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Abstract

Type 2 diabetes mellitus (T2DM) with obesity requires a comprehensive assessment spanning glycemic control, adiposity,
muscle function, renal function, and low-grade inflammation. This prospective cohort study in Bucharest, Romania, evaluated
one-year associations between metformin-based antidiabetic regimens and glycemic, body composition, functional, renal, and
high-sensitivity C-reactive protein (hs-CRP) outcomes. Of 291 adults assessed, 166 completed 12-month follow-up without
treatment change and were classified into six groups: metformin (n = 46), sulfonylurea (n = 10), DPP-4 inhibitor (n = 17),
SGLT?2 inhibitor (n = 25), GLP-1 receptor agonist (GLP-1 RA; n = 23), and insulin (n = 45). Outcomes were analyzed using
baseline-adjusted regression with robust HC3 standard errors. Compared with metformin, GLP-1 RA therapy was associated
with lower 12-month HbAlc (B = -0.745%), body weight (B = -5.246 kg), fat mass percentage (B = -2.731 points), and In(hs-
CRP) (B =-0.459), while handgrip strength and eGFR remained stable. GLP-1 RA showed the most favorable multidimensional
profile, with no adverse muscle or renal effects. These findings support the integration of body composition and inflammatory
markers into T2DM assessment, though the associations are observational rather than causal.

Rezumat

Diabetul zaharat de tip 2 (DZ2) asociat cu obezitate necesita o evaluare complexa, care sa includa controlul glicemic, adipozi-
tatea, functia musculara, stabilitatea renald si inflamatia de grad scazut. Acest studiu de cohorta prospectiv, desfasurat in Bu-
curesti, Romania, a evaluat asocierile pe parcursul unui an dintre regimurile antidiabetice bazate pe metformina si rezultatele
glicemice, de compozitie corporala, functionale, renale si cele privind proteina C reactiva inalt sensibild (hs-CRP). Dintre cei
291 de adulti evaluati, 166 au finalizat perioada de urmarire de 12 luni fard modificarea tratamentului si au fost clasificati
sase grupuri: metformina (n = 46), sulfoniluree (n = 10), inhibitor de DPP-4 (n = 17), inhibitor de SGLT2 (n = 25), agonist al
receptorului GLP-1 (GLP-1 RA; n = 23) si insulind (n = 45). Rezultatele au fost analizate prin regresie ajustata la valorile
initiale, cu erori standard robuste HC3. Comparativ cu metformina, terapia cu GLP-1 RA a fost asociata cu valori mai scazute
ale HbAlc (B =-0,745%), greutatii corporale (§ = -5,246 kg), procentului de masa grasa (B = -2,731 puncte) si In(hs-CRP) (§
=-0,459), 1a 12 luni, in timp ce forta de prehensiune palmara si RFGe au ramas stabile. GLP-1 RA a prezentat cel mai favorabil
profil multidimensional, fara efecte adverse musculare sau renale. Aceste rezultate sustin integrarea markerilor de compozitie
corporala si inflamatori in evaluarea DZ2, desi asocierile sunt de natura observationald, nu cauzala.
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Introduction Central and Eastern Europe have experienced sub-
stantial increases in obesity-related T2DM in the
past two decades. Regional epidemiological data
suggest an age-standardized diabetes prevalence in-
crease of approximately 30 - 40% since the early
2000s, compared with 15-20% in Western Europe;
this trend is documented across EU member states,
with prevalence, incidence, and expenditure all ris-
ing progressively over recent decades (4).

Despite the growing burden of obesity-driven T2DM
in Eastern Europe, patients from this region remain
underrepresented in major randomized controlled

Type 2 diabetes mellitus (T2DM) is frequently ac-
companied by obesity and adverse changes in body
composition, including increased visceral fat and re-
duced muscle quality, factors that contribute to insu-
lin resistance, cardiovascular risk, and functional de-
cline (1). While guidelines increasingly advocate in-
dividualized treatment strategies, most clinical trials
emphasize glycemic endpoints (e.g. HbAlc) without
systematically capturing body composition or phys-
ical function (2, 3).
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trials (RCTSs) of glucagon-like peptide-1 receptor ag-
onists (GLP-1 RAs). Consequently, real-world data
capturing metabolic and functional outcomes in rou-
tine clinical practice are essential for complementing
RCT evidence and informing treatment strategies
tailored to populations at higher cardiometabolic risk
(5). This is particularly important because real-world
studies consistently show GLP-1 RAs discontinua-
tion rates of 20 - 50% within the first year and use of
lower doses than studied in trials, resulting in atten-
uated outcomes compared with the controlled trial
setting (6).

Beyond the classical triad of hyperglycemia, insulin
resistance, and progressive beta-cell dysfunction,
T2DM is now recognized as a state of chronic, low-
grade systemic inflammation. This inflammatory
substrate is not merely a downstream consequence
of metabolic dysregulation but an active contributor
to disease progression, vascular injury, and the am-
plification of insulin resistance itself (7, 8). Inflam-
matory markers such as high-sensitivity C-reactive
protein (hs-CRP) and interleukin-6 (IL-6) have been
shown to predict the development of T2DM and its
complications, suggesting that low-grade inflamma-
tion already increases before diagnosis and may per-
sist despite pharmacological glycemic control (7). At
the molecular level, excess adiposity drives macro-
phage infiltration into adipose tissue, triggering the
release of tumor necrosis factor-alpha (TNF-a)) and
IL-6, which in turn stimulate hepatic CRP synthesis
and impair insulin receptor signaling through the
NF-kB and JNK pathways (9). The result is a self-
reinforcing cycle in which metabolic dysfunction
and inflammation are mutually sustaining.
Second-line antidiabetic agents such as SGLT2 in-
hibitors (SGLT2i) and GLP-1 RAs are known to pro-
mote weight loss. Yet, their comparative effects on
fat mass and muscle strength in routine care remain
poorly characterized. Moreover, evidence suggests
that treatment response may vary by sex, e.g. women
bear a greater burden of obesity at diagnosis, show
higher relative cardiovascular risk than men with
T2DM, and are less likely to receive guideline-rec-
ommended therapy (10). Understanding the broader
physiological impact of these therapies, including on
fat distribution and strength, may help optimize clin-
ical decisions beyond glycemic metrics alone.

To address this, we conducted a prospective cohort
study in an urban tertiary care center to evaluate the
relationship between antidiabetic treatment class and
metabolic outcomes, including HbAlc, body com-
position, and muscle strength, after 12 months of
therapy. We also explored sex-specific differences in
treatment response. We hypothesized that GLP-1
RAs would be associated with greater reductions in
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HbAlc and adiposity without negatively affecting
muscle strength, and that these effects would be
more pronounced in men.

Materials and Methods

Study Design, Setting, and Participants

This prospective observational cohort study was
conducted at the National Institute of Diabetes, Nu-
trition and Metabolic Diseases Prof. N. Paulescu,
which is a tertiary referral center in Bucharest, Ro-
mania. Baseline assessments were performed during
routine outpatient visits between June and December
2024, and assessments at 12 months of follow-up
were completed from June to December 2025.
Adults with confirmed T2DM receiving metformin
monotherapy or metformin-based therapy with initi-
ation or continuation of a pre-specified second-line
antidiabetic class were evaluated. Patients were con-
sidered eligible when baseline (clinical, anthropo-
metric, functional, and laboratory) data were availa-
ble and if the therapeutic regimen was assigned to
one of the pre-specified analytic groups. Exclusion
criteria included cases of complex or unclassifiable
treatments, continuous triple therapy outside the an-
alytical framework, patients with severe anemia
and/or hypertriglyceridemia, duplicate records,
missing baseline data, incomplete key variables,
treatment change during follow-up, withdrawal from
the study, inability to follow up during the study, or
absence of assessment at 12 months.

Of the 291 screened adults, 202 met eligibility crite-
ria. Eighty-nine patients evaluated were not included
due to failure to meet eligibility criteria (n = 30),
missing baseline data (n = 30), or duplicate records
(n =29). Of the 202 eligible patients, 166 continued
the same antidiabetic regimen for 12 months, com-
pleting the follow-up period and thus providing the
key variables required for the primary analysis. 36
eligible patients were not included due to missing
follow-up data (n = 8), treatment change (n = 7), loss
to follow-up (n = 7), withdrawal (n = 7), or incom-
plete key data (n = 7). Therefore, the final analysis
was a full cohort of 166 patients. Patients not in-
cluded or excluded from the primary analysis were
recorded only to control for study flow and selection
bias. The flow of the study population is shown in
Figure 1.

All participants provided written informed consent.
The study protocol was approved by the Ethics Com-
mittee of the Carol Davila University of Medicine
and Pharmacy, Bucharest (approval number 1514,
dated 03.06.2022), and the study was conducted in
accordance with the Declaration of Helsinki.
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Study population flow

Adults with confirmed T2DM screened

(n=291)
!

Excluded before eligibility
—1» (n = 89)
not eligible n = 30
missing baseline n = 30
duplicate record n = 29

v

(n = 202)

Eligible for cohort assessment

Eligible not included
(n = 36)
missing follow-up n = 8

v

treatment changed n = 7
lost to follow-up n = 7

(n =166)

Included in final main analysis

withdrawal n = 7
incomplete key datan = 7

|

Analysis groups
metformin n = 46; SU n = 10; DPP-4in = 17; SGLT2i n = 25;
GLP-1 RAn = 23; insulinn = 45

Figure 1.
Study participant flow diagram showing screening, eligibility assessment, exclusions, final analysis set, and
treatment-group distribution

Treatment groups and exposure definition
Treatment allocation was not randomized, in accord-
ance with routine clinical decision-making. The
main exposure variable was the antidiabetic regimen
maintained throughout the 12-month observation pe-
riod. Patients either received metformin alone, clas-
sified as monotherapy, or received metformin as
background therapy in combination with a second-
line agent. Patients were classified in the statistical
analysis into six groups: metformin monotherapy (n
= 46), metformin plus sulfonylurea (SU; n = 10),
metformin plus dipeptidyl peptidase-4 inhibitor
(DPP-4i; n = 17), metformin plus sodium-glucose
cotransporter-2 inhibitor (SGLT2i; n = 25), metfor-
min plus glucagon-like peptide-1 receptor agonist
(GLP-1 RA; n = 23), and metformin plus insulin (n
= 45). Because metformin was continued as back-
ground therapy in every non-monotherapy group, all
treatment arms were metformin-backgrounded, with
the metformin monotherapy group serving as the
common reference; the term "metformin-based" in
the title reflects this shared metformin backbone
across all arms.

Sulfonylureas and DPP-4 inhibitors were retained as
separate analytical groups (rather than pooled) be-
cause these drug classes differ in mechanism of ac-
tion, expected effects on weight, risk of hypoglyce-
mia, and potential inflammatory profiles. Therefore,
results for the SU and DPP-4 inhibitor groups should
be interpreted with caution due to small sample
sizes.

All patients received routine nutritional counseling
in accordance with local standards of diabetes care.
Lifestyle variables, including physical activity level,
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resistance training, estimated protein intake, and ad-
herence indicators, were recorded when available
and used descriptively or as potential sources of re-
sidual confounding.

Clinical, anthropometric, functional, and laboratory
assessments

Baseline variables included age, sex, duration of di-
abetes, smoking, menopausal status (where applica-
ble), hypertension, cardiovascular disease, chronic
kidney disease, dyslipidemia, obesity class, concom-
itant use of statins, ACE inhibitors, or angiotensin
receptor blockers, recent infection, and use of anti-
inflammatory drugs or glucocorticoids.
Anthropometric assessment included weight, height,
body mass index (BMI), waist circumference, hip
circumference, and waist-to-height ratio. Body com-
position was assessed using the Fresenius body com-
position monitor (Fresenius Medical Care Body
Composition Monitor), with patients in the supine
position (11). Percentage fat mass, fat mass in kilo-
grams, lean mass, and skeletal muscle mass were
recorded when available. Muscle strength was meas-
ured using a Saehan hydraulic handgrip dynamome-
ter; the best of three maximal voluntary contractions
in the dominant hand was used for analysis (12).
Handgrip measurements were performed with the
participant seated, the shoulder adducted, the elbow
flexed at a 90-degree angle, and the wrist in a neutral
position, with a 15-30-second rest interval between
the three maximal contractions.

Glycemic and biochemical parameters included
HbAlc, fasting blood glucose, insulin, C-peptide,
HOMA-IR, lipid profile (total cholesterol, LDL cho-
lesterol, HDL cholesterol, VLDL cholesterol, and
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triglycerides), serum creatinine, estimated glomeru-
lar filtration rate (eGFR), urea, urinary albumin, and
albumin-to-creatinine ratio. HbAlc was measured
by high-performance liquid chromatography. Other
biochemical parameters were measured using stand-
ardized automated methods in the institution's certi-
fied laboratory.

Inflammatory status was assessed using erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP),
high-sensitivity C-reactive protein (hs-CRP), fibrin-
ogen, and white blood cell count. hs-CRP was meas-
ured using a dedicated, highly sensitive assay (being
therefore considered a valid marker of low-grade
systemic inflammation). Because the distributions of
CRP and hs-CRP were right-skewed, logarithmic
transformations were used for adjusted inflamma-
tory models.

Outcomes

The primary endpoint was HbAlc at 12 months, ad-
justed for baseline HbAlc and prespecified clinical
covariates. The single primary contrast, specified a
priori, was GLP-1 RA versus metformin monother-
apy for 12-month HbAlc; all other comparisons
were pre-specified secondary analyses. Continuous
secondary endpoints included body weight, BMI,
waist circumference, percent fat mass, fat mass in
kilograms, lean mass, skeletal muscle mass, hand-
grip strength, eGFR, In(hs-CRP), and ESR at 12
months. For each longitudinal endpoint, the absolute
change from baseline to 12 months was also calcu-
lated.

Predefined binary endpoints included achieving an
HbAlc level of < 7% at 12 months, a reduction in
HbAlc of at least 0.5 percentage points, a reduction
in HbAlc of at least 1.0 percentage points, a weight
loss of at least 5% from baseline, and a combined
response defined as both a reduction in HbAlc of at
least 0.5 percentage points and a weight loss of at
least 5%.

Statistical analysis

The primary statistical analysis included 166 pa-
tients who completed the 12-month follow-up period
without treatment changes. Patients excluded from
the primary analysis were included in participant
flow and in comparisons between included and eli-
gible but excluded patients. Missing values were not
estimated; analyses were performed using only com-
plete cases for each specified outcome.

Continuous variables were summarized as mean +
standard deviation or median (interquartile range), as
appropriate. Categorical variables were summarized
as counts and percentages. Baseline continuous var-
iables were compared across treatment groups using
the Kruskal-Wallis test, and categorical variables
were compared using the chi-square test, with low
expected cell counts flagged for cautious interpreta-
tion (13). Unadjusted within-group changes from
baseline to 12 months were assessed using paired
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Wilcoxon signed-rank tests, and between-group dif-
ferences in change were assessed using Kruskal-
Wallis tests (13, 14).

Adjusted continuous outcomes were analyzed using
ordinary least-squares regression with HC3 robust
standard errors. Metformin monotherapy was used
as the reference group. All adjusted models included
the treatment group and the baseline value of the cor-
responding outcome. Additional covariates were se-
lected a priori according to outcome type. For the
HbAlc outcome, the model adjusted for baseline
HbAlc, age, sex, diabetes duration, and baseline
BMI. Weight and BMI models adjusted for baseline
value, age, sex, diabetes duration, and baseline
HbAlc. Fat mass models adjusted for baseline fat
mass, age, sex, diabetes duration, and baseline BMI.
The handgrip model adjusted for baseline handgrip
strength, age, sex, baseline BMI, and baseline fat
mass percentage. The eGFR model adjusted for
baseline eGFR, age, sex, diabetes duration, and base-
line BMI. The inflammatory model for In(hs-CRP)
adjusted for the baseline log-transformed inflamma-
tory marker, age, sex, diabetes duration, baseline
BMI, statin use, and recent infection.

Binary endpoints were analyzed using logistic or bi-
nomial generalized linear models with HC3 robust
standard errors, where estimable. The adjusted mod-
els for glycemic target achievement and HbALc re-
sponse included treatment group, baseline HbAlc,
age, sex, diabetes duration, and baseline BMI. The
weight-loss model included treatment group, base-
line weight, age, sex, diabetes duration, and baseline
HbAlc. The combined-response model included
treatment group, baseline HbAlc, baseline weight,
age, sex, diabetes duration, and baseline BMI. Asso-
ciations among baseline variables and among 12-
month changes (Section 3.8) were quantified using
Spearman rank correlation coefficients to verify the
internal consistency of physiologically related
measures and to contextualize the relationships
among adiposity, muscle function, and inflamma-
tory change. These correlation analyses were de-
scriptive and not adjusted for multiplicity.
Sex-specific treatment heterogeneity was explored
using treatment-by-sex interaction models. Because
treatment groups were unbalanced, particularly the
SU and DPP-4i groups, subgroup and interaction re-
sults were considered exploratory. Multiplicity was
addressed using Benjamini-Hochberg false discov-
ery rate (FDR) g-values for overall delta tests, ad-
justed OLS treatment contrasts, and logistic treat-
ment contrasts (15). Statistical tests were two-tailed,
with a nominal p < 0.05 considered statistically sig-
nificant, and FDR g-values were reported to support
interpretation of multiple comparisons. The FDR
families (overall delta tests, adjusted OLS treatment
contrasts, and logistic treatment contrasts) were pre-
specified, and the GLP-1 RA versus metformin
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HbA1c contrast was designated a priori as the single
primary comparison, interpreted separately from the
secondary battery.

Statistical analyses were performed using Python
3.13 with Pandas for data management, NumPy for
numerical computation, SciPy for non-parametric
and categorical tests, and StatsModels for regression
modeling (16, 17). Figures were generated based on
the results of the statistical analysis. Figure 2 was
produced in Python using Matplotlib; the partici-
pant-flow diagram (Figure 1) was prepared using Py-
thon 3.10.

Results and Discussion

Study population and baseline characteristics

Of the 291 adults with type 2 diabetes evaluated, 202
were eligible, and 166 were retained in the final anal-
ysis set. The 166 patients eligible for analysis were
allocated to six treatment groups: metformin mono-
therapy (n = 46), add-on sulfonylurea therapy (SU, n
= 10), add-on DPP-4 inhibitor therapy (DPP-4i, n =
17), add-on SGLT2 inhibitor therapy (SGLT2i, n =
25), add-on GLP-1 receptor agonist therapy (GLP-1

RA, n=23), and add-on insulin therapy (n = 45). The
36 eligible patients who were not retained in the pri-
mary analysis and the 89 ineligible patients were
used only for flow and selection bias checks.
Overall, the cohort had long-standing type 2 diabetes
mellitus (T2DM) associated with obesity. The mean
age was 59.7 + 13.0 years; 99 patients (59.6%) were
female; the mean duration of diabetes was 13.7 + 7.7
years; the mean HbAlc at baseline was 8.9 + 1.0%;
and the mean BMI was 36.3 = 4.4 kg/m?. Baseline
body composition and inflammatory burden were
consistent with an obese cardiometabolic phenotype,
with a mean percent fat mass of 40.4 £ 6.1% and a
mean hs-CRP of 5.4 + 3.0 mg/L. Most baseline var-
iables did not differ significantly between treatment
groups. Modest differences were observed between
groups in waist-to-height ratio and LDL-cholesterol,
while HbAlc showed only a nonsignificant trend to-
ward higher baseline values in the insulin group.
These imbalances support the use of baseline-ad-
justed models rather than unadjusted comparisons.
Baseline characteristics of the final analysis cohort
are summarized in Table I.

Table |
Baseline characteristics of the final analysis cohort
Variable Overall Median [IQR] Overall group
p-value

Age, years 59.7 £13.0 59.0 [49.0; 70.8] 0.138
Diabetes duration, years 13.7+7.7 12.9[7.4; 18.9] 0.658
HbAlc, % 89+1.0 9.0[8.2;9.7] 0.095
Weight, kg 102.6 £17.8 | 102.5[90.1; 115.2] 0.772
BMI, kg/m? 36.3+4.4 36.2 [32.8; 39.6] 0.273
Waist circumference, cm | 126.6 £8.3 | 127.0 [121.0; 132.0] 0.831
Fat mass, % 404 +£6.1 39.9[35.9; 44.4] 0.202
Handgrip strength, kg 30.8 +10.1 29.6 [22.9; 37.2] 0.291
eGFR, mL/min/1.73 m? | 100.6 £11.2 | 101.0[92.0; 109.0] 0.639
hs-CRP, mg/L 54+3.0 5.0[3.2; 6.8] 0.646
ESR, mm/h 29.1+£10.7 28.0[19.2; 38.8] 0.302
Female sex 99 (59.6%) 0.699
Hypertension 111 (66.9%) 0.573
Dyslipidemia 110 (66.3%) 0.495
Statin use 104 (62.7%) 0.716

Legend: Continuous variables are shown as mean + SD and median [IQR]. Categorical variables are shown as n (%). Overall group compari-
sons used the Kruskal-Wallis test for continuous variables and the chi-square test for categorical variables.

Glycemic outcomes

HbAlc decreased significantly in all treatment
groups over 12 months, but the magnitude of im-
provement differed substantially between groups.
The unadjusted mean change in HbAlc ranged from
-0.5 £ 0.2 percentage points with metformin to -1.2
+ 0.2 percentage points with GLP-1 RA therapy and
-1.0 = 0.3 percentage points with insulin. The be-
tween-group comparison of HbAlc change was sig-
nificant after FDR adjustment (q < 0.001). Unad-
justed 12-month changes from baseline for all key
outcomes are summarized in Figure 2.
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In baseline-adjusted OLS models with robust HC3
standard errors, the treatment group remained
strongly associated with HbAlc at 12 months (over-
all p < 0.001). Compared with metformin, GLP-1
RA therapy had the largest adjusted difference in
HbAlc (B=-0.745 percentage points, 95% CI -0.856
to -0.634; p < 0.001; FDR g < 0.001). SGLT2i and
insulin were also associated with lower adjusted
HbAlc at 12 months compared with metformin
(SGLT2i: B = -0.364, 95% CI -0.489 to -0.240; p <
0.001; insulin: = -0.575, 95% CI -0.685 to -0.464;
p < 0.001). DPP-4i reached nominal significance
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versus metformin, but this contrast did not remain
significant after FDR adjustment (p = 0.028; q =
0.069). Adjusted treatment contrasts versus metfor-
min for the key continuous outcomes are presented
in Table Il.

Analyses of responders provided complementary
clinical information. An HbAlc value < 7% at 12
months was achieved by 26.1% of patients treated
with GLP-1 RA, compared with 6.5% in the metfor-
min group, 10.0% in the SU group, 17.6% in the
DPP-4i group, 12.0% in the SGLT2i group, and
4.4% in the insulin group. Reductions of at least 0.5
percentage points were common in the SGLT2i,
GLP-1 RA, and insulin groups, while a reduction of
at least 1.0 percentage point was most common in
the GLP-1 RA group (91.3%). Analyses of respond-
ers should be interpreted primarily descriptively, as
rare events produced unstable logistic estimates. Re-
sponder rates by treatment group are shown in Table
1.

Body weight, BMI, waist circumference, and body
composition

Weight trajectories differed significantly between
treatment groups. GLP-1 RA therapy produced the
greatest unadjusted weight reduction (-6.6 + 1.2 kg),
followed by SGLT2i (-3.3 £ 1.2 kg) and metformin
(-1.2 £ 1.3 kg). In contrast, weight increased in the
SU group (+1.6 £ 1.2 kg) and the insulin group (+1.9
+ 1.3 kg), while DPP-4i was essentially weight neu-
tral (-0.4 £ 1.6 kg). The difference between groups
in weight change remained significant after FDR ad-
justment (q < 0.001).

Adjusted models confirmed this hierarchy. Com-
pared with metformin, GLP-1 RA therapy was asso-
ciated with substantially lower weight at 12 months
after adjustment for baseline weight and clinical co-
variates (p = -5.246 kg, 95% CI -5.921 to -4.572; p
< 0.001; FDR g < 0.001). SGLT2i was also associ-
ated with lower adjusted weight compared with met-
formin (B = -2.050 kg, 95% CI -2.692 to -1.407; p <
0.001), whereas SU and insulin were associated with
higher adjusted weight at 12 months. Similar pat-
terns were observed for BMI and waist circumfer-
ence, with GLP-1 RA showing the most favorable
adjusted profile.

Fat mass percentage showed a parallel pattern. Un-
adjusted fat mass percentage decreased most
strongly with GLP-1 RAs (-3.4 + 1.1 percentage
points) and SGLT2i (-1.6 + 0.7 percentage points),
changed only modestly with metformin (-0.7 + 0.9
percentage points) or DPP-4i (-0.4 £ 1.0 percentage
points), and increased slightly with insulin (+0.6 +
1.0 percentage points). In adjusted models, GLP-1
RA remained the most favorable contrast to metfor-
min in terms of fat mass percentage (B = -2.731 per-
centage points, 95% CI -3.266 to -2.195; p < 0.001;
FDR g < 0.001). Fat mass in kilograms showed the
same directionality, with an adjusted contrast of
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GLP-1 RAs of -4.689 kg versus metformin (95% CI
-5.462 to -3.916; p < 0.001).

Lean mass and skeletal muscle mass were relatively
stable. Lean mass at 12 months did not differ signif-
icantly by treatment group in the adjusted model
(overall p=10.124). The GLP-1 RA contrast for skel-
etal muscle mass was nominally smaller than that of
metformin (B = -0.386 kg, 95% CI -0.766 to -0.005;
p = 0.047), but this did not remain significant after
FDR adjustment (q = 0.104). Consequently, the
weight loss observed with GLP-1 RA was predomi-
nantly driven by reduced adiposity rather than a clear
decrease in functional muscle strength.

Muscle strength and renal function

Handgrip strength did not show a clinically unfavor-
able trajectory in either treatment group. The unad-
justed changes were small and generally positive,
ranging from +0.5 £ 1.6 kg in the insulin group to
+1.1 £ 1.5 kg in the SU group. The between-group
comparison of change in handgrip strength was not
significant (FDR g = 0.797), and the adjusted treat-
ment model also showed no significant overall treat-
ment effect (overall p = 0.792). The adjusted contrast
of GLP-1 RA versus metformin was nearly null (f =
+0.273 kg, 95% CI -0.579 to +1.124; p = 0.530; FDR
q=0.731).

Renal function remained stable in all groups. Mean
changes in eGFR were small, ranging from -1.0 £ 2.7
mL/min/1.73 m? in the GLP-1 RA group to +0.7
3.0 mL/min/1.73 mZin the insulin group, with no sig-
nificant difference between groups after FDR adjust-
ment. The adjusted model for eGFR at 12 months did
not show a significant overall treatment effect (p =
0.262), and none of the treatment-versus-metformin
comparisons were statistically significant.
Inflammatory markers

High-sensitivity CRP was analyzed as a measured
inflammatory endpoint. Unadjusted hs-CRP de-
creased in several groups, with the greatest absolute
reduction in the GLP-1 RA group (-1.2 + 0.9 mg/L),
followed by SGLT2i (-1.0 £ 1.2 mg/L), metformin (-
0.6 + 1.2 mg/L), DPP-4i (-0.6 £ 0.9 mg/L), SU (-0.5
+ 1.3 mg/L), and insulin (-0.3 = 1.2 mg/L). The dif-
ference between groups in change in hs-CRP was
significant after FDR adjustment (q = 0.036). The
cohort's mean baseline hs-CRP (5.4 + 3.0 mg/L) lay
above the conventional< 3 mg/L range used to define
chronic low-grade inflammation and at the threshold
of clinically significant inflammation; consequently,
some individual baseline values may have reflected
acute-phase activity rather than chronic low-grade
inflammation, and results should be interpreted with
this in mind.

Because hs-CRP is right-skewed, the adjusted in-
flammatory model used In(hs-CRP) at 12 months as
the dependent variable. Treatment group was signif-
icantly associated with In(hs-CRP) at 12 months
(overall p = 0.015). Compared with metformin,
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GLP-1 RA therapy was associated with a lower ad-
justed In(hs-CRP) (B = -0.459, 95% CI -0.828 to -
0.090; p = 0.015; FDR q = 0.038), corresponding to
an approximately 36.8% lower hs-CRP level after
adjustment for covariates. The SGLT2i contrast was
nominally significant (§ =-0.214; p = 0.042), but did

not remain significant after FDR adjustment (q =
0.097). Insulin, SU, and DPP-4i did not differ signif-
icantly from metformin in the adjusted In(hs-CRP)
model. ESR decreased modestly in several groups,
but between-group differences and adjusted treat-
ment contrasts were not significant.

Figure 2. Unadjusted 12-month change from baseline in key outcomes by treatment group
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Figure 2.

Unadjusted 12-month change from baseline in key outcomes by treatment group, shown as separate panels: (a)
HbA1c, (b) body weight, (c) BMI, (d) percent fat mass, (e) handgrip strength, and (f) hs-CRP. Bars show the
mean change with SD error bars. Within-group paired Wilcoxon significance is indicated as ***p < 0.001, **p < 0.01,
*p < 0.05, ns = not significant. Between-group differences in change were significant after FDR adjustment for
HbAlc, weight, BMI, fat mass percentage, waist circumference, and hs-CRP, but not for handgrip strength or
eGFR
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Table 11
Adjusted treatment contrasts versus metformin for key continuous outcomes
Outcome Contrast Adjusted p 95% CI p-value | FDR g-value
HbAlc SU vs. MF -0.148 -0.310 to 0.015 0.075 0.150
HbAlc DPP-4i vs. MF -0.161 -0.305t0 -0.018 | 0.028 0.069
HbAlc SGLT2i vs. MF -0.364 -0.489 to -0.240 | < 0.001 <0.001
HbAlc GLP-1 RA vs. MF -0.745 -0.856 t0 -0.634 | <0.001 <0.001
HbAlc insulin vs. MF -0.575 -0.685 to -0.464 | <0.001 <0.001
Weight SU vs. MF 2.871 2.013t03.730 | <0.001 <0.001
Weight DPP-4i vs. MF 0.877 -0.022t0 1.776 0.056 0.121
Weight SGLT2i vs. MF -2.050 -2.692 to -1.407 | <0.001 <0.001
Weight GLP-1 RA vs. MF -5.246 -5.921to -4.572 | <0.001 <0.001
Weight insulin vs. MF 3.248 2.660t0 3.837 | <0.001 <0.001
Fat mass % SU vs. MF 0.943 0.234 to0 1.653 0.009 0.024
Fat mass % DPP-4i vs. MF 0.206 -0.408t00.820 | 0.510 0.716
Fat mass % SGLT2ivs. MF -0.901 -1.317t0-0.484 | <0.001 <0.001
Fat mass % | GLP-1 RA vs. MF -2.731 -3.266 t0 -2.195 | <0.001 <0.001
Fat mass % insulin vs. MF 1.318 0.908t0 1.729 | <0.001 <0.001
Handgrip SU vs. MF 0.658 -0.4161t01.732 | 0.230 0.368
Handgrip DPP-4i vs. MF 0.279 -0.683 10 1.241 0.570 0.754
Handgrip SGLT2ivs. MF 0.128 -0.689t00.944 | 0.759 0.880
Handgrip | GLP-1 RA vs. MF 0.273 -0.57910 1.124 0.530 0.731
Handgrip insulin vs. MF -0.091 -0.734 t0 0.553 0.783 0.882
eGFR SU vs. MF -0.138 -2.394 10 2.117 0.904 0.934
eGFR DPP-4i vs. MF -0.042 -1.9231t01.840 | 0.965 0.965
eGFR SGLT2i vs. MF -0.092 -1.692t01.508 | 0.910 0.934
eGFR GLP-1 RA vs. MF -1.259 -2.83810 0.319 0.118 0.214
eGFR insulin vs. MF 0.819 -0.490t0 2.128 0.220 0.360
In(hs-CRP) SU vs. MF 0.035 -0.238t00.309 | 0.799 0.886
In(hs-CRP) DPP-4i vs. MF -0.048 -0.309 t0 0.213 0.720 0.860
In(hs-CRP) SGLT2i vs. MF -0.214 -0.422 10 -0.007 | 0.042 0.097
In(hs-CRP) | GLP-1 RA vs. MF -0.459 -0.828t0 -0.090 | 0.015 0.038
In(hs-CRP) insulin vs. MF 0.024 -0.14510 0.193 0.781 0.882

OLS models used HC3-robust standard errors, with metformin as the reference group. Each model was adjusted for the baseline value of the
corresponding outcome and prespecified clinical covariates. For hs-CRP, the model used In(hs-CRP).

Table 111

Responder rates by treatment group

Group HbAlc < 7% at 12m | HbAlc reduction > 0.5% | HbAlc reduction > 1.0% | Weight loss > 5% | Combined response
Metformin 3/46 (6.5%) 22/46 (47.8%) 0/46 (0.0%) 0/46 (0.0%) 0/46 (0.0%)

SU 1/10 (10.0%) 8/10 (80.0%) 1/10 (10.0%) 0/10 (0.0%) 0/10 (0.0%)
DPP-4i 3/17 (17.6%) 14/17 (82.4%) 1/17 (5.9%) 0/17 (0.0%) 0/17 (0.0%)
SGLT2i 3/25 (12.0%) 25/25 (100.0%) 9/25 (36.0%) 1/25 (4.0%) 1/25 (4.0%)

GLP-1RA 6/23 (26.1%) 23/23 (100.0%) 21/23 (91.3%) 20/23 (87.0%) 20/23 (87.0%)
Insulin 2/45 (4.4%) 45/45 (100.0%) 31/45 (68.9%) 0/45 (0.0%) 0/45 (0.0%)

Combined response was defined as an HbAlc reduction of > 0.5 percentage points plus weight loss of > 5%. Logistic models for sparse end-
points produced very wide confidence intervals; therefore, responder findings should be interpreted primarily as descriptive and hypothesis-

generating.

Responder and combined-response analyses

The combined clinical endpoint of HbAlc reduction
> 0.5 percentage points and weight loss > 5% was
observed almost exclusively in the GLP-1 RA group.
Twenty of 23 GLP-1 RA-treated patients (87.0%)
achieved this combined response, compared with 1
of 25 SGLT2i-treated patients (4.0%) and none of
the patients treated with metformin, SU, DPP-4i, or
insulin. The same distribution was observed for
weight loss > 5%, indicating that the combined re-
sponder endpoint was driven primarily by the
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weight-loss component among patients who also
achieved glycemic improvement.

Sex-specific analyses

Descriptive analyses stratified by sex showed numeri-
cally similar reductions in HbAlc among women and
men treated with GLP-1 RA (women: -1.3 + 0.2; men:
-1.2 £ 0.2). Weight loss and fat mass reduction were
also substantial in both sexes in the GLP-1 RA group
(weight: women -6.6 £ 0.9, men -6.7 + 1.4; percent
fat mass: women -3.3 £ 1.0, men -3.5 + 1.2). How-
ever, formal testing of treatment-sex interaction did
not identify statistically significant interaction
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effects for HbAlc (p = 0.342), weight (p = 0.09), fat
mass percentage (p = 0.277), handgrip strength (p =
0.146), or In(hs-CRP) (p = 0.882). Therefore, sex-
specific differences should be considered explora-
tory rather than confirmatory.

Correlation analysis and internal consistency
Correlation analyses supported the dataset's internal
consistency and helped contextualize the functional
and inflammatory findings. Baseline triglycerides
were almost perfectly correlated with VLDL choles-
terol (Spearman r = 1.000), total cholesterol was
strongly correlated with LDL-C (r = 0.870), and uri-
nary albumin was strongly correlated with albumin-
to-creatinine ratio (r = 0.954), as expected for phys-
iologically related or partially derived variables.
Baseline waist circumference was moderately corre-
lated with waist-to-height ratio (r = 0.467). In con-
trast, BMI showed only a weak-to-moderate correla-
tion with percent fat mass (r = 0.250), supporting the
value of direct assessment of body composition be-
yond BMI alone.

Handgrip strength was weakly correlated with BMI
(Spearman r = 0.069) and inversely correlated with
fat mass percentage (r = -0.317), suggesting that
muscle function captured information that cannot be
reduced to adiposity alone. Changes in body weight
were strongly correlated with changes in fat mass
percentage (Spearman r = 0.865 in the analysis da-
taset) and only weakly correlated with changes in
HbAlc (r = 0.042), consistent with the observation
that glycemic and adiposity-related responses, alt-
hough clinically related, do not necessarily evolve in
parallel. Changes in weight and fat mass percentage
were moderately correlated with changes in log-
transformed CRP (r = 0.476 and r = 0.461, respec-
tively), supporting a biologically plausible link be-
tween adiposity reduction and improvement in low-
grade systemic inflammation.

Clinical studies increasingly emphasize that mean
HbAl1c reductions alone can mask substantial in-
terpatient variability in response. The GRADE ran-
domized trial (n = 5,047; mean follow-up 5 years;
comparing add-on glargine, glimepiride, liraglutide,
or sitagliptin to metformin in patients with diabetes
duration< 10 years and baseline HbAlc 6.8-8.5%)
showed all four drugs lowered HbAlc on average.
Yet, a substantial proportion of participants across
all arms failed to sustain target glycemic control
(<7%) over time. Notably, even among those with
the lowest baseline HbA1c stratum (6.8—7.2%), ap-
proximately 60% eventually experienced metabolic
failure; this proportion increased progressively in
higher baseline HbAlc strata (18, 19). Glargine and
liraglutide were modestly but significantly more ef-
fective than glimepiride or sitagliptin in prolonging
time below the glycemic threshold. However, all
groups showed a gradual upward drift in HbAlc
over the follow-up period. This underscores that
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many patients experience "metabolic failure™ despite
acceptable average drops, highlighting the need to
evaluate responder rates and durability rather than
just mean changes (20).

Recent real-world data reinforce this point. In a Ger-
man/Austrian registry study of GLP-1 RAs (DPV
register, n = 4,467), only 14% of patients achieved
both a clinically meaningful HbAlc reduction
(=0.5%) and weight loss (=5%) at 6 months. Nota-
bly, over one-third saw an HbAlc drop without
weight loss, and another subset lost weight without
an improvement in HbAlc (21). Such heterogeneity
of treatment response means that a therapy's true
benefit can be underappreciated if we look only at
population averages (22).

Real-world comparative effectiveness data further
contextualize these findings. A 2023 target-trial
emulation using US Veterans Affairs electronic
health records (n = 283,998) showed that, compared
to SU, SGLT2i, GLP-1 RAs, and DPP-4i each sig-
nificantly reduced the risk of major adverse cardio-
vascular events, with GLP-1 RAs and SGLT2i
showing similar cardiovascular effectiveness (HR
~0.77-0.78 vs. sulfonylurea; no significant differ-
ence between these two classes), confirming both as
robust second-line options with cardiometabolic ad-
vantages beyond glycemia alone (23). These find-
ings complement the ADA 2026 consensus frame-
work, which recommends individualized, cardi-
ometabolic-risk-guided agent selection beyond a
purely glucocentric approach, particularly for pa-
tients with obesity, established cardiovascular dis-
ease, or chronic kidney disease (24).

Alongside glycemic and anthropometric endpoints,
systemic low-grade inflammation has emerged as a
clinically relevant dimension in the evaluation of an-
tidiabetic therapy. High-sensitivity C-reactive pro-
tein (hs-CRP) is now recognized as an independent
predictor of cardiovascular mortality in T2DM, with
each unit increase in log-transformed hs-CRP asso-
ciated with significantly increased vascular and all-
cause mortality risk, independent of established car-
diometabolic risk factors (25). The inflammatory
burden in T2DM is not homogeneous across treat-
ment regimens: a 2025 systematic review and meta-
analysis of 52 randomized controlled trials (n =
4,734) confirmed that GLP-1 RA therapy produces
significantly greater reductions in circulating CRP
compared with metformin (SMD -0.95; 95% CI
—1.78 to —0.13) and other oral antidiabetic drugs
(SMD —1.06; 95% CI —1.64 to —0.47), with effect
magnitude increasing with treatment duration (26).
By contrast, insulin-based regimens have not
demonstrated consistent CRP-lowering effects, and
sulfonylureas lack any documented direct anti-in-
flammatory mechanism (27). These differential in-
flammatory effects parallel and partly explain the di-
vergent cardiometabolic outcomes observed across
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drug classes and support the inclusion of inflamma-
tory biomarkers alongside glycemic and body com-
position endpoints in comparative effectiveness
studies.

This prospective cohort study was designed to eval-
uate antidiabetic treatment classes using a multidi-
mensional outcome framework. Rather than focus-
ing exclusively on mean change in glycemic control,
the analysis integrated glycemic control, anthropo-
metric and body composition parameters, handgrip
strength, renal function, hs-CRP, response criteria,
and sex-specific exploratory analyses. Accordingly,
discussion of these findings should focus on the data
showing that different metformin treatment regi-
mens were associated with distinct cardiometabolic
profiles over 12 months. The results obtained are ob-
servational in nature, and therefore, treatment con-
trasts should be interpreted as adjusted associations
rather than causal effects.

In this study, antidiabetic therapies were associated
with distinct glycemic, adipose, functional, and in-
flammatory profiles after adjustment for baseline
outcomes and prespecified clinical covariates. The
main finding was a consistent multivariate associa-
tion for GLP-1 RA therapy: compared with metfor-
min monotherapy, GLP-1 RA therapy was associ-
ated with lower HbAlc at 12 months, lower body
weight, BMI, and waist circumference, lower fat
mass percentage, and lower log-transformed hs-
CRP, with no significant adverse differences in
handgrip strength or eGFR. These results support the
concept that, in routine endocrine care, treatment as-
sessment in T2DM should extend beyond HbAlc
and incorporate adiposity, muscle function, and low-
grade inflammation as clinically relevant outcome
dimensions.

The glycemic findings are consistent with the estab-
lished efficacy of incretin-based therapy, but the pre-
sent analysis adds two important real-world qualifi-
cations. First, the adjusted treatment models showed
that GLP-1 RA therapy had the largest favorable
HbA ¢ effect compared with metformin (adjusted
= -0.745 percentage points; 95% CI, -0.856 to -
0.634; FDR g< 0.001), while SGLT2i and insulin
were also associated with lower adjusted HbAlc at
12 months. Second, responder analyses showed that
target attainment and combined metabolic response
were not fully captured by mean HbAlc change
alone. Although sparse events produced very wide
confidence intervals in logistic models, the descrip-
tive pattern was clinically informative: the combined
endpoint of HbAlc reduction > 0.5 percentage
points together with weight loss > 5% was observed
in 87.0% of GLP-1 RA-treated patients and was al-
most absent in the other groups. This reinforces the
idea that the response to antidiabetic therapy is mul-
tidimensional and that glycemic and weight
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responses should be interpreted together rather than
as isolated outcomes (28, 29).

Body composition outcomes provided the strongest
extra-glycemic signal in the study. GLP-1 RA ther-
apy was associated with the greatest adjusted reduc-
tion in body weight (B = -5.246 kg vs. metformin;
95% CI -5.921 t0 -4.572; FDR g< 0.001) and percent
fat mass (B = -2.731 percentage points; 95% CI -
3.266 to -2.195; FDR g< 0.001). SGLT2i showed an
intermediate favorable profile for weight, BMI,
waist circumference, and fat mass, whereas insulin
and SU were associated with less favorable adiposity
trajectories. This hierarchy is biologically plausible:
GLP-1 RAs reduce appetite, energy intake, and fat
mass; SGLT2i induce modest caloric loss through
glucosuria; and insulin and sulfonylureas may pro-
mote or facilitate weight gain in susceptible patients
(30, 31). It is important to note that separating SU
and DPP-4i in the statistical analysis avoids the phar-
macological ambiguity of the previous SU/DPP-4i
combination treatment arm and allows for a more
cautious interpretation of these smaller subgroups.
A major clinical concern with weight-loss therapies
is whether body weight reduction is accompanied by
impairment of muscle function (32, 33). In this co-
hort, handgrip strength remained stable across treat-
ment groups, and the adjusted contrast of GLP-1 RA
versus metformin was nearly null (B = +0.273 kg;
95% CI -0.579 to +1.124; FDR g = 0.731). Analyses
of lean mass and skeletal muscle mass also provided
no evidence of a clinically meaningful adverse func-
tional effect after correction for multiplicity. These
findings do not directly prove muscle preservation,
as grip strength is only one functional assessment
criterion, and bioimpedance is less accurate than
DEXA for compartmental analysis. However, the
combination of reduced fat mass and stable handgrip
strength suggests that the observed weight loss was
not accompanied by measurable deterioration in up-
per limb muscle function over the 12-month follow-
up period. This observation is consistent with the lit-
erature showing that weight loss associated with
GLP-1 RA is often predominantly adipose. At the
same time, functional consequences depend on age,
baseline frailty, protein intake, and resistance exer-
cise (34, 35).

The inflammatory findings extend the metabolic in-
terpretation. Because hs-CRP was measured using a
highly sensitive method and analyzed after logarith-
mic transformation, it provides a valid marker of
low-grade systemic inflammation in this cohort.
GLP-1 RA therapy was associated with a lower ad-
justed In(hs-CRP) at 12 months compared with met-
formin (p = -0.459; 95% CI -0.828 to -0.090; FDR q
=0.038), corresponding to an adjusted hs-CRP level
that was approximately 36.8% lower. SGLTZ2i
showed a nominally favorable hs-CRP contrast, but
this did not remain significant after FDR adjustment.
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These results are consistent with the known associa-
tion between adipose tissue reduction and improve-
ment in inflammatory burden (36). In addition,
mechanistic data suggest that GLP-1 RA therapy
may attenuate inflammatory signaling by modulat-
ing adipose tissue macrophage activity, NF-kappaB-
related pathways, and cytokine production (37-39).
However, the observational design precludes attrib-
ution of a direct effect of the anti-inflammatory drug.
Therefore, the improvement in inflammation should
be interpreted as an adjusted association that may re-
flect both adiposity reduction and class-specific plei-
otropic mechanisms.

The insulin group illustrates the importance of inter-
preting treatment profiles in a clinical context. Insu-
lin was associated with a lower adjusted HbAlc at
12 months compared with metformin, but was also
associated with an unfavorable profile of weight,
BMI, waist circumference, and fat mass. This should
not be interpreted as evidence of the intrinsic inferi-
ority of insulin, as insulin was prescribed in a real-
world setting to patients who may have had more ad-
vanced beta-cell failure, a higher glycemic burden, a
longer disease course, or greater clinical complexity
(40, 41). Rather, the finding highlights confounding
factors by indication and the distinct clinical role of
insulin compared with weight-loss therapies. Simi-
larly, the SU and DPP-4i groups were small and
should be interpreted with caution; SU was associ-
ated with weight and fat mass patterns consistent
with its known clinical profile, whereas DPP-4i ap-
peared weight-neutral but was below statistical
power to draw firm conclusions (42).

Although a greater response to GLP-1 RA was hy-
pothesized in men, sex-specific analyses showed
generally similar reductions in HbAlc, weight loss,
and fat mass reduction in women and men treated
with GLP-1 RA (43). Formal testing of treatment-
sex interaction was not significant for HbAlc,
weight, fat mass, handgrip strength, or In(hs-CRP).
Therefore, results stratified by sex should be consid-
ered descriptive and hypothesis-generating rather
than evidence of treatment efficacy that differs by
Sex.

Correlation analyses also support the multidimen-
sional structure of the study. The expected internal
correlations between triglycerides and VLDL cho-
lesterol, total cholesterol and LDL-C, and urinary al-
bumin and the albumin-to-creatinine ratio support
the consistency of the data. More importantly, BMI
was only weakly to moderately correlated with per-
cent fat mass, and handgrip strength was not reduci-
ble to BMI or adiposity alone. Changes in weight
and fat mass were correlated with changes in log-
transformed CRP, whereas weight changes were
only weakly correlated with changes in HbAlc.
These patterns reinforce the central methodological
premise of the study: HbAlc, weight, fat mass,

974

muscle function, and inflammatory burden capture
overlapping but nonidentical dimensions of the en-
docrine-metabolic phenotype (44).

Strengths and limitations

The main strengths of this study are the prospective
follow-up design, the use of individual patient data,
standardized clinical and laboratory assessments, di-
rect measurement of body composition, handgrip dy-
namometry, and measured hs-CRP. The statistical
analysis also strengthens the manuscript by separat-
ing SU and DPP-4i, adjusting each continuous end-
point for its baseline value, using robust standard er-
rors, and applying FDR correction to secondary
comparisons.

Several substantial limitations remain. Treatment al-
location was not randomized and reflected routine
clinical decisions, making confounding by indica-
tion inevitable. Although the models were adjusted
for baseline outcomes and relevant clinical covari-
ates, residual confounding may persist depending on
disease severity, cardiovascular risk, renal status,
treatment dose, treatment adherence, diet, physical
activity, socioeconomic status, and clinician pre-
scribing preferences. No propensity score matching,
inverse probability weighting, or emulation of target
trials was performed. Therefore, all treatment con-
trasts should be interpreted as adjusted associations,
not as comparative causal estimates of efficacy.

The per-protocol nature of the analysis is another
limitation. Only patients who completed the 12-
month follow-up period and remained on the same
treatment regimen were included in the primary
analysis. This improves the consistency of exposure
but may overestimate efficacy, as patients who dis-
continued, switched therapy, or were lost to follow-
up may have had poorer tolerability, adherence, or
response. The comparison between included and el-
igible but excluded patients suggested generally sim-
ilar baseline values for HbAlc, weight, BMI, fat
mass, and hs-CRP, but differences in age and eGFR
indicate that selection effects cannot be ruled out.
The size of the subgroups is also important. The SU
and DPP-4i groups were small, and the response pat-
terns for rare endpoints generated very wide confi-
dence intervals. Therefore, the responder analyses
should be considered clinically descriptive and hy-
pothesis-generating. The study was not powered a
priori for sex-treatment interactions, renal end-
points, handgrip scores, or inflammatory outcomes.
Bioimpedance provides practical estimates of body
composition in routine care but does not replace
DEXA or imaging-based assessment of visceral adi-
posity and lean tissue. Handgrip strength is clinically
useful but cannot fully characterize sarcopenia,
lower limb function, or muscle quality. Finally, the
single-center tertiary care setting may limit general-
izability to primary care, rural, or less intensively
managed populations. In addition, the cohort had a



FARMACIA, 2026, Vol. 74, 4

relatively high mean baseline hs-CRP, and because
a conventional exclusion threshold of > 10 mg/L was
not separately applied, occult infection or comorbid-
ity cannot be fully excluded as contributors to the in-
flammatory findings despite adjustment for recent
infection.

Clinical implications and future directions

Despite these limitations, the findings have practical
implications for endocrine care. They suggest that in
patients with obesity-related type 2 diabetes
(T2DM), treatment evaluation should not be limited
to HbAlc alone (45). A therapy may improve glyce-
mia while worsening or failing to improve adiposity.
In contrast, a weight-loss therapy may yield benefits
better captured by combined metabolic endpoints
that integrate glycemic control, adiposity, and func-
tional outcomes (45, 46). In this cohort, GLP-1 RA
therapy had the most favorable combined profile
across glycemic, adiposity, and inflammatory out-
comes, while preserving measured muscle strength
and renal stability over a 12-month period. SGLT2i
had an intermediate favorable cardiometabolic pro-
file, particularly for weight and adiposity, whereas
insulin and SU patterns require interpretation in light
of disease severity and treatment indication.

Future studies should validate these findings in
larger multicenter cohorts with predefined sample
size calculations, longer follow-up, systematic data
on dose and adherence, structured assessment of diet
and physical activity, and more granular characteri-
zation of cardiovascular and renal disease. Random-
ized designs, propensity-based observational de-
signs, or target trial emulations would help to sepa-
rate pharmacological effects from effects of treat-
ment selection. Future work should also include
DEXA- or imaging-based body composition assess-
ment, repeated measurements of hs-CRP and addi-
tional inflammatory cytokines, and functional out-
comes beyond handgrip strength (47, 48). Such stud-
ies would clarify whether the multidimensional pro-
file observed here translates into durable reductions
in cardiometabolic risk and functional decline.

Conclusions

Taken together, these findings support a multidimen-
sional approach to assessing outcomes in obesity-as-
sociated T2DM, integrating HbA1c with body com-
position, muscle function, renal stability, and high-
sensitivity inflammatory markers. After adjusting
for baseline outcomes and relevant clinical covari-
ates, GLP-1 RA therapy had the most favorable mul-
tidimensional profile, with lower values for HbAlc,
body weight, BMI, waist circumference, percent fat
mass, and log-transformed hs-CRP compared with
metformin monotherapy. These associations oc-
curred without measurable deterioration in handgrip
strength or eGFR. SGLT2 inhibitors showed an
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intermediate favorable cardiometabolic profile, par-
ticularly with respect to weight and adiposity. In
contrast, the insulin and sulfonylurea models require
interpretation in light of disease severity, treatment
indication, and residual confounders. The DPP-4 in-
hibitor subgroup was small and should be considered
descriptive rather than inferential. Analyses strati-
fied by sex did not demonstrate significant interac-
tions between treatment and sex, and analyses of re-
sponders should be interpreted primarily descrip-
tively, as rare events produced unstable logistic esti-
mates. The results require confirmation in larger
multicenter cohorts or pragmatic randomized clini-
cal trials before they can be used to support thera-
peutic prioritization.
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