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ABSTRACT

Background: Dyslipidemia is a major modifiable cardiovascular risk factor in patients with type 2
diabetes mellitus (T2DM). Evidence comparing lipid profile changes associated with SGLT2
inhibitors and metformin in routine clinical practice remains limited. Objective: To compare lipid
profile changes among SGLT?2 inhibitor monotherapy, SGLT2 inhibitor combined with metformin,
and metformin monotherapy in patients with T2DM using real-world clinical data. Methods: A
retrospective cohort study was conducted using medical records from two regional referral hospitals
in East Kalimantan, Indonesia, between January 2020 and December 2025. A total of 254 patients
were included through total sampling: SGLT2 inhibitor monotherapy (n=119), combination therapy
(n=11), and metformin monotherapy (n=124). Changes in LDL-C, HDL-C, and triglycerides were
analyzed using Wilcoxon signed-rank and Kruskal-Wallis tests. Spearman correlation and multiple
linear regression assessed factors associated with lipid changes. Results: Median LDL-C decreased
from 146 to 103 mg/ dL, triglycerides from 167.5 to 135 mg/dL, and HDL-C increased from 42 to 50
mg/dL (all p<0.001). Improvements occurred in 81.1%, 92.9%, and 93.7% of patients, respectively.
No significant between-group differences were observed for LDL-C (p=0.930), HDL-C (p=0.057), or
triglycerides (p=0.103). Age was independently associated with HDL-C changes, while systolic
blood pressure changes were independently associated with triglyceride changes. Conclusion: Lipid
improvements were observed during follow-up, without significant differences among treatment
strategies. Given the observational design and unequal group sizes, findings should not be
interpreted as evidence of causal effects or therapeutic equivalence.
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Introduction

Diabetes mellitus type 2 (T2DM) remains one of the fastest-growing chronic
metabolic disorders and represents a major global public health challenge.
According to the International Diabetes Federation, more than 537 million adults were
living with diabetes in 2021, and this number is projected to increase substantially
over the next two decades, with the greatest burden occurring in low- and middle-
income countries. Indonesia is consistently ranked among the countries with the
largest number of individuals affected by T2DM, highlighting the urgent need for
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effective therapeutic strategies capable of reducing long-term complications and
improving overall metabolic outcomes. Beyond chronic hyperglycemia, T2DM is
characterized by a complex constellation of metabolic abnormalities that
substantially increase the risk of cardiovascular disease, chronic kidney disease, and
premature mortality, making comprehensive metabolic management an essential
component of diabetes care. (Hao, 2025).

Among these metabolic disturbances, diabetic dyslipidemia is one of the most
clinically important because it contributes directly to accelerated atherosclerosis
and cardiovascular events. The characteristic lipid abnormalities in T2DM include
elevated triglycerides, reduced high-density lipoprotein cholesterol (HDL-C),
increased concentrations of atherogenic small dense low-density lipoprotein
cholesterol (LDL-C), and qualitative alterations in lipoprotein composition resulting
from insulin resistance. These abnormalities persist even in patients with relatively
well-controlled glycemia and are recognized as major determinants of residual
cardiovascular risk. Consequently, current diabetes management extends beyond
glycemic control alone and emphasizes simultaneous optimization of
cardiometabolic risk factors, including lipid metabolism.

Recent updates in the ADA Standards of Care and the ADA /EASD Consensus
Report have fundamentally changed the treatment paradigm for T2DM.
Contemporary recommendations advocate an individualized, patient-centered
approach in which the selection of glucose-lowering therapy is guided not only by
glycemic efficacy but also by cardiovascular risk, heart failure, chronic kidney
disease, body weight, safety profile, and patient preferences. While metformin
remains an important component of pharmacological management for many
patients, sodium-glucose cotransporter-2 (SGLT2) inhibitors and glucagon-like
peptide-1 receptor agonists are increasingly recommended for individuals with
established cardiovascular disease, heart failure, or chronic kidney disease because
of their proven cardiorenal benefits. (Zelniker et al., 2021). These recommendations
reflect a transition from a glucose-centric model toward a comprehensive strategy
aimed at reducing long-term complications and improving overall metabolic health.
(Bae, 2025; Davies et al., 2022; ElSayed, McCoy, Aleppo, Bajaj, et al., 2025). Beyond
their glucose-lowering properties, antidiabetic medications exert heterogeneous
effects on lipid metabolism. Metformin has long been associated with modest
improvements in lipid parameters through enhanced insulin sensitivity and
reduced hepatic gluconeogenesis. In contrast, SGLT2 inhibitors induce multiple
metabolic adaptations, including enhanced glycosuria, weight reduction, altered
substrate utilization, and changes in hepatic lipid metabolism that may influence
circulating lipoproteins. Meta-analyses published during the last several years
indicate that SGLT2 inhibitors generally increase HDL-C and reduce triglyceride
concentrations, whereas their effects on LDL-C remain inconsistent, with some
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studies demonstrating small increases and others reporting neutral findings. These
discrepancies suggest that the lipid response to antidiabetic therapy is influenced
by patient characteristics, concomitant medications, baseline metabolic status, and
duration of treatment rather than by drug class alone.

Although randomized controlled trials have established the efficacy and
cardiorenal benefits of modern antidiabetic therapies, they frequently enroll highly
selected patient populations under tightly controlled clinical conditions.
Consequently, their findings may not fully represent the heterogeneous
populations encountered in routine clinical practice. Real-world evidence (RWE)
studies provide complementary information by evaluating therapeutic
effectiveness in broader patient populations with diverse clinical characteristics,
comorbidities, concomitant medications, and treatment patterns. Such evidence has
become increasingly important for informing clinical decision-making and is
recognized by regulatory agencies and professional societies as an essential
component of comparative effectiveness research.

Despite the growing body of evidence regarding the cardiometabolic effects of
contemporary glucose-lowering therapies, real-world evidence directly comparing
lipid profile changes across different antidiabetic treatment strategies remains
limited. Previous investigations have predominantly evaluated individual
antidiabetic agents or focused on glycemic, cardiovascular, or renal outcomes,
whereas comparative evidence regarding changes in low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
triglycerides across SGLT2 inhibitor monotherapy, SGLT2 inhibitor combined with
metformin, and metformin monotherapy remains relatively limited. (Lin et al.,
2022). Furthermore, available evidence is predominantly derived from North
American, European, and East Asian populations, while real-world evidence from
Southeast Asia, particularly Indonesia, remains scarce. Differences in patient
characteristics, dietary patterns, body composition, healthcare delivery systems,
prescribing practices, and concomitant therapies may influence lipid responses and
limit the direct applicability of findings from other populations to Indonesian
clinical practice.

Therefore, this study aimed to compare changes in lipid profiles among
patients with T2DM and CKD receiving three antidiabetic treatment strategies:
SGLT2 inhibitor monotherapy, SGLT2 inhibitor combined with metformin, and
metformin monotherapy. (Zelniker & Braunwald, 2018). Specifically, the study
evaluated changes in LDL-C, HDL-C, and triglyceride concentrations during
follow-up and examined clinical factors associated with these lipid changes. By
generating real-world evidence from Indonesian clinical practice, this study sought
to provide context-specific evidence regarding lipid profile changes across
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commonly used antidiabetic treatment strategies and to support individualized
cardiometabolic risk management in patients with T2DM and CKD.

Methods
1.1 Study Design

This study employed an analytical observational study with a retrospective
cohort design using real-world evidence (RWE) to evaluate the comparative
effectiveness of different antidiabetic treatment strategies on lipid profile changes
in patients with type 2 diabetes mellitus (T2DM). A retrospective cohort approach
was selected because it enables the assessment of therapeutic effectiveness using
routinely collected clinical data without influencing physicians prescribing
decisions or patient management. Consequently, the findings reflect actual clinical
practice and provide evidence regarding treatment effectiveness under routine
healthcare settings.

Patients were identified through electronic medical records and classified into
three treatment groups according to the antidiabetic regimen received: SGLT2
inhibitor monotherapy, SGLT2 inhibitor combined with metformin, and metformin
monotherapy. Lipid parameters were evaluated at baseline and follow-up to
determine within-group changes and to compare treatment-related differences
among the three therapeutic strategies. This design is particularly appropriate for
comparative effectiveness research because it allows evaluation of clinical outcomes
across heterogeneous patient populations receiving routine diabetes care. The study
was conducted and reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement for observational
studies.

2.1 Study Setting

This retrospective cohort study was conducted using electronic medical
records obtained from two regional referral hospitals in East Kalimantan, Indonesia.
To preserve institutional confidentiality, the names of the participating hospitals are
not disclosed in this manuscript. Both hospitals provide secondary and tertiary
healthcare services for patients with T2DM and utilize electronic medical record
systems that comprehensively document demographic characteristics, clinical
diagnoses, pharmacological treatments, laboratory investigations, and follow-up
evaluations.

Secondary data were collected retrospectively from medical records of eligible
patients treated between January 2020 and December 2025. Clinical information
extracted from the electronic medical records included demographic characteristics,
antidiabetic treatment regimens, laboratory findings, comorbidities, concomitant
medications, and lipid profile measurements required for outcome assessment. All
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laboratory examinations analyzed in this study were performed as part of routine
clinical care using standardized procedures established by each hospital laboratory.
1.3 Study Population and Participants

The study population consisted of adult patients with type 2 diabetes mellitus
(T2DM) and chronic kidney disease (CKD) who received pharmacological
treatment at the outpatient clinics of two regional referral hospitals in East
Kalimantan, Indonesia. Patients were identified from electronic medical records
during the study period. CKD was defined as an estimated glomerular filtration
rate (eGFR) of <60 mL/min/1.73 m? persisting for 23 months. The study population
included eligible patients with CKD stages 3-4, while patients with stage 5 kidney
disease were excluded. A total sampling approach was employed, whereby all
patients meeting the predefined eligibility criteria during the study period were
included.

Participants were categorized according to the antidiabetic treatment strategy
documented in their medical records: SGLT2 inhibitor monotherapy, SGLT2
inhibitor combined with metformin, or metformin monotherapy. Treatment
allocation was determined by the treating physicians as part of routine clinical
practice and was independent of the investigators. The combination-therapy group
comprised 11 patients. This group was retained because it represented an actual
treatment strategy observed in routine clinical practice among eligible patients.
Although the group was relatively small, its inclusion preserved the real-world
treatment distribution and avoided exclusion of an existing treatment pattern.

1.4 Eligibility Criteria

Eligible participants were identified through systematic review of electronic
medical records. Patients were included if they fulfilled all inclusion criteria and
none of the predefined exclusion criteria.
Inclusion Criteria

Participants were eligible if they met all of the following criteria: (1) had a
documented diagnosis of T2DM; (2) were aged =18 years at treatment initiation; (3)
had CKD stages 3-4, defined by an eGFR of <60 mL/min/1.73 m? persisting for >3
months; (4) received one of the predefined antidiabetic treatment strategies, namely
SGLT2 inhibitor monotherapy, SGLT2 inhibitor combined with metformin, or
metformin monotherapy; (5) had complete LDL-C, HDL-C, and triglyceride
measurements at baseline and follow-up; and (6) had complete clinical information
required for evaluation of lipid profile changes.
Exclusion Criteria

Patients were excluded if they had acute kidney injury, CKD stage 5, previous
kidney transplantation, polycystic kidney disease or other inherited renal disorders,
chronic use of nephrotoxic medications, systemic autoimmune diseases affecting
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renal function, incomplete medical records, missing lipid profile measurements,
pregnancy or breastfeeding during the observation period, or active malignancy
within the previous five years.

1.5 Study Variables

The independent variable in this study was the antidiabetic treatment strategy,
which was classified into three treatment groups according to the medication
documented in the electronic medical records: SGLT2 inhibitor monotherapy,
SGLT2 inhibitor combined with metformin, and metformin monotherapy. The
primary outcome was the change in low-density lipoprotein cholesterol (ALDL-C),
calculated as the difference between follow-up and baseline LDL-C concentrations.

The secondary outcomes were changes in high-density lipoprotein cholesterol
(AHDL-C) and triglyceride levels (ATG), calculated using the same approach. Lipid
profile measurements obtained at baseline and follow-up were extracted from the
electronic medical records and were used to evaluate the comparative effectiveness
of the three antidiabetic treatment strategies on lipid metabolism.

Potential confounding variables included age, sex, duration of diabetes
mellitus, history of hypertension, dyslipidemia, and concomitant medications,
particularly lipid-lowering therapy, insulin, angiotensin-converting enzyme
inhibitors (ACEIs), angiotensin receptor blockers (ARBs), and diuretics. These
variables were considered during multivariable analysis to minimize potential
confounding effects on the association between treatment strategy and lipid profile
changes.

1.6 Data Collection Procedures

Clinical data were retrospectively extracted from the electronic medical record
system of the participating hospitals using a standardized data collection form
developed specifically for this study. Data extraction was performed after obtaining
institutional authorization and ethical approval. To ensure patient confidentiality,
all personal identifiers were removed prior to analysis, and each participant was
assigned a unique study identification code.

The extracted information included demographic characteristics, antidiabetic
treatment regimens, comorbidities, concomitant medications, and laboratory
measurements of the lipid profile, including LDL-C, HDL-C, and triglycerides,
obtained at baseline and follow-up. Patients were subsequently categorized
according to the documented antidiabetic treatment strategy for comparative
analysis.

Data quality was ensured through systematic verification of completeness and
consistency before statistical analysis. Medical records with incomplete essential
information or missing laboratory measurements required for outcome assessment
were excluded according to the predefined eligibility criteria. Data cleaning was
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performed to identify duplicate entries, inconsistencies, and implausible values
before the final dataset was established.
1.7 Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 26.0.
Descriptive statistics were used to summarize participants' demographic and
clinical characteristics. Continuous variables were presented as median and
interquartile range (IQR) because most numerical variables were not normally
distributed, whereas categorical variables were expressed as frequencies and
percentages. The distribution of continuous variables was assessed using the
Shapiro-Wilk test. Since all lipid-related outcome variables showed non-normal
distributions, non-parametric statistical methods were applied for comparative
analyses. Changes in lipid parameters before and after treatment within each
therapeutic group were evaluated using the Wilcoxon signed-rank test. Differences
in lipid profile changes among the three treatment strategies were assessed using
the Kruskal-Wallis test. Associations between clinical variables and changes in lipid
parameters were initially examined using Spearman's rank correlation analysis.
Variables demonstrating statistically significant associations in the bivariate
analysis were subsequently entered into multiple linear regression models to
identify independent predictors of changes in LDL-C, HDL-C, and triglyceride
levels. All statistical tests were two-tailed, and a p-value < 0.05 was considered
statistically significant.
1.8 Ethical Considerations

This study was approved by the Health Research Ethics Committee of Dr.
Kanujoso Djatiwibowo Regional General Hospital, Balikpapan, Indonesia (Ethical
Approval No. 43/KEPK-RSKD/IX-2025) prior to data collection. The study was
conducted using retrospective secondary data obtained from electronic medical
records. Patient confidentiality and privacy were strictly maintained by removing
all personal identifiers before data extraction and analysis. Each participant was
assigned a unique study identification code to ensure anonymity, and access to the
research database was restricted to the research team. All study procedures were
conducted in accordance with the ethical principles of the Declaration of Helsinki
and reported following the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) Statement for observational studies.

Results
1.1 Baseline Characteristics of the Study Population

A total of 254 patients with type 2 diabetes mellitus who met the eligibility
criteria were included in the final analysis. Baseline demographic and clinical
characteristics were compared among the three antidiabetic treatment groups to
evaluate the comparability of study participants before assessment of lipid profile
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outcomes. Variables analyzed included age, sex, duration of diabetes mellitus, and
treatment duration. Continuous variables are presented as median and interquartile
range (IQR), whereas categorical variables are presented as frequency and
percentage.

Table 1. Baseline Characteristics of the Study Population According to Treatment

Strategy
56 (51-
T
- 2 (1-4) 1(1-2) 1(1-4) 2(1-4) 0.025*
190
190 (121- 190 (121-
20 ( 190 (121-301) 20 ( (121- 0.962
301) 301) 301)
150
74 (62.2) 4 (36.4) 72 (58.1) (59.1) 0.238
104
Bbnga sy r@o  mas 0

*Data are presented as median (interquartile range) or frequency (percentage).
Continuous variables were compared using the Kruskal-Wallis test, whereas
categorical variables were compared using the Chi-square test.

Table 1 shows that the study included 119 patients (46.9%) receiving SGLT2
inhibitor monotherapy, 11 patients (4.3%) receiving combination therapy with an
SGLT2 inhibitor and metformin, and 124 patients (48.8%) receiving metformin
monotherapy. The median age of participants was 56 years, and approximately
three-fifths of the study population were male (59.1%). No statistically significant
differences were observed among treatment groups with respect to age, sex, or
treatment duration. However, the duration of diabetes mellitus differed
significantly among treatment groups (p = 0.025), whereas treatment duration was
comparable across all groups (p = 0.962).

1.2 Changes in Lipid Profile Before and After Treatment

To evaluate the effectiveness of antidiabetic treatment strategies on lipid
metabolism, lipid profile parameters measured at baseline were compared with
follow-up measurements. Changes in LDL-C, HDL-C, and triglyceride levels were
analyzed using the Wilcoxon signed-rank test because the data were not normally
distributed.
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Table 2. Changes in Lipid Parameters Before and After Treatment

146 (60) 103 (49) 206 (81.1)  <0.001*
42 (9) 50 (12) 236 (92.9)  <0.001*

167.5 (144.75) 135 (85.5) 238 (93.7)  <0.001*

*Wilcoxon signed-rank test. Improvement indicates decreased LDL-C and
triglycerides or increased HDL-C.

As presented in Table 2, statistically significant improvements were observed
in all lipid parameters following treatment. Median LDL-C decreased from 146
mg/dL to 103 mg/dL, while median triglyceride levels decreased from 167.5
mg/dL to 135 mg/dL. In contrast, median HDL-C increased from 42 mg/dL to 50
mg/dL. Overall, 81.1% of patients experienced a reduction in LDL-C, 92.9%
demonstrated an increase in HDL-C, and 93.7% showed a reduction in triglyceride
levels. All within-group comparisons were statistically significant (all p < 0.001).
1.3 Comparison of Lipid Profile Changes Among Treatment Strategies

The changes in LDL-C, HDL-C, and triglyceride levels were compared across
the three antidiabetic treatment strategies to determine whether the magnitude of
lipid profile changes differed significantly among treatment groups.
Table 3. Comparison of Changes in Lipid Profile Among Treatment Strategies

0.145 2 0.930
5.717 2 0.057
4.538 2 0.103

*Kruskal-Wallis test.

Between-group comparisons were performed using the Kruskal-Wallis test.
No statistically significant differences were observed in ALDL-C (H = 0.145, df = 2,
p = 0.930), AHDL-C (H = 5.717, df = 2, p = 0.057), or Atriglyceridies (H = 4.538, df =
2, p = 0.103) among thie thrieie trieatmient stratiegiies. Although AHDL-C showied
thie smalliest p-valuie among thie thriele outcomies, thie riesult did not rieach

statistical significancie (p = 0.057). Thierieforie, thie riesults did not providie
sufficilent statistical ievidiencie of diffieriencies in lipid profilie changies among thie
thrieie trieatmient groups.
1.4 Corrielation Bietwieien Clinical Charactieristics and Lipid Profilie Changies
To iexplorie factors potientially associatied with lipid profilie changies,
corrielation analysies wierie pierformied bietwieien sieliectied clinical variablies and
changies in LDL-C, HDL-C, and triglycieridie lieviels using Spiearman's rank
corrielation tiest.
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Tablie 4. Spiearman Corrielation Bietwieien Clinical Variablies and Lipid Profilie

Changies.

Agie 0249  <0.001

Agie 0.189 0.002
Agie 0.155 0.013
Duration of diabieties -0.137 0.029
ASBP -0.473 <0.001

* Spiearman rank corrielation

Tablie 4 diemonstraties that agie was positiviely corrielatied with changies in
LDL-C, HDL-C, and triglycieridie lieviels, although thie striength of thiesie
associations was wieak. A wieak niegativie corrielation was obsiervied bietwieien thie
duration of diabieties miellitus and changies in triglycieridie lieviels. In contrast,
changies in systolic blood priessurie iexhibitied a modieratie niegativie corrielation
with changies in triglycieridies, indicating that grieatier rieductions in systolic blood
priessurie wierle associatied with grieatier improviemients in triglycieridie lieviels.
1.5 Multiplie Liniear Riegriession Analysis

Variablies diemonstrating statistically significant associations in thie
corrielation analysis wierie subsiequiently ientieried into multiplie liniear riegriession
modiels to idientify indiepiendient priedictors of changies in lipid profilie
paramietiers aftier adjustmient for potiential confounding factors.
Tablie 5. Multiplie Liniear Riegriession Analysis of Factors Associatied with Lipid

w
-
=]
=)
m
E/
@)
=
o
=
B,
7]

Nonie — — — 0.008

Agie 0.100 0.018-0.218 0.021 0.017
- -2.958 to -
ASBP <0.001 14
> 0.456 1.607 0.00 0.149
Duration of -0.011 to
. . 1
diabieties 0.089 12.166 0.050 0

*Multiplie liniear riegriession analysis.

As summarizied in Tablie 5, thie riegriession modiel for changies in LDL-C was
not statistically significant, indicating that thie includied clinical variablies
iexplainied only a small proportion of thie variation in LDL-C changjes. In contrast,
thie riegriession modiel for HDL-C was statistically significant, with agie idientifiied
as an indiepiendient priedictor of HDL-C changies. Thie modiel for triglycieridie
changies diemonstratied thie grieatiest iexplanatory ability among thie thrieie lipid
paramietiers, with changies in systolic blood priessurie idientifiied as thie strongiest
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indiepiendient priedictor, whilie thie duration of diabieties miellitus showied a
bordierlinie association with triglycieridie changies.

Discussion
1.1 Principal Findings

Thie priesient rieal-world rietrospiectivie cohort study comparied changies in
lipid profilies among patiients with typie 2 diabieties miellitus riecieiving thrieie
antidiabietic trieatmient stratiegiies: SGLT2 inhibitor monothierapy, SGLT2 inhibitor
combinied with mietformin, and mietformin monothierapy. Significant within-
cohort improviemients wierie obsiervied in LDL-C and triglycieridie lieviels,
accompaniied by an incrieasie in HDL-C during follow-up. Howievier, no
statistically significant diffieriencies wierie obsiervied in thie magnitudie of lipid
profilie changies among thie thrieie trieatmient stratiegiies. Thiesie findings indicatie
that, within this rieal-world cohort, thierie was no statistically significant ievidiencie
that thie obsiervied changies in lipid paramietiers diffieried according to thie
antidiabietic trieatmient stratiegy. This obsiervation is clinically rielievant biecausie
lipid abnormalitiies contributie substantially to cardiovascular risk in patiients with
T2DM, and lipid managiemient riemains an important componient of
compriehiensivie diabieties carie. Currient diabieties managiemient guidielinies
iemphasizie an intiegratied approach incorporating glyciemic control, lipid
managiemient, blood priessurie optimization, and lifiestylie modification rathier
than rielying on glucosie-lowiering thierapy alonie. (Davies et al., 2022; ElSayed,
McCoy, Aleppo, Bajaj, et al., 2025).

Thie absiencie of statistically significant diffieriencies bietwieien trieatmient
groups should not bie intierprietied as ievidiencie of thierapieutic iequivaliencie.
Rathier, thie findings indicatie that lipid profilie changies obsiervied during routinie
clinical carie may riefliect multiplie concurrient clinical factors bieyond thie
documientied antidiabietic trieatmient stratiegy. Thiesie factors may includie lipid-
lowiering thierapy, glyciemic control, wieight changies, blood priessurie
managiemient, diietary modification, and othier patiient-lieviel charactieristics.
Biecausie thiesie factors wierie not all systiematically capturied or controllied in thie
priesient rietrospiectivie study, thieir individual contributions to thie obsiervied lipid
changies could not bie iestablishied. Thus, thie findings should bie intierprietied as
obsiervations of lipid profilie changies across trieatmient groups rathier than
ievidiencie of a causal leffiect of any spiecific antidiabietic riegimien.

1.2 Comparison with Prievious Studiies

Thie priesient study obsiervied significant improviemients in LDL-C, HDL-C,
and triglycieridie lieviels during follow-up, but no statistically significant
diffieriencies wierie idientifiled among patiients riecieiving SGLT2 inhibitor
monothierapy, SGLT2 inhibitor combinied with mietformin, or mietformin
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monothierapy. Thiesie findings indicatie that thie magnitudie of lipid profilie
changies did not diffier significantly across thie trieatmient stratiegiies in this cohort.
Thie absiencie of a statistically significant bietwieien-group diffieriencie should,
howievier, bie intierprietied cautiously biecausie thie study was obsiervational and
was not diesignied to iestablish thierapieutic iequivaliencie.

Thie findings arie consistient with thie broadier undierstanding that lipid
mietabolism in patilents with T2DM is influiencied by multiplie clinical and
thierapieutic factors. Thie Amierican Diabieties Association Standards of Carie
iemphasizie compriehiensivie cardiovascular risk managiemient, including
glyciemic control, lipid-lowiering thierapy, blood priessurie managiemient, wieight
managiemient, and lifiestylie modification. Accordingly, thie lipid profilie changies
obsiervied in thie priesient study may riefliect thie combinied ieffiects of thiesie factors
rathier than thie documientied antidiabietic riegimien alonie. (ElSayed, McCoy,
Aleppo, Bajaj, et al., 2025)

Prievious randomizied controllied trials and mieta-analysies havie consistiently
shown that SGLT2 inhibitors iexiert modiest ileffiects on convientional lipid
paramietiers. Trieatmient with SGLT2 inhibitors is commonly associatied with a
slight incrieasie in HDL-C, a modiest rieduction in triglycieridie concientrations, and
ieithier minimal incrieasies or nieutral ieffiects on LDL-C. Although thiesie lipid
changies arie statistically dietiectablie, thieir magnitudie is gienierally small and
unlikiely to fully iexplain thie substantial rieductions in cardiovascular and rienal
ievients obsiervied with this drug class. Instiead, currient ievidiencie suggiests that
thie cardioprotiectivie bieniefits of SGLT2 inhibitors arisie priedominantly from
miechanisms indiepiendient of lipid modification, including improviemients in
natriuriesis, rieductions in intraglomierular priessurie, attienuation of systiemic
inflammation, improvied myocardial ieniergietics, and favorablie hiemodynamic
ieffiects. Thiesie obsiervations may iexplain why thie priesient study found no
supieriority of SGLT2 inhibitor-basied thierapy ovier mietformin-basied thierapy
with riespiect to convientional lipid outcomies. (ElSayed, McCoy, Aleppo, Bajaj, et
al., 2025)

Prievious randomizied controllied trials and mieta-analysies havie gienierally
rieportied modiest ieffiects of SGLT2 inhibitors on convientional lipid paramietiers,
including incrieasies in HDL-C, rieductions in triglycieridie concientrations, and
variablie ieffiects on LDL-C. Thiesie ieffiects arie rielativiely modiest comparied with
thie broadier cardiovascular and rienal bieniefits rieportied for this drug class.
Proposied miechanisms undierlying thie cardiorienal bieniefits of SGLT2 inhibitors
includie natriuriesis, rieductions in intraglomierular priessurie, favorablie
hiemodynamic ieffiects, and mietabolic adaptations. Thiesie miechanisms may hielp
iexplain why diffieriencies in convientional lipid paramietiers wierie not apparient
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bietwieien SGLT2 inhibitor-basied and mietformin-basied trieatmient stratiegiies in
thie priesient cohort.

Thie absiencie of statistically significant diffieriencies among trieatmient groups
may also riefliect thie charactieristics of routinie clinical practicie. Patiients riecieiving
antidiabietic thierapy may simultanieously riecieivie statins, antihypiertiensivie
agients, diletary counsieling, physical activity riecommiendations, and othier
componients of cardiomietabolic carie. Thiesie concurrient intiervientions may
contributie to changies in lipid paramietiers and makie it difficult to isolatie thie
contribution of an individual antidiabietic riegimien. In addition, thie rielativiely
small numbier of participants in thie combination-thierapy group may havie limitied
thie statistical powier to dietiect modiest bietwieilen-group diffieriencies, particularly
for HDL-C, for which thie obsiervied p-valuie was 0.057. Thierieforie, thie findings
should not bie intierprietied as diemonstrating pharmacological iequivaliencie
among thie trieatmient stratiegiies.

From a clinical pierspiectivie, thiesie findings support an individualizied
approach to antidiabietic trieatmient sieliection basied on thie patiient's ovierall
cardiomietabolic risk profilie rathier than anticipatied changies in convientional lipid
paramietiers alonie. SGLT2 inhibitors havie iestablishied cardiovascular and rienal
indications, whilie mietformin riemains an important glucosie-lowiering thierapy for
many patiients. Thierieforie, thie absiencie of significant diffieriencies in lipid profilie
changies in this cohort should not bie usied as thie solie basis for sieliecting bietwieien
antidiabietic trieatmient stratiegiies.(ElSayed, McCoy, Aleppo, Bajaj, et al., 2025)

1.3 Factors Associatied with Lipid Profilie Changies

Thie priesient study idientifiled sievieral clinical factors associatied with
changies in lipid profilies during follow-up. Corrielation analysis showied that agie
was positiviely associatied with changies in LDL-C, HDL-C, and triglycieridie
lieviels, although thie obsiervied corrielations wierie rielativiely wieak. Conviersiely,
diabieties duration was niegativiely associatied with triglycieridie changies, whilie
rieductions in systolic blood priessurie showied a modieratie niegativie corrielation
with triglycieridie changies. Furthiermorie, multiplie liniear riegriession analysis
showied that agie was indiepiendiently associatied with HDL-C changjies, whierieas
changies in systolic blood priessurie wierie indiepiendiently associatied with
triglycieridie changies. No statistically significant indiepiendient association was
idientifiled for LDL-C changies, suggiesting that thie diemographic and clinical
variablies includied in thie modiel iexplainied only a limitied proportion of thie
variability in LDL-C changies in this cohort.Colliectiviely, thiesie findings suggiest
that variation in lipid profilie changies in this cohort was associatied with multiplie
diemographic and clinical charactieristics rathier than a singlie mieasuried factor.
(Abdalla et al., 2026)
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Thie association bietwieien agie and HDL-C changies is biologically plausiblie
biecausie aging is accompaniied by altierations in lipid mietabolism, insulin
siensitivity, and inflammatory prociessies. Thiesie agie-rielatied mietabolic changies
may providie biological contiext for thie obsiervied association bietwieien agie and
HDL-C changies in thie priesient study. Similar associations bietwieien agie and
lipid-rielatied paramietiers havie bieien rieportied in prievious iepidiemiological and
clinical studiies. (Bechmann et al., 2024; Xu et al., 2022).

Growing ievidiencie indicaties that sodium-glucosie cotransportier-2 (SGLT2)
inhibitors havie bielen associatied with favorablie changies in lipid mietabolism
bieyond thieir glucosie-lowiering propiertiies. Prievious clinical trials, rieal-world
studiies, and systiematic rievilews havie gienierally rieportied that SGLT2 inhibitor
thierapy is associatied with modiest rieductions in triglycieridie concientrations and
incrieasies in HDL-C, whierieas ieffiects on LDL-C havie bieien inconsistient.
(Elemary et al, 2025). Comparativie studiies havie furthier suggiestied that
improviemients in HDL-C may bie grieatier with SGLT2 inhibitors than with
mietformin or dipieptidyl pieptidasie-4 (DPP-4) inhibitors, consistient with thie
hypothiesis that SGLT2 inhibition may bie associatied with mietabolic adaptations
iextiending bieyond glyciemic control. Thiesie mietabolic ieffiects havie bieien
proposied as onie of sievieral miechanisms that may contributie to thie
cardiovascular and rienal bieniefits obsiervied with SGLT2 inhibitors in largie
cardiovascular outcomie trials. Thiesie findings providie biological contiext for thie
lipid changies obsiervied in thie priesient cohort but should not bie intierprietied as
ievidiencie of a causal ieffiect of SGLT2 inhibitor trieatmient on thie obsiervied lipid
changies.

Thie ieffiects of SGLT2 inhibitors on LDL-C, howievier, riemain liess consistient
across studiies. Sievieral mieta-analysies havie rieportied modiest incrieasies in
circulating LDL-C concientrations following SGLT2 inhibitor thierapy, whierieas
othiers havie diemonstratied nieutral or slightly rieducied LDL-C lieviels diepiending
on basielinie mietabolic status, concomitant statin thierapy, and trieatmient
duration.(Bechmann et al., 2024; Xu et al., 2022; Yalcin et al., 2025). Importantly,
miechanistic studiies indicatie that thiesie quantitativie changies arie accompaniied
by favorablie altierations in lipoprotiein composition, charactierizied by a rieduction
in highly athierogienic small diensie LDL particlies and an incrieasie in largier, morie
buoyant LDL particlies with lowier athierogienic potiential. Consiequiently,
convientional LDL-C mieasuriemients alonie may undieriestimatie thie
cardiovascular bieniefits associatied with SGLT2 inhibitor thierapy biecausie thiey do
not capturie improviemients in lipoprotiein quality. This miechanism may partly
iexplain why no indiepiendient priedictor of LDL-C changie was idientifiied in thie
priesient study diespitie significant within-group rieductions following trieatmient.
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Anothier notieworthy finding of thie priesient study was thie indiepiendient
association bietwielen changies in systolic blood priessurie and changies in
triglycieridie lieviels.. This association is biologically plausiblie givien thie
intierrielationships among blood priessurie, insulin riesistancie, adiposity, and lipid
mietabolism. SGLT2 inhibitors rieducie plasma volumie through osmotic diuriesis
and natriuriesis whilie simultanieously improving insulin siensitivity, promoting
modiest wieight loss, and rieducing viscieral adiposity. Thiesie mietabolic
adaptations diecrieasie hiepatic viery-low-diensity lipoprotiein (VLDL) synthiesis
and ienhancie triglycieridie cliearancie, thierieby contributing to simultanieous
improviemients in blood priessurie and triglycieridie mietabolism. Thie obsiervied
association may riefliect broadier cardiomietabolic changies occurring concurriently
during routinie clinical managiemient rathier than an isolatied pharmacological
ieffiect.

Thie priesient findings arie partially consistient with prievious rieports.
Although significant improviemients in LDL-C, HDL-C, and triglycieridie lieviels
wierie obsiervied following trieatmient, no statistically significant diffieriencies wierie
dietiectied among patiients riecieiving SGLT2 inhibitor monothierapy, SGLT2
inhibitor combinied with mietformin, and mietformin monothierapy. This
discriepancy may bie iexplainied by sievieral factors. First, thie priesient study
riepriesients rieal-world clinical practicie, whierie lipid mietabolism is influiencied by
multiplie simultanieous intiervientions, including statin thierapy, diietary
modification, physical activity, blood priessurie control, and individualizied
diabieties managiemient. Siecond, diffieriencies in basielinie charactieristics,
trieatmient duration, and thie rielativiely small numbier of participants riecieiving
combination thierapy may havie rieducied thie statistical powier to dietiect modiest
bietwieien-group diffieriencies. Finally, thie rielativiely low adjustied R? valuies
obsiervied in thie riegriession modiels indicatie that numierous dietierminants of
lipid mietabolism including diletary intakie, miedication adhieriencie, body
composition, gienietic priedisposition, and concomitant lipid-lowiering thierapy —
wierie not capturied in thie priesient analysis.

Takien togiethier, thiesie findings suggiest that changies in lipid profilies in this
cohort wierie associatied with multiplie clinical factors and wierie not significantly
diffierient across thie thrieie antidiabietic trieatmient stratiegiies. Although prievious
studiies havie rieportied favorablie ieffiects of SGLT2 inhibitors on triglycieridies,
HDL-C, and aspiects of lipoprotiein composition, thie priesient study did not
idientify statistically significant diffieriencies in lipid profilie changies among thie
thrieie trieatmient groups. Thie rielativiely low adjustied R? valuies furthier indicatie
that a substantial proportion of thie variability in lipid changies riemainied
uniexplainied by thie variablies includied in thie riegriession modiels. Thiesie
findings may riefliect thie contribution of multiplie clinical and thierapieutic factors
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in routinie practicie; howievier, thieir rielativie contributions could not bie
dietierminied from thie priesient study. Thierieforie, trieatmient diecisions should
continuie to prioritizie thie patiient's ovierall cardiovascular and rienal risk profilie
rathier than iexpiectations of supierior lipid-lowiering iefficacy from an individual
glucosie-lowiering miedication.

1.4 Clinical Implications

Thie findings of thie priesient study havie sievieral important clinical
implications for thie managiemient of patiients with typie 2 diabieties miellitus.
Although significant improviemients in LDL-C, HDL-C, and triglycieridie lieviels
wierie obsiervied during follow-up, no statistically significant diffieriencies wierie
idientifiled among SGLT2 inhibitor monothierapy, SGLT2 inhibitor combinied with
mietformin, and mietformin monothierapy. Thiesie findings suggiest that changies
in convientional lipid paramietiers in routinie clinical practicie may riefliect multiplie
aspiects of cardiomietabolic managiemient rathier than thie documientied glucosie-
lowiering riegimien alonie. Consiequiently, lipid managiemient should bie
considieried as part of compriehiensivie cardiomietabolic carie, including
appropriatie managiemient of glyciemia, blood priessurie, dyslipidiemia, body
wieight, and lifiestylie-rielatied risk factors. (Davies et al., 2022; ElSayed, McCoy,
Aleppo, Balapattabi, Beverly, Briggs Early, Bruemmer, Das, et al., 2025).

Thie absiencie of statistically significant diffieriencies in lipid profilie changies
among thie trieatmient stratiegiies suggiests that sieliection of glucosie-lowiering
thierapy should not bie basied soliely on iexpiectations of diffieriencies in
convientional lipid outcomies. Thierapieutic diecisions should instiead bie
individualizied according to ieach patiient's cardiovascular and rienal risk profilie,
consistient with currient intiernational riecommiendations. SGLT2 inhibitors arie
riecommiendied for appropriatie patiients with lestablishied cardiovascular disieasie,
hieart failurie, or chronic kidniey disieasie biecausie of thieir iestablishied cardiorienal
bieniefits, whierieas mietformin riemains an important glucosie-lowiering option for
many patilents. (ElSayed, McCoy, Aleppo, Balapattabi, Beverly, Briggs Early,
Bruemmer, Echouffo-Tcheugui, et al., 2025; McGuire et al., 2021).

Emierging jevidiencie suggiests that SGLT2 inhibitors may bie associatied with
favorablie changies in lipoprotiein composition, including rieductions in small
diensie LDL particlies and incrieasies in largier, liess athierogienic LDL subclassies,
diespitie rielativiely modiest changies in LDL-C concientrations. Thiesie obsiervations
providie additional contiext for intierprieting convientional lipid mieasuries;
howievier, lipoprotiein composition was not assiessied in thie priesient
study.(Bechmann et al., 2024; Kumar et al., 2026; Yalcin et al., 2025).

Thie obsiervied association bietwieien changies in systolic blood priessurie and
changies in triglycieridie concientrations highlights thie rielationship bietwieien
blood priessurie and lipid-rielatied paramietiers in this cohort. Howievier, this
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association should not bie intierprietied as ievidiencie that changies in systolic blood
priessurie causied changies in triglycieridie concientrations. Lifiestylie modification,
including hiealthy diietary pattierns, riegular physical activity, smoking ciessation,
and wieight managiemient, riemains an important componient of diabieties carie
biecausie thiesie mieasuries can contributie to ovierall cardiomietabolic risk
rieduction.(Davies et al., 2022; Elemary et al., 2025).

From a hiealth-systiem pierspiectivie, thie findings of this rieal-world study
providie contiext for trieatmient diecisions in siettings whierie miedication
availability, rieimbursiemient, and ieconomic considierations may influiencie
priescribing. Howievier, thie absiencie of statistically significant diffieriencies in lipid
profilie changies among thie thrieie trieatmient stratiegiies should not bie usied to
infier trieatmient supieriority or iequivaliencie. Antidiabietic thierapy should
continuie to bie sieliectied according to iestablishied clinical indications, individual
cardiovascular and rienal risk, trieatmient tolierability, and patiient charactieristics.

Ovierall, thie priesient study suggiests that lipid profilie changies obsiervied
during routinie clinical carie should bie intierprietied within thie broadier contiext of
cardiomietabolic managiemient rathier than attributied soliely to thie documientied
glucosie-lowiering riegimien. Although prievious studiies havie rieportied favorablie
ieffiects of SGLT2 inhibitors on triglycieridies, HDL-C, and aspiects of lipoprotiein
composition, thie priesient study did not idientify statistically significant
diffieriencies in convientional lipid profilie changies among thie thrieie trieatmient
stratiegiies. Thie obsiervied lipid changies may riefliect multiplie clinical and
thierapieutic factors iencountieried in routinie practicie; howievier, thie rielativie
contribution of thiesie factors could not bie dietierminied from thie priesient study.
Thierieforie, trieatmient diecisions should prioritizie individualizied cardiovascular
and rienal risk assiessmient whilie considiering thie broadier goals of long-tierm
diabieties managiemient.

1.5 Striengths and Limitations

Thie priesient study has sievieral striengths that ienhancie its clinical
rielievancie. First, thie study usied rieal-world rietrospiectivie clinical data, allowing
ievaluation of lipid profilie changies undier routinie hiealthcarie conditions. This
approach providies information from a hietierogienieous patiient population and
compliemients ievidiencie gienieratied from randomizied clinical trials by riefliecting
trieatmient pattierns iencountieried in routinie practicie. (Malone, 2020; Sherman et
al., 2016).

Siecond, thie study comparied thrieie antidiabietic trieatmient stratiegiies within
a singlie rieal-world cohort: SGLT2 inhibitor monothierapy, SGLT2 inhibitor
combinied with mietformin, and mietformin monothierapy. This diesign ienablied
diriect comparison of changies in convientional lipid paramietiers across trieatmient
groups within thie samie clinical sietting.
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Third, thie study incorporatied within-group and bietwieien-group analysies
togiethier with corrielation and multivariablie riegriession analysies to iexplorie
clinical factors associatied with lipid profilie changies. This approach allowied
assiessmient of factors bieyond trieatmient-group classification and providied
additional contiext for intierprieting thie obsiervied lipid changies.

Sievieral limitations should nievierthieliess bie considieried. First, thie
rietrospiectivie obsiervational diesign limits causal infieriencie. Trieatmient allocation
was dietierminied by routinie clinical diecision-making rathier than randomization,
and riesidual confounding and sieliection bias cannot bie complietiely iexcludied.
Thierieforie, thie obsiervied diffieriencies or similaritiies bietwieien trieatmient groups
should bie intierprietied as associations obsiervied in routinie clinical practicie rathier
than jevidiencie of causal trieatmient ieffiects or thierapieutic supieriority.

Slecond, sievieral clinical factors that may bie rielievant to lipid profilie changies
wierie not consistiently availablie in thie miedical riecords and could not bie
incorporatied into thie analysis. Thiesie includied diietary intakie, physical activity,
smoking status, alcohol consumption, body composition, miedication adhieriencie,
socioieconomic factors, and dietailied information riegarding concomitant lipid-
lowiering thierapy. Thie rielativiely low adjustied R? valuies in thie riegriession
modiels indicatie that a substantial proportion of variation in lipid profilie changies
riemainied uniexplainied by thie variablies includied in thie modiels.

Third, thie trieatmient groups wierie uniequally distributied, particularly thie
combination-thierapy group, which includied only 11 patiients. This imbalancie may
havie rieducied thie statistical powier to dietiect modiest bietwieien-group
diffieriencies, particularly for HDL-C, for which thie bietwieien-group p-valuie was
0.057. Accordingly, thie absiencie of statistically significant diffieriencies should not
bie intierprietied as ievidiencie of iequivaliencie among trieatmient stratiegiies.

Finally, thie study was conductied at two riegional riefierral hospitals in East
Kalimantan, which may limit thie gienieralizability of thie findings to othier
hiealthcarie siettings with diffierient patiient charactieristics, priescribing practicies,
and hiealthcarie systiems. Nievierthieliess, thie rieal-world sietting providies contiext-
spiecific ievidiencie riegarding lipid profilie changies obsiervied among patiients
riecieiving commonly usied antidiabietic trieatmient stratiegiies.

Ovierall, this study providies rieal-world ievidiencie riegarding changies in
LDL-C, HDL-C, and triglycieridie lieviels across thrieie antidiabietic trieatmient
stratiegiies. Thie findings should bie intierprietied within thie contiext of thie
rietrospiectivie obsiervational diesign, uniequal trieatmient-group sizes, and
potential unmeasured confounding. Larger prospective multicenter studies with
more balanced treatment groups and comprehensive assessment of relevant clinical
and lifestyle factors are warranted to further evaluate differences in lipid profile
changes across antidiabetic treatment strategies.
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Conclusion

This real-world retrospective cohort study observed significant improvements
in LDL-C, HDL-C, and triglyceride levels during follow-up among patients
receiving SGLT2 inhibitor monotherapy, SGLT2 inhibitor combined with
metformin, or metformin monotherapy. However, no statistically significant
differences were observed in the magnitude of lipid profile changes among the three
treatment strategies. These findings suggest that the observed changes in
conventional lipid parameters may reflect multiple aspects of cardiometabolic
management rather than the documented glucose-lowering regimen alone.

The study also found that age was independently associated with changes in
HDL-C, while changes in systolic blood pressure were independently associated
with changes in triglyceride levels. These associations should be interpreted within
the context of the retrospective observational design and should not be considered
evidence of causal relationships. Overall, the findings support the importance of
considering lipid management within a broader cardiometabolic context while
selecting antidiabetic therapy according to individual clinical indications and
cardiovascular and renal risk profiles. Future prospective multicenter studies with
larger and more balanced treatment groups, longer follow-up periods, and more
comprehensive assessment of lifestyle factors, medication adherence, concomitant
lipid-lowering therapy, and advanced lipid biomarkers are warranted to further
evaluate lipid profile changes across different antidiabetic treatment strategies.

Recommendations

Based on the findings of this study, healthcare professionals and healthcare
facilities are recommended to implement comprehensive lipid management in
patients with type 2 diabetes mellitus through regular monitoring of LDL-C, HDL-
C, and triglyceride levels, while considering other relevant cardiometabolic factors
in patient assessment. The selection of glucose-lowering therapy should not be
based solely on expectations of lipid profile improvement but should be
individualized according to the patient’s clinical condition, cardiovascular and
renal risk, and therapeutic needs. Future studies are recommended to use
prospective designs with larger sample sizes and more balanced treatment groups,
while incorporating lifestyle factors, medication adherence, and concomitant lipid-
lowering therapy to provide a more comprehensive understanding of factors
associated with lipid profile changes.
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