/L and 3.2 mmol/L, respectively), although the CV of glucose levels was not.
In addition, there was a significant reduction with semaglutide, compared to placebo, in
the median HbA1c and fructosamine values (placebo-adjusted change: HbA1c, −0.5%
[interquartile range (IQR): −0.7, −0.2]); fructosamine, −15 µmol/L [IQR: −39, 2]). The
proportion of participants who achieved an HbA1c value <7% was also significantly
higher with semaglutide use compared to placebo [semaglutide, n = 17 (71%); placebo,
n = 10 (42%)].

The mean high-density lipoprotein (HDL) cholesterol value was also significantly
lower with semaglutide than placebo (1.29 mmol/L vs. 1.47 mmol/L, respectively; placebo-
adjusted change: −0.17 mmol/L), whereas other blood lipid levels [total cholesterol,
triglycerides, low-density lipoprotein (LDL) cholesterol, non-HDL cholesterol] did not sig-
nificantly change. However, the reduction in HDL cholesterol observed with semaglutide
use was not considered clinically meaningful by the researchers.

The mean body weight and the body mass index (BMI) were significantly reduced
by 5.3 kg and 1.9 kg/m2 with semaglutide compared to placebo. The mean percent body
weight reduction was −6.7% with semaglutide and −2.1% with placebo, constituting
a significant −5.1% relative change from baseline. The mean waist circumference and
hip circumference values were both significantly reduced with semaglutide compared
to placebo (placebo-adjusted changes of −5.2 cm and −4.5 cm, respectively). Of note,
participants who experienced the greatest weight reduction tended to exhibit the highest
glycemic benefits, as supported by the Pearson correlation documenting that the reduction
in body weight was significantly correlated with the increase in TIR and with the reduction
in HbA1c values.

The median total daily dose (TDD) of insulin was significantly reduced by 11.3 units
with semaglutide compared to placebo. This reduction was mediated by significant re-
ductions in median values of both basal and bolus insulin doses. Furthermore, mean
weight-based daily insulin requirements (which serve as a marker of insulin sensitiv-
ity) were significantly reduced with semaglutide (0.64 U/kg/day) compared to placebo
(0.77 U/kg/day) [paired difference: −0.13]. The median value of total daily carbohydrate
intake (as entered into the participants’ bolus calculator) was also significantly reduced by
36 g with semaglutide use compared to placebo. Interestingly, 6 out of the 24 participants
who completed the trial (25%) had detectable random plasma C-peptide levels at baseline
(defined as random plasma C-peptide levels greater than 0.003 nmol/L). Placebo-adjusted
changes in mean TIR 3.9–10.0 mmol/L (TIR 70–180 mg/dL), body weight and HbA1c were
6.2 percentage points, −6.3 kg and −0.7%, respectively, in participants with detectable
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C-peptide levels, compared to 4.4 percentage points, −6.4 kg and −0.4%, respectively, in
participants with undetectable C-peptide levels.

Moreover, in order to evaluate the generalizability of the study findings, the researchers
performed a post-hoc analysis in 12 participants who were on the commercial Control-IQ
technology during the last 14 days of the titration period. Placebo-adjusted outcomes of
insulin use, TIR, TBR and carbohydrate intake were all comparable to the findings observed
with the research-based AID system.

The most common adverse events reported during this trial were gastrointestinal
in nature and mostly mild. Severe hypoglycemic events or DKA were not reported
during semaglutide use. Although DKA did not occur, two participants in the study
experienced overt episodes of euglycemic ketosis during semaglutide use. However,
these episodes of euglycemic ketosis did not lead to acidosis (euglycemic ketosis with-
out acidosis) and were resolved with proper changes in carbohydrate intake and insulin
therapy. One of the two euglycemic ketosis cases was thought to be related to semaglu-
tide use, while the other case was suspected to be unrelated to semaglutide use (as
it occurred during concomitant foodborne illness and insulin pump malfunction). In
two study participants, progression of clinically stable or regressed retinopathy was
incidentally found: one episode of proliferative retinopathy during placebo use, and
one non-proliferative sequela during semaglutide therapy. Yet, such events were not
considered sight-threatening, as per ophthalmology consultation. There was only one
serious adverse event during semaglutide use (a recurrent tibial fracture after a prior
surgery), although this was deemed to be unrelated to the study drug.

In summary, the aforementioned study represents the first randomized controlled trial
demonstrating the efficacy of semaglutide as an adjunct to AID in adults with T1D. Indeed,
this trial showed that once-weekly subcutaneous semaglutide (at the maximum tolerated
dose) improves glucose control (as assessed by TIR and HbA1c) —without increasing the
time spent in hypoglycemia— and reduces insulin requirements as well as carbohydrate
intake, body weight, BMI, and waist and hip circumferences in adults with T1D using an
AID system.

The correlation between greater reductions in body weight and greater glycemic
benefits observed in the study may be explained by the fact that weight loss can improve
insulin sensitivity [109], which, in turn, leads to a reduction of insulin requirements and an
improvement of glucose control in T1D. Another interesting finding of the aforementioned
trial [105] is the evidence of greater HbA1c reductions in patients with detectable plasma C-
peptide levels compared to those with undetectable plasma C-peptide levels. This finding
suggests that combining semaglutide with agents that preserve residual beta-cell function
may maximize the glycemic benefits of this novel incretin analog. Besides the evident
glycemic and anthropometric benefits observed with semaglutide therapy in this trial,
there were minimal changes in blood pressure and in non-glycemic laboratory outcomes.
However, this may be due to the lack of blood pressure and non-glycemic laboratory
abnormalities at baseline in the study participants.

This study has unquestionable strengths, such as the double-blind, randomized and
controlled design. Nevertheless, it also has some limitations, including the small sample
size and the short study duration [105]. Therefore, further RCTs are required to better
assess the long-term efficacy and safety profile of semaglutide in patients with T1D.

3.2. Prospective Cohort Studies

Navodnik et al. [110] conducted the ENDIS study (Endothelium dysfunction assess-
ment study), a 12-week intervention, prospective, randomized, single-center, controlled
clinical study that enrolled 91 adult patients with long-standing T1D on insulin therapy
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[either with multiple daily injection (MDI) insulin therapy or continuous subcutaneous
insulin infusion (CSII)], all using CGM systems. The study aimed to assess and compare
the metabolic and endothelial-function-related effects of empagliflozin —a sodium-glucose
cotransporter-2 (SGLT2) inhibitor— and subcutaneous semaglutide as add-on treatments
to insulin. Of the 91 participants who were initially enrolled in the study, 89 participants
completed the study. Two patients withdrew from the study: one due to the side effects
related to semaglutide (nausea and persistent vomiting) and one in the control group due
to personal reasons. Participants were randomized to receive empagliflozin (10 mg/day) as
add-on treatment to insulin, or once-weekly subcutaneous semaglutide as add-on treatment
to insulin [semaglutide dose titration from 0.25 to 1 mg according to the recommendations
from the SmPC (Summary of Product Characteristics) or to the maximum tolerated dose],
or insulin therapy alone (control group).

Demographic and baseline characteristics (age, sex, diabetes duration, smoking status,
BMI, body weight, waist circumference, and estimated glomerular filtration rate based on
cystatin C) were similar between groups, except for baseline mean HbA1c values, which
were significantly (but slightly) higher in the two treatment groups: empagliflozin group,
7.88%; semaglutide group, 7.42%; control group, 7.04%.

After 12 weeks, mean body weight values (empagliflozin group: −2.49 kg; semaglu-
tide group: −4.3 kg; control group: −0.10 kg) and mean waist circumference values
(empagliflozin group: −4.0 cm; semaglutide group: −4.4 cm; control group: −0.97 cm)
decreased from baseline in all groups, and this reduction was statistically significant in
both treatment groups compared to baseline values and compared to 12-week values in
the control group. Moreover, the reduction in mean body weight values was significantly
greater in the semaglutide group compared to the empagliflozin group.

The reduction in mean HbA1c values from baseline to week 12 was significant in the
semaglutide group (−0.29%), but non-significant in the empagliflozin group (−0.24%).
Pairwise comparisons revealed a significant reduction in HbA1c in both the treatment
groups compared to the control group. However, there was no significant difference regard-
ing changes in TIR 3.9–10.0 mmol/L (70–180 mg/dL) between the empagliflozin group
and the semaglutide group. Participants in both treatment groups experienced a significant
reduction in mean TDD of insulin compared to controls (−1.1 IU/day) [semaglutide group,
−8.5 IU/day; empagliflozin group, −5.1 IU/day], but there was no significant difference
in mean TDD of insulin between the two treatment groups.

There was also a statistically significant reduction in mean LDL cholesterol val-
ues in the semaglutide group from baseline (−0.30 mmol/L) and compared to controls
(−0.15 mmol/L) and the empagliflozin group (0.03 mmol/L).

There was a significant improvement in FMD (brachial artery flow-mediated dilation)
in both intervention groups after 12 weeks, as compared to the baseline, with no significant
changes observed between those two groups. In the empagliflozin group, the mean FMD
increased from 5.39% to 10.6% (2.0-fold), while in the semaglutide group the mean FMD
increased from 5.81% to 11.1% (1.9-fold). Mean peripheral resistance (PR) decreased in
both intervention groups, although this reduction was statistically significant only in the
semaglutide group (−0.07 mmHg/L/min).

With regard to the safety and tolerability of the therapeutic interventions, the authors
reported only mild side effects and only one case of semaglutide withdrawal due to
persistent vomiting, with no cases of severe hypoglycemia or DKA being documented [110].
These findings suggest that both empagliflozin and semaglutide (as add-on treatments to
insulin) positively impact endothelial function in patients with T1D.
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3.3. Retrospective Cohort Studies

Mohandas et al. [111] conducted a real-world retrospective chart review study on a
cohort of 54 adult patients with long-standing T1D who had been on long-acting GLP-1
RAs (including semaglutide, exenatide extended-release, dulaglutide, albiglutide) for at least
6 months. The retrospective chart review included data from 2 years before GLP-1 RA ther-
apy initiation and data from 6 or more months after GLP-1 RA therapy initiation. At baseline,
patients had a mean age of 41.5 years. The majority of patients (n = 34; 63.0%) were using
once-weekly subcutaneous semaglutide as GLP-1 RA, whereas the remaining patients were
using dulaglutide (n = 19; 35.2%), exenatide extended-release (n = 2; 3.7%) and albiglutide
(n = 2; 3.7%). However, specific data regarding the medication dose and the changes in
body weight and markers of glucose homeostasis in semaglutide-treated group were not
available. Baseline and post-GLP-1 RA initiation values were calculated for each parameter
by averaging values over a 2-year period before starting the GLP-1 RAs and values collected
starting from 6 months after the initiation of GLP-1 RA therapy (and ending at the time of
chart review). The mean duration of GLP-1 RA therapy was 23.85 months. The authors found
that mean HbA1c values decreased significantly from a baseline of 7.76% to 7.05% (mean
difference = −0.71%) and that mean body weight decreased significantly from a baseline of
86.66 kg to 83.50 kg (mean difference = −3.16 kg). Mean TIR increased significantly from
a baseline of 54.59% to 66.74% (mean difference = +12.15%), while mean TAR decreased
significantly from a baseline of 42.20% to 30.23% (mean difference = −11.97%). The mean
SD of glucose decreased significantly from a baseline of 56.09 mg/dL to 47.64 mg/dL (mean
difference = −8.45 mg/dL). Mean 14-day CGM glucose values decreased significantly from a
baseline of 182 mg/dL to 163 mg/dL (mean difference = −19 mg/dL). Mean TBR decreased,
although not significantly, from a baseline of 2.32% to 1.78% (mean difference = −0.54%).
There was also a non-significant decrease in mean daily insulin requirements, from
0.553 units/kg/day to 0.547 units/kg/day (mean difference = −0.0061 units/kg/day). There
was no statistically significant difference between baseline and post-GLP-1 RA initiation
values of serum creatinine, total cholesterol, LDL cholesterol, systolic blood pressure, or
diastolic blood pressure.

Only 15 patients (27.8%) discontinued GLP-1 RA therapy over a 2-year period. The
most common reasons for GLP-1 RA discontinuation were gastrointestinal side effects,
such as nausea and vomiting (40.0%), minimal or negative impact of GLP-1 RAs on glucose
control (20.0%), and lack of insurance coverage (6.7%). The remaining 33.3% of patients dis-
continued the GLP-1 RAs for unknown reasons. There was no difference in the occurrence
of hypoglycemia or DKA after the initiation of GLP-1 RA therapy, even considering that
many participants (n = 23 out of 36 participants for which C-peptide values were available;
63.9%) had C-peptide values lower than 0.2 nmol/L. Therefore, this retrospective study
suggested that long-acting GLP-1 RAs used for at least 6 months and up to 2 years can
provide significant benefits (such as weight loss and improvement in glucose control) in
patients with long-standing T1D, without being associated with an increased incidence of
hypoglycemia or DKA [111].

Dandona et al. [112] published a retrospective study including 10 patients (aged 21 to
39 years) who started once-weekly subcutaneous semaglutide treatment within 3 months
after the diagnosis of T1D. At the time of T1D diagnosis, the mean HbA1c level was 11.7%,
whereas the mean fasting C-peptide level was 0.65 ng/mL. The entire cohort of patients
followed dietary carbohydrate restriction and was treated with standard prandial and
basal insulin. The weekly semaglutide dose was gradually titrated up to a maximum of
0.5 mg to avoid hypoglycemia and to monitor other side effects. Semaglutide treatment
led to the withdrawal of prandial insulin in all patients (within 3 months) and to the
withdrawal of basal insulin in the majority of patients (in 7 out of 10 patients; within
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6 months). Remarkably, semaglutide treatment was associated with better glucose control
and increased fasting C-peptide values during the 12-month observation period. The mean
HbA1c fell to 5.9% and 5.7% at 6 months and at 12 months, respectively. At 12 months, the
mean fasting C-peptide level increased to 1.05 ng/mL (+0.4 ng/mL vs. baseline), while the
mean TIR from CGM was 89% [112,113]. Based on the substantial reduction in total daily
insulin dose, near-normoglycemia (as documented by the achieved HbA1c values and
CGM metrics) and increased fasting C-peptide levels observed at the end of the observation
period, it is plausible that semaglutide treatment may have contributed to prolonging the
honeymoon phase of T1D. In addition, the authors did not observe hypoglycemic episodes,
DKA or other serious side effects after semaglutide dose stabilization [112]. However, it
is important to highlight that the aforementioned study has limitations that prevent an
accurate clinical interpretation, such as the retrospective design, the fact that data were
uncontrolled, and the lack of details about dietary restriction and weight change in the
analyzed cohort [114].

Grassi et al. [115] retrospectively extracted clinical and 30-day CGM data before and
after the initiation of low-dose once-weekly subcutaneous semaglutide (0.5 mg/week) in a
cohort of 11 adult patients with long-standing T1D and excess body weight (overweight or
obesity) who were on PLGM (predictive low-glucose management) with sensor-augmented
insulin pump therapy and adhered to structured lifestyle modifications and education for
weight management. In particular, clinical and 30-day CGM data were extracted before the
initiation of semaglutide therapy (T0) and at 3 (T3) and 6 months (T6) after the initiation of
semaglutide therapy. At 6 months after the initiation of semaglutide therapy, there was a
statistically significant body weight reduction amounting to 10.6% (−8.8 kg). Moreover, the
proportion of patients with a BMI value greater than 30 kg/m2 at 6 months significantly
decreased from 6/11 to 0/11, with two patients reaching a BMI value less than 25 kg/m2.
There was also a concomitant significant reduction in mean carbohydrate intake from 137 to
94 g/day from baseline to T3, with a slight significant increase in mean carbohydrate intake
to 109 g/day at T6. The mean number of daily meals significantly decreased from 4.5 at T0
to 3.7 at T3, without significant changes observed at T6. Mean TDD of insulin decreased
significantly from T0 to T3 (from 45.6 U/day to 38.7 U/day) and remained stable at T6
(38.5 U/day), with significant reductions observed only in the prandial insulin dose (and not
in the basal insulin dose). However, CGM metrics (TIR, TBR and TAR) remained statistically
unchanged throughout the 6-month observation period. With regard to side effects, 4 out
of 11 subjects experienced transitory nausea when initiating or up-titrating the semaglutide
dose, with none of the patients experiencing vomiting or any other semaglutide-related
side effect [115].

Garg et al. [116] conducted a 12-month retrospective case-control study on adult
patients with long-standing T1D and comorbid overweight or obesity who were prescribed
once-weekly subcutaneous semaglutide for at least 3 months. The study cohort included
50 patients on semaglutide who were compared with 50 computer-matched patients (for
age, gender, weight, BMI, ethnicity and diabetes duration) who were not on semaglutide or
any other GLP-1 RA or weight loss medication. All patients included in this study used a
CGM device (with or without an insulin pump), thus allowing the researchers to evaluate
the CGM metrics in both the semaglutide and control groups.

The semaglutide dose was gradually titrated during the first 3 months to induce
tolerability. The mean weekly dose of semaglutide was 0.63 mg at 3 months, which
increased to 0.78 mg, 0.86 mg, and 0.92 mg at 6, 9, and 12 months, respectively. Compared
to the controls, semaglutide-treated patients experienced significantly greater reductions
in body weight and BMI values, as well as significantly greater percent body weight loss.
Notably, the group comparison at 12 months documented that semaglutide-treated patients
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experienced a significant mean body weight loss of 15.9 lbs. (−7.6% of the baseline body
weight and −7.9% of the baseline BMI), whereas controls showed a mean body weight gain
of 2.1 lbs. (+1.1% of the baseline body weight). There was a significantly higher overall
decline in mean HbA1c values in the semaglutide group compared to the control group
throughout the study period (−0.60% vs. −0.17%). However, there was no group difference
in terms of overall changes in insulin doses. With regard to CGM metrics, the semaglutide
group, as compared to the control group, showed significantly greater overall increases
in mean TIR values (+6.2% vs. +0.7%), as well as significantly greater overall reductions
in measures of glycemic variability [SD of glucose: −5.9 mg/dL vs. −0.8 mg/dL; CV of
glucose: −1.4% vs. −0.8%], although no significant group difference was observed for
overall changes in mean TAR and TBR values. None of the study participants reported any
episode of severe hypoglycemia or DKA [116].

Almohareb et al. [117] conducted a multicenter retrospective study that aimed to
assess the safety and efficacy of GLP-1 RAs in T1D patients (older than 16 years) based
on real-world data. The study included 144 T1D patients who started GLP-1 RA therapy
as an add-on treatment to insulin. The mean patient age was 33.0 years, with a mean
diabetes duration of 16.5 years. At baseline, the mean patient body weight was 89.9 kg, the
mean BMI was 34.0 kg/m2, the mean HbA1c was 8.9%, the mean fasting blood glucose
was 214.5 mg/dL, and the mean TDD of insulin was 81.2 units/day (corresponding to
0.9 units/kg/day). The majority of patients (n = 133; 92.4%) were using MDI insulin therapy,
whereas only 11 patients (7.6%) were on insulin pump therapy. Moreover, there was a
limited number of patients using CGM systems (n = 27; 18.8%). Patients were followed until
GLP-1 RA therapy was discontinued, the GLP-1 RA was replaced with another medication
of the same class, or until 18 months after the initiation of GLP-1 RA therapy.

Among the study cohort, the majority of patients (n = 92; 63.9%) were using semaglu-
tide (once-weekly subcutaneous semaglutide). Of the remaining 52 patients, 49 were using
liraglutide and 3 were using dulaglutide. About one-fourth of semaglutide-treated patients
decided to discontinue the medication (n = 21; 22.8%) before the end of the 18-month
follow-up period. The mean semaglutide treatment duration was 7.9 months.

Among patients who underwent a follow-up visit within 4–6 months from GLP-1
RA therapy initiation (n = 74 patients), the mean HbA1c value significantly declined from
9.0% (at baseline) to 8.4% (mean ± SD [standard deviation] reduction: −0.5 ± 1.0%),
and this was accompanied by significant mean reductions in the values of body weight
(−3.6 kg), BMI (−1.4 kg/m2) and daily basal insulin dose (−2.4 units/day). Among
patients who underwent a follow-up visit within 12–18 months (n = 38 patients) from
GLP-1 RA therapy initiation, there was a significant mean reduction in the HbA1c value
from baseline of −0.5%, and this was accompanied by significant mean reductions in
the values of body weight (−5.2 kg), BMI (−1.9 kg/m2) and daily basal insulin dose
(−4.1 units). Unfortunately, specific data on changes in HbA1c, body weight, BMI and
TDD of insulin among the semaglutide-treated patients were not available. Yet, the authors
demonstrated that the use of GLP-1 RAs (mostly semaglutide or liraglutide) as an add-on
treatment to insulin resulted in a statistically significant reduction in HbA1c, body weight,
BMI and basal insulin dose in T1D patients during an 18-month follow-up period. With
regard to safety, only three patients (3.2%) in the semaglutide group discontinued the
drug due to gastrointestinal side effects (nausea, vomiting or diarrhea), which represented
the most frequently cited reasons for GLP-1 RA discontinuation in this subset of patients.
Overall, GLP-1 RA therapy did not result in a higher occurrence of severe hypoglycemia
or DKA [117]. The main limitations of this study, besides its retrospective design, are
represented by the lack of a control group and the limited number of patients using CGM
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systems, which prevented an accurate analysis of the impact of GLP-1 RA therapy on CGM
metrics [117].

Orrange et al. [118] recently conducted a retrospective chart review of 23 T1D patients
(86% of whom were affected by overweight or obesity) in order to evaluate the impact of
once-weekly subcutaneous semaglutide on glucose control and weight loss. The study
cohort was predominantly composed of female participants (83%) and had a mean age
and a mean diabetes duration of 45 years and 25 years, respectively. Study participants
were on semaglutide therapy for at least 6 months and received primarily telemedicine-
based care during and after the Coronavirus disease 2019 (COVID-19) pandemic over a
follow-up period of 7 to 50 months. Semaglutide therapy led to a significant weight loss,
with patients losing an average of 5% of their baseline body weight (approximately 3.75 kg)
during a 22-month follow-up period. At baseline, 43% of participants were classified as
affected by obesity (BMI ≥ 30 kg/m2). At the end of the follow-up period (after 9+ months),
two participants had transitioned from obesity to overweight, while one participant had
transitioned from overweight to normal weight. The majority of participants achieved
weight loss with lower weekly semaglutide doses: 6 participants on 0.25 mg, 5 participants
on 0.5 mg, 8 participants on 1.0 mg, and only 4 participants on 2.0 mg.

However, semaglutide did not lead to significant improvements in glucose control,
as evidenced by the lack of statistically significant changes in the glucose management
indicator (GMI) and TIR. TDD of insulin remained relatively unchanged, decreasing slightly
from a mean value of 47.7 units/day (0.56 units/kg/day) at baseline to a mean value of
46.9 units/day (0.61 units/kg/day) at the end of the observation period, with no significant
changes being observed during the follow-up period. These results suggest that the
primary therapeutic benefit of semaglutide in patients with long-standing T1D affected by
overweight/obesity is a relatively modest weight loss rather than significant improvements
in glucose control and reductions in TDD of insulin. Nevertheless, the small sample size
and the observational design of the study prevent definitive conclusions [118].

Cohen et al. [119] performed an ethics committee (Alfred Hospital, Melbourne, Aus-
tralia) retrospective audit of their tertiary referral clinic to evaluate real-world outcomes
in adult patients with T1D who were using adjunctive therapy with GLP-1 RA for two
or more visits. Electronic medical records (from the Baker Heart and Diabetes Institute,
Melbourne, Australia) were audited from 2012 onwards, with follow-up ending before
the national GLP-1 RA shortage (February 2022). The authors used the estimated glucose
disposal rate (eGDR) as a biomarker for insulin sensitivity in T1D (eGDR was expressed as
the natural log: elnGDR = 3.091 − 0.141 × HbA1c) [120]. Among 1480 adults with T1D,
30 subjects (2%) were prescribed semaglutide and had one or more follow-up visits while
they were still using the medication [119]. However, information regarding semaglutide
formulations and dosages was not available. The mean follow-up duration was 255 days.
The mean body weight decreased significantly by 8.2 kg (8.4% body weight reduction),
whereas the mean HbA1c decreased significantly by 0.5% (to 8.0%). Five subjects achieved
an HbA1c value < 7.0% (<53 mmol/mol). Moreover, there was a significant increase in
mean eGDR by 0.05 (to 2.09). Blood pressure values, serum lipid profile and CGM metrics
did not change significantly. There were no reported cases of DKA. Thus, real-world use of
semaglutide was associated with statistically and clinically significant reductions in body
weight and HbA1c, along with a significant improvement in insulin sensitivity (as assessed
by eGDR) [119].

3.4. Case Series and Case Reports

Sofrà and Beer [102] first reported the case of a 32-year-old woman with overweight
and a 20-year history of T1D, who was treated with a patch insulin pump and was pre-
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scribed semaglutide as non-insulin adjunct therapy to improve glucose control, reduce
glycemic variability and counteract weight gain. At the time of semaglutide prescrip-
tion, the patient had poor glucose control (HbA1c: 8.7%). The patient also suffered
from non-proliferative diabetic retinopathy and maculopathy. Once-weekly subcutaneous
semaglutide was prescribed at a starting dose of 0.25 mg/week for the first 4 weeks. The
weekly semaglutide dose was then increased to 0.5 mg. At 3 months from the initiation
of semaglutide therapy, flash glucose monitoring (FGM) already showed a substantial de-
crease in the average glucose level [8.3 mmol/L (149 mg/dL) vs. 10.8 mmol/L (194 mg/dL),
−2.5 mmol/L (−45 mg/dL)], an increase in TIR 3.9–8.9 mmol/L (70–160 mg/dL) (63% vs.
38%), and a reduction in CV of glucose (which came closer to the desired therapeutic goal
of ≤36%), even though these changes were accompanied by an increase in the percentage
of time spent in hypoglycemia (6% vs. 2%). At 6 months from the initiation of semaglutide
therapy, the patient experienced a 1.9% reduction in HbA1c (6.8%), a reduction in fasting
plasma glucose [7.2 mmol/L (130 mg/dL) vs. 13.0 mmol/L (234 mg/dL), −5.8 mmol/L
(−104 mg/dL)], a reduction in TDD of insulin (−5.2 U/day) and a body weight loss of 5 kg
(corresponding to 8% body weight reduction), the latter being accompanied by a normal-
ization of the BMI (24.8 kg/m2 vs. 26.8 kg/m2 at baseline). Moderate gastrointestinal side
effects (mostly nausea) were reported by the patient, particularly during the semaglutide
titration phase, although such side effects did not require any treatment [102].

Raven et al. [103] described the case of a 36-year-old woman with a 27-year his-
tory of T1D and undetectable fasting circulating C-peptide levels who needed better
weight management due to overweight (BMI: 29.3 kg/m2). The patient was on MDI
insulin therapy (with prandial insulin lispro and basal insulin glargine) plus metformin
(1000 mg twice daily) and an oral contraceptive pill for polycystic ovary syndrome
(PCOS). She also had stable and inactive proliferative diabetic retinopathy and was
closely monitored through a FGM system. Subcutaneous semaglutide was initiated at
a starting weekly dose of 0.25 mg, which was then up-titrated to 0.5 mg/week. The
latter dose led to reduced appetite without significant nausea or gastrointestinal side
effects. At 6 months from the initiation of semaglutide therapy, the patient’s body
weight had decreased (−16 kg), together with systolic blood pressure (−18 mmHg)
and TDD of insulin (−43%; with a predominant reduction in prandial insulin doses).
Additionally, the HbA1c value decreased from 7.2% to 6.3% (−0.9%), with no increase
in hypoglycemia. Overall, 6-month subcutaneous semaglutide therapy (in addition to
insulin and metformin) was well-tolerated by the patient [103].

Wong et al. [121] presented the clinical cases of three patients with T1D and comorbid
obesity who exhibited reduced insulin requirements and remarkable weight loss after the
initiation of GLP-1 RA and pramlintide (amylin analog) combination therapy (in addition
to intensive lifestyle modifications). With regard to GLP-1 RA therapy, two of these patients
were treated with semaglutide, whereas one patient was treated with dulaglutide. The
dulaglutide-treated patient was not considered, as this clinical case was out of the scope of
this review.

A 32-year-old man with T1D (treated with an insulin pump), microalbuminuria,
OSA, restless legs syndrome and class 3 obesity (BMI: 47.43 kg/m2) experienced a body
weight loss of 20.9 kg (−16.1% of total body weight; −15.2% of body fat percentage) over
10 months, while he was on combination therapy with once-weekly subcutaneous semaglu-
tide (at a dose of 0.25 mg/week, increased to 1 mg/week during a 2-month period) and
pramlintide (15 mcg pre-meal subcutaneous injections, three times a day). The other case
concerned a 49-year-old woman with T1D (treated with an insulin pump), hypertension,
hypothyroidism, depression and class 1 obesity (BMI: 30.9 kg/m2; body fat percentage:
42.3%), who experienced a body weight loss of 14.6 kg (−17.9% of total body weight;
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−5.0% of body fat percentage) over 6 months, while she was on once-weekly subcutaneous
semaglutide (at a dose of 0.5 mg/week) and pramlintide (15 mcg pre-meal subcutaneous
injections, three times a day; after 6 months, the pramlintide dose was increased to 30 mcg
pre-meal injections, three times a day). Both patients reported decreased insulin require-
ments and reductions in HbA1c values compared to baseline (HbA1c reductions: −0.2%
and −0.9%, respectively) after combination therapy with semaglutide and pramlintide. No
significant side effects were reported in both patients after the initiation of GLP-1 RA and
pramlintide combination therapy [121]. These findings may suggest the possible existence
of synergistic weight loss and glucose-lowering effects of semaglutide and pramlintide,
although prospective studies are needed to confirm this hypothesis.

Gad and Malik [122] reported the case of a 34-year-old woman with a 23-year history
of T1D who presented with weight gain (about 10 kg) over 3 to 4 years, overweight (BMI:
26.9 kg/m2), an HbA1c value of 8.3%, along with increased glycemic variability (as evi-
denced by a CV of glucose value of 48.2%). At the time of presentation, the patient was
on MDI insulin therapy based on the use of basal insulin glargine U300 (at a daily dose of
14 U) plus prandial insulin lispro (the latter administered at each meal, at a dose depending
on carbohydrate counting, insulin-to-carbohydrate ratio and insulin sensitivity factor). The
patient had no evidence of microalbuminuria, retinopathy or neuropathy. Once-weekly
subcutaneous semaglutide was prescribed at a starting dose of 0.25 mg/week for the initial
2 weeks. The weekly dose of semaglutide was then increased to 0.5 mg for the subsequent
2 weeks. Afterwards, the weekly dose of semaglutide was up-titrated to a maintenance
dose of 1.0 mg. Semaglutide therapy for 2 months resulted in a body weight reduction
of 12 kg, a percent body fat reduction of 15%, and a visceral fat reduction of 7%. After
2 months of semaglutide therapy, TAR > 250 mg/dL was reduced from 11% to 4%, although
this reduction was accompanied by a slight increase in TAR 181–250 mg/dL (from 19%
to 22%) and occurred partly at the expense of increases in TBR 54–69 mg/dL (from 8% to
10%) and TBR < 54 mg/dL (from 3% to 5%). TIR 70–180 mg/dL remained unchanged after
2 months of semaglutide therapy (59%). GMI, average glucose and CV of glucose decreased
from 6.9% to 6.6%, from 150 mg/dL to 139 mg/dL, and from 48.2% to 44.6%, respectively.
These changes were accompanied by a reduction in the doses of insulin glargine (−2 U) and
insulin lispro (about −2 U based on carbohydrate counting). Overall, 2-month semaglutide
therapy was well-tolerated by the patient [122].

Interestingly, Gong and Wentworth [123] reported the resolution of symptoms of
severe binge eating disorder after semaglutide therapy in a 27-year-old woman with class
1 obesity (BMI: 30.1 kg/m2) and long-standing T1D, who was treated with basal-bolus
insulin therapy starting from disease diagnosis (at 10 years of age). The patient suffered
from anxiety (treated with monthly psychological counselling in combination with vor-
tioxetine therapy) and severe binge eating disorder, as she reported daily binges of large
amounts of food that were distressing and unrelated to hunger. The CGM report showed
severe hyperglycemia that worsened during overnight binges. She scored 39/46 on the
Binge Eating Scale (BES) and reported significant weight-related distress contributing to
high depression scores on the 21-item Depression Anxiety and Stress Scale (DASS-21). She
started once-weekly subcutaneous semaglutide for the treatment of obesity, at a starting
weekly dose of 0.25 mg, which was then increased to 0.5 mg after 4 weeks. After one
month of semaglutide therapy (at a weekly dose of 0.25 mg), the patient’s body weight had
already decreased from 82 kg to 77 kg (−5 kg) and TIR 3.9–10.0 mmol/L (70–180 mg/dL)
had increased from 9% to 44%, despite similar adherence to insulin therapy (although the
daily insulin doses had decreased). There was also a reduction in the BES score and in the
DASS-21 score. After 2 months, the patient had to interrupt the use of semaglutide due
to drug shortage. One month later, she experienced recurrent symptoms of binge eating



J. Clin. Med. 2025, 14, 1303 17 of 50

disorder, weight regain (body weight: 84 kg; BMI: 30.8 kg/m2) and deterioration of glucose
control (as evidenced by a GMI value of 10.2%). During the subsequent 8 months, the
patient obtained a sporadic supply of semaglutide and used the medication at an average
weekly dose of 0.5 mg. Despite the intermittent use of semaglutide, she experienced resolu-
tion of severe binge eating disorder symptoms and improvement of depression, stress and
anxiety symptoms [123].

4. Clinical Studies on the Use of Semaglutide in LADA
Our literature search regarding the use of semaglutide in LADA identified only a case

report published by Da Porto et al. [124]. The authors reported good long-term glycemic
control and beta-cell preservation in a patient with LADA who received early treatment
with semaglutide and metformin. The patient was a 36-year-old woman with a past medical
history of autoimmune thyroiditis and gestational diabetes mellitus that required only
dietary management. The patient presented with polyuria and recurrent genital infections.
She also reported recent unintentional weight loss. Her BMI was 20 kg/m2 and her waist
circumference was 76 cm. She had a familiar history of T2D and was physically active.
Laboratory tests showed a random blood glucose value of 315 mg/dL, normal anion gap
and bicarbonate values, an HbA1c value of 12.3% (111 mmol/mol), absence of blood and
urinary ketones, positivity of GAD antibodies and antibodies against intracellular epitopes
of the tyrosine-phosphatase 2, as well as negativity of zinc transporter 8 antibodies. Genetic
testing for MODY (maturity-onset diabetes of the young) was negative. Such clinical and
laboratory findings led to a diagnosis of LADA, which was associated with preserved
fasting C-peptide values (0.65 ng/mL). The patient was initially treated with metformin
(at a dose of 1000 mg twice a day) and basal insulin (insulin glargine U300, at a dose of
10 units/day). Blood glucose levels gradually normalized during the first 5 weeks of
treatment, although the patient experienced episodes of fasting hypoglycemia. Hence,
basal insulin was interrupted and replaced with once-weekly subcutaneous semaglutide,
which was started at an initial weekly dose of 0.25 mg for the first 4 weeks and subsequently
titrated to a weekly dose of 0.5 mg. During a 5-year follow-up period, the patient underwent
periodic 180-min mixed meal tolerance tests (MMTTs) to monitor the residual beta-cell
function over time. During the 5-year follow-up period, the patient maintained good
glycemic control until 36 months, when there was a mild increase in the Hb1Ac value
(7.1%) and the semaglutide dose was therefore titrated to 1 mg/week. The patient exhibited
a preserved beta-cell function up to 60 months after the initial diagnosis of LADA [124].
Supplementary Table S1 lists the clinical studies on the use of semaglutide in patients with
autoimmune diabetes.

5. Clinical Studies on the Use of Tirzepatide in T1D
5.1. Retrospective Cohort Studies

A single-center retrospective observational study conducted by Akturk et al. [125]
evaluated the safety and efficacy of tirzepatide in 26 adult patients with T1D over an
observation period of 8 months. The mean age of the study participants was 42 years (age
range: 28–56 years), with a mean BMI of 36.7 kg/m2. The starting weekly dose of tirzepatide
for all patients was 2.5 mg, even though dose adjustments varied among patients and the
tirzepatide doses were up-titrated based on the individual glycemic and/or weight loss
goals. Changes from baseline in HbA1c, body weight, TDD of insulin and CGM metrics
were expressed as least squares means. The authors observed a significant reduction in
the HbA1c value by 0.45% at 3 months, which was sustained over the 8-month period.
Moreover, there was a significant body weight loss over the 8-month period. In particular,
the percent change in body weight from baseline was −3.4% at 3 months and −10.5% at
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6 months, although no further body weight loss was observed after 6 months. The total
daily insulin dose decreased by 24.3 IU/day at 8 months. With regard to CGM metrics, there
was a significant increase in TIR 70–180 mg/dL by 12.6% at 3 months, which was sustained
over the 8-month period and accompanied by a significant increase in time in tight range
(TITR) 70–140 mg/dL by 10.7% at 3 months and by 11.5% at 6 months. Moreover, there was
a significant reduction in TAR > 180 mg/dL by 12.6% at 3 months. There was no change
in TBR (reported as the percentage of time spent with interstitial glucose values below
70 mg/dL), whereas a severe hypoglycemic episode (n = 1) and severe constipation (n = 1)
led to tirzepatide discontinuation in two patients. Furthermore, one patient experienced
peroneal nerve palsy (foot drop) as a possible consequence of rapid weight loss. No DKA
event was reported during the 8-month period [125].

Garg et al. [126] conducted a retrospective single-center real-world study in 62 adult
patients with long-standing T1D and overweight/obesity who were prescribed tirzepatide
(treated group) and followed for one year. Inclusion criteria for this analysis were the
following: patients age between 18 and 80 years; use of tirzepatide for at least 3 months;
BMI ≥ 27 kg/m2; intensive insulin therapy using either multiple daily injections or an
insulin pump or a hybrid closed-loop (HCL) system; and use of a CGM sensor. The
authors used for the data analysis a control group including 37 patients with overweight or
obesity who were not using any other weight loss medication during the same period and
were computer-frequency matched by age, duration of diabetes, gender, BMI, and glucose
control. At baseline, gender distribution, mean age, ethnicity, duration of diabetes and
HbA1c were similar in the two groups, although the mean body weight, BMI and TDD of
insulin were higher in the tirzepatide group than in the control group. The starting weekly
tirzepatide dose was 2.5 mg, with the mean weekly tirzepatide dose being 5.6 mg and
9.7 mg at 3 and 12 months, respectively. Body weight and BMI decreased significantly at
each time point (3, 6, 9, and 12 months) in the tirzepatide group compared to the control
group. In particular, the mean body weight decreased significantly by 21.4 lbs. (9.6%)
at 3 months and by 46.5 lbs. (18.5%) at 12 months in the tirzepatide group. Moreover,
the mean BMI decreased significantly by 3.4 kg/m2 at 3 months and by 6.5 kg/m2 at
12 months in the tirzepatide group. The mean HbA1c decreased significantly at all time
points in the tirzepatide group compared to the control group by 0.50% at 3 months and
by 0.67% at 12 months. Moreover, the mean TDD of insulin decreased significantly in
the tirzepatide group compared to the control group at all time points, specifically by
26.1 U/day at 3 months and by 22.8 U/day at 12 months. With regard to CGM metrics,
there were significant decreases in mean CGM glucose in the tirzepatide group compared
to the control group at 3 months (−16.8 mg/dL), 6 months (−19.1 mg/dL) and 12 months
(−23.5 mg/dL). There were significantly greater increases in mean TIR 70–180 mg/dL
in the tirzepatide group compared to the control group at 3 months (+10.5%) and at
6 months (+10.8%). There were significantly greater decreases in mean TAR > 180 mg/dL
in the tirzepatide group compared to the control group at 3 months (−11.0%), at 6 months
(−11.8%) and at 9 months (−9.3%). There were also significantly greater decreases in
mean SD of glucose in the tirzepatide group compared to the control group at 6 months
(−9.5 mg/dL), at 9 months (−9.9 mg/dL) and at 12 months (−11.0 mg/dL), even though
no significant difference in CV of glucose was observed between the tirzepatide group
and the control group at any time point. Importantly, TBR < 70 mg/dL did not change
significantly in either group at any time point, and there was no significant difference
in the change in TBR < 70 mg/dL between the two groups. There were no reported
hospitalizations due to severe hypoglycemia or DKA in both groups [126].

Karakus et al. [127] conducted a pilot, single-center, retrospective observational study
to explore the role of tirzepatide as a non-insulin adjunct therapy in adults with T1D



J. Clin. Med. 2025, 14, 1303 19 of 50

who were using an AID system. The authors analyzed changes in body weight, insulin
requirements and markers of glucose control over an 8-month period after the initia-
tion of tirzepatide therapy, with data collected at different time intervals (0–2 months,
2–3 months, 3–6 months, and 6–8 months) and compared to baseline. Eleven adult pa-
tients with long-standing T1D, who were using the Tandem t:slim X2 insulin pump with
Control-IQ technology (Tandem Diabetes Care, Inc., San Diego, CA, USA) and received
tirzepatide as a non-insulin adjunct therapy, were included in the analysis. The median
age of the study participants was 37 years, whereas the median BMI was 39.6 kg/m2 and
the median diabetes duration was 24 years. The starting weekly dose of tirzepatide for
all patients was 2.5 mg, and the doses were up-titrated and adjusted by physicians based
on the individual patients’ weight loss and/or glycemic goals and adverse drug events.
There was a significant reduction in TDD of insulin from a median of 73.9 units/day
at baseline to 51.7 units/day at 0–2 months interval (corresponding to a 30% reduc-
tion in TDD of insulin within 2 months after the initiation of tirzepatide therapy), with
less pronounced subsequent reductions: median of 46.2 units/day at 2–3 months inter-
val; median of 45.3 units/day at 3–6 months interval; and median of 41.8 units/day at
6–8 months interval. Notably, there was a significant reduction in median values of both
basal insulin and bolus insulin doses within the first 2 months from baseline (31% reduction
in basal insulin dose; 43% reduction in bolus insulin dose), and this reduction remained
significantly sustained over 8 months: median basal insulin, from 47 units/day at base-
line to 25.6 units/day at 6–8 months interval; median bolus insulin, from 31.4 units/day
at baseline to 13.0 units/day at 6–8 months interval. Of note, the largest percent reduc-
tion in median bolus insulin dose was seen within the first 2 months after the initiation
of tirzepatide therapy (43%). TDD of insulin expressed as units/kg/day (n = 8) also
decreased significantly from a median of 0.53 units/kg/day at baseline to a median of
0.40 units/kg/day at 6 months from baseline (corresponding, approximately, to a 25%
reduction compared to baseline). With regard to bolus insulin, there was a significant re-
duction in the doses of both user-initiated insulin boluses and automated correction insulin
boluses during the first 2 months, and this reduction remained significantly sustained over
8 months. Similarly, there was a significant reduction in the number of automated correc-
tion insulin bolus counts during the 8-month period. Carbohydrate entry into the insulin
pump decreased during the 8-month period after the initiation of tirzepatide therapy, with
mean daily carbohydrate consumption declining from 120 g to 70 g at 0–2 months, 81 g at
2–3 months, 66 g at 3–6 months, and 45 g at 6–8 months.

Body weight and BMI (n = 9) decreased significantly from a median of 114.3 kg and
39.6 kg/m2 at baseline to a median of 105.7 kg and 36.3 kg/m2 at 6 months, respectively.
Moreover, median HA1c values decreased from 7.0% to 6.3% after tirzepatide therapy,
although this change was not statistically significant. With regard to CGM metrics, there
was a significant increase in TIR 70–180 mg/dL within the first 2 months after the initiation
of tirzepatide therapy, and this increase remained significantly sustained throughout the
subsequent time intervals: median TIR 70–180 mg/dL, from 69.8% at baseline to 75.6%
at 6–8 months. The ambulatory glucose profile (AGP) showed an improvement in in-
terstitial glucose values throughout the day after tirzepatide therapy, which was more
pronounced during daytime and was also accompanied by lower postprandial glucose
values. Importantly, there was no significant change in TBR < 70 mg/dL between baseline
and all the subsequent analyzed time intervals (median TBR values at baseline, 0–2 months,
2–3 months, 3–6 months, and 6–8 months: 0.8%, 0.6%, 0.6%, 0.6%, and 0.7%, respec-
tively) [127].

Rivera Gutierrez et al. [128] conducted a retrospective review of electronic medical
records of adults with T1D who were prescribed tirzepatide for the treatment of overweight
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and obesity at Mayo Clinic (between 1 June 2022 and 31 October 2023). The authors
categorized weekly subcutaneous tirzepatide dosages as “low dose” (2.5–5.0 mg), “medium
dose” (7.5-10.0 mg), and “high dose” (12.5–15.0 mg). In total, 51 patients were included
in the study. All the study participants had used tirzepatide for at least 3 months. The
primary endpoint was total body weight loss percentage (TBWL%) at the last follow-up
(last time point at which data were documented or tirzepatide therapy was discontinued).
At baseline, most subjects were female (n = 30; 58.8%) and had class 3 obesity (n = 21;
41.2%). The most prevalent adiposity-related condition was hyperlipidemia (n = 41; 80.4%),
and most patients had long-standing T1D. Most patients were on insulin pump therapy
(n = 40; 78.4%) and used a CGM device (n = 46; 90.2%). The median time of follow-up was
8.0 months. With regard to tirzepatide dose, most patients (41.2%) achieved a medium
dose, and about one-third of patients (35.3%) achieved a high dose.

At the last follow-up, there was a significant reduction in median TBWL%, which
amounted to −8.5%. By the last follow-up, 76.5% of patients (n = 39) achieved at least 5%
of TBWL, while all patients with available data at 12 months of follow-up achieved at least
5% of TBWL. The reduction in TBWL% was significant at all time points (3 months, −6%;
6 months, −9%; 9 months, −10%; 12 months, −12.2%).

At the last follow-up, there was a significant reduction in the median HbA1c by
0.9%. This improvement in HbA1c values was mirrored by significant changes in CGM
metrics among CGM users, namely: a significant increase in median TIR 70–180 mg/dL
(from 51.0% at baseline to 69.0% at the last follow-up) and a significant decrease in
median TAR > 180 mg/dL (from 48.0% at baseline to 29.0% at the last follow-up). There
was no significant change in median TBR < 70 mg/dL among CGM users. At the last
follow-up, there was a significant reduction in TDD of insulin (−25 units, corresponding
to a 31.6% reduction). In particular, the authors observed a precipitous (and statistically
significant) decrease in TDD of insulin (to almost half of the daily insulin requirements)
during the first 6 months of follow-up. Similar trends of reduction were also observed
(particularly during the first 6 months of follow-up) for total daily basal insulin and
total daily bolus insulin. Tirzepatide therapy was also associated with a significant
decrease in total cholesterol, LDL cholesterol, triglycerides, alanine aminotransferase,
and diastolic blood pressure.

Almost one-third of patients (n = 15; 29.4%) reported at least one side effect of
tirzepatide, with the most common being nausea (n = 7; 13.7%). Only 5.9% of patients
(n = 3) reported moderate to severe gastrointestinal side effects that caused medication
discontinuation, whereas 7.8% of patients (n = 4) reported moderate gastrointesti-
nal symptoms requiring tirzepatide dose de-escalation. Moreover, 7.8% of patients
(n = 4) reported hypoglycemia, although none required assistance, hospitalization or
medication discontinuation. There were no reported cases of DKA.

Over a median follow-up period of 8 months, the use of tirzepatide in adults with
T1D was therefore associated with significant weight loss, along with significant reduction
in daily insulin requirements and improvement of glucose control and cardiometabolic
parameters, without reported serious adverse events (including severe hypoglycemia and
DKA) [128].

5.2. Case Series and Case Reports

Sharma et al. [129] first described the case of a 36-year-old woman with T1D on a closed-
loop insulin infusion system (Tandem t:slim X2 insulin pump with Control-IQ technology;
Tandem Diabetes Care, Inc., San Diego, CA, USA) and tirzepatide therapy who experienced
DKA after closed-loop insulin infusion set failure in the setting of volume depletion. The
patient, who was initially treated only with the closed-loop insulin infusion system (with a
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predictive algorithm protecting against hyperglycemia and hypoglycemia), was prescribed
tirzepatide due to the concomitant presence of class 1 obesity (BMI: 32.2 kg/m2) associated
with poorly controlled diabetes (HbA1c: 9.4%). The exact tirzepatide dose and titration
scheme were not specified in the manuscript. At 3 months from tirzepatide initiation,
the patient had lost 50 lbs. (BMI: 25.3 kg/m2), but reported severe nausea and heartburn
related to tirzepatide therapy. Given the ongoing weight loss, the patient decided to
continue using tirzepatide despite the medical advice to stop or decrease the drug dose.
The patient presented to the emergency room 4 days after the last tirzepatide injection,
reporting acute worsening of heartburn, nausea, vomiting, and minimal oral intake for
3 days. Home urine ketone testing was positive. The patient was alert and afebrile. She
had tachycardia, tachypnea, Kussmaul breathing and dry oral mucosa, suggesting volume
depletion. At that time, the patient’s TDD of insulin was 30 units, while the patient’s
TDD of insulin was closer to 70 units before tirzepatide initiation. The closed-loop insulin
infusion system showed intermittent insulin delivery suspensions due to intermittent
hypoglycemic episodes reported by the CGM sensor (Dexcom G6). However, a point-of-
care blood glucose testing showed a glucose level of 289 mg/dL, which was comparable to
the serum glucose level detected with laboratory tests (322 mg/dL), whereas the concurrent
CGM reading showed an interstitial glucose level of 40 mg/dL. Further laboratory tests
confirmed the presence of high-anion-gap metabolic acidosis. The patient was therefore
diagnosed with DKA based on elevated serum glucose values associated with high-anion-
gap metabolic acidosis and a history of positive urine ketones on home urine testing.
Physical examination and laboratory tests did not show findings suggestive of infection,
while volume depletion was attributed to the gastrointestinal side effects of tirzepatide. The
insulin pump and CGM sensor were removed, and the patient was treated with intravenous
insulin and fluid therapy. Serum glucose values improved (143 mg/dL) and the anion
gap normalized within 8 h, while normalization of serum bicarbonate values occurred
within 72 h. Afterwards, the patient was first transitioned to MDI insulin therapy with
insulin pens and then to the closed-loop insulin infusion system (Tandem t:slim X2 insulin
pump with Control-IQ technology plus Dexcom G6 CGM sensor) at pre-admission settings.
Glucose values remained within the optimal range for the subsequent 24 h and until the
outpatient follow-up visit 10 days later, while tirzepatide was definitively discontinued.
The substantial decrease in TDD of insulin observed after the initiation of tirzepatide
therapy was attributed to the weight loss and decreased insulin resistance induced by
tirzepatide [129].

It is important to highlight that the aforementioned episode of DKA was a direct
consequence of poor CGM accuracy and subsequent insulin pump infusion set failure, as
the algorithm of the closed-loop insulin infusion system depends on the accuracy of the
CGM sensor. In this regard, the authors hypothesized that side effects of tirzepatide therapy
(particularly vomiting) precipitated volume depletion, which, in turn, caused intermittent
and inaccurate CGM sensor readings and subsequent intermittent suspensions of insulin
delivery by the insulin pump due to false CGM hypoglycemia readings [129]. Indeed,
conditions characterized by volume depletion induced by fluid loss can compromise the
accuracy of CGM sensors for the measurement of interstitial fluid (ISF) glucose concentra-
tions, as the decrease in intravascular water content leads to a compensatory mobilization
of fluid and electrolytes from the interstitial space to the intravascular compartment [130],
which results in ISF glucose concentration changes.

Mendoza and Parsiani [131] reported the case of a 23-year-old woman with T1D since
the age of 10 years who was referred to the outpatient clinic due to insulin resistance and
increasing insulin requirements. The patient was using CGM and insulin pump therapy
(Omnipod 5) with hybrid closed-loop technology in automated mode (100% of the time),
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which remained consistent during the subsequent weeks. The patient’s most recent HbA1c
value was 7.4%, and her BMI was indicative of class 2 obesity (38 kg/m2). The patient’s
body weight had increased by about 40 pounds in the last year. Exercise was limited due to
a busy schedule (less than 10 thousand steps per day). The patient was using an average
daily dose of basal and prandial insulin of 55.4 units and 26.5 units, respectively (TDD of
insulin: 81.9 units). The month earlier, she had started extended-release metformin (titrated
to 1000 mg/day) to reduce insulin resistance and insulin requirements and improve glucose
control. With regard to CGM metrics, GMI was 8.7%, TIR 70–180 mg/dL was only 31%,
whereas TAR 181–250 mg/dL was 32%, TAR > 250 mg/dL was 37%, and TBR 54–69 mg/dL
and TBR < 54 mg/dL were 0%. Thus, the patient was prescribed once-weekly subcutaneous
tirzepatide at an initial weekly dose of 2.5 mg, which was titrated to 5 mg after 4 weeks and
to 7.5 mg after the subsequent 4 weeks. Within the first month of tirzepatide therapy, the
patient experienced a weight loss of 5 pounds. By week 9, the patient’s weight decreased
further (−7 lbs.; BMI: 36 kg/m2), and her HbA1c decreased to 6.9%. By week 12, the
patient reported a 24% decrease in daily carbohydrate consumption (from an average
of 119.5 g to 90.9 g), although weight data were not available at this time. Moreover, at
12 weeks, the TDD of insulin decreased to 57.6 units, TIR 70–180 mg/dL increased to 61%,
and TAR > 250 mg/dL decreased to 7% (vs. 81.9 units, 31%, and 37%, respectively, at
baseline). During the course of the 12-week tirzepatide therapy, the patient continued to
use metformin at a daily dose that varied over time (ranging from 1000 mg to 2000 mg).
The main side effects of tirzepatide therapy were mild transient nausea (experienced with
the 2.5 mg and 7.5 mg weekly doses), transient vomiting (experienced with the 7.5 mg
weekly dose for about 2 days after drug injection), and transient hypoglycemic episodes
(around the third week on the 2.5 mg weekly dose). However, hypoglycemic episodes were
not long enough to affect the patient’s TBR and disappeared after the adjustment of the
insulin-to-carbohydrate ratios [131].

Ahmed et al. [132] reported the case of a 38-year-old man with a 16-year history
of T1D presenting with poor glucose control while he was on MDI insulin therapy
(with prandial insulin lispro-aabc plus basal insulin degludec) and wearing a CGM
sensor. The patient’s glucose levels ranged between 75 mg/dL and 200 mg/dL, with
intermittent hyperglycemic episodes (>200 mg/dL). The patient also suffered from
hypertension, steatotic liver disease, combined hyperlipidemia, stage 2 chronic kidney
disease, renal hyperparathyroidism, diabetic nephropathy and macroalbuminuria. The
patient’s body weight was 126.5 kg, while his systolic blood pressure and diastolic blood
pressure values were reported to be around 165 mmHg and 100 mmHg, respectively.
Moreover, the most recent urine albumin–creatinine ratio (uACR) value at the time
of presentation was 700 mg/g. Therefore, the patient was prescribed tirzepatide at
a starting weekly dose of 2.5 mg. During the subsequent 30 days, the patient’s daily
glucose levels remained consistently within the range 100–150 mg/dL, with only a few
hypoglycemic episodes. Thus, the weekly tirzepatide dose was increased to 5 mg at
30 days from tirzepatide therapy initiation. Afterwards, the daily glucose levels re-
mained consistently within the range 80–140 mg/dL, without significant hyperglycemic
episodes and with rare hypoglycemic episodes. The weekly tirzepatide dose was then
increased to 7.5 mg after about 4 weeks from the initiation of 5-mg weekly tirzepatide
therapy. During this period, the patient also experienced a reduction in TDD of insulin
(from about 45 units/day pre-tirzepatide therapy to about 46 units/day). After about
2 months from the initiation of 7.5-mg weekly tirzepatide therapy, the patient missed
the tirzepatide injections for about 30 days due to a family emergency, thus experi-
encing a weight gain of 1.5 kg. Subsequently, the patient resumed tirzepatide therapy
at a low maintenance weekly dose of 5 mg. At the last follow-up visit, which was
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performed at 6 months from the initiation of tirzepatide therapy, the patient showed a
body weight of 104.6 kg (−21.9 kg vs. pre-tirzepatide therapy), along with decreased
values of HbA1c (5.8%), uACR (117 mg/g), and systolic and diastolic blood pressure
(about 130/80 mmHg vs. 165/100 mmHg pre-tirzepatide therapy), thus suggesting the
potential efficacy of tirzepatide in improving glucose control, treating hypertension and
counteracting the progression of diabetic kidney disease [132].

6. Clinical Studies on the Use of Tirzepatide in LADA
Our literature search regarding the use of tirzepatide in LADA identified only a post-

hoc analysis of SURPASS clinical trials (SURPASS-2, SURPASS-3, SURPASS-4, SURPASS-
5) conducted by Peters et al. [133]. The post-hoc analysis aimed to assess changes in
HbA1c and body weight associated with tirzepatide therapy in GADA-positive vs. GADA-
negative participants with a clinical diagnosis of T2D. Patients with clinically diagnosed
T2D but exhibiting GADA positivity were considered to be likely affected by LADA.
The post-hoc analysis based on pooled data from the aforementioned clinical trials was
performed using mixed-model repeated measures from the efficacy analysis set, adjusting
for study and baseline covariates, including sex, age, BMI, HbA1c and GADA status. Study
participants were randomly assigned to receive once-weekly tirzepatide (5 mg, 10 mg
or 15 mg), once-weekly semaglutide (1 mg) (SURPASS-2), insulin degludec (SURPASS-3),
insulin glargine (SURPASS-4), or a volume-matched placebo in a single-dose pen (SURPASS-
5). Overall, 3791 participants with confirmed GADA status were included in this analysis:
3671 (96.8%) were GADA-negative, while 120 (3.2%) tested positive for GADA. Of the
120 participants who were GADA-positive, 76 (63.3%) had low GADA levels (defined
by GADA concentration ≤ 200 IU/mL and ≥5 IU/mL) and 44 (36.7%) had high GADA
levels (defined by GADA concentration > 200 IU/mL). Baseline characteristics were similar
between the two groups, except for BMI and serum triglyceride concentration, which were
slightly lower in GADA-positive patients compared to GADA-negative patients: mean
BMI, 32.2 kg/m2 vs. 33.6 kg/m2; mean triglycerides, 169.2 mg/dL vs. 188.1 mg/dL.

The change from baseline in HbA1c and body weight over time was expressed as
least squares mean (LSM) ± standard error (SE). Both GADA-positive and GADA-negative
patients achieved significant reductions from baseline in HbA1c values over time. At week
40/42, both GADA-positive and GADA-negative patients achieved significant HbA1c
reductions, with slightly greater reductions in HbA1c observed in GADA-negative partici-
pants than in GADA-positive participants (−2.32% vs. −2.11%; estimated between GADA
subgroup differences: 95% confidence interval [95% CI], 0.21% [0.03–0.39%]; p = 0.024).
Moreover, significant reductions from baseline in HbA1c were observed in tirzepatide-
treated GADA-positive patients, regardless of having low or high GADA levels over time;
at week 40/42, HbA1c reductions were −2.17% in GADA-positive participants with low
GADA levels and −2.01% in GADA-positive participants with high GADA levels. In
addition, tirzepatide-treated GADA-positive patients from SURPASS-2 and SURPASS-4
achieved improvements in glucose control irrespective of baseline fasting C-peptide levels.

Both GADA-positive and GADA-negative patients showed significant reductions from
baseline in body weight over time. Yet, at week 40/42, there was no significant difference
in body weight reductions between GADA-negative patients and GADA-positive patients
(−9.6 kg [−10.2%] vs. −9.2 kg [−10.4%]; estimated treatment differences: 95% CI, 0.38 kg
[−0.99 to 1.75 kg]; p = 0.588). The significant reductions from baseline in body weight were
observed in tirzepatide-treated GADA-positive patients regardless of having low or high
GADA levels over time; at week 40/42, body weight reductions with tirzepatide were
−9.1 kg (−9.8%) in GADA-positive patients with low GADA levels and −9.5 kg (−11.0%)
in GADA-positive patients with high GADA levels.
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A pooled analysis of SURPASS-2 and SURPASS-4 clinical trials showed that baseline
HOMA2-B (homeostasis model assessment of beta-cell function; calculated with fasting
C-peptide) increased significantly from baseline over time in both GADA-positive and
GADA-negative patients during tirzepatide therapy (by 62.4% and 97.0%, respectively),
with improvement in HOMA2-B being significantly greater among GADA-negative patients
than in GADA-positive patients at week 40/52 (estimated difference vs. GADA-positive
patients: 95% CI, 21.3% [7.6–36.8%]; p = 0.002). Moreover, HOMA2-IR (homeostasis model
assessment of insulin resistance; calculated with fasting C-peptide) decreased significantly
from baseline in both GADA-positive and GADA-negative patients during tirzepatide
therapy by 27.2% and 16.9%, respectively, with the improvement in HOMA2-IR being
significantly greater among GADA-positive patients than in GADA-negative patients at
week 40/52 (estimated difference vs. GADA-negative patients: 95% CI, 14.3% [1.9–28.2%];
p = 0.023).

Overall, hypoglycemia was reported in 151 out of 3678 GADA-negative patients
compared to 12 out of 120 GADA-positive patients (6 patients with high GADA levels
and 6 patients with low GADA levels). However, seven of these 12 GADA-positive
patients were on insulin therapy, while none of these patients were concomitantly using
sulfonylureas. Furthermore, there was no reported case of severe hypoglycemia in GADA-
positive patients [133]. Thus, this post-hoc analysis represents the first demonstration of
substantial reductions in HbA1c and body weight achieved with the novel once-weekly
dual GIP/GLP-1 RA tirzepatide in adult GADA-positive patients who were previously
diagnosed with T2D and who are likely affected by LADA. Interestingly, the study also
suggests that the improvement in glucose control observed after tirzepatide therapy in
this population may be related to the tirzepatide-mediated increase in beta-cell function
and reduction of insulin resistance (as indicated by the increased values of the marker of
beta-cell function HOMA2-B and by the decreased values of the marker of insulin resistance
HOMA2-IR) [133].

Use of Tirzepatide in a Patient with Mitochondrial Diabetes Mellitus (MDM) and GADA Positivity

By inserting the keywords “type 1 diabetes” and “tirzepatide” in the MEDLINE/PubMed
database, we identified a case report describing the use of tirzepatide in a patient with mito-
chondrial diabetes mellitus (MDM) associated with GADA positivity. This case was published
by Yoshihiko Suzuki, who described the successful use of tirzepatide in a 67-year-old man
affected by MDM [134], a rare form of diabetes mellitus caused by mutations in mitochondrial
DNA and often associated with other comorbidities, such as GADA positivity [135]. The
patient in question was affected by MDM with a mutation at position 3271. He also had a
past history of transient GADA positivity and autoimmune pancreatitis [134]. Even though
autoimmune pancreatitis went into spontaneous remission, the patient experienced poor post-
pancreatitis glycemic control. Thus, the patient, who had a history of treatment with oral
glucose-lowering medications for several years, was prescribed tirzepatide. After 5 months of
tirzepatide therapy, his HbA1c decreased from 7.0% to 6.4% and his serum C-peptide decreased
from 1.04 ng/mL to 0.89 ng/mL. The decrease in serum C-peptide values was interpreted as
a likely consequence of the reduction in insulin resistance. Other notable findings observed
after tirzepatide therapy were a body weight loss of 3.3 kg and discontinuation of glimepiride.
Moreover, GADA remained negative, and autoimmune pancreatitis did not relapse over the
course of tirzepatide therapy [134]. Supplementary Table S2 lists the clinical studies on the use
of tirzepatide in patients with autoimmune diabetes.
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7. Clinical Studies Evaluating and Comparing the Use of Semaglutide
and Tirzepatide in Patients with T1D and Overweight/Obesity (Including
Genetic Forms of Obesity)

Snell-Bergeon et al. [136] performed a retrospective analysis to assess the safety and
efficacy of off-label semaglutide and tirzepatide use in adult patients with T1D over a
period of 1 year. This retrospective chart review included 100 patients who were prescribed
semaglutide (n = 50) or tirzepatide (n = 50) and 50 controls frequency matched for age,
sex, BMI, HbA1c and diabetes duration, and who did not receive any weight loss drugs
during the study period. Data were collected before the initiation of weight loss drugs
(baseline) and for up to 1 year for each patient. Almost all patients who were prescribed
semaglutide (n = 36; 72%) and tirzepatide (n = 43; 86%) were affected by obesity, while 11
(22%) semaglutide-treated patients and 7 (14%) tirzepatide-treated patients were affected by
overweight. Baseline matching characteristics (age, sex, BMI, HbA1c and diabetes duration)
were similar between the cases and the controls, with no differences observed in matching
variables between the cases and controls. All insulin pump users were using AID systems.
Patients started on an initial weekly dose of 0.25 mg for semaglutide and of 2.5 mg for
tirzepatide, as per clinical guidelines. The median weekly dose of semaglutide prescribed
was 0.5 mg, while the median weekly dose of tirzepatide prescribed was 7.5 mg weekly.

At 12 months, BMI decreased by a least square mean of 3.0 kg/m2 and 7.5 kg/m2

in the semaglutide and tirzepatide groups, respectively. There was no significant change
in BMI in the control group at any time point. At 12 months, body weight decreased
by a least square mean of 19.2 lbs. (9.1%) and 49.4 lbs. (21.4%) in the semaglutide and
tirzepatide groups, respectively. BMI, weight in pounds and weight percentage decreased
significantly more in the tirzepatide group than in the control group at all time points from
3 to 12 months, and significantly more in the semaglutide group than in the control group
at 6, 9, and 12 months. Importantly, the reduction in BMI, weight in pounds and weight
percentage was significantly greater in the tirzepatide group than in the semaglutide group
at all time points. At 12 months, 93% of tirzepatide users, 77% of semaglutide users and
14% of controls had lost 5% of their baseline body weight, while 87% of tirzepatide users,
47% of semaglutide users and none of the controls had lost 10% or more of their baseline
body weight.

At 12 months, there was a significant reduction in the least square mean HbA1c of
0.54% in the semaglutide group and a reduction in the least square mean HbA1c of 0.68%
in the tirzepatide group, with no change observed in HbA1c among controls (−0.04%).
The reduction in HbA1c was significantly greater in the semaglutide group than in the
control group and in the tirzepatide group than in the control group overall. Although
there was no difference in the amount of reduction in HbA1c between the semaglutide and
tirzepatide groups overall, there was a greater reduction in the tirzepatide group than in
the semaglutide group at 6 months.

In the tirzepatide group, TDD of insulin as well as basal and bolus insulin doses (ex-
pressed either in U/day or U/kg/day) decreased significantly from baseline and to a greater
extent than in the semaglutide and control groups at all time points (least square mean TDD
of insulin at 12 months: tirzepatide group, −26.4 U/day [−0.13 U/kg/day]; semaglutide
group, −4.1 U/day [0.02 U/kg/day]; control group, 3.9 U/day [0.02 U/kg/day]). With
regard to the comparison between semaglutide and control groups in terms of daily insulin
doses, only the bolus insulin dose at 6 months significantly differed between semaglutide
users and controls (least square mean bolus insulin dose at 6 months: semaglutide group,
−4.2 U/day; control group, 3.6 U/day). Changes in BMI, body weight and HbA1c did
not differ significantly between groups based on the insulin delivery method (MDI insulin
therapy, insulin pump/AID). Weight loss remained significantly greater in tirzepatide-
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treated patients than in semaglutide-treated patients, regardless of the insulin delivery
method [136].

In summary, this was the first study comparing the efficacy of semaglutide and
tirzepatide in improving glucose control and promoting weight loss in adults with T1D
and comorbid overweight/obesity over 1 year. Notably, the study documented, for the
first time, that tirzepatide promoted more than two times weight loss as compared to
semaglutide, similarly to what has been reported in patients with overweight/obesity
(with or without T2D) [137]; patients on semaglutide lost 19.2 lbs. (corresponding to
9.1% of body weight) and had a decrease in BMI of 3.0 kg/m2 at 1 year, while patients on
tirzepatide lost 49.4 lbs. (corresponding to 21.4% of body weight) and had a decrease in BMI
of 7.5 kg/m2 at 1 year [136]. Conversely, semaglutide and tirzepatide determined similar
(clinically meaningful) improvements in glucose control (reduction in HbA1c of 0.54%
and 0.68% after 12 months of treatment with semaglutide and tirzepatide, respectively).
Nevertheless, it is important to note that the aforementioned study had various limitations
besides its retrospective nature, such as the lack of information regarding the semaglutide
and tirzepatide titration schedule used and the side effects experienced by patients [136].
Therefore, randomized controlled trials are needed to confirm these preliminary findings.

7.1. Use of Semaglutide and Tirzepatide in Adolescents and Young Adults (AYA) with T1D

In December 2022, the FDA approved the use of semaglutide for the treatment of
obesity in adolescents aged 12 years and older [138].

Seetharaman and Cengiz [139] from the University of California, San Francisco (San
Francisco, CA, USA) published a case series including adolescents and young adults (AYA)
with T1D who received GLP-1 RA therapy (as an adjunct therapy to insulin). Patients were
selected based on clinical needs, particularly concurrent obesity or suboptimal glucose
control. The GLP-1 RAs used in this case series included semaglutide and tirzepatide.
The case series (including eight patients) provided valuable real-world experience with
semaglutide and tirzepatide and highlighted practical issues associated with the use of these
medications in AYA with T1D. Interestingly, seven out of the eight patients had obesity. The
remaining patient was an 18-year-old female with T1D for 5 years (managed with Omnipod
insulin pump and Dexcom CGM sensor) who had a BMI of 22.9 kg/m2 (body weight:
60.9 kg; 134 lbs.) and was prescribed once-weekly subcutaneous semaglutide (at a starting
dose of 0.25 mg/week) as an adjunct therapy for postprandial hyperglycemia and appetite
regulation. She was previously using inhaled insulin (Afrezza®) at least once daily for
managing postprandial hyperglycemia, but the medication was later denied by the patient’s
insurance. The patient’s body weight was 63.2 kg (137 lbs.) at the time of semaglutide
prescription and 57.4 kg (128 lbs.) after 4 months of semaglutide therapy. However, after
about 4 months of semaglutide therapy, the patient was referred to a gastroenterology clinic
for persistent diarrhea and weight loss and was subsequently diagnosed with isomaltase
deficiency. Thus, the patient started digestive enzyme supplementation that improved
her diarrhea. The weekly semaglutide dose was increased up to 2 mg/week. Afterwards,
semaglutide was well-tolerated, the episodes of severe hypoglycemia decreased, glycemic
variability decreased, and the patient continued to maintain good glucose control (as
indicated by a GMI of 6.1%). This case highlights the importance of careful monitoring of
GLP-1 RA side effects and differential diagnosis of underlying conditions that may mimic
or deteriorate side effects of these medications.

Another interesting case described by the authors was that of a 14-year-old male
with T1D for 6 years, who was managed with a t:slim insulin pump and Dexcom CGM
sensor. The patient also suffered from obesity (BMI: 30 kg/m2; body weight: 84.4 kg) and
insulin resistance. Therefore, he was prescribed once-weekly subcutaneous semaglutide
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(at a starting dose of 0.25 mg/week). After 2 months, he had lost 10 lbs., while he was
also adopting lifestyle changes. He denied any side effects with semaglutide therapy.
Semaglutide therapy also led to improved glucose control and reduced daily insulin
requirements. Afterwards, semaglutide was interrupted due to rapid weight loss (44 lbs.)
that occurred in 3.5 months. The patient developed restrictive eating behaviors, stating that
he had a goal of losing 50 lbs. He was restricting his oral intake to 800 calories per day and
running for about 30–60 min per day. Therefore, he was referred to the adolescent eating
disorder clinic for a comprehensive assessment. This specific clinical case underscores the
need for close monitoring of disordered eating behaviors in patients on GLP-1 RA therapy,
especially in those who are already at risk for these behaviors. Hence, therapeutic benefits
of GLP-1 RA should always be weighed against the potential psychological impact of these
medications, particularly when they are prescribed as off-label drugs in AYA with T1D.

Most patients in this case series showed notable improvements in HbA1c (up to
−2.2%), TIR (up to +27%) and average glucose levels (up to −50 mg/dL), as well as
reductions in TDD of insulin (up to −0.67 U/kg/day) and mild to moderate weight loss
(up to 20.5 kg, except for one patient) after treatment with semaglutide or tirzepatide
(used for up to 16 months). With regard to side effects, a significant proportion of patients
experienced common gastrointestinal side effects of GLP-1 RAs, such as nausea, vomiting
and diarrhea, even when these medications were used at low doses. However, such
symptoms generally improved after a few weeks, with some patients managing them with
the use of histamine H2-receptor antagonists and/or antiemetic drugs. Gradual GLP-1 RA
dose titration helped minimize these common gastrointestinal side effects. One patient
(a 14-year-old female with a 3-year history of T1D, managed with an Omnipod insulin
pump and a Dexcom CGM sensor) experienced an increase in hypoglycemic episodes, thus
requiring a decrease in her daily insulin dose. Importantly, there were no reported episodes
of DKA. None of the patients in the case series exhibited depression, suicidal thoughts,
or mood issues. These findings suggest that the novel incretin analogs semaglutide and
tirzepatide (administered as add-on treatment to insulin) have the potential to improve
glucose control, reduce insulin requirements and promote weight management in AYA
with T1D, without increasing the risk of serious adverse events [139].

7.2. Use of Semaglutide and Tirzepatide in Patients with T1D and Genetic Forms of Obesity

It has been documented that between 9% and 27% of patients using tirzepatide or
semaglutide have little or no response to these weight loss medications (patients considered
“non-responders to incretin therapies”), with lack of response being defined as less than 5%
weight loss observed over an average treatment period of 72 weeks [140]. Absent or poor
response to incretin therapies may be attributable to different factors, such as genetic factors
(e.g., genetic variation at the incretin receptors associated with expression of non-functional
incretin receptors) and gut microbiome alterations, among others [140].

In this regard, an exploratory, single-center, retrospective study conducted by
Klein et al. [141] sought to assess the response to incretin therapies in patients with
long-standing T1D and obesity likely related to genetic mutations. Adults with a
BMI ≥ 40 kg/m2 and a history of early-onset severe obesity were eligible for genetic test-
ing (performed through saliva or blood sample collection) aimed at screening 79 genes
mainly associated with the leptin–melanocortin pathway, Bardet–Biedl syndrome (and
related ciliopathies) and genes affecting energy balance. The genetic mutations screened
were mainly associated with the functionality of hypothalamic regulatory centers, which
represent sites of endogenous GLP-1 action and play a critical role in the regulation of
energy intake and expenditure. The majority of patients in the “mutation cohort” were
heterozygous for the mutations screened. Adults with T1D who had participated in
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the “Uncovering Rare Obesity” program (through which eligible subjects were tested
for genetic forms of obesity) and used incretin analogs (including GLP-1 RAs and
the dual GIP/GLP-1 RA tirzepatide) for the management of obesity were enrolled in
this study. The control group included 15 individuals with obesity unlikely related
to genetic mutations, namely: 3 patients who tested negative for a genetic mutation
associated with obesity, and 12 adults with T1D who were not eligible for genetic testing
but were followed for up to 8 months to assess the safety and efficacy of tirzepatide
therapy for the management of hyperglycemia or obesity. Among 126 individuals with
a BMI ≥ 40 kg/m2 who were seen for clinical care, only 23 (18.3%) were eligible for
and consented to genetic testing. In turn, 18 (78.3%) out of these 23 patients tested
positive for an obesity-related mutation(s), while the remaining 5 (21.7%) patients tested
negative. Incretin therapies were used by 14 of the 18 patients who tested positive for
an obesity-related mutation(s) and by 4 of the 5 patients who tested negative for an
obesity-related mutation(s). However, in this latter group of patients using incretin
therapies, only 11 out of the 14 mutation-carrying patients were analyzed as the “muta-
tion cohort”, and only 3 out of the 4 mutation-negative patients were included in the
control group, since 3 patients who were positive for a mutation(s) and one patient who
was negative for a mutation(s) did not have analyzable data at 6 months from baseline.
Among the 11 patients in the “mutation cohort”, 3 patients (27.3%) used semaglutide
and 4 patients (36.3%) used tirzepatide, while the remaining 4 patients used liraglutide
(n = 1) and dulaglutide (n = 3). Among the 15 patients in the control group, 13 patients
(86.6%) used tirzepatide, while the remaining 2 patients used liraglutide (n = 1) and
exenatide (n = 1). Data on dosages of GLP-1 RAs and tirzepatide over time in the
two groups were not available. At baseline (defined as the date of initiation of incretin
therapies), patients with obesity likely related to genetic mutations, as compared to
controls, were younger (median age: 39.5 vs. 45.8 years), with a shorter duration of
diabetes (median duration of diabetes: 12.8 vs. 24.0 years) and a higher BMI (median
BMI: 43.0 vs. 38.7 kg/m2). Baseline use of technologies for type T1D management
(such as CGM sensors and insulin pumps) and HbA1c values were similar between
the two groups. As expected, baseline TDD of insulin was higher among adults with
obesity likely related to genetic mutations than among controls (median TDD of insulin:
0.68 vs. 0.46 units/kg/day, respectively). The primary outcome of this study was
percentage change in body weight and absolute change in HbA1c at 6 months from
baseline across the two groups. Response to incretin therapy was defined based on
the achievement of a body weight reduction equal to or greater than 5% at 6 months
from baseline and/or on the achievement of an HbA1c reduction equal to or greater
than 0.4% at 6 months from baseline. Of note, there was a non-significant lower ab-
solute and relative change in body weight (mean: −5.75 kg vs. −8.65 kg; −4.78% vs.
−8.57%) as well as a non-significant lower absolute change in HbA1c (mean: −0.28% vs.
−0.43%) at 6 months among patients with obesity likely related to genetic mutations, as
compared to the control group. Yet, there were significantly less subjects with obesity
likely related to genetic mutations compared to subjects with obesity unlikely related
to genetic mutations who met either HbA1c reduction of ≥0.4% or weight loss of ≥5%
at 6 months from baseline (36.36% vs. 80.0%) [141]. Thus, this study documented a
reduced efficacy of GLP-1 RAs and tirzepatide in terms of glucose-lowering and weight
loss effects among patients with T1D and obesity likely related to genetic causes.

Supplementary Tables S1 and S2 include detailed information on the clinical studies
evaluating and comparing the use of semaglutide and tirzepatide in patients with T1D and
obesity (including genetic forms of obesity).
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8. Discussion
8.1. Summary of the Current Evidence

The present narrative review comprehensively examined the existing studies in-
vestigating the use of the novel incretin analogs semaglutide and tirzepatide in patients
with T1D (as non-insulin adjunct therapies at different stages of the disease) and in
patients with LADA.

Our review suggests that both semaglutide and tirzepatide may exert a series of bene-
ficial effects in patients with T1D (at different stages of the disease) and LADA (Figure 1),
as follows:

• Improvement of glucose control, as evidenced by reductions in HbA1c [in patients
with T1D and LADA], fasting plasma glucose, average CGM glucose and TAR values,
accompanied by the increase in TIR values (without significant changes in time spent
in hypoglycemia [TBR]) [in patients with T1D]. In the studies examined in this review
(excluding case series and case reports), the use of semaglutide and tirzepatide [ad-
ministered at different doses and for varying durations (from 12 weeks to 50 months)]
in T1D patients was associated with average/median reductions in HbA1c values of
about 0.20–0.60% and 0.45–0.90%, respectively; on the other hand, the use of tirzepatide
in patients with LADA (for 40/42 weeks) was associated with an average reduction in
HbA1c values of 2.11%.

• Reduction of glycemic variability in patients with T1D (as evidenced by reductions in
CV and SD of interstitial glucose values).

• Reduction of daily insulin doses (regarding particularly prandial insulin in some
studies) in patients with new-onset and long-standing T1D.

• Reduction of daily carbohydrate intake in patients with long-standing T1D. Re-
duction of daily carbohydrate intake may be accompanied by reduction of excess
caloric intake (overeating) and improvement of postprandial glucose control (de-
creased postprandial hyperglycemic episodes due to reduced prandial load with
low dietary carbohydrate intake).

• Improvement of glucose control (without significant changes in TBR), reduction of
daily insulin requirements, reduction of carbohydrate intake, substantial weight loss,
and reduction of waist and hip circumferences in adult patients with established T1D
using AID systems.

• Reduction of insulin resistance in patients with T1D and LADA.
• Preservation of endogenous insulin secretion and prolongation of the honeymoon

phase in patients with new-onset T1D.
• Preservation and improvement of endogenous insulin secretion in patients with LADA.
• Substantial weight loss in patients with T1D/LADA and concomitant overweight/obesity.

In the studies conducted in this population and examined in this review (excluding
case series and case reports), the use of semaglutide and tirzepatide [administered at
different doses and for varying durations (from 12 weeks to 50 months)] in T1D patients
was associated with median/average reductions in body weight of about 5.0–10.6% and
8.5–21.4%, respectively; on the other hand, the use of tirzepatide in patients with LADA
(for 40/42 weeks) was associated with an average reduction in body weight of 10.4%.
These reductions in body weight were clinically meaningful, since the degree of weight
loss achieved with semaglutide and tirzepatide in patients with autoimmune diabetes
was substantially higher than the minimum weight loss required for metabolic health
improvement [142].

• Potential improvement of symptoms of severe binge eating disorder, depression, stress
and anxiety in patients with T1D and obesity: such potential benefits have been
postulated based on a case report published by Gong and Wentworth [123]. This
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case report suggests semaglutide as a potential add-on treatment to insulin able to
concomitantly improve glucose control, excess body weight and binge eating disorder
symptoms. Although these findings need to be confirmed in clinical trials, they are
particularly interesting since binge eating disorder and disordered eating behaviors can
contribute to inadequate glucose control and weight management in T1D patients [57].
Indeed, subjects with T1D (particularly adolescent females) are at greater risk for the
development of disordered eating behaviors and eating disorders compared to their
peers without diabetes [57].

Figure 1. Potential and established benefits of the novel incretin analogs semaglutide and tirzepatide
in patients with T1D (at different stages of the disease), LADA and double diabetes associated
with overweight/obesity. Abbreviations: AID, automated insulin delivery; GIP, glucose-dependent
insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; IR, insulin resistance; LADA, latent autoim-
mune diabetes in adults; MetS, metabolic syndrome; OB, obesity; OW, overweight; RA, receptor agonist;
T1D, type 1 diabetes; TAR, time above range; TDD, total daily dose; TIR, time in range.

The most common side effects of semaglutide and tirzepatide observed across the studies
examined in this review were the well-established gastrointestinal side effects of these drugs
(nausea, vomiting, diarrhea, constipation), which were mostly transient and mild-to-moderate
in severity. One severe hypoglycemic episode and severe constipation led to the interruption
of tirzepatide in two patients in the study published by Akturk et al. [125]. Furthermore, in the
same study, one patient experienced peroneal nerve palsy (foot drop) as a possible consequence
of rapid weight loss [125]. In the prospective cohort study published by Navodnik et al. [110],
there was only one case of semaglutide withdrawal due to persistent vomiting, while there
were no reported cases of severe hypoglycemia or DKA. Moreover, two participants in the
randomized crossover trial conducted by Pasqua et al. [105] experienced overt episodes of
euglycemic ketosis during semaglutide use, although these episodes did not lead to acidosis and
were resolved with adequate changes in carbohydrate intake and insulin therapy. Moreover,
the same randomized crossover trial did not report severe hypoglycemic events or DKA during
semaglutide use [105]. The remaining studies (retrospective cohort studies) did not observe an
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increased risk of severe hypoglycemic episodes and DKA deriving from the use of semaglutide
and tirzepatide in patients with T1D and LADA.

With regard to other established and putative adverse events associated with the
use of incretin analogs [3,143–145], the studies examined in this review did not report
cases of acute kidney injury, retained gastric contents, aspiration pneumonia, cholecystitis,
cholelithiasis, biliary obstruction, ileus, neuropsychiatric events, sarcopenia, leukocytoclas-
tic vasculitis, dermal hypersensitivity reactions, systemic allergic reactions, pancreatitis, or
development/worsening of retinopathy.

Although a prospective cohort study [110] and a recently published randomized
controlled trial [105] provided robust evidence of clinical benefits deriving from the use of
semaglutide in adult T1D patients, it is worth specifying that the other studies examined in
the present review are retrospective observational studies, post-hoc analyses, case series
and case reports, which evaluated the impact of the off-label use of semaglutide and
tirzepatide in patients with T1D and LADA within a real-world context. Moreover, some of
these studies were uncontrolled and characterized by a small sample size, short duration of
the observation period, possible selection bias of participants, lack of structured protocols
for initiating semaglutide or tirzepatide, and lack of a structured drug dose escalation
scheme. Lack of data from different ethnic groups (and consequent limited generalizability
of the study results to diverse populations), lack of socioeconomic status representation,
lack of assessment of circulating C-peptide levels, and use of CGM data obtained from
different CGM devices represent additional limitations of many studies reviewed in the
present manuscript. Therefore, future large, randomized, placebo-controlled trials on the
use of semaglutide and tirzepatide are warranted to definitively clarify the long-term safety
and efficacy profile of these medications in patients with T1D (at different stages of the
disease and treated with or without AID systems) and in patients with LADA.

8.2. Future Research Directions

Given the expected increase in the prevalence of double diabetes associated with
overweight/obesity [61], the use of the highly effective weight loss medications semaglutide
and tirzepatide (second-generation incretin analogs) in patients with T1D and LADA may
keep on rising in the near future. In this regard, a recent pooled cross-sectional analysis
using electronic health records from an integrated database including about 257 million US
residents across 50 states explored prescribing trends for T1D patients who were prescribed
GLP-1 RAs, the dual GIP/GLP-1 RA tirzepatide or SGLT2 inhibitors [146]. This analysis
identified 943.456 subjects with T1D from 2010 to 2023, showing that the percentage
of T1D patients who were prescribed GLP-1 RAs (dulaglutide, albiglutide, lixisenatide,
exenatide, liraglutide, and semaglutide) and the dual GIP/GLP-1 RA tirzepatide increased
significantly from 0.3% in 2010 to 6.6% by 2023. Patients who were newly prescribed GLP-1
RAs or tirzepatide had a high prevalence of obesity (69.4%). Within the GLP-1 RA and dual
GIP/GLP-1 RA (tirzepatide) subclass, the most pronounced growth regarded semaglutide,
whose prescription increased from 0.2% in 2018 to 4.4% in 2023. Tirzepatide, which has
been approved for T2D in 2022, reached 1.3% within one year [146].

Therefore, the aforementioned preliminary results highlight the strong need for plan-
ning further large, prospective, randomized controlled trials aimed to assess the long-term
safety and efficacy of semaglutide and tirzepatide as non-insulin adjunct therapies in both
pediatric and adult patients with T1D (at different stages of the disease) and double dia-
betes, and as anti-hyperglycemic agents in patients with LADA. An ongoing randomized,
open-label, phase 3 trial sponsored by the “Centre Hospitalier Universitaire Dijon” (Dijon,
France) is already investigating the efficacy of semaglutide (administered as add-on to
insulin treatment for 26 weeks) in improving glucose control among adult patients with
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double diabetes [ClinicalTrials.gov ID: NCT05305794] [147]. Similarly, other randomized
clinical trials are currently ongoing to investigate the efficacy of tirzepatide in improving
glucose control and reducing body weight in adults with T1D and overweight/obesity
(ClinicalTrials.gov ID: NCT06180616) [148], as well as the role of tirzepatide as an adjunct
to AID in adults with T1D (ClinicalTrials.gov ID: NCT06630585) [149].

It is therefore clear that many questions regarding the use of semaglutide and
tirzepatide in patients with T1D and LADA still remain unanswered. In this regard,
future research areas concerning the use of semaglutide and tirzepatide in patients with
autoimmune diabetes (including pediatric patients) are the following:

• Investigation of the safety and efficacy of semaglutide and tirzepatide used as non-
insulin adjunct therapies in patients with new-onset and long-standing T1D (stages
3 and 4 T1D) for preserving residual beta-cell function, improving glucose control,
reducing daily insulin requirements (in terms of both basal and bolus insulin doses),
prolonging the honeymoon phase, and preventing or treating excess body weight.

• Investigation of the efficacy of semaglutide and tirzepatide in preventing or halting the
progression of chronic (microvascular and macrovascular) complications of diabetes
and improving the quality of life in patients with T1D, double diabetes and LADA.

• Investigation of the efficacy of semaglutide and tirzepatide in improving car-
diometabolic parameters, treating weight-related conditions (e.g., dyslipidemia,
hypertension, metabolic dysfunction-associated steatotic liver disease, metabolic
dysfunction-associated steatohepatitis and OSA, among others) and preventing or
mitigating exogenous insulin-mediated weight gain among patients with T1D, double
diabetes and LADA.

• Investigation of the efficacy of semaglutide and tirzepatide in reducing cardiovascular
mortality and all-cause mortality in patients with T1D, double diabetes and LADA.

• Investigation of the safety and efficacy profile of semaglutide and tirzepatide used in
pre-symptomatic T1D (stages 1 and 2 T1D) for halting disease progression and pre-
venting or delaying the clinical onset of T1D (stage 3 T1D) through anti-hyperglycemic
actions and potential anti-inflammatory, antioxidant, immunomodulatory and beta-
cell protective properties (stimulation of beta-cell proliferation and survival).

• Investigation (based on randomized controlled trials) of the use of semaglutide and
tirzepatide in patients with T1D and genetic forms of obesity for improvement of
glucose control and management of excess body weight.

• Investigation of the use of semaglutide and tirzepatide in patients with T1D, over-
weight/obesity and PCOS for treating anovulatory menstrual cycles/ irregular men-
strual cycles, infertility and/or insulin resistance and/or excess body weight and/or
hyperandrogenism and/or weight-related comorbidities in this population [150,151].

• Investigation of the safety and efficacy profile of semaglutide and tirzepatide used
in patients with T1D who have previously undergone allogeneic islet transplanta-
tion/pancreas transplantation and/or kidney transplantation for improving glucose
control, reducing beta-cell glucotoxicity, mitigating the immunosuppressant-induced
beta-cell dysfunction [152], preserving endogenous insulin secretion, preventing graft
dysfunction and graft failure, promoting graft function and survival, and possibly
reducing the required doses of immunosuppressants through anti-hyperglycemic ac-
tions and potential anti-inflammatory, antioxidant, immunomodulatory and beta-cell
protective properties (stimulation of beta-cell proliferation and survival). According to
these hypotheses, experimental evidence from in vitro models of autoimmune diabetes
suggested that liraglutide can preserve insulin secretion by exerting anti-inflammatory
actions that protect beta cells from the autoimmune attack [153]. Interestingly, li-
raglutide has also been shown to enhance the efficacy of mesenchymal stem cells
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in preserving islet beta-cell function in non-obese diabetic (NOD) mice [154], which
represent a well-established animal model of human T1D [155]. More recently, a
study conducted in mice receiving islet or cardiac allotransplantation documented that
GLP-1 receptor acts as a T cell-negative co-stimulatory molecule, and GLP-1 receptor
signaling mitigates alloimmune response, reduces T lymphocyte graft infiltration, and
prolongs allograft survival [156].

• Investigation of the safety and efficacy of semaglutide and tirzepatide as adjuvant ther-
apeutic agents able to reduce glucotoxicity and promote successful clinical outcomes
of investigational beta-cell replacement strategies based on the use of encapsulated
stem cell-derived insulin-producing beta cells in patients with T1D.

• Investigation of the safety and efficacy profile of semaglutide and tirzepatide used
in patients with LADA for preserving beta-cell function, reducing insulin resistance,
improving glucose control and delaying or preventing the need for insulin therapy.

• Investigation of the safety and efficacy profile of semaglutide and tirzepatide used
in patients with other forms of autoimmune diabetes (e.g., checkpoint inhibitor-
associated autoimmune diabetes mellitus) [157] for preserving beta-cell function and
improving glucose control.

• Investigation of the impact of semaglutide and tirzepatide on lean body mass (through
diagnostic tools such as the dual-energy X-ray absorptiometry and/or the bioelectrical
impedance analysis) in patients with T1D, double diabetes and LADA. Indeed, incretin
analog therapy has been shown to cause a variable lean mass loss across studies
(besides a substantial fat mass reduction) [158,159]. Since sarcopenia is strongly
associated with morbidity and mortality [160], there is a great need for investigation of
nutrition and exercise strategies as well as novel pharmacotherapies aimed to preserve
muscle mass and function during incretin analog therapy [158,161].

• Investigation of the safety and efficacy profile of combination therapies based on the
co-administration of semaglutide (or tirzepatide) and amylin analogs in patients with
T1D, double diabetes and LADA.

With regard to the latter point, combinations therapies based on the co-administration
of semaglutide (or tirzepatide) and amylin analogs may offer, as compared to GLP-1
RA or dual GIP/GLP-1 RA monotherapies, greater glycemic improvements and weight
loss reductions in patients with autoimmune diabetes and comorbid overweight/obesity.
Amylin (a.k.a. islet amyloid polypeptide or IAPP) is a peptide hormone which is co-secreted
with insulin by pancreatic beta cells in response to food intake, at a level of approximately
1% that of insulin [162]. Amylin plays a relevant role in glucose homeostasis by slowing
gastric emptying, promoting satiety (through action on selected areas of the central nervous
system) and suppressing postprandial glucagon secretion, thus preventing excessive caloric
intake and reducing postprandial glucose excursions [163–167].

T1D is also regarded as a two-hormone deficiency disorder [166], given that T1D-
related autoimmune destruction of beta cells leads to amylin deficiency (in addition to
insulin deficiency) [163,164,168]. Coupled with insulin deficiency and defective suppres-
sion of alpha-cell glucagon secretion in the postprandial period (due to the loss of paracrine
inhibition by insulin secreted from the neighboring beta cells) [169,170], amylin deficiency
represents an additional cause of poor postprandial glucose control, postprandial hyper-
glucagonemia and increased glycemic variability in patients with T1D [168].

To date, pramlintide is the only commercially available amylin analog (adminis-
tered subcutaneously at mealtime) approved by the FDA as an adjunctive treatment
to insulin therapy in patients with T1D and T2D [171–173]. As we previously men-
tioned, Wong et al. [121] suggested the possible existence of synergistic weight-loss and
glucose-lowering effects of semaglutide and pramlintide in two adults with T1D and
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comorbid obesity (without reporting significant side effects during this combination
therapy). Accordingly, a study conducted in rats demonstrated that the administration
of an amylin analog together with the GLP-1 RA liraglutide determined synergistic
anorectic and weight-loss effects [174]. Thus, it would be interesting to assess whether
novel once-weekly subcutaneous long-acting amylin analogs (like cagrilintide) or novel
co-formulations containing long-acting amylin analogs and long-acting GLP-1 RA (like
CagriSema, which contains cagrilintide and semaglutide) [175] can exert a therapeutic
role in patients with T1D, double diabetes and LADA. Significant therapeutic benefits of
such combination therapies may partly depend on greater suppression of postprandial
glucagon secretion as compared to the single administration of GLP-1 RAs, tirzepatide
(dual GIP/GLP-1 RA) or amylin analogs. However, it will also be critical to ascertain
whether co-administration of amylin analogs and GLP-1 RAs is associated with higher
rates of gastrointestinal side effects or other adverse effects like hypoglycemic episodes.
Indeed, it is worth noting that T1D is also characterized by an impaired glucagon secre-
tion in responses to hypoglycemia [176], apart from exaggerated postprandial glucagon
secretion [170,177].

As we previously mentioned, over the last years there has been a progressive in-
crease in the proportion of T1D patients affected by overweight/obesity and/or insulin
resistance [45,61]. Mechanisms accounting for development of overweight/obesity in
T1D patients include: iatrogenic peripheral hyperinsulinemia related to intensive insulin
therapy (due to peripheral insulin administration, such as subcutaneous insulin administra-
tion) [178], physical inactivity and increased caloric intake [45] (for example, due to the fear
of hypoglycemia or due to the treatment of frequent episodes of hypoglycemia) [44,179],
unhealthy food consumption, T1D-specific biopsychosocial burden, exposure to an obe-
sogenic environment, socioeconomic and cultural factors [45], binge eating disorder and
disordered eating behaviors [180], genetic susceptibility, epigenetics, hormonal alterations
other than insulin deficiency (e.g., alterations involving the secretion of amylin, glucagon,
leptin, ghrelin and other gastrointestinal hormones), dysregulation of biologic mechanisms
regulating appetite and satiety, sociodemographic disparities, gut microbiota dysbiosis,
adipose tissue dysfunction, lipotoxicity, and glucotoxicity [45,181].

Moreover, T1D patients can develop insulin resistance due to several mechanisms, in-
cluding iatrogenic peripheral hyperinsulinemia (related to intensive insulin therapy based
on subcutaneously administered exogenous insulin, which bypasses first-pass hepatic
insulin extraction) [182], genetic factors, glucotoxicity, lipotoxicity, excessive accumulation
of adipose tissue (particularly visceral adipose tissue), adipose tissue dysfunction (over-
weight/obesity), chronic systemic low-grade inflammation, oxidative stress, insulin-like
growth factor-1 (IGF-1) deficiency and growth hormone (GH) hypersecretion, among oth-
ers [50,183,184]. This creates a vicious cycle where iatrogenic hyperinsulinemia (related
to intensive insulin therapy based on subcutaneously administered exogenous insulin)
promotes insulin resistance and weight gain [182,185–187]. In turn, excess weight gain pro-
motes insulin resistance [187–191], which leads to higher exogenous insulin requirements.
Moreover, insulin resistance and excess weight gain due to intensive insulin therapy can
increase cardiovascular risk factors (e.g., hypertension, dyslipidemia) [66,67,187,191,192].
Thus, strategies aimed to break the perpetuating cycle of weight gain, insulin resistance
and increased exogenous insulin requirements (Figure 2) are highly desirable in patients
with double diabetes, where clinical features of both T1D and T2D coexist in the same
subject [61].
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Figure 2. Vicious cycle of weight gain, insulin resistance and increased exogenous insulin require-
ments in patients with T1D. In patients with T1D, this perpetuating cycle leads to double diabetes,
which is characterized by the coexistence of clinical features of both T1D and T2D in the same subject.
Iatrogenic peripheral hyperinsulinemia during intensive exogenous insulin therapy promotes insulin
resistance and weight gain. In turn, excess weight gain promotes insulin resistance, which leads to
higher exogenous insulin requirements. Moreover, insulin resistance and excess weight gain due
to intensive exogenous insulin therapy can increase cardiovascular risk factors (e.g., hypertension,
dyslipidemia). *Iatrogenic peripheral hyperinsulinemia during intensive exogenous insulin therapy is
related to subcutaneously administered exogenous insulin, which bypasses first-pass hepatic insulin
extraction. Abbreviations: CV, cardiovascular; T1D, type 1 diabetes; T2D, type 2 diabetes.

Semaglutide and tirzepatide can effectively break this perpetuating dangerous cycle.
Indeed, the use of semaglutide and tirzepatide in T1D and LADA across most studies
reviewed in this manuscript has been associated with a substantial reduction of daily
TDD of insulin (or even with the interruption of insulin therapy), along with remarkable
weight loss effects. The weight loss and glucose-lowering effects of semaglutide and
tirzepatide in patients with autoimmune diabetes appear to be partly mediated by the
insulin-sensitizing actions of these drugs. In fact, it has been shown that semaglutide and
tirzepatide reduce insulin resistance in patients with T2D, an effect that appears to be
primarily mediated by the substantial weight loss effects of these drugs [81,109,193–195].
However, a preclinical study conducted in high-fat-diet-fed obese IR mice documented
that tirzepatide enhances insulin action to a greater extent than semaglutide, since it exerts
both weight-dependent and weight-independent (through GIP receptor agonism) insulin-
sensitizing actions [196]. Mechanistically, tirzepatide has been shown to improve insulin
sensitivity by enhancing insulin-stimulated glucose disposal in skeletal muscle and white
adipose tissue, and by inducing the expression of genes linked to the oxidation of glucose,
lipids and branched-chain amino acids in brown adipose tissue, thus reducing excess
nutrient delivery to metabolically relevant organs and consequently enhancing systemic
insulin sensitivity [196].
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Another interesting research area is the investigation of potential cardiorenal benefits
of semaglutide and tirzepatide in patients with T1D, double diabetes and LADA.

In particular, increased risk of cardiovascular disease and chronic kidney disease has
been reported in patients with T1D [197,198]. Therefore, there is an unmet need for car-
dioprotective and nephroprotective adjuncts able to increase life expectancy and improve
quality of life of T1D patients [199]. This aspect is highly relevant, as cardiovascular dis-
ease and diabetic kidney disease are leading causes of death in T1D patients [197,200,201].
Even though such conditions may be attributable to traditional cardiorenal risk factors,
non-traditional risk factors (such as insulin resistance) may also play a role in their patho-
physiology. In fact, insulin resistance in T1D has been linked to coronary atherosclerosis [67],
cardiovascular disease, diabetic nephropathy and all-cause mortality [66,202], and it is
partly driven by subcutaneously administered exogenous insulin itself [182]. Semaglutide
and tirzepatide are undoubtedly promising drug candidates to reduce the cardiorenal
risk and the development of chronic microvascular and macrovascular complications of
diabetes in patients with T1D. Preliminary clinical evidence in this direction has already
been provided by the prospective study conducted by Navodnik et al. [110], who showed
that semaglutide (as add-on treatment to insulin) positively impacted endothelial func-
tion in patients with long-standing T1D. Additionally, a preclinical study conducted by
Yan et al. [203] on C57BL/6J mice with streptozotocin-induced diabetes mellitus found
that 8-week administration of semaglutide (injected subcutaneously at a weekly dose of
0.15 mg/kg) decreased myocardial oxidative stress by activating the Sirt1/AMPK (AMP-
activated protein kinase) pathway, thus reducing cardiomyocyte apoptosis, restoring the
expression of connexin 43 (a.k.a. Cx43, the predominant protein forming gap junctions
and non-junctional hemichannels in ventricular myocardium) [204], and attenuating patho-
logical electrophysiological remodeling and cardiac dysfunction in the context of diabetic
cardiomyopathy [203]. More importantly, Frampton et al. [205] recently published the study
protocol of a phase 2, double-blind, randomized, placebo-controlled trial termed RESET1
(“REducing cardiometabolic risk with SEmaglutide in Type 1 diabetes”). This trial will
recruit 60 eligible adults with T1D at St Vincent’s Hospital (a teaching hospital in Sydney,
Australia) to assess the impact of 26-week administration of once-weekly subcutaneous
semaglutide (at a weekly dose of up to 1.0 mg) on carotid-femoral pulse wave velocity
(cfPWV) [205], which serves as a measure of arterial stiffness and as a surrogate marker
of cardiorenal risk in T1D [206]. Inclusion criteria will be the following: age ranging from
25 to 70 years; diabetes duration equal to or greater than 2 years; BMI ≥ 25 kg/m2;
HbA1c ≥ 7%; and presence of at least one cardiovascular risk factor (microalbuminuria,
and/or hypertension, and/or use of anti-hypertensive drugs, and/or hyperlipidemia,
and/or use of lipid-lowering drugs, and/or current smoking) [205].

Another key point to be addressed in future clinical trials is the establishment of the
most proper doses of novel incretin analogs required to achieve the desired clinical out-
comes in different subgroups of patients with autoimmune diabetes (e.g., patients with
new-onset T1D, patients with long-standing T1D, patients with double diabetes and
overweight/obesity, patients with LADA). Indeed, the proper doses of incretin analogs
may vary depending on the specific therapeutic goals. For example, low semaglutide
or tirzepatide doses may be sufficient for safe and effective preservation of residual
beta-cell function in patients with new-onset T1D (who usually exhibit normal or low
BMI values), as it has been demonstrated by Dandona et al. (who used a maximum
weekly semaglutide dose of 0.5 mg) [112], whereas higher semaglutide or tirzepatide
doses are likely necessary to achieve substantial weight loss and adequate glucose
control in patients with double diabetes. These considerations also apply to patients
with distinct T1D endotypes and to patients with heterogeneous clinical manifestations
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of LADA. The investigation of cost-effectiveness of different doses of novel incretin
analogs based on the desired clinical outcomes has relevant implications, particularly
in light of the recent widespread shortage of these drugs (due to the transient fragility
of global pharmaceutical supply chain) and frequent issues regarding the high costs
and insurance coverage of these medications [207–209].

8.3. Practical Considerations Regarding the Use of Semaglutide and Tirzepatide in Patients with
T1D, Double Diabetes and LADA

Even though semaglutide and tirzepatide are currently not approved for the treatment
of patients with autoimmune diabetes, practical considerations regarding the use of these
medications should be taken into account in view of their increasing off-label use in this
population within real-world contexts [146]. Indeed, healthcare providers tend to prescribe
these medications off-label, particularly for patients with T1D facing overweight/obesity
and/or insulin resistance.

One of the main aspects to consider when starting semaglutide or tirzepatide therapy
in patients with autoimmune diabetes is the concomitant need for insulin dose adjustments,
particularly because there is still no evidence-based insulin titration guidance for semaglu-
tide and tirzepatide use in T1D patients. First, patients should be properly informed about
the potential adverse effects of these medications. In particular, patients with autoimmune
diabetes should be instructed on how to recognize and manage the most dreaded side
effects of semaglutide and tirzepatide in this population, such as severe hypoglycemia,
DKA and euglycemic diabetic ketoacidosis (euDKA). Second, patients should be properly
informed about the expected reductions in insulin requirements after initiation and dose es-
calation of semaglutide or tirzepatide. Proper insulin dose adjustments during semaglutide
or tirzepatide therapy are indeed essential to minimize the potential risks of semaglutide-
or tirzepatide-related adverse events. While significant insulin dose reductions after the ini-
tiation of semaglutide or tirzepatide therapy are generally required to avoid hypoglycemia,
excessive insulin dose reductions can lead to DKA or euDKA. Therefore, insulin dose
adjustments should always be made on the basis of clinical judgment and clinical decision
making by expert diabetologists. Third, patients should receive proper education by health-
care providers on how to recognize possible signs and symptoms of hypoglycemia and
DKA/euDKA [210–212], and on when they should measure blood ketone values through
the use of ketone meters.

Useful suggestions regarding insulin titration during semaglutide or tirzepatide ther-
apy come from some of the studies discussed in this review. Remarkably, the use of
second-generation insulin analogs (semaglutide and tirzepatide) may serve as a valid
adjunct to closed-loop insulin therapy by preventing or treating excess body weight and by
enhancing the glycemic and metabolic benefits of AID systems in patients with T1D and
comorbid overweight/obesity. In this regard, the retrospective study by Karakus et al. [127]
demonstrated that tirzepatide, in addition to AID, led to significant improvement of glucose
control, reduction of TDD of insulin, and weight loss among adult patients with T1D and
obesity. Based on their findings, Karakus et al. [127] suggest reducing TDD of insulin by
25% during tirzepatide initiation in adults with T1D who use AID systems and have a
baseline HbA1c lower than 7.5%. Specifically, the authors suggest reducing basal and bolus
insulin doses by 20–30% in line with the weight loss observed within the first month of
tirzepatide initiation (administered at a starting weekly dose of 2.5 mg). During the fol-
lowing months, an additional 5–10% reduction in TDD of insulin (as compared to baseline)
may be required. The authors underline that such reductions can be achieved through
distinct approaches among patients using AID, CSII or MDI insulin therapy. With regard to
AID systems, they suggest adjusting the modifiable settings (e.g., insulin to carbohydrate
ratio, correction factor, active insulin time, target glucose) based on the functionality of
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the AID systems with intention to reduce insulin delivery by 20–30% during tirzepatide
therapy initiation. On the other hand, patients on MDI insulin therapy may be more
susceptible to hypoglycemia than AID users due to the lack of basal automation and may
therefore require more frequent evaluations and adjustments of their insulin doses. In the
latter category of patients, 15% basal insulin reduction and 20–25% bolus insulin reduction
during the first months can be implemented with monitoring nighttime and postprandial
glucose values for fine-tuning the basal and bolus insulin doses, respectively. The authors
suggest that patients using non-AID insulin pumps may reduce basal insulin rates for all
hours, while taking into account diurnal rhythm and changing basal insulin requirements
throughout the day. In addition, the authors suggest that insulin dose reductions may
depend on baseline HbA1c values. For example, T1D patients with higher HbA1c values
(>8%) may not require a 20–30% reduction in TDD of insulin, whereas T1D patients with
HbA1c values close to 7% (indicating more optimal insulin use) may require close to 30%
reduction in TDD of insulin. Given the baseline HbA1c value of 7.0% observed in their
study cohort, the authors assumed that up to 15% reduction in TDD of insulin may be a
reasonable starting strategy for patients with baseline HbA1c values >8%, while patients
with baseline HbA1c values >9% probably may not require any insulin dose reduction
(particularly during the first month of adjunctive GLP-1 RA therapy) [127].

An international group of experts in diabetes treatment recently published a consensus
report on the use of GLP-1 RAs or novel dual GIP/GLP-1 RA tirzepatide as an adjunctive
therapy to AID systems in adults with T1D [213]. According to the consensus opinions
of the participants, the use of incretin analogs would be particularly useful in adults with
T1D using AID systems, as these medications have the potential to improve glycemic
and metabolic outcomes in this population. Moreover, the consensus report highlights
that the beneficial effects of these drugs are likely not outweighed by the risk of severe
hypoglycemia or DKA, given the current availability of advanced AID systems able to
effectively predict and prevent such adverse events through algorithm-based changes in
insulin delivery [213]. Moreover, the consensus group felt that if GLP-1 RAs and the novel
dual GIP/GLP-1 RA tirzepatide show efficacy in the aforementioned subset of T1D patients,
then it will be more likely that these drugs can eventually be widely approved for all T1D
patients without posing a significant risk of hypoglycemia or DKA, especially in light of
the current widespread use of CGM systems in this population and in view of the possible
availability of continuous ketone monitoring (CKM) systems in the near future [213,214].

In light of the current literature, it can be postulated that the second-generation incretin
analogs semaglutide and tirzepatide may be valid allies of the advanced technologies
employed for the management of T1D, particularly by preventing or treating excess body
weight, reducing insulin resistance and insulin requirements, and enhancing the glycemic
and metabolic benefits of AID systems. On the other hand, the currently available advanced
AID systems (able to predict impending episodes of hypoglycemia or hyperglycemia and to
promptly and dynamically adjust insulin delivery), together with future CKM systems, may
help effectively prevent the most dreaded adverse effects of incretin analogs in T1D patients,
namely hypoglycemia, DKA and euDKA. Figure 3 illustrates the potential synergistic
benefits of second-generation incretin analogs (semaglutide and tirzepatide) and advanced
technological devices used for diabetes management in patients with T1D, double diabetes
and LADA.

Large prospective studies are certainly needed to establish structured and evidence-
based insulin titration protocols (regarding both basal and bolus insulin doses) to avoid
hypoglycemia, ketosis and DKA/euDKA in T1D patients using semaglutide and tirzepatide
in addition to insulin therapy (administered either via insulin pens or via insulin pumps
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and AID systems) and exhibiting different degrees of glucose control, excess body weight
and/or insulin resistance.

Figure 3. Potential synergistic benefits of second-generation incretin analogs (semaglutide and
tirzepatide) and advanced technological devices used for diabetes management in patients
with T1D, double diabetes and LADA. Second-generation incretin analogs semaglutide and
tirzepatide may be valid allies of the current advanced technological devices employed for the
management of autoimmune diabetes (particularly AID systems) by preventing or reducing excess
body weight, increasing the time spent in recommended target blood glucose range, reducing
time spent in hyperglycemia, and decreasing glycemic variability, insulin resistance and insulin
requirements, thus enhancing the glycemic and metabolic benefits of diabetes technological
devices/AID systems. On the other hand, the currently available advanced technological devices
used for the management of autoimmune diabetes (particularly AID systems), which can predict
impending episodes of hypoglycemia or hyperglycemia and promptly and dynamically adjust
insulin delivery, may help prevent the most dreaded adverse effects of incretin analogs in patients
with autoimmune diabetes (especially hypoglycemia, DKA and euDKA). Abbreviations: AID,
automated insulin delivery; CGM, continuous glucose monitoring; CKM, continuous ketone
monitoring; DKA, diabetic ketoacidosis; euDKA, euglycemic diabetic ketoacidosis; GIP, glucose-
dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; RA, receptor agonist;
TAR, time above range; TIR, time in range; T1D, type 1 diabetes.

At the same time, clinicians should always verify the proper functioning of CGM
sensors and insulin pumps, given that CGM sensor and/or insulin pump malfunctions
can precipitate the occurrence of adverse events during semaglutide or tirzepatide therapy,
as in the case described by Sharma et al. [129]. Moreover, clinicians should be aware
of the existence of specific conditions that can precipitate or exacerbate the common
gastrointestinal side effects of incretin analogs, such as the isomaltase deficiency identified
in the case described by Seetharaman and Cengiz [139].

Gradual semaglutide and tirzepatide dose titration (as per clinical guidelines) helps
prevent or minimize the severity of the most common side effects of GLP1- RA (nausea,
vomiting, diarrhea, constipation). Additionally, adoption of specific behavioral and nutri-
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tional strategies is also crucial to minimize the occurrence and/or the severity of the most
common gastrointestinal side effects of GLP-1 RA, as it has recently been published by an
expert panel including endocrinologists, nephrologists, primary care physicians, internists,
cardiologists and diabetes nurse educators [215].

With regard to the strategies useful for prevention of possible muscle loss related to
the use of second-generation incretin analogs (semaglutide and tirzepatide), preliminary
evidence suggests that individuals taking these medications should aim for a daily pro-
tein intake ≥1.2 g/kg actual body weight and for physical activity programs including
resistance training exercises (one to three sets of 8–12 repetitions for each major muscle
group) at least twice a week [216]. However, it is important to highlight that ideal daily
protein intake is highly variable across individuals and depends on several factors, such
as age, gender, caloric intake, body weight, fitness level, physical activity (type, intensity
and frequency of physical activity), presence of chronic diseases and overall health. For
example, daily protein requirements may be higher for subjects who engage in regular
physical activity, whereas daily protein intake should be restricted in patients with chronic
kidney disease. Moreover, nutrient timing strategies that maximize daily protein intake
(e.g., frequent consumption of small portions of high-protein foods evenly distributed
throughout the day) and consumption of high-quality protein sources rich in essential
amino acids (such as animal and dairy-based proteins or high-quality plant-based proteins
like soy) may also provide significant benefits in terms of preservation of skeletal muscle
health [216].

Therefore, future large, randomized, placebo-controlled trials on the use of semaglu-
tide and tirzepatide are warranted to definitively clarify the long-term safety and efficacy
profile of these medications in patients with T1D (at different stages of the disease and
treated with or without AID systems), double diabetes and LADA. Future studies will
also be required to ascertain whether pre-existing diabetic retinopathy (at different stages)
represents a contraindication to the use of semaglutide or tirzepatide in patients with
autoimmune diabetes.

Meanwhile, the off-label use of semaglutide and tirzepatide should be avoided in T1D
patients at increased risk for gastroparesis (such as those with diabetic gastrointestinal
autonomic neuropathy) [217], in patients with (or at risk for) restrictive eating behaviors
(as it has been suggested by the case published by Seetharaman and Cengiz) [139], and in
patients with “diabulimia”, a term indicating an eating disorder experienced by T1D pa-
tients and characterized by the deliberate administration of insufficient insulin to maintain
glucose control for the purpose of weight loss [218,219].

9. Conclusions
In patients with long-standing T1D and double diabetes, the use of novel incretin

analogs (semaglutide and tirzepatide) has been associated with remarkable clinical benefits,
which mostly consist of clinically meaningful improvement of glucose control and sub-
stantial weight loss. Semaglutide therapy has also been associated with improved glucose
control, reduced daily insulin requirements, prolonged honeymoon phase and preserved
residual beta-cell function in patients with new-onset T1D. Moreover, both semaglutide
and tirzepatide may potentially improve glucose control, preserve beta-cell function and
reduce insulin resistance in patients with LADA, even though there is a paucity of studies
conducted in this population.

Although a prospective cohort study and a recently published randomized controlled
trial have demonstrated that semaglutide leads to significant improvements in glucose
control and substantial weight loss in adults with T1D, the remaining evidence for the
efficacy of semaglutide and tirzepatide in patients with autoimmune diabetes mostly comes
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from retrospective studies, case series and case reports. In addition, future prospective
studies will need to establish whether semaglutide and tirzepatide provide significant
cardiorenal benefits without increasing the risk of severe hypoglycemia, DKA and euDKA
in patients with autoimmune diabetes who use different methods of insulin delivery (MDI
insulin therapy, insulin pumps, AID systems). These studies will also help clarify the
cost-effectiveness of semaglutide and tirzepatide for the treatment of autoimmune diabetes.
The latter aspect is highly relevant, given the high costs of these medications. In conclusion,
future large, randomized, placebo-controlled trials are needed to confirm the long-term
safety and efficacy profile of semaglutide and tirzepatide used for different purposes in
patients with T1D (at different stages of the disease), double diabetes and LADA.

Supplementary Materials: The following supporting information can be downloaded at https:
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of tirzepatide in patients with autoimmune diabetes.
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