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ABSTRACT

Aims: To evaluate the real-world effectiveness, safety and patient-reported outcomes of biosynthetic semaglutide in adults with
type 2 diabetes mellitus (T2DM) receiving routine outpatient care in a cost-constrained setting.

Methods: This 30-week, prospective, multicentre, non-interventional study enrolled adults with T2DM initiating biosynthetic
semaglutide. The primary endpoint was change in glycated haemoglobin (HbA1c) from baseline to end of study (EOS). Secondary
endpoints included changes in body weight, waist circumference, patient-reported outcomes (DTSQs and SF-36v2) and safety.
Results: Among 217 patients, mean HbAlc decreased from 9.27% to 7.41% at EOS (—1.86%; p <0.001). At EOS, 76.6% achieved
HbA1c<8.0% and 38.7% achieved < 7.0%. Mean body weight decreased by —7.84kg (p < 0.001), with 76.5% achieving > 5% weight
loss. Significant reductions were also observed in body mass index and waist circumference. Treatment satisfaction and physical
quality of life improved significantly. Adverse events were predominantly non-serious and gastrointestinal. No severe hypogly-
caemic episodes occurred.

Conclusions: In routine clinical practice, biosynthetic semaglutide was associated with clinically meaningful improvements in
glycaemic control, body weight and physical quality of life. The safety profile remained consistent with established semaglutide
therapy.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR): ACTRN12625000610437

1 | Introduction disease (CVD) remains the primary driver of mortality [1-4].

Hyperglycaemia-related cardiovascular deaths underscore the
Type 2 diabetes mellitus (T2DM) remains a profound global urgent need for therapies providing benefits beyond glycae-
health crisis, projected to affect 853 million adults by 2050. mic control [5, 6]. The burden of diabetes is concentrated in
The burden is disproportionately concentrated in low- and low- and middle-income countries, where delayed diagnosis,
middle-income countries (LMICs), where cardiovascular limited access to care and high out-of-pocket costs contribute
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to poorer outcomes [2, 7, 8]. Globally, an estimated 252 million
people remain undiagnosed, nearly 90% residing in LMICs
[2,7,9].

Pakistan currently faces the highest age-standardised diabetes
prevalence globally, affecting approximately 34.5 million people
(31.4% of adults). This crisis is compounded by a 27% undiag-
nosed rate, low healthcare expenditure (< USD 100 per capita)
and high out-of-pocket costs, leading to over 225000 annual
deaths [2, 10-12]. While ADA/EASD guidelines recommend
glucagon-like peptide-1 receptor agonists (GLP-1R As) like sema-
glutide for their superior cardiorenal and weight-loss benefits,
innovator semaglutide remains inaccessible for most Pakistani
patients due to high acquisition costs [13-15].

The SUSTAIN clinical trial programme and real-world evi-
dence from high-income countries have confirmed semaglu-
tide's robust efficacy, typically achieving HbAlc reductions of
1.2%-1.8% and significant weight loss. However, this ‘treatment
gap’ persists in LMICs [16-19]. In the cardiovascular outcomes
trial SUSTAIN 6, semaglutide reduced the risk of major adverse
cardiovascular events by 26% compared with placebo in patients
with T2DM at high cardiovascular risk [20-22].

Despite this robust efficacy profile, access to innovator sema-
glutide remains severely constrained in LMICs. In Pakistan and
similar settings, high acquisition costs and lack of reimburse-
ment frequently result in short-term or intermittent use, dose
under-titration or premature discontinuation driven by afford-
ability rather than clinical response [2, 11, 21]. This divergence
between guideline-recommended therapy and real-world feasi-
bility has created a substantial treatment gap.

Real-world evidence (RWE) studies from Europe and North
America have shown that the metabolic benefits of innovator
semaglutide are largely preserved outside randomised trial set-
tings. Observational studies report mean HbAlc reductions of
approximately 0.9-1.2 points over 6-12 months, alongside weight
loss of 3-5kg, across routine care populations with substantial
baseline comorbidity burdens [23-25]. Biosynthetic semaglutide
has emerged as a scalable, high-fidelity alternative to address
these affordability challenges [26, 27]. However, there is a pau-
city of clinical evidence evaluating its performance in routine
clinical care within high-burden LMIC settings. While our
study focuses on the direct cardiometabolic and quality-of-life
impacts of biosynthetic semaglutide, the future of comprehen-
sive diabetes management increasingly relies on the integration
of advanced prognostic biomarkers and patient-centred technol-
ogies. For instance, recent real-world evidence highlights the
prognostic value of novel composite inflammatory and meta-
bolic indices, such as the glucose-potassium ratio (GPR) [28] and
the neutrophil-to-prognostic-nutritional-index ratio [29], which
could potentially be utilised alongside GLP-1 RA therapy to fur-
ther refine cardiovascular risk stratification. Furthermore, un-
locking the full pleiotropic potential of GLP-1 RAs may require
exploring fundamental molecular pathways involved in tissue
repair, such as the LncRNA Bmpl/miR-128-3p/PHF6/PI3K/
AKT axis [30].

The objective of this study was therefore to evaluate the real-
world clinical effectiveness, safety and patient-reported

outcomes of biosynthetic semaglutide in adults with T2DM re-
ceiving routine clinical care. The primary objective was to assess
the change in HbA1c over approximately 30 weeks of treatment.
Secondary objectives included changes in body weight, car-
diometabolic parameters, treatment persistence, adverse events
and validated measures of treatment satisfaction, medication
adherence and health-related quality of life.

2 | Methods
2.1 | Study Design

This was a prospective, multicentre, non-interventional, obser-
vational real-world study conducted over a period of approxi-
mately 30 weeks to evaluate the clinical effectiveness, safety and
patient-reported outcomes associated with biosynthetic sema-
glutide in adults with T2DM receiving routine outpatient care in
Pakistan. The study was designed to reflect real-world clinical
practice and did not involve any protocol-mandated treatment
decisions, diagnostic procedures or follow-up interventions be-
yond those routinely performed as part of standard care [31].

The decision to initiate biosynthetic semaglutide, continue ther-
apy, adjust dosage or discontinue treatment was made solely at
the discretion of the treating physician and was entirely indepen-
dent of the decision to enrol patients into the study. Biosynthetic
semaglutide was administered once weekly via subcutaneous
injection using commercially available prefilled pen devices,
in accordance with routine clinical practice. Available doses
included 0.25, 0.5 and 1.0mg once weekly, with dose escala-
tion, maintenance or dose reduction determined by individual
clinical response and tolerability. Concomitant lifestyle inter-
ventions and use of other antihyperglycemic therapies were per-
mitted throughout the study.

Following provision of written informed consent, patients were
enrolled at the initiation visit (baseline, Week 0), at which time
biosynthetic semaglutide therapy was initiated or confirmed if
recently started. Patients were subsequently followed during
routine clinical visits according to local practice patterns,
with an interim assessment between Weeks 12 and 18 and a
predefined end-of-study visit at Week 30. No additional study-
specific visits, investigations or procedures were required.

The study was conducted across multiple outpatient diabetes
clinics within both public and private healthcare facilities in
Pakistan, including tertiary care public hospitals, private hos-
pitals, specialist diabetes centres and community-based endo-
crinology practices. Study sites were geographically distributed
across major administrative regions, including Punjab, Sindh,
Khyber Pakhtunkhwa, Balochistan, the Islamabad Capital
Territory and Azad Jammu and Kashmir. Participating centres
were located in both provincial capitals and secondary cities and
served predominantly urban and semi-urban populations. The
geographic distribution of participating sites and patient recruit-
ment is shown in Figure S1.

The study was conducted in accordance with the Declaration of
Helsinki and the Guidelines for Good Pharmacoepidemiology
Practices. Ethical approval was obtained from the Human
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Research Ethics Committee and relevant local institutional re-
view boards. All participants provided written informed consent
before any study-related data collection.

2.2 | Study Population

Male and female adults aged 18years or older with a con-
firmed diagnosis of T2DM for at least 12weeks before en-
rolment were eligible for inclusion. Patients were required
to have a documented HbAlc measurement obtained within
12 weeks before initiation of biosynthetic semaglutide and to
be receiving biosynthetic semaglutide as part of routine diabe-
tes management.

Patients were excluded if they had participated in another
clinical trial within the preceding 90days, had known hy-
persensitivity to semaglutide or its excipients, were pregnant
or lactating, or had any condition that, in the opinion of the
treating physician, would interfere with safe participation or
reliable data collection. Patients with significant cognitive im-
pairment or language barriers that precluded informed con-
sent were also excluded.

2.3 | Study Endpoints
2.3.1 | Primary Endpoint

The primary endpoint of the study was the change in glycated
haemoglobin (HbA1lc) from baseline to the end-of-study visit,
expressed both as absolute percentage-point change and as
mmol/mol.

2.3.2 | Secondary Endpoints

Secondary endpoints included changes from baseline to end of
study in body weight and waist circumference, proportions of
patients achieving HbA1c targets below 8.0%, 7.5% and 7.0%, and
the proportion achieving a reduction in HbAlc of at least one
percentage point. Additional secondary outcomes included the
proportions of patients achieving body-weight reductions of at
least 3% and 5%, the proportion achieving a composite endpoint
of HbAlc reduction of at least one percentage point combined
with at least 3% weight loss, and treatment retention, defined as
the proportion of patients remaining on biosynthetic semaglu-
tide at the end of the study (EOS).

2.3.3 | Patient-Reported Outcomes

Treatment satisfaction was evaluated using the Diabetes
Treatment Satisfaction Questionnaire status version (DTSQs)
at baseline and end-of-study visits. Health-related quality
of life was assessed using the Short Form-36 Health Survey
version 2 (SF-36v2), with changes in the Physical Component
Summary (PCS) and Mental Component Summary (MCS)
scores evaluated from baseline to end of study. Additional
patient-reported measures collected during the study are re-
ported separately.

2.3.4 | Exploratory Endpoints

Exploratory assessments included the weekly dose of biosyn-
thetic semaglutide at the EOS, the median time to achieve the
maximum maintenance dose, the proportion of patients who did
not require intensification with additional antihyperglycaemic
medications during follow-up, and physician-assessed clinical
success in relation to the indication for initiating semaglutide
therapy. The incidence of documented and severe hypoglycae-
mic episodes was also recorded. Furthermore, the incidence
of specific adverse drug reactions, particularly gastrointestinal
events leading to treatment discontinuation, was evaluated and
stratified by the maximum tolerated dose. Changes in systolic
and diastolic blood pressure and changes in lipid parameters,
including total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol and triglycerides, were eval-
uated as post hoc exploratory outcomes.

2.3.5 | Safety Assessments

Safety was assessed throughout the study observation period. All
adverse events occurring between the time of informed consent
and the EOS visit were recorded by treating physicians during
routine clinical encounters. Patient-reported documented hypo-
glycaemic episodes were recorded, and severe hypoglycaemia
was defined as any episode requiring assistance from another
person to administer carbohydrate, glucagon or other corrective
measures. Adverse events leading to treatment discontinuation
were documented and summarised descriptively.

2.3.6 | Statistical Analysis

Descriptive statistics were used to summarise patient demo-
graphic and clinical characteristics at the time of initiation of
biosynthetic semaglutide. Continuous variables were described
using mean +standard deviation (SD) and median with range,
while categorical variables were summarised using frequencies
and proportions.

The full analysis set (FAS) included all patients who provided
written informed consent and initiated treatment with bio-
synthetic semaglutide. The effectiveness analysis set (EAS)
consisted of all patients who completed the study and were re-
ceiving biosynthetic semaglutide at the EOS visit, as assessed by
the treating physician. Effectiveness analysis of the primary and
secondary endpoints was conducted using the EAS.

The primary analysis of the primary endpoint (change in HbAlc
from baseline to EOS) and key secondary endpoints was per-
formed using an analysis of covariance (ANCOVA) model, with
change from baseline included as the dependent variable. Prior to
interpreting the ANCOVA results, foundational model assump-
tions were formally verified. The normality of model residuals
was confirmed using visual inspection of Q-Q plots alongside
the Kolmogorov-Smirnov test. Furthermore, the assumption
of homogeneity of variances across groups was validated using
Levene's test, confirming the suitability of parametric modelling
for these continuous outcomes. The model was adjusted for the
baseline value of the respective outcome variable. Patients with

Diabetes, Obesity and Metabolism, 2026

85UB017 SUOWIWOD dAReRID @|qeotidde aup Ag pausench aJe sap e YO ‘88N JO S9N 104 ARIqIT UIIUO AB]IA UO (SUORIPUOD-pUB-SLLBYWOY B 1M"AzeIq1fBu1ju0//SARY) SUORIPUOD PUe SW L 8L 885 *[9202/90/82] U0 A%ig118ullUO A8|IM ‘BSARRIN U3ERH JO SaIMIsu| fuolieN - BUO UIYD 8IS AQ £70T. WOP/TTTT OT/10p/L00" A3 |IM ARelq 1 Bul uo'Sgnd-wiop//sdny woJj papeojumod ‘0 ‘9ZETET



missing outcome data at the EOS visit were excluded from the
primary analysis.

Results are presented as the number of patients with avail-
able data, adjusted mean changes from baseline, and associ-
ated two-sided 95% confidence intervals (CIs) and p-values,
as appropriate.

To rigorously address potential attrition and per-protocol bias,
two additional analytical frameworks were employed. First,
baseline characteristics between study completers (EAS) and
non-completers (dropouts/lost to follow-up) were compared
using independent samples t-tests and Chi-square contingency
tests to rule out systematic selection bias. Second, a formal
intention-to-treat (ITT) analysis was performed on the entire
FAS (N=268) utilising the last observation carried forward
(LOCF) imputation method to conservatively estimate treat-
ment effectiveness inclusive of patients with missing EOS out-
come data.

Furthermore, to address potential confounding and isolate the
independent effect of baseline covariates on treatment response,
a multiple linear regression (MLR) model was constructed. The
model predicted the absolute change in HbAlc at 6 months
while simultaneously adjusting for age, sex, duration of T2DM,
baseline BMI, baseline HbA1c, physical activity level, baseline
insulin use and the total burden of concomitant oral antidiabetic
drugs (OADs).

Safety analyses were conducted descriptively for all patients in
the FAS and included all adverse events reported between the
time of informed consent and the EOS visit. All statistical tests
were two-sided, and a p-value of <0.05 was considered statis-
tically significant. Statistical analyses were performed using
Python (version 3.10) and R software (version 4.3.1).

3 | Results

Patient disposition is shown in Figure S2. Of 437 patients
screened, 309 provided written informed consent, of whom 41
declined further participation and 12 did not initiate biosyn-
thetic semaglutide. A total of 268 patients completed the base-
line assessment and were included in the FAS.

Of the 268 patients in the FAS, 221 patients completed the study,
34 patients discontinued study treatment and 13 patients had an
unknown treatment status at the EOS. Of those who completed
the study, 217 patients were receiving biosynthetic semaglu-
tide at EOS and therefore comprised the EAS as presented in
Figure 2.

3.1 | Assessment of Attrition Bias

To address the potential for selection or attrition bias due to study
dropout (N=51), a comparative baseline analysis was conducted
between study completers and non-completers. There were no
statistically significant differences between the two cohorts con-
cerning age (p =0.411), gender distribution (p=0.271), duration
of T2DM (p =0.824), baseline HbAlc (p=0.362) or baseline BMI

(p=0.825) as presented in Table S1. The comparability of these
baseline parameters indicates that attrition was likely random
rather than driven by baseline disease severity or demographic
factors, thereby preserving the generalisability of the effective-
ness outcomes observed in the completing cohort.

3.2 | Baseline Demographic and Clinical
Characteristics

Baseline demographic and clinical characteristics of patients
included in the FAS are summarised in Table 1. The study pop-
ulation had a mean age of 47.2+11.9years, with a slight pre-
dominance of male participants (53.0%). The mean duration
of T2DM was 9.5+ 6.9years, indicating a predominantly long-
standing disease population.

At baseline, patients exhibited poor glycaemic control, with a
mean HbAlc of 9.2% + 1.5%. Obesity was highly prevalent, with
a mean body weight of 91.1+15.7kg and a mean body mass
index of 33.6 £ 6.4kg/m?.

Comorbid conditions were common. Hypertension was pres-
ent in 56.6% of patients, dyslipidaemia in 50.6% and established
CVD in 22.4%. Baseline blood pressure values reflected an ele-
vated cardiometabolic risk profile, with a mean systolic blood
pressure of 135.4+14.5mmHg and a mean diastolic blood pres-
sure of 84.5+8.9mmHg.

Patients presented with a heavily pre-treated baseline antihy-
perglycemic profile, characterised by high utilisation of founda-
tional oral agents, such as SGLT-2 inhibitors and Metformin, as
well as a significant reliance on exogenous basal and premixed
insulin regimens. A complete, granular breakdown of all con-
comitant background medications at baseline, alongside their
subsequent de-escalation at 6 months, is detailed in Table S2.

3.3 | Glycaemic Control (HbAlc)

Overall, patients experienced a clinically meaningful reduction
in HbAlc during treatment with biosynthetic semaglutide. In
the EAS, mean HbA1c decreased from 9.27% (SD 1.50) at base-
line to 7.41% (SD 0.83) at the end of study (EOS), corresponding
to an absolute mean reduction of —1.86% points from baseline
(p<0.001; Table 2).

The magnitude of HbAlc reduction exceeded thresholds com-
monly regarded as clinically meaningful in real-world diabe-
tes care. At EOS, a substantial proportion of patients achieved
guideline-relevant glycaemic targets. Overall, 84.2% of patients
achieved HbA1c <8.0%, 71.4% achieved HbAlc <7.5% and 38.7%
achieved HbA1c<7.0% (Figure 1). Furthermore, most patients
achieved an HbA1lc reduction of >1.0% from baseline, indicat-
ing a robust glycaemic response at the individual patient level.

Changes in HbAlc over time are summarised in Figure 1.
Figure 1A illustrates the distribution of HbAlc values at base-
line, 3months, and 6 months, demonstrating a clear leftward
shift of the distribution over time. Figure 1B shows the mean
HbAIlc trajectory with 95% confidence intervals, confirming
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TABLE1 | Baseline demographic and clinical characteristics of the study population.

Characteristic Value
Age (years) 47.2+11.9 (median: 48.0, IQR: 39.8-55.0)
Gender
Male 142 (53.0%)
Female 126 (47.0%)
Smoking status
Non-smoker 214 (79.9%)
Smoker 54 (20.1%)

Physical activity level
Sedentary
Lightly active
Moderately active
Very active
Duration of T2DM (years)
Family history of diabetes
No
Yes
Comorbidities
Cardiovascular disease (CVD)
Hypertension
Dyslipidaemia
Other comorbidities
Baseline clinical parameters
Weight (kg)
BMI (kg/m?)
HbAlc (%)

Fasting plasma glucose (mg/dL)

Systolic BP (mmHg)
Diastolic BP (mmHg)

104 (38.8%)
97 (36.2%)
54 (20.1%)
13 (4.9%)
9.5+ 6.9 (median: 8.7, IQR: 3.5-13.6)

120 (44.9%)
147 (55.1%)

60 (22.4%)
151 (56.6%)
135 (50.6%)
71 (26.6%)

91.1+15.7 (median: 91.1, IQR: 81.0-100.0)
33.6+ 6.4 (median: 33.0, IQR: 29.3-37.6)
9.2 +1.5 (median: 8.9, IQR: 8.2-10.0)
152.1+32.5 (median: 152.0, IQR: 128.5-175.7)
135.4+14.5 (median: 136.0, IQR: 123.0-149.0)
84.5+8.9 (median: 85.0, IQR: 76.8-92.0)

TABLE 2 | Longitudinal change from baseline to end of study (EOS) in HbA1c, body weight and waist circumference in the effectiveness analysis

set (EAS).
Patients Baseline, EOS, mean Change from

Endpoint analysed, n mean (SD) (SD) baseline, mean 95% CI P
HbAlc (%) 217 9.27 (1.50) 7.41(0.83) —1.86 [-1.98 to —1.74] <0.001*
Body weight (kg) 217 91.74 (14.01) 83.90 (13.20) -7.84 [—8.45 to —7.23] <0.001*
Waist circumference 218 103.65 (15.71) 96.93 (14.84) —6.72 [-7.35to —6.09] <0.001*
(cm)

Note: Changes from baseline were assessed using an adjusted analysis of covariance (ANCOVA) model.

*p<0.05.
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A. HbAlc Distribution Over Time

B. Mean HbAlc Trajectory (95% Cl)
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FIGURE1 | Changes in glycated haemoglobin (HbA1Ic) over time following initiation of biosynthetic semaglutide. (A) HbA1c distribution over
time, (B) mean HbA1c trajectory (95% CI), (C) HbA1c trajectory by gender and (D) proportion of patients by HbAlc targets.

a sustained decline in mean HbAlc throughout follow-up.
Figure 1C presents sex-stratified HbAIc trajectories, with paral-
lel reductions observed in both male and female participants, in-
dicating consistent glycaemic responses across sexes. Summary
statistics for the change in HbA1c from baseline to EOS, derived
from the adjusted ANCOVA model, are presented in Table 2.

3.4 | Body Weight

Overall, patients experienced a clinically meaningful reduc-
tion in body weight during treatment with biosynthetic sema-
glutide. In the EAS, mean body weight decreased from 91.74kg
(SD 14.01) at baseline to 83.90kg (SD 13.20) at the end of study
(EOS), corresponding to an absolute mean reduction of —7.84kg
from baseline (p <0.001; Table 2).

Changes in body weight over time are summarised in Figure 2,
which provides complementary distributional, longitudinal and
subgroup perspectives. Figure 2A illustrates the distribution of

body weight at baseline, 3months, and 6 months, demonstrating
a consistent leftward shift of the distribution over time, indica-
tive of weight reduction across the study population. Figure 2B
shows the mean body-weight trajectory with 95% confidence
intervals, confirming a sustained and progressive decline
throughout follow-up.

Sex-stratified body-weight trajectories are shown in Figure 2C.
Both male and female participants exhibited comparable and
parallel reductions in body weight over time, indicating that the
weight-loss effect associated with biosynthetic semaglutide was
consistent across sexes.

Clinically meaningful weight-loss thresholds were achieved by
the majority of patients, as shown in Figure 2D. By EOS, 76.5%
of patients attained a >5% reduction in body weight, while an
additional 18.9% achieved 3%-4.9% weight loss. Only 4.6% of
patients did not achieve at least a 3% reduction from baseline
body weight, indicating a high proportion of responders at the
population level.
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A. Weight Distribution Over Time

B. Mean Weight Trajectory (95% CI)
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FIGURE 2 | Changes in body weight over time following initiation of biosynthetic semaglutide. (A) Weight distribution over time, (B) mean

weight trajectory (95% CI), (C) weight trajectory by gender and (D) proportion achieving weight loss targets.

3.5 | Anthropometric and Central Adiposity
Measures

Significant improvements in anthropometric parameters were
observed over the 6-month follow-up period among participants
with complete paired data (n=218). Body mass index (BMI)
demonstrated a consistent and clinically meaningful reduction
over time. Mean BMI decreased from 33.61 + 6.48 kg/m? at base-
line to 30.74 +6.06 kg/m? at 6 months, corresponding to a mean
absolute reduction of —2.87kg/m? (p <0.001).

Changes in BMI over time are illustrated in Figure S3A,B. It
shows the distribution of BMI values at baseline, 3 months, and
6months using box-and-whisker plots, demonstrating a down-
ward shift of the entire distribution with compression of the
interquartile range over time. Figure S3B presents the mean
BMI trajectory, confirming a stepwise and sustained decline be-
tween baseline, 3 months, and 6 months, supporting a consistent
treatment-associated effect across the cohort.

Waist circumference, a marker of central adiposity and car-
diometabolic risk, also improved substantially during the

study period. Mean waist circumference declined from
103.65+15.71cm at baseline to 96.93+14.84cm at 6 months,
representing a mean reduction of —6.72cm (p <0.001).

Corresponding changes in waist circumference are shown in
Figure S3C,D. It depicts the distribution of waist circumference
at each time point, demonstrating a consistent leftward shift and
reduced variability over time. Figure also illustrates the mean
waist-circumference trajectory, confirming a progressive reduc-
tion from baseline through follow-up, indicative of a sustained
decrease in central adiposity across the study population.

3.6 | Sensitivity and ITT Analysis

To evaluate the robustness of the observed clinical improve-
ments and account for potential attrition bias, an ITT analysis
was performed on the FAS (N =268) utilising the LOCF imputa-
tion method. By carrying forward baseline or intermediate val-
ues for patients who discontinued treatment prematurely, this
conservative approach inherently dilutes the overall treatment
effect size as presented in Table S3.
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A. Individual Clinical Targets at 6 Months
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*No events of severe hypoglycemia were reported during the study period.
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FIGURE 3 | Achievement of individual and composite clinical targets at the end of the study. (A) Individual clinical targets at 6 months and (B)

composite endpoints at 6 months.

Despite these stringent imputation parameters, the clinical ef-
ficacy of biosynthetic semaglutide remained highly statistically
significant. In the ITT-LOCF cohort, the mean HbAlc declined
from 9.21%+1.49% at baseline to 7.56+1.02% at 6 months,
representing an absolute mean reduction of —1.65+1.41%
(p<0.0001). Concurrently, mean body weight decreased from
91.76 +£13.71kg to 84.84 +13.26 kg, yielding a significant mean
reduction of —6.92+4.85kg (p <0.0001).

3.7 | Multivariable Predictors of Glycaemic
Response

To address potential confounding and isolate the independent
effect of baseline clinical and demographic characteristics
on treatment response, a MLR model was constructed. The
model predicted the absolute change in HbA1lc from baseline to
6months while simultaneously adjusting for age, sex, baseline
HbAIc, baseline BMI, diabetes duration, baseline insulin use,
total baseline OAD burden and physical activity level.

The overall regression model demonstrated a strong predictive
fit (R?=0.714; F=63.84, p<0.0001). The analysis confirmed that
the robust glycaemic reductions observed in the cohort were
independent of demographic and anthropometric confound-
ers. Specifically, age (p=0.831), sex (p=0.224), baseline BMI
(p=0.170), physical activity level (p=0.417) and diabetes duration
(p=0.258) were not statistically significant predictors of HbAlc
reduction. This indicates that biosynthetic semaglutide provided
consistent therapeutic efficacy across diverse patient phenotypes.

Baseline HbAlc emerged as the primary independent predic-
tor of glycaemic change (f=-0.783, 95% CI: —0.853 to —0.713;
p<0.001), corroborating the established clinical paradigm that pa-
tients presenting with higher baseline hyperglycaemia experience

significantly greater absolute reductions in HbAlc. Additionally,
a higher baseline OAD burden was independently associated with
a marginally blunted glycaemic reduction (§=+0.130, 95% CI:
0.016-0.243; p=0.025), reflecting expected clinical dynamics in
more advanced, treatment-refractory disease states. These multi-
variable predictors are detailed in Table S4.

3.8 | Composite Clinical Endpoints

The achievement of clinically relevant individual and compos-
ite treatment targets at EOS is summarised in Figure 3. Among
patients in the EAS, 38.7% (84/217) achieved HbA1lc<7.0%,
while 73.3% (159/217) achieved a reduction in HbA1lc of >1.0%-
point from baseline. Weight-loss targets were also frequently
achieved, with 93.5% (203/217) attaining >5% weight loss and
6.9% (15/217) achieving >10% weight loss (Figure 3A).

Composite cardiometabolic endpoints demonstrated a high pro-
portion of dual responders (Figure 3B). Overall, 36.9% (80/217)
of patients achieved both HbAlc<7.0% and >5% weight loss,
while 70.0% (152/217) achieved both an HbAlc reduction of
>1.0%-point and >5% weight loss. In addition, 38.2% (83/217)
of patients achieved HbAlc < 7.0% without weight gain, and the
same proportion achieved HbAlc<7.0% without weight gain
and without any reported severe hypoglycaemic events.

3.9 | Semaglutide Dose Titration and Maintenance

The dose of biosynthetic semaglutide was titrated based on indi-
vidual patient tolerability and glycaemic response rather than a
fixed experimental protocol. When evaluating the final dose distri-
bution across the entire FAS (N=268), the majority of patients suc-
cessfully tolerated dose escalation to the maximum maintenance
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FIGURE4 | Distribution of prescribed biosynthetic semaglutide doses from baseline to 6 months.

tier. At the 6-month end-of-study visit, 71.6% (n=192) of the total
cohort were maintained on the 1.0 mg once-weekly dose. A smaller
proportion of patients were maintained on lower doses due to in-
dividualised clinical decisions or tolerability thresholds, with 6.0%
(n=16) receiving 0.5mg weekly and 2.6% (n=7) remaining on the
0.25mg starting dose. The remaining 19.02% (n=>51) of the cohort
had discontinued treatment or were lost to follow-up prior to the
6-month visit as presented in Figure 4.

Analysis of the titration timelines revealed a pragmatic, deliber-
ate approach to dose escalation. Among patients who escalated
therapy, the median time from treatment initiation to achiev-
ing the 0.5mg dose was 64days. For patients who successfully
titrated to the maximal 1.0mg maintenance dose, the median
time to achieve this target was 103 days.

3.10 | Patient-Reported Outcomes

Patient-reported outcomes were assessed in the EAS using
validated instruments for treatment satisfaction and health-
related quality of life. Adjusted analyses were performed to
estimate changes from baseline to 6 months in treatment sat-
isfaction and SF-36v2 physical and mental health summary
scores.

Overall, treatment with biosynthetic semaglutide was associated
with a significant improvement in treatment satisfaction. After
adjustment, the estimated mean increase in Diabetes Treatment
Satisfaction Questionnaire status (DTSQs) total score from base-
line to 6 months was +7.79 points (95% CI 7.55 to 8.03; p <0.0001;
n=215) (Figure S4A).

Improvements were also observed in health-related quality of
life. The adjusted mean change in the SF-36v2 physical compo-
nent summary (PCS) score at 6 months was +21.96 points (95%
CI: 21.17-22.76; p<0.0001; n=215), indicating a substantial im-
provement in physical health status (Figure S4B).

In contrast, the SF-36v2 mental component summary (MCS)
score showed a modest but statistically significant change. The

TABLE 3 | Adverse events reported in >5% of patients in the safety
analysis set (SAS).

Preferred term Total (N=268), n (%)

Any adverse event 198 (73.9%)
Gastrointestinal disorders 97 (36.2%)
Nausea 52 (19.4%)
Diarrhoea 45 (16.8%)
Headache 54 (20.1%)
General disorders and 47 (17.5%)
administration site conditions
Fatigue 47 (17.5%)
Severe hypoglycaemia 0(0.0%)

Note: Data are number of patients (n) and percentage (%) of patients in the safety
analysis set experiencing the event. Only adverse events occurring in > 5% of
the SAS are listed. Severe hypoglycaemia was actively monitored, but no events
were reported.

adjusted mean change in MCS score from baseline to 6 months
was —2.29 points (95% CI: —3.23 to —1.35; p<0.0001; n=215)
(Figure S4C).

3.11 | Safety
3.11.1 | Safety and Adverse Events

During the study period, adverse events (AEs) were reported
in 198 patients, with the most frequently observed events being
headache (n=54), nausea (n = 52), fatigue (n =47) and diarrhoea
(n=45). The distribution of the most common adverse events is
summarised in Table 3 and illustrated in Figure S5. The major-
ity of AEs were non-serious and consistent with the established
tolerability profile of GLP-1 receptor agonists.

Gastrointestinal disorders were the most frequently reported sys-
tem organ class, affecting 97 patients (36.2%), with nausea and

Diabetes, Obesity and Metabolism, 2026

11u0//'ScY) SUORIPUED pUe SWIS 1 8U3 885 *[9202/90/82] U0 AreiqITaulUO ABIM *eSARRIN U3ESH JO SSINisU| leuofieN - BUO Uiy mMeIS Aq Ev0T. WOP/TTTT OT/I0p/Wo0 A8 |Im Akeiq1jeul|uo sqnd-wop//:sdny woiy papeojumoq ‘0 ‘9zETEOYT

"R A,

pue:

5UBD 17 SUOLILLOD) dAIER1D 3ol jdde ays Ag pausenob e sopie YO ‘88N JO S3nJ 104 ARlqi auluo AS[IM o (SUor



diarrhoea being the most common individual events (Table 3).
No cases of severe hypoglycaemia were reported during the
study. Documented non-severe hypoglycaemic episodes were
infrequent.

Permanent discontinuation of study treatment occurred in 34
patients. The most common reason for treatment discontinu-
ation was gastrointestinal adverse effects (n=23). In addition,
one patient discontinued treatment due to acute pancreatitis and
one patient due to worsening diabetic retinopathy, both of which
were considered serious adverse events. Non-adherence (n=9)
was also reported as a reason for treatment discontinuation. An
overview of treatment completion status in relation to adverse
event reporting is shown in Figure S5.

An exploratory evaluation of glycaemic response according to
adverse-event severity among study completers is presented in
Figure S5. Mean absolute reductions in HbA1lc at 6 months were
numerically similar across patients reporting mild, moderate
or severe adverse events, with no statistically significant differ-
ences observed between severity categories (p=0.551).

4 | Discussion

In this prospective, non-interventional real-world study, treat-
ment with biosynthetic semaglutide was associated with clin-
ically meaningful improvements in glycaemic control, body
weight, central adiposity and patient-reported outcomes over a
30-week observation period. In parallel, biosynthetic semaglu-
tide demonstrated a safety and tolerability profile consistent
with that previously described for semaglutide therapy in both
clinical trial and real-world settings, with no new safety signals
identified [32-34].

The magnitude of HbAlc reduction observed in this study
(—1.86%) is clinically relevant, particularly given the high base-
line glycaemic burden and long duration of T2DM in the study
population. Larger absolute HbA1lc reductions among individ-
uals with higher starting HbAlc levels have been consistently
reported across prior clinical and real-world studies of sema-
glutide, reflecting greater scope for improvement when base-
line hyperglycaemia is severe [23, 35, 36]. In line with this, a
substantial proportion of patients in the present study achieved
guideline-relevant HbA1c targets by end of study, and the major-
ity achieved HbA1lc reductions of at least 1.0%, underscoring the
clinical significance of these findings [37, 38].

Consistent with its established pharmacological profile, biosyn-
thetic semaglutide was associated with pronounced and sus-
tained reductions in body weight. The mean weight reduction
of nearly 8kg and the high proportion of patients achieving > 5%
weight loss are comparable to outcomes reported in the SURE
programme and align closely with the weight-loss effects ob-
served in the SUSTAIN trials [35, 39-42].

Reductions in body mass index and waist circumference further
support a favourable impact on overall and central adiposity, out-
comes of particular relevance given the strong link between obe-
sity, insulin resistance and cardiometabolic risk [43]. Notably,
distributional analyses indicated that weight and adiposity

reductions were broadly observed across the cohort rather than
being driven by a limited subgroup of high responders, reinforc-
ing the generalisability of these effects in routine care [44].

Achievement of composite endpoints combining glycaemic con-
trol and weight reduction provides a more integrated assessment
of treatment success. In this study, a meaningful proportion of
patients achieved combined glycaemic and weight-loss targets,
reflecting treatment benefits across multiple cardiometabolic
domains. Similar composite outcome patterns have been re-
ported in SURE analyses and support the role of semaglutide-
based therapy in addressing contemporary treatment goals that
extend beyond glucose lowering alone [45, 46].

Given that baseline OAD burden independently predicted gly-
caemic response in this cohort, optimising future treatment
stratification necessitates the integration of advanced prognostic
biomarkers. The serum GPR functions as a robust predictor of
all-cause mortality, delineating a critical threshold of metabolic
destabilisation [28]. Concurrently, composite inflammatory-
nutritional metrics, notably the non-linear association between
the neutrophil-to-prognostic-nutritional-index ratio and mortal-
ity, provide incremental prognostic resolution beyond conven-
tional cardiometabolic indices [29]. The incorporation of these
composite indicators into routine ambulatory care frameworks
presents a highly sensitive mechanism for refining cardiovas-
cular risk stratification and characterising phenotypic response
variations.

Beyond metabolic outcomes, treatment with biosynthetic sema-
glutide was associated with marked improvements in patient-
reported treatment satisfaction and physical health-related
quality of life. Improvements in DTSQs and the SF-36v2 physical
component summary mirror findings reported across the SURE
programme and highlight the importance of patient-centred
benefits in real-world diabetes management [23, 47].

Conversely, the SF-36v2 Mental Component Summary (MCS)
score demonstrated a small but statistically significant decline
(=2.29 points, p<0.0001) over the 6-month period. Rather
than an anomaly, this divergence between physical and mental
health domains likely reflects the complex realities of real-world
obesity and diabetes management. The decline in MCS may be
attributable to several interacting factors. First, the transition
to a once-weekly injectable therapy introduces a psychological
burden and needle fatigue that is absent with oral antidiabetic
regimens. Second, the high incidence of early gastrointestinal
adverse events, such as nausea and diarrhoea, can significantly
disrupt daily social functioning and psychosocial well-being
[48]. Furthermore, because this study reflects routine clinical
practice where the intervention is not provided free of charge,
the sustained out-of-pocket acquisition costs of biosynthetic
semaglutide in a cost-constrained setting likely introduce a con-
tinuous element of financial toxicity and psychological stress.
Finally, unmet patient expectations regarding the rapidity or
magnitude of aesthetic weight loss may blunt the psychological
benefit of the therapy, even when objective cardiometabolic tar-
gets are successfully achieved. Recognising these mental health
impacts is crucial for clinicians, emphasising the need for ho-
listic, ongoing psychological support alongside metabolic treat-
ment [23, 35].
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This divergence between objective physical amelioration and
psychological well-being aligns with established methodological
frameworks in chronic disease management and intensive ther-
apeutic interventions. Analogous clinical models involving se-
vere physiological stress—including the application of negative
pressure wound therapy [49], acellular dermal matrices [50] and
technology-assisted anxiolysis in paediatric cohorts [51] consis-
tently demonstrate discrete operational trajectories for physical
healing versus patient-centred psychological domains. These
parallel findings reinforce the premise that improvements in
physical health metrics do not intrinsically confer psychological
benefit, necessitating the integration of structured psychosocial
support parameters.

The safety profile observed in this study was consistent with
the known tolerability of the semaglutide class. Adverse events
were predominantly non-serious and most commonly gastro-
intestinal in nature, as reported in both SURE and SUSTAIN
studies [35, 52]. Treatment discontinuation due to adverse events
occurred in a minority of patients. Two serious adverse events
leading to treatment discontinuation—acute pancreatitis and
worsening diabetic retinopathy—were observed, both of which
represent recognised risks of GLP-1 receptor agonist therapy.
No severe hypoglycaemic episodes were reported, and no new
safety signals were identified [46, 52].

Evaluation of the dose escalation trajectory reveals a distinct
titration paradox; treatment discontinuation rates peaked
during the 0.25 and 0.5mg initiation phases despite a lower
absolute frequency of gastrointestinal events relative to the
1.0mg maintenance tier. This early-phase attrition corre-
sponds with tolerability bottlenecks documented across
broader systemic metabolic interventions, wherein initial
side-effect profiles disproportionately dictate long-term thera-
peutic adherence [53, 54]. While persistence may be stabilised
by broader safety-net resources in high-income observational
cohorts, initial dose escalation remains the primary barrier
to adherence in resource-limited environments. Proactive
mitigation of early gastrointestinal symptoms via adjunctive
antiemetic prophylaxis or highly individualised, protracted ti-
tration protocols provides an actionable clinical mechanism to
minimise early attrition.

Contrasting these dose-titration dynamics with high-income
observational registries, notably the SemaglUtide Real-world
Evidence (SURE) programme, delineates critical systemic dis-
parities in treatment persistence. Whereas the SURE cohorts
demonstrate robust adherence trajectories wherein early attri-
tion is predominantly isolated to intractable gastrointestinal
intolerance [23, 35], the pronounced early-phase discontinua-
tion observed herein at the 0.25 and 0.5 mg thresholds reflects a
compound attrition model. In resource-constrained settings, the
initial physiological adaptation phase intersects synergistically
with out-of-pocket financial toxicity, artificially amplifying pre-
mature discontinuation rates prior to therapeutic optimisation.
Nevertheless, despite these early attrition bottlenecks, the ulti-
mate maintenance proportion (71.6% at the 1.0mg dose) among
persisters remains remarkably congruent with the completion
metrics reported in high-income SURE registries [35, 36], con-
firming that upon successful navigation of the initial titra-
tion phase, the long-term tolerability and adherence profile of

biosynthetic semaglutide directly mirrors that of the innovator
molecule.

A key implication of the present findings is their relevance to
low- and middle-income and cost-constrained healthcare envi-
ronments, where access to innovative diabetes therapies is often
limited by affordability and availability [55, 56]. The demon-
strated effectiveness and tolerability of biosynthetic semaglutide
in routine clinical practice suggest that it may represent a prag-
matic and potentially more accessible alternative to innovator
formulations, without compromising clinical benefit. While
formal pharmacoeconomic evaluation was beyond the scope of
this study, these real-world data provide an important clinical
foundation for future cost-effectiveness analyses in resource-
limited settings.

Beyond pharmacotherapy, comprehensively addressing chronic
disease burden requires evaluating systemic metabolic stabi-
lisers, such as anabolic agents in catabolic states [57], alongside
a broader adoption of technology-enabled interventions. Just as
recent systematic reviews and meta-analyses have demonstrated
the efficacy of technology-assisted pain management [53] and
virtual reality in specialised settings like paediatric burn care
[51], the integration of digital health tools alongside semaglutide
therapy represents a critical frontier for maximising patient-
reported outcomes and long-term adherence.

4.1 | Strengths and Limitations

Strengths of this study include its prospective design, real-world
setting, inclusion of patient-reported outcomes and comprehen-
sive assessment of metabolic and safety endpoints. Several lim-
itations should be considered when interpreting the findings.
First, the observational, single-arm design lacks a concurrent
comparator group, limiting definitive causal inference. In rou-
tine clinical care, unmeasured confounders such as concurrent
lifestyle modifications or regression to the mean may contribute
to the observed outcomes. Nevertheless, the cardiometabolic
improvements achieved in this cohort align closely with the
established efficacy profile of semaglutide seen in larger global
clinical trials and real-world registries.

Second, treatment discontinuation and missing data are inher-
ent to real-world studies. The attrition observed in this cohort
reflects the practical, real-world barriers of out-of-pocket health-
care costs and the physiological adaptation required during
early dose titration, though baseline comparability across the
cohort suggests a low risk of selection bias. Finally, while the 30-
week follow-up adequately captures the dose-titration and early
maintenance phases, longer-term outcomes beyond this period
were not assessed.

A notable limitation is the generalisability of these findings to
underserved populations in LMICs. First, recruiting from spe-
cialised urban centres yielded a cohort with better baseline
healthcare access than the average patient. Second, the prerequi-
site for documented baseline HbA1c assumes reliable laboratory
monitoring, which is frequently deficient in rural areas. Finally,
despite reduced acquisition costs, sustained out-of-pocket ex-
penses present significant financial toxicity. In lower-income
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demographics, these cumulative costs will likely precipitate
higher treatment attrition than observed here, potentially lim-
iting the intervention's real-world scalability in fully resource-
constrained environments.

4.2 | Clinical Implications

This real-world study demonstrates that biosynthetic semaglu-
tide delivers clinically meaningful improvements in glycaemic
control, body weight and patient-reported outcomes, with a
safety profile consistent with established semaglutide therapy.
The alignment of these findings with results from the SURE
real-world programme and the SUSTAIN clinical trials supports
the robustness and generalisability of the observed benefits. In
cost-constrained and resource-limited health-care settings, bio-
synthetic semaglutide may represent a valuable option for deliv-
ering comprehensive cardiometabolic risk reduction in routine
diabetes care.
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