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ARTICLE INFO ABSTRACT

Handling Editor: Prof Marta Hribal Background and aim: Semaglutide therapy improves glycaemic control, weight loss, and cardiovascular risk

reduction in patients with type 2 diabetes mellitus (T2D). Sex-specific differences in the response to oral versus

Keywords: subcutaneous formulation remain unexplored in real-world settings. This interventional pilot study compares the
Glucagon-like peptide-1 receptor agonist (GLP- 12-month effectiveness of oral and subcutaneous semaglutide in a real-world cohort of T2D patients, with focus
11\:: to sex-based differences in treatment outcomes.

Female Methods and results: Two-hundred and twelve T2D patients, equally assigned to oral or subcutaneous semaglutide
Sex (n = 106 per group), were enrolled. The primary endpoint was the change in HbAlc. Secondary endpoints
Gender included variations in anthropometric and metabolic parameters, analysed both in the overall cohort and

through a sex-stratified approach. Two-hundred and eight patients completed the study. In men, subcutaneous
semaglutide resulted in significant reductions in delta(A)_weight (p = 0.010), A_HbAlc (p = 0.037), and A_LDL
(p = 0.038) compared to the oral formulation. In women, subcutaneous semaglutide led to significantly lower
A_hepatic steatosis index (p = 0.024). Additionally, women treated with subcutaneous semaglutide showed a
significantly greater reduction in A_GOT (p = 0.035) compared to men.

Conclusions: This real-world study suggests that subcutaneous semaglutide provides greater metabolic benefits
than the oral formulation, particularly in men. Women treated with subcutaneous semaglutide experience more
favorable liver responses, emphasizing the personalization of T2D treatment.

1. Introduction confirmed its efficacy and safety, with both formulations demonstrating

substantial reductions in HbA1lc and body weight in comparison to other

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are among
the most effective treatments for type 2 diabetes (T2D), lowering HbAlc
and body weight, carrying a low risk of hypoglycaemia. Some GLP-1 RAs
have also demonstrated cardiovascular (CV) benefits [1,2]. They are
recommended to achieve adequate HbAlc control and/or high cardio-
vascular risk or known cardiovascular disease, to lower the likelihood of
major adverse cardiovascular events (MACE) [3] and are a preferred
option for chronic weight management in individuals with T2D who are
overweight or obese.

Among GLP-1 RAs, semaglutide is the only one available in two
formulations for the treatment of T2D: a once-weekly subcutaneous
injection and a once-daily oral tablet. Extensive clinical research has
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treatments in pivotal phase 3 trials (SUSTAIN and PIONEER) [4-8]. An
interesting metanalysis on 24 trials showed the superiority of both
subcutaneous and oral formulation compared to placebo and other
anti-diabetic drugs in reducing HbAlc and weight [9].

Furthermore, semaglutide significantly reduces the risk of cardio-
vascular death, MACE, chronic kidney disease progression and improves
cardiovascular parameters and peripheral vascular function in patients
with type 2 diabetes mellitus [10-16].

The oral formulation of semaglutide offers a suitable option for those
who refuse to start injectable treatment. Anxiety around injections and
the perceived burden of injectable therapies are well-documented bar-
riers to adherence in individuals with T2D [17,18]. Consequently, oral
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semaglutide may encourage earlier adoption of GLP-1 RA therapy and
support better long-term treatment compliance. Additionally, its oral
form may be more convenient for primary care practitioners to pre-
scribe. A recent metanalysis showed that oral semaglutide was
non-inferior to injectable semaglutide and superior to placebo and other
comparators (liraglutide, dulaglutide and exenatide) in reducing HbAlc
and body weight [19]. In addition, it demonstrated superior outcomes
compared to injectable semaglutide but was less favorable than other
comparators and placebo in terms of adverse event frequency, rein-
forcing its relevance for patients who are opposed to the subcutaneous
formulation [19].

Sex differences have been shown in weight loss and glycaemic con-
trol combined with different GLP-1 responses to intraduodenal glucose
[20]. However, there are limited clinical data available on sex differ-
ences in patients treated with oral and subcutaneous semaglutide.

The primary endpoint of the current study is to assess the change in
HbAlc in patients treated with oral vs. subcutaneous semaglutide both
in the entire cohort of patients and stratified by sex, over a 12-month
period in a real-world setting. Secondary endpoints included changes
in anthropometric and metabolic parameters.

2. Methods

This interventional study investigated a population of 1500 adult
outpatients with T2D diagnosed for at least 1 year, followed at the
Endocrinology and Metabolism Division of the University Hospital of
Palermo from January 2024 to April 2024. Two-hundred and twelve out
of 1500 patients were included and consecutively initiated on subcu-
taneous (N = 106) or oral (N = 106) semaglutide (Fig. 1), matched for
gender. The route of semaglutide administration was determined by
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factors unrelated to clinical effectiveness, such as drug availability at the
time of prescription and patient preference.

Exclusion criteria were: pregnancy, known allergy or hypersensi-
tivity to semaglutide, participation in another clinical trial during the
treatment period.

Inclusion criteria were age over 18 years, diagnosis of T2D at least
one year before the recruitment, no treatment with prior GLP-1 RA,
baseline HbAlc >6.5 % (48 mmol/mol).

Patients were instructed to titrate semaglutide according to label
information as following: oral semaglutide was started at 3 mg/day for a
month, followed by 7 mg/day for all the duration of the study. Subcu-
taneous semaglutide was started at the dose of 0.25 mg/week for a
month, followed by 0.5 mg/week. Only if clinically indicated (patients
not reaching an adequate glycaemic control) the dose could be further
increased to 14 mg/day for oral semaglutide and 1 mg/week for sub-
cutaneous semaglutide.

Patients were instructed to take semaglutide at least 30 min before
eating, at fasting. Clinical visits were performed according to good
clinical practice.

The study was conducted in accordance with the ethical standards of
the institutional and national research committees, and with the 1964
Helsinki declaration and its later amendments. Ethical approval was
obtained from the Ethics Committee of the Policlinico Paolo Giaccone
(Protocol number: 01/2024) and written informed consent was signed
from all individual participants included in the study. Clinical trial
number: not applicable.

2.1. Outcomes

The primary endpoint of this study was to evaluate the change in
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Fig. 1. caption. Study flowchart.
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HbAlc among patients treated with oral versus subcutaneous semaglu-
tide, both in the overall cohort and stratified by sex, over a 12-month
follow-up in a real-world setting. Secondary endpoints included
changes in anthropometric and metabolic parameters.

As anthropometric and metabolic parameters, we assessed BMI,
systolic and diastolic blood pressure (SBP and DBP) and waist circum-
ference (WC), total cholesterol (TC), HDL cholesterol (HDL-C), LDL
cholesterol (LDL-C) and triglycerides (TG), creatinine, HbAlc, glutamic-
oxalacetic transaminase (GOT), glutamic-pyruvate transaminase (GPT)
and blood count. We also evaluated fibrosis-4 index (FIB-4) and hepatic
steatosis index (HSI) as tools to determine the presence of hepatic
fibrosis and steatosis, respectively. In addition, we also evaluated the
neutrophil to lymphocyte ratio (NLR) and the platelet to lymphocyte
ratio (PLR) as inflammatory markers.

We also evaluated the frequency of diabetic chronic microvascular
complications including retinopathy classified as absent, non-
proliferating and proliferating and nephropathy evaluated by creati-
nine measurement, estimated glomerular filtrate rate (GFR), calculated
according to CDK-EPI, and microalbuminuria (positive definite for
values > 30 mg/g in at least two consecutive measurements). The cat-
egories of diabetic kidney disease were based on the current classifica-
tion proposed by the US National Foundation Kidney Disease Outcomes
Quality Initiative (NFK-KDOQI).

2.2. Assays

HbAlc, lipids, creatinine, blood count, GOT and GPT were measured
with standard methods (Modular P800, Roche, Milan). LDL-C levels
were calculated using the Friedewald formula [TC - (HDL + (TG/5)].

The conversion factors for the International System (SI) were as
follows: TC and HDL-C mg/dl vs. mmol/1: 0.0259; TG mg/dl vs. mmol/1:
0.0113; HbAlc % vs. mmol/mol: 10.93 % - 23.5.

2.3. Sample size calculations

Assuming a standard deviation of 1 % in HbAlc variation, we esti-
mated that 104 participants per group would be required to detect a
difference in HbAlc variation of 0.35 % between groups, with an alpha
value of 0.05 and a power of 0.8.

2.4. Statistical analysis

The Statistical Packages for Social Science SPSS version 26 (SPSS,
Inc., IBM, New York, USA) were used for data analysis. The normality of
quantitative variables was tested by the Shapiro-Wilk test. The baseline
characteristics of the groups were presented as mean + SD for contin-
uous variables, while the rates and proportions were calculated for
categorical data. The comparison between the two groups was per-
formed with an independent Student's t-test for continuous variables or
chi-squared test for categorical variables.

3. Results
3.1. Entire cohort

Two patients treated with oral semaglutide and 2 treated with sub-
cutaneous semaglutide interrupted the treatment due to poor adherence.
At 12 months the range of doses used was similar in the two groups.
Among patients treated with oral semaglutide, 95 patients maintained
the dose of 7 mg/day and 9 increased up to 14 mg/day. Among patients
treated with subcutaneous semaglutide, 92 patients maintained the dose
of 0.5 mg/week and 12 increased up to 1 mg/week.

Baseline characteristics of patients included in the study are shown
in Table 1. All patients in our cohort were receiving antihypertensive
treatment.

After 12 months of observation, patients treated with subcutaneous
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Table 1
General characteristics of all patients included in the study.
Baseline
Overall Subcutaneous ~ Oral P
(N = 208) (N =104) (N =104)
Mean + SD Mean + SD Mean +
SD
Age (years) 61.4+11.1 59.5+11.4 63.1 £ 0.018
10.5
Duration of disease 11.5+9.91 11.0 + 8.85 11.9 + 0.525
(years) 10.8
N (%) N (%) N (%)
Sex
Female 82 (39.4 %) 41 (39.4 %) 41 (39.4 1
%)
Male 126 (60.6 63 (60.6 %) 63 (60.6
%) %)
Smoking 32 (15.4 %) 18 (17.3 %) 14 (13.5 0.357
%)
Arterial hypertension 162 (77.9 79 (76 %) 83(79.8 0.837
%) %)
Dyslipidemia 165 (79.3 84 (80.7 %) 81 (77.9 0.153
%) %)
Cerebrovascular disease 12 (5.7 %) 6 (5.7 %) 6 (5.7 %) 1
Cardiovascular disease 37 (17.8 %) 15 (14.4 %) 22 (21.1 0.445

%)
5 (4.8 %) 0.308
56 (53.8 0.116
%)
23 (11 %) 15 (14.4 %) 8 (7.7 %) 0.132
119 (57.2 62 (59.6 %) 57 (54.8 0.236
%) %)
66 (31.7 %) 38 (36.5 %) 28 (26.9 0.061
%)
31(29.8 0.128
%)
2 (1.9 %) 0.227

14 (6.7 %)
96 (46.1 %)

9 (8.6 %)
40 (38.4 %)

Diabetic neuropathy
Diabetic nephropathy

Diabetic retinopathy
Visceral obesity

Hepatic steatosis

Carotid artery disease 69(33.2%)  38(36.5 %)

Diabetic foot 8(3.8%) 6 (5.8 %)

semaglutide had significant decrease in weight (p = 0.007), WC (p =
0.013) and triglycerides (p = 0.013) compared to patients treated with
oral formulation (Table 2). Evaluating the difference from 12 months to
baseline (A), significant lower A_weight (p = 0.008), A_HbAlc (p =
0.015) and A_HSI (p = 0.029) was found in patients treated with sub-
cutaneous semaglutide compared to oral formulation (Table 2).

3.2. Sex stratification

We included 82 women (41 treated with subcutaneous semaglutide
and 41 with oral semaglutide) and 126 men (63 treated with subcu-
taneous semaglutide and 63 treated with oral semaglutide).

At baseline female patients assigned to subcutaneous semaglutide
showed higher SBP value (p = 0.026) and triglycerides (p = 0.006)
compared to those assigned to oral formulation. After 12 months, female
patients treated with subcutaneous semaglutide maintained higher SBP
(p = 0.026) and triglycerides (p = 0.006) compared to oral formulation
(Table 3).

At baseline, male patients assigned with subcutaneous semaglutide
showed higher weight (p < 0.001), BMI (p = 0.044), WC (p < 0.001),
DBP (p = 0.005) and triglycerides (p = 0.032), compared to oral
formulation (Table 3). After 12 months, male patients treated with
subcutaneous semaglutide had higher weight (p = 0.009) and WC (p <
0.001) compared to oral semaglutide (Table 3).

Further, we compared the changes from 12 months to baseline of all
parameters. Evaluating the subcutaneous vs oral therapies effects in
male patients we found a significantly greater change in A_weight (p =
0.010), A_HbAlc (p = 0.037) and A_LDL (p = 0.038) in subcutaneous
group compared to oral group (Table 4). In female patients we found a
significantly greater change in A_HSI (p = 0.024) in patients treated
with subcutaneous, than oral formulation (Table 4).
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Table 2
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Metabolic parameters at baseline and after 12 months of treatment with subcutaneous vs. oral formulations.

Baseline After 12 months Change from 12 monts to baseline

Subcutaneous Oral P Subcutaneous Oral P Subcutaneous Oral P

(N =104) (N=104) (N =104) (N =104) (N =104) (N =104)

Mean + SD Mean + SD Mean + SD Mean + SD Mean =+ SD Mean + SD
Weight (Kg 97.5 +21.9 86.5 +17.7 <0.001 93.2 + 22.3 85.0 + 18.4 0.007 —4.3 £5.69 —1.51 + 6.74 0.008
BMI (kg/m2) 33.9+6.48 31.4 £6.08 0.008 32.6 £6.72 32.4+£12.6 0.857 -1.3+2.16 1.1 £10.8 0.122
WC (cm) 120 + 26.0 109 + 21.1 0.005 115 + 23.4 106 + 20.0 0.013 —5.5 + 14.0 —3.01 + 6.07 0.181
Systolic blood pressure (mmHg) 130 +12.2 127 +£10.3 0.135 127 +7.87 126 +7.86 0.350 -2.9+10.3 —1.09 + 8.93 0.749
Diastolic blood pressure (mmHg) 83.8 +£7.08 80.1 £ 8.22 0.008 82.1 £ 8.30 80.5 £ 7.52 0.278 —1.7 £ 4.45 —0.4 £5.87 0.567
Fasting glucose (mmol/L) 11.5 + 6.93 9.99 + 3.44 0.039 8.65 + 3.68 7.88 + 2.55 0.093 —2.85+5.3 —2.11 + 2.99 0.663
HbAlc (mmol/mol) 73.5+19.8 68.1 +17.4 0.027 52.4 +17.1 54 + 14.8 0.525 -21.1 +£21.5 -14.1 £ 16.7 0.015
Total cholesterol (mmol/L) 4.39 +1.41 429 +1.11 0.631 3.93 + 1.08 3.95 + 1.03 0.783 —0.46 £+ 1.05 —0.35 + 0.92 0.257
HDL cholesterol (mmol/L) 1.12 + 0.61 1.19 + 0.28 0.329 1.13 £ 0.31 1.17 £ 0.25 0.229 —0.01 + 0.63 —0.02 £+ 0.23 0.945
Triglycerides (mmol/L) 2.12 +1.16 1.64 + 0.85 0.002 1.76 + 1.02 1.43 +£0.71 0.013 —0.36 + 1.12 —-0.21 £+ 0.79 0.418
LDL cholesterol (mmol/L) 2.48 +1.19 2.35 +1.07 0.44 2.09 + 0.92 2.13 £ 0.95 0.778 —0.39 £+ 1.06 —0.22 +1.01 0.060
GOT (U/L) 26.2 +18.6 23.9 +£14.4 0.342 22.3 £14.5 20.2 +£8.18 0.229 -39+ 145 —-3.7 £12.0 0.854
GPT (U/L) 34.5 +29.8 29.0 + 22.5 0.162 24.9 + 14.1 24.4 + 26.2 0.887 —9.69 + 26.4 —4.6 + 24.0 0.225
FIB4 0.999 + 0.472 1.12 £+ 0.533 0.174 0.979 + 0.490 1.05 +0.420  0.368 0.02 + 0.378 —0.07 + 0.404  0.102
HSI 48.5 + 14.5 43.1 +7.69 0.005 44.5 + 7.69 43.7 £12.7 0.770 —3.99 +12.4 0.59 + 10.6 0.029
Creatinine (mg/dL) 0.925 + 0.319 0.950 + 0.325 0.586 0.936 + 0.325 0.954 + 0.372 0.711 —0.011 + 0.322 0.004 + 0.348 0.811
eGFR (ml/min) 87.1 +21.4 82.2 + 24.5 0.124 85.3 + 20.7 82.1 + 24.3 0.307 -1.8+13.4 0.001 + 16.1 0.380
NLR 2.32 + 1.40 2.37 +£1.15 0.824 2.28 + 0.921 2.64 + 2.80 0.381 —0.04 £+ 0.543 0.27 + 1.06 0.254
PLR 1.9+21 1.42 + 0.57 0.307 1.55 + 0.98 1.8 £1.48 0.281 —0.35+0.76 0.38 £ 0.87 0.641

Abbreviations: HSI, hepatic steatosis index; NLR, neutrophyl to lymphocyte ratio; PLR, platelet to lymphocyte ratio.

A further comparison between female vs. male patients treated with
subcutaneous formulation showed significantly greater change in
A_GOT (p = 0.035) in female patients compared to males (Table 4). No
differences were found for male and females treated with oral sem-
aglutide (Table 4).

4. Discussion

This 12-month, real-world observational study comparing oral and
subcutaneous semaglutide in GLP-1 RA-naive patients with T2D dem-
onstrates that the subcutaneous formulation leads to greater improve-
ments in HbA1lc, HSI and body weight compared to the oral formulation.
Notably, sex-disaggregated analysis revealed distinct patterns, men
treated with subcutaneous semaglutide exhibited significantly greater
reductions in weight, HbAlc, and LDL cholesterol than those treated
with oral formulation. Further, women treated with subcutaneous
formulation showed more pronounced hepatic benefits, particularly in
HSI decrease, compared to those treated with oral formulation. Among
patients treated with subcutaneous semaglutide, women had greater
decrease in GOT, than men.

Our findings about the entire cohort are consistent with those from
other observational studies which suggest a modest superiority of sub-
cutaneous semaglutide. Kwon et al. reported a significant weight loss in
patients receiving the subcutaneous formulation compared to oral users,
especially among older individuals [21]. Similarly, Formichi et al.
observed significant reductions in HbAlc, weight, BMI, and WC with
subcutaneous semaglutide versus the oral formulation [22].

Conversely, pivotal trials and clinical studies have reported equal
efficacy between the subcutaneous and oral formulations. A post hoc
analysis of data from the SUSTAIN-6 and PIONEER-6 trials demon-
strated consistent effects of both formulations on cardiovascular risk
factors, including weight and glycaemic control [23]. Fadini et al. found
similar efficacy between oral and subcutaneous formulations, although
patients on subcutaneous semaglutide experienced a >5 % weight loss,
likely attributed to more stable drug exposure and simplified dosing
schedules [24]. Chowdhury et al. found no significant differences in
either HbAlc or weight reduction between oral and subcutaneous
semaglutide in a 6-month study [25]. Similarly, Conti et al. observed
equivalent reductions in glycaemic and anthropometric parameters over
18 months, although a slightly higher proportion of patients in the

injectable group achieved HbAlc <7.0 % [26]. A network meta-analysis
reported that oral semaglutide 14 mg was non-inferior to subcutaneous
GLP-1 RAs, including semaglutide itself, in both glycaemic and weight
outcomes [27]. Another meta-analysis indicated that oral semaglutide
was non-inferior to injectable semaglutide and superior to placebo and
other comparators (liraglutide, dulaglutide, and exenatide) in reducing
HbAlc and body weight [19].

These discrepancies across studies may reflect heterogeneity in pa-
tient populations, trial conditions, or adherence patterns.

A strength of our study is the high persistence and adherence
observed in both treatment arms, with only four patients discontinuing
therapy. This contrasts with prior real-world evidence, which reported
lower persistence with oral semaglutide due to gastrointestinal adverse
events and complex administration [24,26,28]. Interestingly, Horii et al.
noted better average adherence and greater persistence at 12 months in
oral users than in subcutaneous users, despite higher early discontinu-
ation with oral therapy [29].

A central and novel aspect of our study is the exploration of sex-
specific responses to semaglutide formulations, an area that has been
largely underreported in the literature. We found no significant differ-
ences between males and females treated with oral semaglutide, except
for women on subcutaneous semaglutide who experienced a signifi-
cantly greater decrease in GOT compared to men. Another noteworthy
finding was the differential male response to the semaglutide formula-
tions. Specifically, men treated with the subcutaneous formulation
exhibited a greater mean reduction in weight, HbAlc, and LDL choles-
terol compared to those treated with oral formulation. In addition,
women treated with subcutaneous formulation showed lower HSI, than
oral users. The HSI is a validated, simple, and efficient screening tool for
metabolic dysfunction-associated steatotic liver disease (MASLD), with
values above 36 suggestive of hepatic steatosis [30].

These findings, although not previously highlighted in randomized
controlled trials, may be attributed to a complex interplay of pharma-
cokinetic, hormonal, and physiological differences between sexes and
routes of administration.

From a pharmacological perspective, subcutaneous semaglutide
provides more consistent systemic exposure, with reduced variability
and sustained plasma concentrations [31,32], which may be particularly
advantageous for men. Unlike the oral formulation, which requires strict
adherence to fasting and water-only conditions to ensure optimal



Table 3
Comparison of anthropometric and metabolic parameters after 12 months of treatment in male and female patients.
Parameters Females Males
Baseline 12 months Baseline 12 months
Subcutaneous (N = Oral (N = 41) P Subcutaneous (N = Oral(N=41) p* Subcutaneous (N = Oral (N = 63) P Subcutaneous (N = Oral(N=63) p*
41) 41) 63) 63)
Weight (Kg) 91.7 £ 18.5 85.6 + 18.6 0.174 87.3 £18.6 83.1 +20.4 0.355 101 + 23.0 87.2+17.0 <0.001 96.8 + 23.7 86.5 + 16.9 0.009
BMI (Kg/mz) 35.3 £ 6.84 33.2+6.70 0.217 33.6 £ 6.97 32.2 £6.80 0.383 33.1+6.21 29.9 £5.16 0.044 32.0 £ 6.54 32.5 +£15.7 0.848
WC (cm) 127 + 30.4 115 + 24.8 0.134 117 + 24.4 112 + 23.6 0.397 117 + 22.7 102 +£13.5 <0.001 114 + 23.1 99.6 +13.1 <0.001
SBP (mmHg) 131 +8.10 126 +10.1 0.042 128 +7.12 124 + 5.49 0.026 129 + 14.2 128 +10.7 0.630 126 + 8.34 127 £ 9.41 0.715
DBP (mmHg) 82.4 +£7.36 80.8 + 8.48 0.458 81.0 £8.13 81.3 + 6.42 0.897 84.8 £ 6.83 79.4 + 8.03 0.005 82.8 +£ 845 79.7 £+ 8.40 0.149
Fasting glucose (mmol/ 8.43 +£2.97 7.32+ 2.2 0.092 8.6 + 3.14 7.43 + 2.28 0.078 8.71 + 3.99 8.21 +2.73 0.463 8.71 + 3.99 8.21 +2.73 0.463
L)
HbA1lc (mmol/mol) 71.6 £ 19.6 66.1 +£15.8 0.179 54.4 £17.9 53.1 £13.7 0.695 75.2 £19.8 69.4 + 18.5 0.098 51.1 £ 16.6 54.4 £15.6 0.266
Total cholesterol 4.83 + 1.65 4.65 + 1.25 0.621 4.26 +£1.28 4.16 + 1.06 0.721 413 +1.21 4.08 + 0.97 0.751 3.8 +£0.91 3.82 £ 0.99 0.614
(mmol/L)
HDL-cholesterol 1.13 £ 0.29 1.24 £ 0.31 0.144 1.19 + 0.28 1.26 £ 0.29 0.334 1.11 £ 0.73 1.15+0.26 0.678 1.08 £ 0.32 1.11 £ 0.19 0.613
(mmol/L)
Triglycerides (mmol/L) 2.25 +1.23 1.67 £ 0.86 0.027 1.85 + 0.76 1.38 £ 0.56 0.006 2.04 £1.12 1.63 + 0.86 0.032 1.7 £1.14 1.45 + 0.81 0.188
LDL_cholesterol (mmol/ 2.76 £ 1.41 2.74 £1.28 0.975 2.26 £ 1.04 2.25 £ 0.91 0.947 2.33 £1.02 2.1+0.84 0.216 1.99 £ 0.84 2.04 £0.98 0.773
L)
GOT (U/L) 30.4 +£21.4 24.0 £ 135 0.145 22.2+128 21.2 £ 9.65 0.691 23.8 £ 16.5 23.8 £15.0 0.999 22.3+15.4 195+7 0.215
GPT (U/L) 35.7 £ 29.1 26.7 £17.0 0.129 21.6 £11.8 27.3 £ 38.5 0.39 33.9 + 30.5 30.4 + 25.2 0.510 26.7 £ 15 22.4 +£11.9 0.094
FIB4 0.970 + 0.438 1.12 £ 0.543 0.284 0.89 £ 0.41 1.03 £ 0.41 0.254 1.01 + 0.494 1.12 £ 0.534 0.368 1.03 £ 0.53 1.07 £ 0.43 0.709
HSI 48.6 + 8.37 46.3 + 7.33 0.268 45.7 £ 7.89 45.4 +7.31 0.865 48.3 £ 16.7 41.1 +£7.09 0.008 44.1 +7.89 43.2 +£17.2 0.766
Creatinine (mg/dL) 0.762 + 0.169 0.880 + 0.370 0.062 0.78 £ 0.16 0.84 + 0.34 0.343 1.02 + 0.347 0.999 + 0.283 0.713 1.03 £ 0.36 1.04 £ 0.37 0.868
eGFR (ml/min) 91.2 £+ 20.9 80.8 + 26.8 0.055 88.4 £ 20.1 82.3 +26.8 0.25 84.7 £ 21.5 83.1 £ 229 0.685 835+ 21 81.9 £ 225 0.693
NLR 2.50 £ 1.98 2.17 £ 0.949 0.495 213 +£0.91 2.29 £1.08 0.61 2.24 £ 1.05 2.54 +£1.28 0.288 2.36 £ 0.93 2.95 + 3.69 0.427
PLR 2.56 + 4.61 1.40 + 0.687 0.267 1.69 + 1.25 1.36 + 0.48 0.274 215+ 1.34 1.42 + 0.573 0.321 1.85 +1.61 1.67 +1.22 0.626

p* comparison between subutaneous vs. oral formulation at 12 months.
p** comparison between subcutaneous formulations at 12 months in female vs. male patients.
comparison between oral formulations at 12 months in female vs. male patients.

p
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Table 4
Changes in Anthropometric and Metabolic Parameters (A) from Baseline to 12 Months in female and male patients treated with oral and subcutaneous formulations.
Female Male
Subcutaneous (N = 41) Oral (N = 41) p* Subcutaneous (N = 63) Oral (N = 63) p* p** prE*
A_weight —5.12 + 6.46 —2.03 £9.41 0.108 —3.45+5.17 —1.20 £ 3.54 0.010 0.232 0.599
A_BMI —1.82 £ 2.66 —0.799 + 2.18 0.092 -1.05 +1.79 1.46 +14.2 0.215 0.168 0.268
A_WC —9.46 + 20.9 —3.82+7.84 0.219 —3.44 + 6.84 —2.35+ 3.26 0.377 0.184 0.330
A_SBP —2.42 + 4.38 —1.92 + 5.50 0.726 —-2.18 +£13.0 —1.46 £ 11.5 0.823 0.924 0.855
A _DBP —0.958 + 3.37 —1.27 £5.63 0.812 —1.36 £ 5.15 0.038 + 6.14 0.355 0.721 0.427
A _Gly —-3.23 +£10.8 —2.16 + 3.25 0.594 —-2.1+5.17 —2.09 + 3.97 0.994 0.585 0.929
A_HbAlc —-17.1 £ 16.6 —13.1 +£15.2 0.263 —23.5+23.8 —14.6 + 22,5 0.037 0.129 0.681
A_TC —0.71 +£1.28 —0.54 £1.19 0.583 —0.42 + 0.91 —0.23 £ 0.68 0.219 0.277 0.162
A_HDL 0.05 £ 0.26 0.02 £ 0.23 0.603 —0.05 + 0.76 —0.33 +£0.23 0.844 0.333 0.260
A TG —0.38 + 0.88 —0.29 + 0.74 0.621 —0.31 £ 1.24 —0.18 + 0.83 0.501 0.758 0.521
A_LDL —0.56 + 1.28 —-0.31 +1.34 0.424 —-0.44 + 09 -0.11 £ 0.7 0.038 0.657 0.407
A_GOT —8.78 £16.0 —2.71+£11.2 0.086 —-1.59 £13.0 —4.52 £12.6 0.242 0.035 0.503
A_GPT —14.1 +£ 285 1.87 £ 47.5 0.114 —7.21 £ 25.0 —7.58 +21.8 0.936 0.262 0.304
A_FIB4 —0.078 + 0.455 —0.073 + 0.362 0.967 —0.026 + 0.311 —0.108 + 0.440 0.234 0.199 0.746
A_HSI —3.82 £ 4.72 —1.04 £+ 4.25 0.024 —4.06 + 15.3 1.68 +15.9 0.083 0.936 0.382
A NLR 0.038 + 0.575 0.194 + 0.470 0.355 0.011 + 0.533 0.622 + 3.38 0.379 0.866 0.537
A PLR —0.779 + 4.87 —0.0518 + 0.277 0.524 0.284 £ 1.41 0.276 + 1.09 0.98 0.364 0.158

p* comparison between subutaneous vs. oral formulations.

p** changes in athropometric and metabolic parameters (A) only in female vs male treated with subcutaneous formulation.

absorption, the injectable route bypasses gastrointestinal variability,
delivering the drug in a reproducible and reliable manner, which may be
critical for achieving metabolic targets in male patients.

Furthermore, emerging data suggest that estrogen plays a pivotal
role in enhancing GLP-1 receptor signaling, particularly in central and
hepatic pathways. As reported by Borchers and Skibicka [20], this
estrogen-mediated potentiation may allow women to derive substantial
benefit even with lower or fluctuating drug exposure. In contrast, men,
who lack this hormonal amplification, may require higher and steadier
drug concentrations to achieve comparable or superior clinical out-
comes, more easily achieved via subcutaneous delivery.

Sex-based differences in body composition and GLP-1 pharmacody-
namics may also contribute. Men typically present with greater visceral
adiposity and a more atherogenic lipid profile at baseline. These char-
acteristics, associated with a more insulin-resistant metabolic pheno-
type, may render them more responsive to the peripheral metabolic
actions of GLP-1 RAs when exposure is adequate and sustained.

Currently, sex-related differences in weight loss have been evaluated
among patients treated with heterogeneous pharmacological classes of
GLP-1 RAs, rather than within a single agent or formulation.

A recent meta-analysis evaluating the efficacy of GLP-1 RA,
including subcutaneous semaglutide, exenatide, dulaglutide, and the
dual GIP/GLP-1 agonist retatrutide, has provided robust evidence of a
sex-specific differential response in weight reduction (in patients with
and without diabetes mellitus), with females achieving significantly
greater weight loss compared to males [33]. This difference was posi-
tively correlated with the extent of weight reduction, suggesting that
biological sex may modulate the pharmacodynamic effects of GLP-1
RAs, particularly in the context of obesity-focused interventions.

Further, another meta-analysis assessing sex-stratified cardiovascu-
lar outcomes in individuals treated with both subcutaneous and oral
formulations of semaglutide revealed a greater relative risk reduction in
MACE among males, compared to females [34].

Our study has some limitations. The non-randomized design limits
causal inference. While the study was powered for primary outcomes,
subgroup analyses, particularly those stratified by sex, require cautious
interpretation. In this regard, no adjustment for baseline differences or
interaction terms was performed, due to the minimal and non-significant
baseline differences observed across groups. The follow-up period,
although clinically relevant, does not capture long-term cardiovascular
or hepatic events. The selection of patients, even though was not based
on clinical criteria, could be represent a bias. Additionally, lifestyle

comparison between oral formulations at 12 months in female vs. male patients treated with oral formulation.

factors such as physical activity and dietary adherence were not sys-
tematically assessed.

In conclusion, our study reinforces the importance of tailoring GLP-1
RA therapy to both clinical and biological characteristics, including sex.
Subcutaneous semaglutide may be particularly effective in male patients
with obesity and atherogenic dyslipidemia and in female patients with
steatotic liver. Oral semaglutide remains a valuable alternative for pa-
tients who are averse to injections or face logistical barriers, particularly
when adherence can be assured.

5. Conclusions

Our findings demonstrate that subcutaneous semaglutide achieves
greater metabolic efficacy than the oral formulation over 12 months,
with distinct sex-specific patterns: men showed greater glycaemic and
lipid improvements, while women experienced greater hepatic benefit.
In contrast to preclinical and trial-based data suggesting a female
advantage with GLP-1 RAs, our real-world study suggests that formu-
lation type and sex interact in complex ways that warrant further
investigation. Ultimately, these results support a sex-informed and
formulation-sensitive approach to GLP-1 RA therapy, highlighting the
need for future studies to include sex-disaggregated outcomes and
explore the biological mechanisms underlying differential drug
responses.
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