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Abstract
Background  The challenge of addressing obesity persists in healthcare, necessitating nuanced approaches and 
personalized strategies. This study aims to evaluate the effects of diverse therapeutic interventions on anthropometric 
and biochemical parameters in individuals with overweight and obesity within a real-world clinical context.

Methods  A retrospective analysis was conducted on 192 patients (141 females, 51 males) aged 18 to 75, with a 
BMI ranging from 25 to 30 (14.1%) and BMI ≥ 30 (85.9%), observed over a 12-month period at our Endocrinology 
Unit. Treatment cohorts comprised individuals following different regimens: Mediterranean Diet (MD), with an 
approximate daily intake of 1500 kcal for women and 1800 kcal for men (71% patients); Ketogenic Diet (KD), utilizing 
the VLCKD protocol characterized by a highly hypocaloric dietary regimen < 800 kcal/day (14% patients); metformin, 
administered using the oral formulation (5% patients); pharmacological intervention with GLP1-RA administered via 
subcutaneous injection with incremental dosage (10% patients). Supply constraints limited the efficacy of Liraglutide, 
whereas Semaglutide was excluded from comparisons due to its unavailability for obesity without diabetes. Blood 
tests were conducted to assess lipid profile, glycemic profile, and anthropometric parameters, including BMI, waist 
circumference, and waist-to-height ratio.

Results  Significant BMI changes were observed from baseline to 6 months across MD, KD, and Liraglutide groups 
(p < 0.05). KD exhibited notable reductions in waist circumference and waist-to-height ratio within the initial quarter 
(p < 0.05), with a significant triglyceride decrease after 6 months (p < 0.05), indicating its efficacy over MD. Liraglutide 
demonstrated a substantial reduction in HbA1c levels in the first quarter (p < 0.05). During the first three months, the 
ANOVA test on fasting blood glucose showed a statistically significant impact of the time variable (p < 0.05) rather 
than the specific treatments themselves (Liraglutide and KD), suggesting that adherence during the early stages of 
therapy may be more critical than treatment choice.

Conclusions  Positive outcomes from targeted interventions, whether pharmacological or dietary should encourage 
the exploration of innovative, long-term strategies that include personalized treatment alternation. The absence of 
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Introduction
The therapeutic management of obesity presents an ever-
evolving challenge for healthcare professionals dedi-
cated to addressing this condition. Describing obesity 
as a chronic, relapsing, and progressive condition [1], it 
becomes imperative to delve into the intricate network 
that underlies its origin and progression [2]. As well 
known, we can classify obesity using a widely used tool in 
clinical practice, the Body Mass Index (BMI). This index 
essentially involves the ratio of body weight to height 
squared (kg/m2), with obesity conventionally defined as a 
BMI ≥ 30 (kg/m2) [3].

Another easily applicable tool in clinical practice, 
especially for assessing visceral adipose tissue in the 
abdominal region, is waist circumference. The threshold 
values for increased cardio-metabolic risk are greater 
than 88 cm for women and greater than 102 cm for men 
[3]. Abdominal obesity is known to be associated with an 
increased cardiovascular risk and serves as a fundamental 
diagnostic criterion for the diagnosis of metabolic syn-
drome. The excess of abdominal visceral adipose tissue 
is the predominant manifestation of metabolic syndrome 
[4]. It can be utilized as a marker of “dysfunctional adi-
pose tissue” and holds crucial importance, but improved 
risk assessment algorithms are needed to quantify the 
risk associated with adipose tissue-related diseases [5]. 
In this study, we also underscore the significance of the 
waist-to-height ratio, a simple and practical index for 
evaluating central fat distribution and metabolic risk. By 
assessing it in conjunction with the widely recognized 
waist circumference, more comprehensive analyses can 
be carried out, identifying a stratified age-specific cutoff 
of 0.5–0.6 [6].

Effective management in this context holds signifi-
cant importance in averting atherosclerosis, cardiac 
remodeling, and the ensuing onset of ischemic heart 
disease and heart failure—acknowledged mortality fac-
tors among individuals with obesity [7]. Furthermore, 
chronic inflammation of adipose tissue also constitutes 
a substantial contributing factor to increased mortality. 
An example of this relationship was the recent Covid-
19 pandemic, where obesity exacerbated low-grade sys-
temic inflammation, leading to higher hospitalization 
rates and increased disease severity. This highlighted how 
obesity-related chronic inflammation can compromise 
the immune response, thereby accentuating the negative 
consequences of Covid-19 [8].

Considering the complexity of obesity, a multidis-
ciplinary approach is necessary to establish proper 
therapeutic management. Patient phenotyping holds 
significance and entails an analysis encompassing the 
distribution/types of body fat, risk factors, associated 
pathologies, and subjective symptomatology. Regard-
ing the investigation into the subjective symptoms of 
patients with obesity, the Edmonton Obesity Staging 
System (EOSS) is a staging system based on the clinical 
symptomatology reported by the patient and its impact 
on daily life [9]. Considering the therapeutic manage-
ment, it is firmly established that pharmacotherapy for 
obesity represents a fundamental tool for proper disease 
management but cannot be separated from adequate life-
style modification. Among the long-approved drugs for 
obesity treatment are certainly GLP1-RA, particularly 
liraglutide and semaglutide. Glucagon-Like Peptide-1 
Receptor Agonists (GLP1-RA) enhance glucose-depen-
dent insulin secretion while concurrently diminishing 
glucagon production and delaying gastric emptying. 
At the same time, these agents hinder food intake and 
promote weight reduction [10]. They now represent a 
cornerstone in the therapeutic approach to obesity. Lira-
glutide allows for once-daily administration [11] while 
semaglutide differs in that only weekly administration is 
required [12]. Although not yet available in many coun-
tries, since the years 2021 and 2022, it has been approved 
in both the United States and Europe by the respective 
regulatory agencies (FDA and EMA) for the treatment 
of overweight complicated by comorbidities and obesity, 
with a dosage of 2.4 mg per week [13, 14]. Present phar-
maceutical intervention is advised for individuals with a 
BMI ≥ 30 (kg/m2) or a BMI ≥ 27 (kg/m2) coupled with a 
disease linked to obesity [15, 16]. Equally well-known is 
the paradigm of dietary therapy: for decades, the benefits 
of the Mediterranean Diet (MD) have been documented 
in literature, and, more recently, the advantages and indi-
cations of the Ketogenic Diet (KD) for obesity therapy 
have become firmly established. The dietary approach 
must be tailored, considering the specific characteristics 
of the patient, any existing comorbidities, the level of 
physical activity, body weight and dietary history, as well 
as past efforts aimed at weight reduction [15].

The Ketogenic Diet (KD), originating in the 1920s as 
a dietary therapeutic regimen for refractory epilepsy in 
children, involves a pronounced and evident restriction 
of carbohydrates [17]. It has showcased promising impli-
cations in cancer, as well as protective functions for the 

standardized protocols underscores the importance of careful and tailored planning in managing obesity as a chronic 
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heart and liver. This, in turn, has ushered in fresh thera-
peutic perspectives for conditions associated with obe-
sity and cardiovascular diseases [18, 19]. The acronym 
VLCKD refers to a “Very Low-Calorie Ketogenic Diet,” 
a highly hypocaloric dietary regimen (< 800  kcal/day) 
characterized by minimal daily carbohydrate intake, less 
than 30–50  g/day [20, 21]. The extensively documented 
advantages linked to VLCKD in addressing body weight 
and metabolic parameters in individuals with obesity 
include substantial decreases in body weight and body 
mass index (BMI), a notable reduction in waist circum-
ference and overall fat mass, decreased levels of blood 
glucose and glycated hemoglobin (HbA1c), a decline in 
the HOMA index [22], heightened insulin sensitivity, and 
ultimately, a notable decrease in total cholesterol—exhib-
iting a more pronounced impact when compared to alter-
native weight-loss diets [21]. The therapeutic protocol 
for the KD includes three distinct phases: Active Stage, 
Re-education Stage, and Maintenance Stage. Subsequent 
to the reintegration phase, the regimen progresses to 
a Maintenance Stage (with caloric intake ranging from 
1500 to 2000 kcal/day), characterized by tailored refine-
ments, strategically crafted to perpetuate enduring 
weight loss [20, 21].

In this context, our study aims to address the need for 
specialized obesity centers to synergistically integrate 
dietary and pharmacological treatments, leveraging their 
distinct therapeutic effects. The underlying hypothesis is 
to demonstrate how various treatments, administered at 
specific intervals, influence anthropometric and meta-
bolic parameters in patients undergoing treatment at our 
dedicated center. The primary objective of this retrospec-
tive cohort study is to conduct comprehensive analyses 
and comparisons on the effectiveness of various thera-
peutic strategies for managing obesity in a real-world 
context, focusing on their impact on anthropometric 
and hematological parameters commonly evaluated 
in clinical practice, in relation to the various proposed 
interventions.

Methods
The cross-sectional observational study comprised a 
patient cohort of 192 adult patients, consisting of 141 
females (73%) and 51 males (27%), all with overweight 
or obesity [with a BMI (kg/m2) ranging from 25 to 29.9 
(14.1%) and BMI ≥ 30 (85.9%)], over an overall follow-
up period of 12 months. Participants were enrolled at 
the Department of Internal Medicine and Medical Spe-
cialties, Endocrinology Unit, “Policlinico San Martino” 
Hospital, University of Genoa. The data collected dur-
ing the study were recorded in an electronic medical 
system and then transferred into a comprehensive data-
base after obtaining signed informed consent. The study 
followed the guidelines specified in the Declaration of 

Helsinki, and the Local Ethical Committee approved 
the study protocols (Protocol Project Number 377/2023 
DB id 13324). All participants were required to provide 
written informed consent. After obtaining consent, 287 
participants were enrolled consecutively. The inclusion 
criterion was to select patients with overweight or obe-
sity, followed at the Endocrinology Unit, aged between 18 
and 75 years old.

Conversely, the following criteria were employed for 
exclusion:

 	• Unstable medical conditions: patients with severe 
or unstable medical conditions, such as severe 
heart diseases, advanced renal failure, uncontrolled 
diabetes, or advanced oncological disorders.

 	• Severe psychiatric disorders: Patients with severe 
psychiatric disorders that could interfere with 
therapeutic adherence.

 	• Pregnancy or breastfeeding.
 	• Specific endocrine conditions: Patients with specific 

pathologies associated with active secondary causes 
of obesity.

 	• Use of interfering medications affecting weight loss: 
Individuals taking medications known to significantly 
influence body weight without indication for obesity.

Based on the indicated exclusion criteria, 192 partici-
pants were included in the analysis. For each patient, a 
thorough medical history, personal and family history, 
vital signs, physical examination, dietary history, dietitian 
consultation, and, finally, bioelectrical impedance analy-
sis (BIA) were collected. We divided the patients into 4 
groups based on the dietary treatment (Mediterranean 
diet or Ketogenic diet) or therapeutic treatment (liraglu-
tide, semaglutide, or metformin). Medical treatment was 
always associated with the Mediterranean diet. The origi-
nal pharmacological treatments that were already admin-
istered to the patients before the treatments proposed 
in the study (interfering with the parameters analyzed) 
were not modified during the duration of study. Regard-
ing patients taking semaglutide, they were subsequently 
excluded from the evaluation of metabolic parameters 
because this drug was administered for the presence of 
diabetes and not for the therapeutic indication of obesity.

Therefore, the therapeutic groups were as follows:

 	• Group 1: Mediterranean Diet (MD), a hypocaloric 
approach based on the Mediterranean Diet model, 
personalized and tailored to each patient (91 F; 43 M; 
average age F/M 52/54 years);

In our study, treatments involving a Mediterranean 
hypocaloric diet were structured to limit average energy 
intake to approximately 1500 kcal per day for women and 
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1800 kcal per day for men, with fat constituting no more 
than 35% of total caloric intake. The primary sources of 
added fats comprised 25–35 g of olive oil, and all patients 
were encouraged to incorporate the consumption of nuts 
into their diets [23];

 	• Group 2: Pharmacological therapy with GLP1-RA 
involves the use of medications like liraglutide, 
administered daily via subcutaneous injection with 
incremental dosage (21 F; 5 M; average age of F/M 
49/57 years); the dosage most frequently prescribed 
was 1.8 mg/day. The remaining patients in therapy 
with GLP1-RA were excluded from the analysis 
because they were undergoing treatment with 
semaglutide, which was unavailable for treating 
obesity without diabetes at the time of the study.

 	• Group 3: Ketogenic Diet (KD), a protocol involving 
a 4-week period of “Very Low-Calorie Ketogenic 
Diet” (VLCKD) followed by a gradual reintroduction 
of carbohydrates for an additional 4 weeks, 
then transitioning to a maintenance phase with 
a personalized MD (6 F; 3 M; average age F/M 
40/45 years). The VLCKD protocol we utilized is 
characterized, as previously mentioned, by a highly 
hypocaloric dietary regimen (< 800 kcal/day), with 
the following macronutrient composition: minimal 
daily carbohydrate intake, less than 30–50 g/
day (approximately 13% of total energy intake); 
protein intake of 1–1.5 g/kg of ideal body weight 
(approximately 43%); fat intake of 15–30 g/day 
(approximately 44%) [20, 21].

 	• Group 4: Metformin Therapy: administered to 
patients with obesity and insulin resistance using 
the traditional oral formulation (19 F; average age 43 
years); dosage prescribed 500–1500 mg/day.

The table (Table 1) shown below presents all the baseline 
study cohort information.

For each patient, blood tests were conducted concern-
ing the lipid profile (total cholesterol, triglycerides, LDL), 
glycemic profile (fasting blood glucose, HbA1c, HOMA-
IR), and anthropometric parameters were collected, 
including BMI, waist circumference, and waist-to-height 
ratio. Blood samples were collected in the early morning, 
after an overnight fast, for the analysis of all the above-
mentioned parameters that were analyzed by automatic 
routine methods in use at the Medicine Laboratory of 
our Institution (“Policlinico San Martino”, Genoa, Italy). 
LDL cholesterol concentrations were calculated using the 
well-known Friedewald formula [24].

Treatment groups, whether receiving medication or 
undergoing the Ketogenic Diet, adhered to the provided 
guidelines, systematically excluding cases with con-
traindications. A specific variable and the appropriate Ta
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follow-up time/therapy group were selected. This 
approach complements graphical representations with 
more pertinent statistical data. In consideration of this, 
graphs were generated, depicted using violin plots and 
density curves, and accompanied at the bottom by box 
plots, offering a more comprehensive view of the trends 
and medians for each therapy group. The value indicated 
on the y-axis at each point is a measure of how likely it is 
that a generic measurement falls extremely close to the 
corresponding point on the x-axis [25]. The graphical 
representation starts with an analysis of BMI, followed by 
the assessment of waist circumference, and subsequently, 
an examination of the lipid profile (triglycerides, total 
cholesterol, and LDL), and the glycemic profile (fasting 
blood glucose, HbA1c, HOMA-IR).

The clinical design of the study is illustrated in the 
“Study Map” (Map 1).

Statistical analysis
For the analysis and creation of graphs, as well as the exe-
cution of statistical tests, R software (version 4.2.2) was 
employed. Various types of graphical representations, 
including density curves, box plots, and violin plots, 
were generated to achieve a comprehensive and accurate 
analysis of the data. To examine statistically significant 
differences among therapy groups over time, Analysis of 

Variance (ANOVA) was used [26]. Comparisons between 
variables at different follow-up times were conducted 
using paired t-tests [p-values are below 0.001 (***), 
between 0.001 and 0.01 (**) and between 0.01 and 0.05 
(*)]. Specific sub-analyses were focused on a maximum 
period of 12 months. This approach facilitated a more 
accurate presentation of data and relationships within the 
study.

Results
The descriptive analysis of the results concerning the 192 
adult patients, composed of 141 females (73%) and 51 
males (27%), resulted in a trend comparison of anthro-
pometric variables and laboratory parameters. The fol-
lowing table (Table  2) aims to display the mean values 
and standard deviations (SD) of the variables analyzed 
at baseline and at various follow-up times at 3, 6, and 12 
months.

Changes in mean values of various parameters for each 
therapy group utilized can be observed.

In the table (Table  3) shown below, we also aim to 
describe how the percentage of patients in each treat-
ment group and at each specific follow-up time varied 
throughout the entire study period.

Map. 1  Map illustrating the clinical design of the study
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Analysis and graphical representation of variables
Regarding the analysis of BMI variations by therapy 
group, paired t-tests were conducted.

Figure  1 illustrates the overall reduction in BMI 
across the four therapeutic strategies during the initial 6 
months, with a follow-up at 12 months (Fig. 2), involving 
the analysis of four distinct therapy groups. Graphs, rep-
resented by density curves accompanied at the bottom 
by box plots, were obtained for a more complete view of 
trends and medians for each therapy group.

Analysis of BMI by therapy group after 6 and 12 
months of treatment (observation of the box plot at the 
bottom indicates BMI point loss):

Comparison at 12 months was further examined, spe-
cifically for all patients who initiated and completed a 
single treatment. In this case, as evidenced exclusively 
by the descriptive trends in the graphs, treatment 3 (KD) 
showed the highest BMI loss at 1 year. Moderate weight 
loss was observed for treatment 4 (metformin), and no 
significant BMI variations were evident for treatment 1 
(MD).

Table 2  Mean values and standard deviations (SD) of the analyzed variables
Time 
(months)

Group BMI
(kg/m2)

Tot. Chol. 
(mg/dL)

LDL (mg/dL) TG
(mg/dL)

Crfwaist 
(cm)

CrfHratio FG
(mg/dL)

HbA1c
(%)

HOMA-IR

0 1 36.6 (± 6.5) 197.7 (± 38.7) 124.1 (± 36.5) 122.3 (± 66.3) 114.6 (± 15.2) 0.7 (± 0.1) 97.5 (± 19.4) 5.8 (± 0.7) 6.2 (± 8.4)
0 2 38.1 (± 6) 183.5 (± 32.6) 115.3 (± 31.5) 104.7 (± 37.3) 120 (± 16) 0.7 (± 0.1) 96.7 (± 14.6) 5.6 (± 0.4) 6.8 (± 8.1)
0 3 41.4 (± 5.5) 188.3 (± 41.6) 128 (± 39.7) 145.8 (± 22.8) 120.8 (± 11.3) 0.7 (± 0.1) 96.9 (± 13.7) 5.7 (± 0.5) 11.2 

(± 10.7)
0 4 37 (± 6.9) 196.1 (± 29.6) 120.2 (± 30) 155.5 (± 85.8) 115.6 (± 11.8) 0.7 (± 0.1) 89.8 (± 12.4) 5.6 (± 0.5) 4.2 (± 3.2)
3 1 36.7 (± 6.8) 186.5 (± 38.3) 108.1 (± 31) 113.6 (± 45.6) 116.4 (± 17.3) 0.7 (± 0.1) 92.8 (± 12.1) 5.7 (± 0.3) 5.2 (± 6.3)
3 2 36 (± 6) 184.2 (± 40.8) 91.9 (± 27.5) 118.1 (± 40.9) 115.5 (± 17.3) 0.7 (± 0.1) 89.3 (± 8.1) 5.4 (± 0.3) 6.4 (± 9.4)
3 3 37.2 (± 5.8) 158.6 (± 43.8) 90.8 (± 35.9) 133 (± 50.1) 112.6 (± 10.9) 0.7 (± 0) 89.4 (± 8.9) 5.7 (± 0.4) 5.1 (± 1.8)
3 4 35.1 (± 5.9) 186.2 (± 30.9) 104.8 (± 33.6) 120.5 (± 53.1) 109.5 (± 15) 0.7 (± 0.1) 92.3 (± 16.6) 5.4 (± 0.5) 3 (± 1.5)
6 1 35.7 (± 6.4) 205.7 (± 35.7) 128.5 (± 34.9) 97.5 (± 35.4) 114.9 (± 15.2) 0.7 (± 0.1) 94.1 (± 12.6) 5.5 (± 0.3) 2.8 (± 1.5)
6 2 34.3 (± 5.1) 189.5 (± 28.5) 114.3 (± 28.8) 107 (± 20.7) 111.6 (± 13.6) 0.7 (± 0.1) 86.2 (± 7.1) 5.5 (± 0.4) 3.5 (± 2.5)
6 3 38 (± 8.8) 184.2 (± 29.9) 114.7 (± 28.8) 98.6 (± 30.1) 108.7 (± 16.7) 0.7 (± 0.1) 89 (± 7.4) 5.5 (± 0.4) 3.6 (± 1.4)
6 4 35.3 (± 4) 191.2 (± 30) 117.2 (± 18.5) 82.3 (± 24.9) 107 (± 13.6) 0.6 (± 0.1) 91 (± 16.9) 5.4 (± 0.3) 3.9 (± 2.3)
12 1 35.8 (± 5.3) 210.2 (± 27.5) 138.5 (± 28.2) 109.1 (± 43.2) 113.4 (± 10.5) 0.7 (± 0.1) 95.6 (± 15.8) 5.5 (± 0.4) 1.9 (± 0.8)
12 2 36.6 (± 5.3) 185.3 (± 41) 98.5 (± 26.9) 117.8 (± 46.1) 121.6 (± 16.4) 0.7 (± 0) 81.4 (± 8.3) 5.6 (± 0.3) 3.9 (± 2.5)
12 3 34 (± 4) 169.3 (± 12.7) 101.9 (± 12.2) 98 (± 28.8) 113.2 (± 9.1) 0.7 (± 0) 87 (± 7.9) 5.7 (± 0.3) 2.7 (± 1.4)
12 4 35.4 (± 8.6) 177 (± 21.7) 101.3 (± 17) 96.3 (± 77.9) 109.8 (± 20.7) 0.7 (± 0.1) 88.7 (± 9.9) 5.4 (± 0.4) 2.1 (± 0.9)
Data are expressed as mean ± SD Group 1 Mediterranean Diet (MD); Group 2 Liraglutide; Group 3 Ketogenic Diet (KD); Group 4 Metformin

BMI body mass index, LDL low-density lipoprotein, TG triglycerides, Crfwaist waist circumference, CfrHratio waist-to-height ratio, FG fasting glucose, HbA1c Glycated 
Hemoglobin, HOMA-IR Homeostatic Model Assessment of Insulin Resistance

Table 3  Percentages of individuals remaining per treatment 
group relative to baseline
Months
(from 0)

Group 1
(%)

Group 2
(%)

Group 3
(%)

Group 4
(%)

3 40.6 88.5 100 73.7
6 18.8 46.2 100 36.8
12 12 53.8 44.4 26.3
Group 1 Mediterranean Diet (MD); Group 2 Liraglutide; Group 3 Ketogenic Diet 
(KD); Group 4 Metformin

Fig. 1  BMI (kg/m2) Variation between Time 0 and 6 months. Group 1: 
Mediterranean Diet; Group 2: Liraglutide; Group 3: Ketogenic Diet; Group 
4: Metformin. The density curves above, accompanied by the box plots 
below, show a leftward shift, indicating a decrease in BMI scores across 
all treatment groups from 0 (grey graphs) to 6 months (orange graphs); 
p values < 0.05 (t-test for paired data) for Groups 1**, 2*, 3*, and p > 0.05 
for Group 4
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Analysis of waist circumference and waist-to-height 
ratio variation after 3 and 6 months of treatment:

Analysis of Lipid Profile
Triglyceride levels after 3 and 6 months of treatment: the 
figures illustrate the trend in TG levels between Group 1 
(MD) and Group 3 (KD) (Figs. 5 and 6).

Regarding the analysis of the total cholesterol and LDL 
trends, the levels of total cholesterol are depicted in the 
comparison between 0 and 12 months for 4 therapy 
groups (Fig.  7), and the levels of LDL between 0 and 3 
months are compared between the MD group and the 
KD group (Fig. 8).

For the analysis of the glycemic profile, we describe the 
results related to fasting glucose, followed by glycated 
hemoglobin (HbA1c), and finally, the HOMA Index.

In the following figure (Fig.  10), the comparison of 
glycated hemoglobin trends between 0 and 3 months is 
highlighted through a violin plot, specifically comparing 
Group 2 (Liraglutide) and Group 3 (KD). Lastly, as the 
final analysis to study insulin resistance levels, we utilized 
the HOMA-IR; the figure (Fig.  11) illustrates the varia-
tion between time 0 and time 3 months in the therapeu-
tic comparison between Liraglutide (Therapy 2) and KD 
(Therapy 3). Both treatments show a decrease in HOMA-
IR in the first 3 months of treatment: the density curves 

at 3 months specifically highlight this trend, with a shift 
to the left.

Discussion
As deduced from the results, each therapeutic strategy 
presents distinct advantages, which become valuable in 
relation to the individual patient profile and the appro-
priate timing of the specific therapy. In the following 
paragraphs, the evidence related to specific categories of 
variables will be analyzed in detail, starting with the anal-
ysis of anthropometric data, and then proceeding to the 
examination of results related to the lipid and glycemic 
profiles.

Analysis of BMI, waist circumference, and waist-to-height 
ratio
The results have shown that during the first 6 months 
of treatment, Groups 1 (MD) – 2 (liraglutide) – 3 (KD) 
demonstrated a statistically significant reduction in BMI, 
with a p-value < 0.05. As in other studies, our work also 
highlighted that the VLCKD protocol was well-tolerated, 
with only mild and transient side effects. It demonstrated 
significantly greater effectiveness compared to a con-
ventional diet with moderate and controlled carbohy-
drate intake [27]. In addition to BMI, we evaluated waist 

Fig. 3  Waist Circumference (cm) and Waist-to-Height Ratio between Time 
0 and 3 months. Specific analysis for Group 3 undergoing KD treatment. 
The violin plots in the first figure illustrate the trend of crfwaist between 
time 0 (grey plot) and after 3 months of treatment (red plot), showing a 
tendency towards downward movement, indicating a decrease in length 
in cm. A similar trend is observed for the cfrHratio value, with the red plot 
after 3 months of treatment indicating improvement, reflecting a down-
ward shift; p-value (t-test for paired data) for crfwaist in Group 3 p < 0.05 (*) 
and for crfHratio Group 3 p < 0.05 (*)

 

Fig. 2  BMI (kg/m2) Variation between Time 0 and 12 months.  Group 1: 
Mediterranean Diet; Group 2: Liraglutide; Group 3: Ketogenic Diet; Group 
4: Metformin. The density curves above, accompanied by the box plots 
below, show a leftward shift for groups 1, 3, 4, indicating a decrease in BMI 
scores within their respective treatment groups from 0 (grey graphs) to 12 
months (yellow graphs). Group 2 exhibits a steady trend between baseline 
(grey graphs) and 12 months (yellow graphs); p values > 0.05 (t-test for 
paired data) for Groups 1, 2, 3, 4
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Fig. 7  Total Cholesterol levels (mg/dL), comparison between Time 0 and 
12 months. Group 1: Mediterranean Diet; Group 2: Liraglutide; Group 3: 
Ketogenic Diet; Group 4: Metformin. The graphs depicted by the density 
curves above and the box plots below aim to describe the trend of total 
cholesterol levels between time 0 (grey graphs) and 12 months (yellow 
graphs). There is no significant change in values overall, but especially 
the yellow graphs for Group 2 and Group 3 still show a tendency towards 
leftward movement (decrease in total cholesterol values); p values > 0.05 
(t-test for paired data) for Groups 1, 2, 3, 4

 

Fig. 6  Triglyceride levels (mg/dL) after 6 months of treatment. Compara-
tive analysis between Group 1 (MD) and Group 3 (KD). The violin plots at 
time 0 (grey plots) compared to 6 months (orange plots) do not reveal 
a significant improvement trend for Group 1. However, for Group 3, an 
improvement trend is observed in the right orange plot, represented by 
the downward shift of the treatment group’s median value; p values > 0.05 
(t-test for paired data) for Groups 1 and p < 0.05 (*) for Group 3

 

Fig. 5  Triglyceride levels (mg/dL) after 3 months of treatment. Compara-
tive analysis between Group 1 (MD) and Group 3 (KD). The violin plots at 
time 0 (grey plots) compared to 3 months (red plots) do not reveal a sig-
nificant improvement trend for Group 1. Instead, for Group 3, a trend of 
improvement is noticeable in the right red plot, represented by the down-
ward shift (decrease in triglycerides) of the ketogenic diet treatment group 
(on the right side); p values > 0.05 (t-test for paired data) for Groups 1, 3

 

Fig. 4  Waist Circumference (cm) and Waist-to-Height Ratio between Time 
0 and 6 months. Specific analysis for Group 3 undergoing KD treatment. 
The violin plots in the first figure show the trend of crfwaist between time 
0 (grey plot) and after 6 months of treatment (orange plot), with a ten-
dency towards downward movement, indicating a decrease in length in 
cm. A similar trend is observed for the cfrHratio value, with the orange plot 
after 6 months of treatment showing improvement, indicating a down-
ward shift; p value (t-test for paired data) for crfwaist Group 3 p < 0.05 (*) 
and for crfHratio Group 3 p < 0.05 (*)
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Fig. 11  Comparison of HOMA-IR. Effect of Liraglutide (Group 2) and KD 
(Group 3) at Time 0 and after 3 months. The graphs represented by the 
density curves above and the box plots below aim to describe the trend of 
HOMA-IR levels between Group 2 (grey plots) and Group 3 (red plots). It is 
observed for both treatment groups in the right image a trend of improve-
ment in HOMA-IR values, with a leftward shift, highlighting a decrease in 
values; p values > 0.05 (t-test for paired data) for Groups 2, 3

 

Fig. 10  Comparison of HbA1clevels (%). Effect of Liraglutide (Group 2) and 
KD (Group 3) at Time 0 and after 3 months. The violin plots aim to de-
scribe the trend of HbA1c levels between Group 2 (grey plots) and Group 
3 (red plots). For both treatment groups, there is a trend of improvement 
in HbA1c values, with a significant downward shift of both violin plots on 
the right (after 3 months of treatment) compared to the baseline on the 
left, highlighting a decrease in values; p value < 0.05 (t-test for paired data) 
for Group 2 (**), Group 3 p > 0.05

 

Fig. 9  Analysis of fasting blood glucose levels (mg/dL). Effect of Liraglu-
tide (Group 2) and KD (Group 3) at Time 0 and after 3 months. The graphs 
represented by the density curves above and the box plots below aim 
to describe the trend of FG levels between Group 2 (grey graphs) and 
Group 3 (red graphs). For both treatment groups in the right image (after 
3 months), there is a trend of improvement in fasting glucose values, with 
a leftward shift (decrease in fasting glucose values); p values < 0.05 (t-test 
for paired data) for Groups 2 (*), 3 (*)

 

Fig. 8  Comparison of LDL levels (mg/dL). Effect of MD (Group 1) and KD 
(Group 3) at Time 0 and after 3 months The graphs represented by the 
density curves above and the box plots below aim to describe the trend 
of LDL levels between time 0 (grey graphs) and 3 months (red graphs); no 
variation is shown for Group 1. For Group 3 on the right, the red curve at 3 
months shows a tendency towards leftward movement (decrease in LDL 
values); p values > 0.05 (t-test for paired data) for Groups 1, 3
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circumference and waist-to-height ratio as indicators of 
abdominal adiposity. The data showed statistical signifi-
cance in the reduction of both variables in Group 3 (KD), 
with a p-value < 0.05, at 3 as well as 6 months. Never-
theless, it is crucial to highlight that, for the most part, 
individuals within Group 2 (Liraglutide) faced challenges 
in obtaining the medication due to a worldwide short-
age. The shortage influenced treatment adherence, often 
resulting in intermediate dosages instead of maximum 
dosages or even treatment interruptions (the most used 
intermediate dosage was 1.8  mg/day). In this context, 
we also aim to briefly reflect on the use of metformin, a 
well-established drug in the field of diabetology, worthy 
of further exploration for the treatment of obesity. We 
emphasize that its integration into obesity clinics, irre-
spective of diabetes management, is easily achievable. 
Metformin represents a cost-effective option with mini-
mal side effects that exert negligible impact on the qual-
ity of life. Our clinical experience suggests that patients, 
particularly those in the younger demographic, generally 
embrace a medication with these characteristics, espe-
cially when administered orally. The impact of metfor-
min on reducing body weight, improving metabolism, 
and enhancing insulin responsiveness has secondary 
implications for reducing systemic inflammation. In sci-
entific literature, it is now recognized that the effective-
ness of metformin in reducing cardiovascular events has 
been demonstrated through controlled studies, although 
the therapeutic mechanisms of this drug are not entirely 
known and clarified [28, 29].

Lipid profile
We conducted a thorough analysis of the lipid profile of 
patients, focusing specifically on triglycerides, total cho-
lesterol, and LDL cholesterol. The data revealed a signifi-
cant decrease in triglyceride levels in Group 3 (KD) with 
a p-value < 0.05 after 6 months, showing a similar trend 
to what was observed for Body Mass Index (BMI), as sup-
ported by the literature [30]. Furthermore, Group 3 (KD) 
exhibited a significantly greater impact on both total 
cholesterol and, solely in the short term, LDL cholesterol 
compared to the other treatment groups. For LDL cho-
lesterol, we presented data from the acute phase to high-
light the benefits derived from our observations during 
the initial stage of the VLCKD. It is crucial to remember 
that among the benefits of the Ketogenic Diet, the reduc-
tion of LDL is not included [31]. However, we want to 
emphasize that, in any case, we should focus not only on 
LDL cholesterol levels per se but also on the composition 
of lipoproteins, which more accurately determines the 
risk [31–34]. Furthermore, there is a correlation between 
the dimensions of LDL particles and variables such as 
obesity and insulin resistance [31, 35].

Glycemic profile
For the analysis of the glycemic profile, we focused our 
attention on fasting blood glucose. In the first three 
months of treatment, both Group 2 (Liraglutide) and 
Group 3 (KD) demonstrated a significant reduction, with 
a p-value < 0.05. The benefits of treatment with drugs 
belonging to the GLP1-RA class in relation to the reduc-
tion of fasting glucose levels and glycated hemoglobin 
have been extensively documented [36], a reality reaf-
firmed in our case studies where Liraglutide was used 
with the primary goal of promoting weight loss. How-
ever, it is crucial to emphasize that Group 2 (liraglutide) 
showed a statistically significant decrease in HbA1c with 
a p-value < 0.05 at three months. In this situation, it is 
essential to consider the previous observations regard-
ing GLP1-RA treatment and the factors influencing the 
overall effectiveness of long-term treatment. Addition-
ally, another noteworthy result emerged from the Anal-
ysis of Variance (ANOVA) conducted between Group 2 
and Group 3 in relation to the time variable. This analy-
sis revealed that, during the first three months, the time 
factor exerts a greater influence than the direct effects 
of the treatments themselves on the variation in fasting 
blood glucose levels (p < 0.05). This leads us to posit the 
concept that, presumably, in patients with obesity, adher-
ence to treatment in the initial three months of therapy 
is likely more crucial than the type of treatment itself. 
As for glycated hemoglobin (HbA1c), it should be noted 
that in Group 2 (Liraglutide), a significant decrease was 
observed between the start of treatment and the end of 
the three months, with p < 0.05. Furthermore, it is rel-
evant to note that both treatments (KD and Liraglutide) 
contributed to reducing HOMA-IR in the first three 
months, as clearly evidenced by density curves. Regard-
ing the VLCKD, the well-established benefit on insu-
lin resistance levels and glycated hemoglobin has been 
confirmed for some time [30]. Therefore, we can employ 
ketosis through Ketogenic Diet protocols, mindful that 
we are simultaneously reducing both glucotoxicity and 
lipotoxicity, which are foundational to adipose tissue-
related diseases. All of this is rooted in the attenuation of 
hyperinsulinemia and the metabolic shift towards lipid 
oxidation, utilizing fatty acids and ketones for energy [37, 
38].

Conclusion
This study presents the results obtained at our dedicated 
obesity clinic during a very particular period in which we 
had to face shortages of medications. The work aims to 
emphasize that the proposed medical and dietary strate-
gies are not mutually exclusive but can be integrated to 
optimize outcomes. To our knowledge, there are cur-
rently no recognized literature studies with established 
protocols for alternating therapeutic approaches between 
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ketogenic diets and pharmacological obesity treatment. 
We have shared our real-life experience with the aim of 
contributing to the dissemination of straightforward 
and effective therapeutic strategies. We chose graphical 
representation to appreciate the trends of the examined 
parameters in relation to follow-up timelines, carefully 
selecting parameters widely used in clinical practice for 
metabolic assessments. Therapeutic decisions are par-
ticularly complex as they require a highly personalized 
approach. The management of obesity requires a holistic 
approach that involves a varied group of healthcare pro-
fessionals, including specialized physicians, dietitians, 
psychologists, and exercise science experts, to provide 
comprehensive, multidisciplinary care. Additionally, it is 
crucial to consider that obesity treatment cannot be lim-
ited to short-term solutions but requires strategic plan-
ning in the medium and long term. Obesity is a chronic 
and recurrent condition; therefore, its treatment must be 
equally chronic and highly personalized.
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