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ABSTRACT

Background: Blood pressure reduction is an early hemodynamic response to sodium-glucose
cotransporter-2 (SGLT2) inhibitors, although its magnitude varies among patients. This study
evaluated clinical factors associated with blood pressure response following SGLT2 inhibitor
therapy in patients with type 2 diabetes mellitus (T2DM) and kidney impairment. Methods: A
retrospective cohort study was conducted using electronic medical records from two secondary
healthcare centers. A total of 254 patients received SGLT?2 inhibitor monotherapy (n=119), metformin
monotherapy (n=124), or combination therapy (n=11). Demographic, clinical, laboratory, and blood
pressure data were collected at baseline and follow-up. Blood pressure changes were assessed using
the Wilcoxon signed-rank test and compared among treatment groups using the Kruskal-Wallis test.
Spearman correlation and multiple linear regression were used to identify factors associated with
ASBP and ADBP. Results: Median SBP decreased from 145.0 (IQR 27) to 129.5 (IQR 26) mmHg, with
a median change of —15.5 mmHg (P<0.001). Median DBP decreased from 90.0 (IQR 16) to 80.0 (IQR
12) mmHg, with a median change of =10.0 mmHg (P<0.001). Greater blood pressure reductions were
observed among patients receiving SGLT2 inhibitor monotherapy (both P<0.001). Age, diabetes
duration, HbAlc change, and triglyceride change were associated with ASBP, while age and diabetes
duration were associated with ADBP. Short-term eGFR changes were not independently associated
with either outcome. Conclusions: SGLT2 inhibitor therapy was associated with reductions in blood
pressure. Blood pressure response was associated mainly with patient-specific clinical and metabolic
characteristics rather than short-term changes in kidney function.

Keyword: Sodium-glucose cotransporter-2 inhibitors; Blood pressure response; Type 2 diabetes mellitus;
Chronic kidney disease

Introduction

Type 2 diabetes mellitus (T2DM) is a major global health challenge because of
its rapidly increasing prevalence and substantial burden of chronic complications.
Among these, chronic kidney disease (CKD) is particularly important as it markedly
increases the risks of kidney failure, cardiovascular events, hospitalization, and
premature mortality. Consequently, diabetes management has evolved from a
glucose-centered approach toward comprehensive cardiorenal protection.
Reflecting this paradigm, the American Diabetes Association Standards of Care in
Diabetes 2025 recommends sodium-glucose cotransporter-2 (SGLT2) inhibitors for
patients with T2DM and CKD or those at high cardiovascular risk regardless of
baseline glycated hemoglobin (HbAlc), based on robust evidence demonstrating
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reductions in kidney disease progression, heart failure hospitalization, and
cardiovascular events.(ElSayed et al., 2025a; Perkovic et al., 2019).

Hypertension is a major determinant of CKD progression in T2DM.
Progressive kidney dysfunction promotes sodium retention, endothelial
dysfunction, and neurohormonal activation, whereas persistent hypertension
accelerates glomerular injury and decline in kidney function. This reciprocal
interaction makes blood pressure control a cornerstone of cardiorenal management
in patients with T2DM and CKD. (Stevens et al., 2024; Tikkanen et al., 2015).
Although SGLT2 inhibitors consistently improve kidney and cardiovascular
outcomes across the spectrum of CKD, including advanced disease. (Chertow et al.,
2021). accumulating evidence suggests that blood pressure reduction represents one
of their earliest and most clinically relevant therapeutic effects.

The antihypertensive effects of SGLT2 inhibitors extend beyond glucose
lowering. By inhibiting sodium and glucose reabsorption in the proximal renal
tubule, these agents induce natriuresis, osmotic diuresis, and restoration of
tubuloglomerular feedback, leading to reduced intraglomerular pressure and
improved renal autoregulation. Experimental and clinical studies further
demonstrate improvements in endothelial function, arterial stiffness, sympathetic
nervous system activity, and vascular resistance, indicating that blood pressure
reduction results from integrated cardiovascular and renal hemodynamic
adaptations rather than diuresis alone. (Heerspink et al., 2024). Mechanistic studies,
including DAPASALT, have also shown that these early hemodynamic changes
occur without sustained neurohormonal activation, supporting the concept that
SGLT2 inhibitors restore physiological volume and sodium homeostasis rather than
inducing persistent fluid depletion. (Beernink et al., 2025).

Despite these well-established mechanisms, the magnitude of blood pressure
reduction following SGLT2 inhibitor therapy varies considerably among patients.
Clinical studies, including EMPA-REG MET, SACRA, and DAPA-CKD,
consistently demonstrated significant reductions in systolic blood pressure while
simultaneously preserving kidney function; however, substantial interindividual
variability in treatment response remained despite standardized therapy(Beernink
et al., 2025; Inzucchi et al., 2021; Lim et al., 2026; Okada et al., 2021). (These findings
suggest that blood pressure response is influenced not only by the pharmacological
effects of SGLT2 inhibition but also by patient-specific clinical characteristics and
physiological adaptation.

Although previous studies have established the efficacy of SGLT2 inhibitors
and elucidated several hemodynamic mechanisms, they have largely focused on
average treatment effects rather than identifying the clinical determinants
underlying interindividual variability in blood pressure response. Consequently,
evidence remains limited regarding which patients are most likely to experience
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greater blood pressure reduction following SGLT2 inhibitor therapy in routine
clinical practice. Therefore, this study aimed to identify the clinical determinants of
blood pressure response in patients with T2DM and CKD receiving SGLT2 inhibitor
therapy by integrating baseline clinical characteristics with blood pressure
outcomes. We hypothesized that patient-specific clinical characteristics, rather than
the pharmacological effects of SGLT2 inhibition alone, contribute substantially to
the variability in blood pressure response. Identifying these determinants may
improve patient stratification and support individualized cardiorenal management.

Methods
1.1 Study Design

This study employed a retrospective observational study using routinely
collected electronic medical records to evaluate the determinants of blood pressure
change among patients with type 2 diabetes mellitus (T2DM) and kidney
impairment receiving sodium-glucose cotransporter-2 (SGLT2) inhibitor therapy.
A retrospective observational design was selected because it allows the assessment
of treatment responses under real-world clinical practice, where therapeutic
decisions are made according to routine medical care rather than protocol-driven
interventions. This design is particularly appropriate for evaluating the
heterogeneous hemodynamic responses associated with SGLT2 inhibitors in a
representative clinical population. Unlike randomized controlled trials that
primarily evaluate treatment efficacy under highly controlled conditions, real-
world observational studies provide valuable evidence regarding treatment
effectiveness, patient variability, and factors associated with clinical outcomes in
routine practice. Because the objective of the present study was to identify clinical
determinants associated with blood pressure reduction rather than to establish
treatment efficacy, an observational design was considered the most appropriate
methodological approach. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) recommendations for reporting
observational research. All analyses were conducted using retrospectively collected
data without influencing clinical management or therapeutic decisions during the
study period.
1.3 Study Setting and Data Source

The study was conducted using routinely collected electronic medical records
from two tertiary referral hospitals in East Kalimantan, Indonesia. Both institutions
provide specialized outpatient care for patients with type 2 diabetes mellitus
(T2DM), including multidisciplinary management of diabetes-related kidney
disease and cardiovascular complications. These hospitals were selected because
they maintain comprehensive electronic medical record systems containing
longitudinal clinical information, laboratory investigations, medication histories,
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and follow-up data required for evaluating treatment responses following initiation
of sodium-glucose cotransporter-2 (SGLT2) inhibitor therapy.

Patient records from January 2020 through December 2025 were screened to
identify eligible individuals receiving routine outpatient care. This study utilized
retrospectively collected clinical information recorded during routine medical
practice; therefore, no additional investigations, interventions, or follow-up visits
were performed specifically for research purposes. Data extraction was conducted
after obtaining institutional permission using a standardized data collection form
developed for this study to ensure consistency and completeness across
participating centers.

The electronic medical records provided comprehensive information on
demographic characteristics, medical history, comorbidities, antihyperglycemic
therapy, concomitant medications, laboratory parameters, and serial blood pressure
measurements. Variables extracted included age, sex, duration of diabetes, history
of hypertension and cardiovascular disease, type and duration of SGLT2 inhibitor
therapy, concomitant use of angiotensin-converting enzyme inhibitors (ACEIs),
angiotensin receptor blockers (ARBs), diuretics, insulin, and lipid-lowering agents.
Laboratory variables included glycated hemoglobin (HbAlc), estimated glomerular
filtration rate (eGFR), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), and triglyceride concentrations measured before
treatment initiation and during follow-up. Blood pressure measurements recorded
during routine outpatient visits were retrieved to evaluate changes in systolic and
diastolic blood pressure after initiation of SGLT2 inhibitor therapy.

To preserve patient confidentiality, all identifiable information was removed
before analysis. Individual patients were assigned unique study identification
numbers, and the anonymized dataset was accessible only to authorized
investigators. Because the study was based exclusively on retrospective medical
records, no direct patient contact occurred during data collection.

1.4 Study Population and Eligibility Criteria

The study population comprised adult patients with type 2 diabetes mellitus
(T2DM) and kidney impairment who received outpatient care at two tertiary
referral hospitals in East Kalimantan, Indonesia, during the study period. Eligible
participants were identified retrospectively from electronic medical records using a
consecutive sampling approach, whereby all patients meeting the predefined
eligibility criteria within the study period were considered for inclusion. This
approach was selected to minimize selection bias and to ensure that the study
population reflected routine clinical practice.

Patients were eligible for inclusion if they met the following criteria: (1) were
aged >18 years; (2) had a confirmed diagnosis of T2DM according to the treating
physician's clinical assessment documented in the medical records; (3) had evidence
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of kidney impairment documented before initiation of therapy; (4) received
treatment with an SGLT2 inhibitor either as monotherapy or in combination with
metformin, or received metformin monotherapy as the comparator group; and (5)
had complete baseline and follow-up clinical records, including blood pressure
measurements and relevant laboratory parameters required for analysis. To ensure
reliable assessment of treatment response, only patients with paired pre-treatment
and follow-up evaluations were included in the final analysis.

Patients were excluded if they had incomplete clinical records, missing
baseline or follow-up blood pressure measurements, insufficient laboratory data for
outcome assessment, or received renal replacement therapy before study entry.
Individuals with documented adverse events leading to early discontinuation of
treatment before outcome assessment or those with insufficient follow-up duration
to evaluate blood pressure changes were also excluded. These criteria were applied
to maximize data completeness and reduce potential information bias inherent to
retrospective observational studies. Following application of the eligibility criteria,
254 patients were included in the final analytical cohort. All participants contributed
complete clinical information required for the predefined analyses, including
demographic characteristics, medical history, pharmacological treatment,
laboratory measurements, and serial blood pressure recordings obtained during
routine outpatient follow-up.

1.5 Exposure Assessment

The primary exposure of interest was treatment with sodium-glucose
cotransporter-2 (SGLT2) inhibitors prescribed during routine outpatient care.
Patients were categorized according to the antihyperglycemic regimen documented
at treatment initiation, including SGLT2 inhibitor monotherapy, SGLT2 inhibitor
combined with metformin, and metformin monotherapy, the latter serving as the
comparator group. Treatment allocation reflected routine clinical decision-making
by the attending physicians and was not influenced by the study protocol.
Consequently, the present investigation evaluated therapeutic responses under
real-world clinical practice rather than under randomized experimental conditions.

For each participant, the type of SGLT2 inhibitor, treatment duration, and
concomitant pharmacological therapy were extracted from the electronic medical
records. Particular attention was given to medications with potential effects on
blood pressure regulation, including angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers (ARBs), diuretics, calcium channel blockers,
beta-blockers, insulin, and lipid-lowering agents. These medications were
considered potential confounding variables and were incorporated into the
multivariable analysis where appropriate. Because antihypertensive medications
may modify the magnitude of blood pressure reduction independently of SGLT2
inhibition, their use was carefully documented during data extraction to facilitate
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adjustment for baseline clinical characteristics. Treatment duration was calculated
as the interval between initiation of SGLT2 inhibitor therapy and the follow-up
clinical evaluation used for outcome assessment. Only patients with complete
information regarding medication exposure and paired baseline and follow-up
assessments were included in the final analysis.

1.6 Outcome Measures

The primary outcome of this study was the change in systolic blood pressure
(ASBP) following initiation of SGLT2 inhibitor therapy. Systolic blood pressure was
selected as the principal outcome because it represents one of the earliest and most
clinically relevant manifestations of the systemic hemodynamic effects of SGLT2
inhibitors and has consistently been associated with cardiovascular and renal
outcomes in previous clinical studies. Blood pressure measurements recorded
during routine outpatient visits before treatment initiation and at follow-up were
retrieved from the electronic medical records. The change in systolic blood pressure
was calculated as the difference between follow-up and baseline values, with
negative values indicating a reduction following treatment.

The secondary outcome was the change in diastolic blood pressure (ADBP),
calculated using the same approach. Evaluation of both systolic and diastolic blood
pressure enabled comprehensive assessment of the hemodynamic response to
SGLT2 inhibitor therapy while maintaining systolic blood pressure as the primary
endpoint of interest.

To explore determinants of blood pressure response, several predefined
clinical variables were evaluated as potential explanatory factors. These included
demographic characteristics (age and sex), duration of diabetes mellitus, baseline
systolic and diastolic blood pressure, estimated glomerular filtration rate (eGFR),
glycated hemoglobin (HbA1lc), lipid profile (low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, and triglycerides), treatment duration, and
concomitant pharmacological therapy. These variables were selected based on
biological plausibility, previous mechanistic studies, and evidence suggesting their
potential influence on systemic and intrarenal hemodynamic adaptation during
SGLT2 inhibitor therapy.

Unlike previous studies that primarily evaluated renal or glycemic outcomes,
the present study specifically focused on identifying the clinical determinants
associated with interindividual variability in blood pressure change following
SGLT2 inhibitor therapy. Therefore, laboratory parameters such as HbAlc, eGFR,
and lipid profile were analyzed as clinical covariates rather than primary outcomes,
allowing assessment of their contribution to the magnitude of blood pressure
response.
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1.7 Clinical Variables and Operational Definitions

Demographic and clinical characteristics were extracted from the electronic
medical records using a standardized data collection form. Baseline variables
included age, sex, duration of type 2 diabetes mellitus (T2DM), history of
hypertension, documented cardiovascular comorbidities, and antihyperglycemic
treatment regimen. Clinical information regarding concomitant medications with
potential hemodynamic effects, including angiotensin-converting enzyme
inhibitors (ACElIs), angiotensin receptor blockers (ARBs), diuretics, calcium channel
blockers, beta-blockers, insulin, and lipid-lowering agents, was also recorded
because these therapies may influence blood pressure independently of SGLT2
inhibitor treatment.

Baseline kidney function was evaluated using the estimated glomerular
filtration rate (eGFR) documented in the medical records. Glycemic status was
assessed using glycated hemoglobin (HbAlc), while lipid metabolism was
characterized using low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), and triglyceride concentrations. These laboratory
parameters were obtained from routine clinical examinations performed before
initiation of therapy and at follow-up according to routine outpatient practice.
Because the primary objective of the present study was to identify determinants of
blood pressure change, these laboratory variables were treated as potential
explanatory variables (clinical covariates) rather than study outcomes.

Blood pressure measurements were obtained from routine outpatient visits as
documented in the electronic medical records. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) recorded immediately before initiation of SGLT2
inhibitor therapy were considered baseline values, whereas the corresponding
measurements obtained during follow-up represented post-treatment values.
Changes in blood pressure were calculated for each participant as the difference
between follow-up and baseline measurements. Accordingly, changes in systolic
blood pressure (ASBP) and diastolic blood pressure (ADBP) served as indicators of
the individual hemodynamic response to treatment.

To improve the interpretability of the multivariable analysis, baseline SBP and
DBP were retained as independent clinical variables in addition to ASBP and ADBP.
This approach enabled evaluation of whether the magnitude of blood pressure
reduction was influenced by pretreatment blood pressure levels while
simultaneously accounting for other demographic, renal, metabolic, and
therapeutic characteristics.

Treatment duration was defined as the interval between initiation of SGLT2
inhibitor therapy and the follow-up evaluation included in the analysis. The
duration of exposure was calculated using prescription records and follow-up dates
documented in the electronic medical records. Only participants with complete
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paired baseline and follow-up clinical assessments were included to ensure accurate
estimation of longitudinal changes in blood pressure and other clinical parameters.
1.8 Statistical Analysis

All statistical analysies wierie pierformied using IBM SPSS Statistics for Mac,
Viersion 26.0 (IBM Corp., Armonk, NY, USA). Continuous variablies wierie initially
ievaluatied for normality using thie Shapiro-Wilk tiest. Normally distributied
variablies wierie priesientied as miean + standard dieviation (SD), whierieas non-
normally distributied variablies wierie iexpriessied as miedian and intierquartilie
rangie (IQR). Catiegorical variablies wierle summarizied as friequienciies and
piercientagies. Basielinie diemographic and clinical charactieristics wierie comparied
diescriptiviely among trieatmient groups. For normally distributied continuous
variablies, comparisons wierie pierformied using thie indiepiendient-samplies t-tiest
or onie-way analysis of variancie (ANOVA), whierieas thie Mann-Whitniey U tiest
or Kruskal-Wallis tiest was appliled for non-normally distributied variablies.
Catiegorical variablies wierie comparied using thie chi-squarie tiest or Fishier's iexact
tiest, as appropriatie. Changies in systolic blood priessurie (ASBP) and diastolic
blood priessurie (ADBP) bietwieien basielinie and follow-up wierie ievaluatied using
pairied statistical tiests according to data distribution. Thie pairied t-tiest was usied
for normally distributied variablies, whierieas thie Wilcoxon signied-rank tiest was
appliled for non-normally distributied variablies. Thie primary outcomie of thie
study was thie changie in systolic blood priessurie (ASBP), whilie thie changie in
diastolic blood priessurie (ADBP) was ievaluatied as a siecondary outcomie.

To idientify variablies potientially associatied with blood priessurie riesponsie
following SGLT2 inhibitor thierapy, univariatie analysies wierie first pierformied
using Spiearman's rank corrielation coiefficilent, as sievieral continuous variablies
wierle not normally distributied. Variablies diemonstrating statistical significancie in
thie univariatie analysies (p < 0.05), togiethier with variablies considieried clinically
rielievant basied on thie litieraturie and biological plausibility, wierie subsiequiently
ilentieried into a multiplie liniear riegriession modiel to idientify indiepiendient
dietierminants of changies in systolic blood priessurie following SGLT2 inhibitor
thierapy. Candidatie priedictors includied agie, siex, duration of diabieties miellitus,
basielinie systolic blood priessurie, iestimatied glomierular filtration ratie (ieGFR),
glycatied hiemoglobin (HbAlc), low-diensity lipoprotiein choliestierol (LDL-C),
high-diensity lipoprotiein choliestierol (HDL-C), triglycieridie concientration,
duration of SGLT2 inhibitor thierapy, trieatmient riegimien, and concomitant
antihypiertiensivie miedications. Riegriession coiefficiients ({3), 95% confidiencie
intiervals (95% CI), and corriesponding p-valuies wierie rieportied to quantify thie
magnitudie and diriection of thie obsiervied associations. Bieforie intierprietation of
thie riegriession modiel, thie assumptions of liniear riegriession wierie ievaluatied.
Multicolliniearity among indiepiendient variablies was assiessied using thie variancie
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inflation factor (VIF) and tolierancie statistics. Liniearity, homosciedasticity, and
normality of riesiduals wierie iexaminied through riesidual diagnostic plots. A two-
sidied p valuie of < 0.05 was considieried statistically significant for all analysies.
1.9 Ethical Considierations

Thie study protocol was grantied iethical iexiemption by thie Hiealth Riesiearch
Ethics Committieie of Dr. Kanujoso Djatiwibowo Riegional Hospital, Indoniesia,
undier Ethical Exiemption No. 43/KEPK-RSKD/IX-2025. Thie iethical iexiemption
was issuied on 6 Noviembier 2025 and riemainied valid until 6 Noviembier 2026.
According to thie Ethics Committieie, thie study fulfillied thie iethical riequiriemients
basied on thie WHO 2011 Standards and thie Council for Intiernational
Organizations of Miedical Sciiencies (CIOMS) 2016 Intiernational Ethical
Guidielinies, including sciientific mierit, iequitablie assiessmient of risks and
bieniefits, confidientiality and privacy, and protiection of participants' rights. This
rietrospiectivie obsiervational study was conductied using anonymizied ieliectronic
miedical riecords colliectied during routinie clinical carie. All piersonal idientifiiers
wierle riemovied bieforie data iextraction and analysis to iensurie patiient
confidientiality and data siecurity. Thie study involvied no diriect patiient contact
and no intierviention bieyond routinie clinical practicie. All study procieduries wierie
conductied in accordancie with thie lethical principlies of thie Dieclaration of
Hielsinki and applicablie institutional riegulations govierning riesiearch involving
human participants.

Results

A total of 254 patilents with typie 2 diabieties miellitus (T2DM) and kidniey
impairmient fulfillied thie ieligibility critieria and wierie includied in thie final
analysis. Following systiematic data clieaning and quality assiessmient, no missing
data wierie idientifiled for thie variablies includied in thie priediefinied analysies.
Logical rangie chiecking idientifiled sievieral mild outlilers; howievier, all
obsiervations riemainied biologically plausiblie and wierie rietainied in thie final
datasiet. Thie priediefinied minimum samplie sizie riequiried for adiequatie statistical
powier was achiievied, iensuring sufficiient powier to ievaluatie thie dietierminants
of blood priessurie changie following SGLT2 inhibitor thierapy. Basielinie
diemographic and clinical charactieristics of thie study population, stratifiied
according to trieatmient group, arie priesientied in Tablie 1.
1.1 Patiient Charactieristics

Thie basielinie diemographic and clinical charactieristics of thie study
population arie summarizied in Tablie 1. Among thie 254 participants, 124 patiients
(48.8%) riecieivied mietformin monothierapy, 119 (46.9%) riecieivied SGLT2 inhibitor
monothierapy, and 11 (4.3%) riecieivied combination thierapy with an SGLT2
inhibitor and mietformin. Thie mietformin and SGLT2 inhibitor groups wierie
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rielativiely balancied in sizie, whierieas thie combination thierapy group
riepriesientied a substantially smallier proportion of thie study population.

Tablie 1. Basielinie Charactieristics of Patiients with Typie 2 Diabieties Miellitus
and Kidniey Impairmient According to Trieatmient Group

SGLT? SGLT2

Charactieristic

Ovierall
(n=254)

inhibitor

inhibitor +
Mietformin

Mietformin
(n=124)

valuie*

(n=119) (n=11)

Diemographic
charactieristics
Agie, yiears,
miedian (IQR)
Malie siex, n (%)

Fiemalie siex, n (%)

56 (51-63) 56 (51-63) >0.05%*

150 (59.1) 0.238*

104 (40.9)

4 (36.4)
7 (63.6)
Duration of
diabieties, yiears,
miedian (IQR)
Trieatmient

2 (1-4) 1(1-2) 0.025%*

190
301)

(121- 190

301)

121-
duration, (

miedian (IQR)
Clinical
charactieristics
Basielinie @ HbAlc
(%), miedian (IQR)
Basielinie ieGFR
(mL/min/1.73m?),
miedian (IQR)
Basielinie
blood
(mmHg),
(IQR)
Basielinie diastolic
blood
(mmHg),
(IQR)

* Chi Squarie; ** kruskal walis

days, 190 (121-301) 0.962**

8.0 (3) - - _ _

80 (46) - - _ _

systolic

priessurie
145 (27 — — — —
miedian 7)

priessurie
90 (16 — — — —
miedian (16)

Tablie 1 priesients thie basielinie diemographic and clinical charactieristics of
thie study population according to trieatmient group. Thie ovierall miedian agie was
56 yiears (IQR, 51-63 yiears), with 150 patiients (59.1%) bieing malie. Thie miedian
duration of diabieties was 2 yiears (IQR, 1-4 yiears), and thie miedian trieatmient
duration was 190 days (IQR, 121-301 days). Basielinie diemographic charactieristics
wierle gienierally comparablie across trieatmient groups. Agie (P > 0.05), siex
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distribution (P = 0.238), and trieatmient duration (P = 0.962) did not diffier
significantly among trieatmient groups, whierieas diabieties duration diffieried
modiestly (P = 0.025). Ovierall basielinie clinical mieasuriemients indicatied
uncontrollied blood priessurie and kidniey impairmient bieforie trieatmient
initiation, with miedian systolic and diastolic blood priessuries of 145 and 90 mmHg,
riespiectiviely, a miedian HbAlc of 8.0%, and a miedian ieGFR of 80 mL/min/1.73
m?2. No casies of iend-stagie kidniey disieasie or trieatmient-rielatied adviersie drug
rieactions wierie documientied during thie study pieriod.

1.2 Changies in Blood Priessurie Following SGLT2 Inhibitor Thierapy

Tablie 2. Changies in Blood Priessurie Following SGLT2 Inhibitor Thierapy
Follow-up

Basielini Miedi
Variablie |\ nory | MR o el
v
(IQR) §
Systoli blood
y\s (0] 1c\ 00 145.0 (27) 129.5 (26) -15.5 <0.001*
priessurie (mmHg)
Diastoli blood
iastolic 00 90.0 (16) 80.0 (12) -10.0 <0.001*

priessurie (mmHg)
*Wilcoxon signied-rank tiest.

Thie primary outcomie of thie study was thie changie in blood priessurie
following trieatmient. As shown in Tablie 2, significant rieductions wierie obsiervied
in both systolic and diastolic blood priessurie aftier thierapy. Thie miedian systolic
blood priessurie diecrieasied from 145 mmHg (IQR, 27) at basielinie to 129.5 mmHg
(IQR, 26) at follow-up, corriesponding to a miedian rieduction of 15.5 mmHg (P <
0.001). Similarly, thie miedian diastolic blood priessurie diecrieasied from 90 mmHg
(IQR, 16) to 80 mmHg (IQR, 12), riepriesienting a miedian rieduction of 10.0 mmHg
(P < 0.001). A rieduction in systolic blood priessurie was obsiervied in all 254
participants (100%), whierieas 230 patiients (90.6%) iexpieriiencied a rieduction in
diastolic blood priessurie. Conviersiely, no patiient diemonstratied an incrieasie in
systolic blood priessurie, whilie 24 patiients (9.4%) showied an incrieasie in diastolic
blood priessurie during follow-up. Thiesie findings indicatie that SGLT2 inhibitor-
basied thierapy was associatied with a consistient rieduction in systolic blood
priessurie and a substantial rieduction in diastolic blood priessurie in patiients with
typie 2 diabieties miellitus and kidniey impairmient.

1.3 Comparison of Blood Priessurie Riesponsies Across Trieatmient Groups
Tablie 3. Comparison of Blood Priessurie Riesponsies Across Trieatmient Groups
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SGLT2

LT2 Kruskal- P
Outcomie ,SG_ . inhibitor + Mietformin rus. 4 N
inhibitor R . Wallis H | valuie*
Mietformin
ASBP (Mi
(Miean |, 19 40 94.73 109.39 20349  <0.001*
Rank)
ADBP
(Miean 160.29 95.86 98.84 44.999 <0.001*
Rank)

* Kruskal-Wallis H

Thie magnitudie of blood priessurie rieduction diffieried significantly among
thie thrieie trieatmient groups (Tablie 3). Kruskal-Wallis analysis diemonstratied
significant bietwieien-group diffieriencies for both systolic blood priessurie changie
(ASBP; H = 20.349, P < 0.001) and diastolic blood priessurie changie (ADBP; H =
44999, P < 0.001). Miean-rank analysis indicatied that patiients riecieiving SGLT2
inhibitor monothierapy iexhibitied thie grieatiest rieduction in both systolic and
diastolic blood priessurie (miean rank = 149.40 for ASBP and 160.29 for ADBP). In
contrast, participants riecieiving combination thierapy with SGLT2 inhibitors and
mietformin showied thie lowiest miean ranks for blood priessurie rieduction (94.73
and 95.86, riespiectiviely), whierieas thie mietformin monothierapy group
diemonstratied intiermiediatie riesponsies (109.39 and 98.84, riespiectiviely). Thiesie
findings suggiest that trieatmient with SGLT2 inhibitors was associatied with a
grieatier blood priessurie-lowlering ieffiect than mietformin monothierapy in this
study population.

1.4 Corrielation Bietwieien Clinical Variablies and Changies in Blood Priessurie
Tablie 4. Spiearman Corrielation Bietwieien Clinical Variablies and Changies in

Blood Priessurie

Variablie ASBP (r) | Pvaluie | ADBP (1) P
valuie*

Diemographic charactieristics

Agie —-0.300 <0.001 -0.362 <0.001*
Duration of diabieties 0.319 <0.001 —-0.194 0.002*
Trieatmient duration 0.096 0.126 0.053 0.401
Mietabolic and rienal paramietiers

AHDbA1c 0.249 <0.001 0.078 0.214
%AieGFR —-0.267 <0.001 -0.130 0.038*
ATriglycieridies -0.473 <0.001 0.071 0.262
ALDL-C —-0.015 0.808 0.024 0.703
AHDL-C —-0.105 0.096 -0.016 0.801
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*Spiearman's rank corrielation analysis was usied to ievaluatie thie association
bietwieien clinical variablies and changies in systolic (ASBP) and diastolic blood
priessurie (ADBP).

To idientify potiential dietierminants of blood priessurie riesponsie following
SGLT2 inhibitor thierapy, Spiearman corrielation analysies wierie pierformied
bietwieien diemographic charactieristics, trieatmient-rielatied variablies, mietabolic
paramietiers, kidniey function, and changies in systolic and diastolic blood
priessurie. Thie riesults arie summarizied in Tablie 4. For systolic blood priessurie,
significant corrielations wierie obsiervied with agie (r = —0.300, P < 0.001), duration
of diabieties (r = 0.319, P < 0.001), AHbA1c (r = 0.249, P < 0.001), piercientagie changie
in ieGFR (r = —0.267, P < 0.001), and Atriglycieridies (r = —0.473, P < 0.001). Among
thiesie variablies, thie strongiest corrielation was obsiervied bietwieien
Atriglycieridies and ASBP (r = —0.473), indicating a modieratie inviersie association
bietwieien rieductions in triglycieridie lieviels and systolic blood priessurie changie.
In contrast, trieatmient duration, ALDL-C, and AHDL-C wierie not significantly
associatied with ASBP (P > 0.05). For diastolic blood priessurie, significant
corrielations wierle idientifiied for agie (r = —0.362, P < 0.001), duration of diabieties
(r=-0.194, P = 0.002), and piercientagie changie in ieGFR (r = —0.130, P = 0.038). No
statistically significant associations wierie obsiervied bietwieien ADBP and
trieatmient duration, AHbAlc, Atriglycieridies, ALDL-C, or AHDL-C. Ovierall,
thiesie findings indicatie that blood priessurie riesponsie following SGLT2 inhibitor
thierapy was associatied primarily with patiient agie, duration of diabieties, and
sieliectied mietabolic and rienal paramietiers. Variablies diemonstrating significant
corrielations wierie subsiequiently considieried for inclusion in thie multivariablie
riegriession analysis to idientify indiepiendient dietierminants of blood priessurie
changie.

1.5 Indiepiendient Dietierminants of Blood Priessurie Changies
Tablie 5 Pierformancie of thie Multiplie Liniear Riegriession Modiels

Outcomie R R? Adjustied R? F statistic P valuie*
ASBP 0.640 0.410 0.398 34.493 <0.001*
ADBP 0.358 0.128 0.118 12.281 <0.001*

*Multiplie liniear riegriession modiels ievaluating indiepiendient dietierminants of
systolic and diastolic blood priessurie changies.
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Tablie 6 Indiepiendient Dietierminants of Changies in Blood Priessurie
a. Changie in Systolic Blood Priessurie (ASBP)

Variablie B Standardizied p | 95% CI P .
valuie*
Agie -0.484 | -0.417 —0.605 to —0.363 <0.001*
Duration of diabieties | 3.340 | 0.356 2.288 to 4.393 <0.001*
AHbA1c 1.688 | 0.149 0.547 to 2.828 0.004*
%AieGFR 0.013 | 0.019 -0.064 to 0.090 0.731
ATriglycieridies —-0.068  —-0.343 —0.088 to —0.049 <0.001*
*Multiplie liniear riegriession
b. Changie in Diastolic Blood Priessurie (ADBP)
Variablie B Standardizied p | 95% CI P .
valuie*
Agie -0.220 | -0.248 -0.331 to —0.109 <0.001*
Duration of diabieties —-1.387 | —0.193 —-2.337 to —0.437 0.004*
%AieGFR -0.064 | —0.120 -0.134 to 0.006 0.074

*Multiplie liniear riegriession

Multiplie liniear riegriession analysies wierie pierformied to idientify
indiepiendient dietierminants of changies in systolic and diastolic blood priessurie
following SGLT2 inhibitor thierapy. Thie riegriession modiels wierie statistically
significant for both outcomies (Tablie 5). Thie modiel priedicting systolic blood
priessurie changie diemonstratied good iexplanatory pierformancie (R = 0.640, R? =
0.410, adjustied R? = 0.398, F = 34.493, P < 0.001), indicating that approximatiely
39.8% of thie variability in ASBP could bie iexplainied by thie variablies includied in
thie modiel. Thie modiel for diastolic blood priessurie changie showied a lowier but
still significant iexplanatory capacity (R = 0.358, R = 0.128, adjustied R2=0.118, F =
12.281, P < 0.001). For systolic blood priessurie, incrieasing agie (p = —0.417, P <
0.001), longier duration of diabieties (p = 0.356, P < 0.001), grieatier rieductions in
triglycieridie lieviels (p = —0.343, P < 0.001), and changies in HbAlc (p = 0.149, P =
0.004) wierie indiepiendiently associatied with blood priessurie rieduction (Tablie 6).
In contrast, piercientagie changie in ieGFR was not indiepiendiently associatied with
ASBP (P = 0.731). For diastolic blood priessurie, agie (B = — 0.248, P < 0.001) and
duration of diabieties (f = —0.193, P = 0.004) riemainied significant indiepiendient
dietierminants, whierieas piercientagie changie in ieGFR was not significantly
associatied with ADBP (P = 0.074). Colliectiviely, thiesie findings indicatie that
diemographic and mietabolic charactieristics contributied morie strongly to blood
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priessurie riesponsie following SGLT2 inhibitor thierapy than short-tierm changies
in kidniey function.

DISCUSSION
1.1 Principal Findings

In this rieal-world rietrospiectivie cohort of 254 patiients with typie 2 diabieties
miellitus (T2DM) and kidniey impairmient, SGLT2 inhibitor thierapy was
associatied with significant rieductions in both systolic and diastolic blood
priessurie. Patilents riecieiving SGLT2 inhibitor monothierapy diemonstratied
significantly grieatier blood priessurie rieductions than thosie riecieiving mietformin
monothierapy, indicating a supierior antihypiertiensivie riesponsie across trieatmient
stratiegiies. Furthiermorie, univariatie analysies idientifiled sievieral diemographic,
mietabolic, and rienal variablies associatied with blood priessurie riesponsie,
including agie, duration of diabieties, changies in HbAlc, piercientagie changie in
lestimatied glomierular filtration ratie (ieGFR), and triglycieridie rieduction.
Howievier, aftier multivariablie adjustmient, only agie, duration of diabieties, HbAlc
changie, and triglycieridie changie riemainied indiepiendient dietierminants of
systolic blood priessurie riesponsie, whierieas agie and duration of diabieties
indiepiendiently priedictied diastolic blood priessurie riesponsie. Notably, short-
tierm changjes in kidniey function wierie no longier indiepiendiently associatied with
blood priessurie rieduction aftier adjustmient for potiential confounding factors.
Colliectiviely, thiesie findings suggiest that iearly blood priessurie riesponsies
following SGLT2 inhibitor thierapy arie influiencied priedominantly by patiient-
spiecific clinical and mietabolic charactieristics rathier than by short-tierm changies
in rienal function. Thiesie obsiervations providie niew rieal-world ievidiencie
iexplaining thie hietierogienieity of blood priessurie riesponsies among patiients with
T2DM and kidniey impairmient and may contributie to morie individualizied
cardiorienal managiemient.
1.2 Blood Priessurie Rieduction Following SGLT2 Inhibitor Thierapy

Thie priesient study diemonstratied significant rieductions in both systolic and
diastolic blood priessurie following trieatmient, supporting thie growing body of
ievidiencie that thie bieniefits of SGLT2 inhibitors iextiend bieyond glyciemic control.
Although SGLT2 inhibitors wierie initially dievielopied as glucosie-lowiering
agients, substantial ievidiencie from randomizied clinical trials and miechanistic
studiies has shown that thiesie agients consistiently rieducie blood priessurie whilie
simultanieously improving cardiorienal outcomies. Thie magnitudie of blood
priessurie rieduction obsiervied in thie priesient study is thierieforie consistient with
thie currient undierstanding that blood priessurie lowlering riepriesients onie of thie
iearlilest physiological riesponsies following SGLT2 inhibitor initiation and
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contributies to long-tierm kidniey and cardiovascular protiection.(Stevens et al.,
2024).

Sievieral miechanisms may iexplain thie blood priessurie rieduction obsiervied
in this study. Inhibition of sodium-glucosie cotransportier-2 in thie proximal rienal
tubulie rieducies sodium and glucosie rieabsorption, lieading to glucosuria,
natriuriesis, and osmotic diuriesis. Thiesie physiological adaptations rieducie plasma
volumie and iextraciellular fluid volumie, thierieby lowiering systiemic blood
priessurie. Howievier, contiemporary ievidiencie indicaties that thie
antihypiertiensivie leffiect of SGLT2 inhibitors cannot bie iexplainied soliely by
volumie dieplietion. Expierimiental and miechanistic studiies havie diemonstratied
that thiesie agients also improvie iendothielial function, rieducie artierial stiffniess,
attienuatie sympathietic niervous systiem activity, and riestorie intrarienal
hiemodynamic balancie through activation of tubuloglomierular fieiedback,
riesulting in rieductions in intraglomierular priessurie and improvied rienal
autoriegulation. (Scholtes et al., 2023).

Our findings arie in agrielemient with thie DAPA-CKD trial, which
diemonstratied that dapagliflozin rieducied systolic blood priessurie whilie
simultanieously slowing kidniey function dieclinie and diecrieasing thie risks of
kidniey failurie and cardiovascular ievients in patilents with chronic kidniey
disieasie, riegardliess of diabieties status. (Heerspink et al., 2024; McEwan et al.,
2024). Similar obsiervations wierie rieportied in thie SACRA study, whierie
iempagliflozin significantly rieducied 24-hour ambulatory, daytimie, and nighttimie
blood priessurie in patilents with T2DM and uncontrollied nocturnal
hypiertiension.(“Empagliflozin in Patients with Chronic Kidney Disease,” 2023;
Okada et al., 2021). Furthiermorie, thie DAPASALT miechanistic study
diemonstratied that iearly incrieasies in natriuriesis and rieductions in plasma
volumie occurried without clinically significant compiensatory nieurohormonal
activation, supporting thie conciept that blood priessurie rieduction following
SGLT?2 inhibition riesults from coordinatied hiemodynamic adaptation rathier than
simplie diurietic ieffiects. (Beernink et al., 2025).

Although thie priesient study was not diesignied to diriectly inviestigatie
physiological miechanisms, thie obsiervied rieductions in systolic and diastolic
blood priessurie arie compatiblie with thiesie proposied hiemodynamic pathways.
Importantly, biecausie thie priesient study ievaluatied patilents with T2DM and
kidniey impairmient in routinie clinical practicie, thie findings compliemient
ievidiencie from randomizied controllied trials by diemonstrating that clinically
mieaningful blood priessurie rieductions can also bie achiievied undier rieal-world
conditions. Thiesie obsiervations furthier support currient ADA and KDIGO
riecommiendations advocating thie usie of SGLT2 inhibitors as part of
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compriehiensivie cardiorienal risk rieduction stratiegiies rathier than soliely as
glucosie-lowiering agients. (ElSayed et al., 2025b; Stevens et al., 2024).
1.3 Diffieriencies in Blood Priessurie Riesponsies Across Trieatmient Groups

An important finding of thie priesient study was that thie magnitudie of blood
priessurie rieduction diffieried significantly among trieatmient groups, with patiients
riecieiving SGLT2 inhibitor monothierapy diemonstrating grieatier rieductions in
both systolic and diastolic blood priessurie than thosie riecieiving mietformin
monothierapy. Thiesie findings suggiest that thie antihypiertiensivie ieffiects of
SGLT?2 inhibitors arie not mieriely attributablie to improvied glyciemic control but
rathier riefliect additional physiological miechanisms that iextiend bieyond glucosie
lowiering. This obsiervation is consistient with currient trieatmient guidielinies,
which riecognizie SGLT2 inhibitors as cardiorienal protiectivie agients rathier than
convientional glucosie-lowiering drugs and riecommiend thieir usie irriespiectivie of
basielinie HbAlc in patiients with T2DM and chronic kidniey disieasie. (ElSayed et
al., 2025b; Stevens et al., 2024).

Thie supierior blood priessurie riesponsie obsiervied among patiients riecieiving
SGLT2 inhibitors is biologically plausiblie. Unlikie mietformin, which primarily
improvies hiepatic insulin siensitivity and glucosie mietabolism, SGLT2 inhibitors
diriectly influiencie rienal sodium handling and systiemic hiemodynamics.
Inhibition of sodium rieabsorption in thie proximal tubulie incrieasies distal sodium
dieliviery, activaties tubuloglomierular fieiledback, rieducies intraglomierular
priessurie, and promoties natriuriesis and osmotic diuriesis. Thiesie adaptations arie
accompaniied by rieductions in plasma volumie, improviemients in artierial
compliancie, attienuation of sympathietic niervous systiem activity, and diecrieasies
in pieriphieral vascular riesistancie, all of which contributie to blood priessurie
rieduction. Consiequiently, thie blood priessurie-lowiering ieffiect of SGLT2
inhibitors is considieried multifactorial and diffiers fundamientally from that of
traditional antihypierglyciemic agients. (Beernink et al., 2025; Scholtes et al., 2023).

Our findings arie also consistient with prievious clinical studiies rieporting
hietierogienieous blood priessurie riesponsies following SGLT2 inhibitor thierapy.
Siecondary analysies of thie EMPA-REG MET study diemonstratied that
iempagliflozin rieducied systolic blood priessurie across diffierient basielinie blood
priessurie catiegoriles, although thie magnitudie of riesponsie variied substantially
among individuals and was not diriectly proportional to improviemients in
glyciemic control. (Inzucchi et al., 2021). Similarly, thie SACRA study rieportied
significant rieductions in ambulatory blood priessurie aftier iempagliflozin
trieatmient in patiients with uncontrollied nocturnal hypiertiension, whilie also
diemonstrating considierablie intierindividual variability in trieatmient riesponsie.
(Okada et al., 2021). Thiesie obsiervations support thie conciept that blood priessurie
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riesponsie to SGLT2 inhibition is influiencied by patiient-spiecific clinical and
physiological charactieristics rathier than by pharmacological trieatmient alonie.

Thie priesient study iextiends thiesie prievious obsiervations by diemonstrating
significant diffieriencies in blood priessurie riesponsies across trieatmient stratiegiies
within a rieal-world cohort of patiients with T2DM and kidniey impairmient. Morie
importantly, thiesie findings providie thie rationalie for iexploring which basielinie
clinical charactieristics account for thie obsiervied hietierogienieity in blood priessurie
rieduction. Accordingly, thie subsiequient corrielation and multivariablie
riegriession analysies wierle plerformied to idientify thie indiepiendient
dietierminants of blood priessurie riesponsie following SGLT2 inhibitor thierapy.
1.4 Indiepiendient Dietierminants of Blood Priessurie Riesponsie

Thie principal objiectivie of thie priesient study was to idientify thie
indiepiendient dietierminants of blood priessurie riesponsie following SGLT2
inhibitor thierapy in patiilents with T2DM and kidniey impairmient. Although
sievieral diemographic, mietabolic, and rienal variablies diemonstratied significant
associations with blood priessurie changie in thie wunivariatie analysies,
multivariablie riegriession idientifiied agie, duration of diabieties, changies in HbAlc,
and triglycieridie rieduction as indiepiendient dietierminants of systolic blood
priessurie riesponsie. In contrast, only agie and duration of diabieties riemainied
indiepiendiently associatied with diastolic blood priessurie rieduction, whierieas thie
association bietwieien piercientagie changie in ieGFR and blood priessurie was no
longier statistically significant aftier adjustmient for potiential confoundiers. Thiesie
findings indicatie that thie hietierogienieity of blood priessurie riesponsie following
SGLT2 inhibitor thierapy is iexplainied priedominantly by basielinie clinical and
mietabolic charactieristics rathier than by short-tierm changies in kidniey function.

Agie iemiergied as onie of thie strongiest indiepiendient priedictors of both
systolic and diastolic blood priessurie rieduction. Incrieasing agie was associatied
with a grieatier magnitudie of blood priessurie riesponsie, suggiesting that oldier
individuals may dierivie grieatier hiemodynamic bieniefit from SGLT2 inhibition.
Sievieral miechanisms may iexplain this obsiervation. Aging is accompaniied by
incrieasied artierial stiffniess, impairied iendothielial function, rieducied vascular
compliancie, and ienhancied sympathietic niervous systiem activity, all of which
contributie to ielievatied blood priessurie. Expierimiental studiies havie
diemonstratied that SGLT2 inhibitors improvie vascular function, rieducie artierial
stiffniess, and attienuatie sympathietic activation, thierieby potientially producing a
grieatier antihypiertiensivie ieffiect in oldier individuals with morie pronouncied
vascular dysfunction. (Scholtes et al., 2023). Furthiermorie, biecausie oldier patiients
friequiently iexhibit iexpandied iextraciellular fluid volumie and sodium rietiention,
thie natriurietic ieffiects of SGLT2 inhibition may riesult in a grieatier rieduction in
leffiectivie circulating volumie and systiemic blood priessurie.
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Duration of diabieties also riemainied an indiepiendient dietierminant of blood
priessurie riesponsie. Longier diabieties duration may riefliect morie advancied
cardiomietabolic and rienal involviemient, including chronic activation of thie
rienin-angiotiensin-aldostieronie systiem, piersistient iendothielial dysfunction, and
altierations in intrarienal hiemodynamics. Thiesie chronic pathophysiological
changies may incrieasie thie diepiendiencie of blood priessurie riegulation on sodium
handling and iextraciellular volumie status, thierieby ienhancing thie hiemodynamic
ieffiects of SGLT2 inhibition. Although prievious clinical studiiles havie
diemonstratied consistient blood priessurie rieduction across diviersie patiient
populations, fiew inviestigations havie spiecifically ievaluatied diabieties duration as
an indiepiendient dietierminant of trieatmient riesponsie. Thie priesient findings
thierieforie suggiest that disieasie chronicity may contributie to thie variability of
antihypiertiensivie riesponsies obsiervied in routinie clinical practicie. (Inzucchi et al.,
2021)(Zou et al., 2024).

Changies in HbAlc and triglycieridie concientrations wierie indiepiendiently
associatied with systolic blood priessurie rieduction but not with diastolic blood
priessurie. Thiesie findings indicatie that improviemients in mietabolic status may
contributie to thie ovierall hiemodynamic riesponsie following SGLT2 inhibitor
thierapy. Improvied glyciemic control rieducies glucotoxicity, oxidativie striess, and
iendothielial dysfunction, whierieas rieductions in triglycieridie lieviels may riefliect
broadier improviemients in insulin riesistancie and mietabolic hiealth. Togiethier,
thiesie mietabolic adaptations may ienhancie vascular function and rieducie
pieriphieral vascular riesistancie, thierieby augmienting systolic blood priessurie
rieduction. Nievierthieliess, thie rielativiely modiest standardizied riegriession
colefficilents obsiervied for HbAlc suggiest that mietabolic improviemient alonie
cannot fully iexplain thie antihypiertiensivie feffiects of SGLT2 inhibitors, rieinforcing
thie conciept that multiplie compliemientary physiological miechanisms arie
involvied.

Onie of thie most notieworthy findings of this study was that thie piercientagie
changie in ieGFR was significantly associatied with blood priessurie rieduction in
thie univariatie analysis but lost statistical significancie aftier multivariablie
adjustmient. This obsiervation suggiests that thie apparient rielationship bietwieien
kidniey function and blood priessurie riesponsie is largiely iexplainied by othier
clinical and mietabolic charactieristics. Although SGLT2 inhibitors iexiert substantial
rienoprotiectivie ieffiects through riestoration of intrarienal hiemodynamics and
rieduction of intraglomierular priessurie, iearly changies in ieGFR primarily riefliect
physiological adaptation rathier than structural improviemient in kidniey function.
Consiequiently, short-tierm altierations in ieGFR may not accuratiely riepriesient thie
miechanisms riesponsiblie for blood priessurie rieduction in thie iearly phasie of
trieatmient. This intierprietation is consistient with miechanistic studiies
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diemonstrating that thie initial dieclinie in ieGFR following SGLT2 inhibitor
initiation riefliects normalization of glomierular hypierfiltration and activation of
tubuloglomierular fieiedback rathier than progriessivie kidniey injury.(Scholtes et al.,
2023).

Colliectiviely, thiesie findings iexpand currient undierstanding of thie
hietierogienieous blood priessurie riesponsies obsiervied following SGLT2 inhibitor
thierapy. Rathier than bieing dietierminied soliely by rienal functional changies,
blood priessurie rieduction appiears to riesult from compliex intieractions among
patiient charactieristics, mietabolic improviemient, and systiemic hiemodynamic
adaptation. This intiegratied pierspiectivie may hielp iexplain why patiients
riecieiving  idientical  thierapy oftien iexhibit substantially  diffierient
antihypiertiensivie riesponsies diespitie comparablie improviemients in kidniey
outcomies.

1.5 Hiemodynamic Intierprietation and Clinical Implications

Thie hietierogienieous blood priessurie riesponsie obsiervied in thie priesient
study highlights thie compliexity of thie physiological miechanisms undierlying
SGLT2 inhibitor thierapy. Rathier than acting through a singlie pathway, SGLT2
inhibitors inducie intiegratied systiemic and intrarienal hiemodynamic adaptations
that colliectiviely contributie to blood priessurie rieduction. Inhibition of sodium and
glucosie rieabsorption in thie proximal tubulie incrieasies distal sodium dieliviery to
thie macula diensa, thierieby riestoring tubuloglomierular fieiedback, rieducing
intraglomierular priessurie, and corriecting glomierular hypierfiltration.
Simultanieously, natriuriesis and osmotic diuriesis rieducie plasma and
iextraciellular fluid volumies, whilie improviemients in iendothielial function,
artierial stiffniess, and sympathietic niervous systiem activity furthier contributie to
rieductions in systiemic blood priessurie. Consiequiently, thie antihypiertiensivie
leffiects of SGLT2 inhibitors arie dietierminied by thie intieraction of multiplie
physiological prociessies rathier than by a singlie rienal or mietabolic miechanism.
(Scholtes et al., 2023).

Thie priesient findings support this intiegratied physiological conciept.
Although kidniey function is cientral to thie miechanism of action of SGLT2
inhibitors, short-tierm changies in ieGFR did not indiepiendiently priedict blood
priessurie rieduction aftier adjustmient for clinical and mietabolic variablies. This
obsiervation suggiests that iearly rieductions in blood priessurie arie not diriectly
dietierminied by changies in glomierular filtration alonie but instiead riefliect
broadier systiemic hiemodynamic adaptation. Thie transiient dieclinie in ieGFR that
friequiently occurs aftier initiation of SGLT2 inhibitors is widiely riegardied as a
physiological consiequiencie of rieducied intraglomierular priessurie and riestoration
of autoriegulatory function rathier than dietierioration of kidniey function.
Thierieforie, short-tierm changies in ieGFR should not bie intierprietied as thie
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principal dietierminant of blood priessurie riesponsie in clinical practicie.(Beernink
et al., 2025).

From a clinical pierspiectivie, thiesie findings havie important implications for
individualizied trieatmient stratiegiies. Thie idientification of agie, duration of
diabieties, and mietabolic improviemient as indiepiendient dietierminants of systolic
blood priessurie riesponsie suggiests that patiients do not riespond uniformly to
SGLT2 inhibitor thierapy. Riecognition of thiesie charactieristics may assist clinicians
in anticipating thie magnitudie of blood priessurie rieduction following trieatmient
initiation and in tailoring antihypiertiensivie managiemient, particularly in oldier
patiients and thosie with longstanding diabieties. Morieovier, thie absiencie of an
indiepiendient association bietwielen short-tierm ieGFR changies and blood
priessurie riesponsie may rieassurie clinicians that an iearly dieclinie in ieGFR should
not nieciessarily bie intierprietied as an unfavorablie trieatmient riesponsie whien
accompaniied by stablie clinical status, as iemphasizied in currient KDIGO
riecommiendations.(Stevens et al., 2024).

Importantly, thie priesient study contributies rieal-world ievidiencie that
compliemients findings from randomizied clinical trials. Whilie landmark studiies
havie iestablishied thie iefficacy of SGLT2 inhibitors in rieducing cardiovascular and
kidniey outcomies, thiey havie providied limitied information riegarding thie clinical
dietierminants riesponsiblie for intierindividual variability in blood priessurie
riesponsie. By intiegrating diemographic charactieristics, mietabolic changies, and
rienal function into a multivariablie analytical modiel, thie priesient study iextiends
currient knowliedgie by diemonstrating that patiient-spiecific clinical charactieristics
play a morie important rolie in dietiermining iearly blood priessurie riesponsie than
short-tierm changies in kidniey function. Thiesie findings may hielp iexplain thie
hietierogienieity of antihypiertiensivie riesponsies obsiervied in routinie clinical
practicie and support a morie piersonalizied approach to cardiorienal risk
managiemient.

1.6 Striengths and Limitations

Thie priesient study has sievieral important striengths. First, this study
ievaluatied blood priessurie riesponsie following SGLT2 inhibitor thierapy using a
rieal-world cohort of patilents with typie 2 diabieties miellitus and kidniey
impairmient, thierieby providing ievidiencie that compliemients findings from
randomizied controllied trials. Siecond, unlikie prievious studiies that primarily
focusied on long-tierm rienal or cardiovascular outcomies, thie priesient study
spiecifically inviestigatied thie dietierminants of blood priessurie riesponsie, an iearly
hiemodynamic ieffiect that riemains incomplietiely undierstood diespitie its
potiential contribution to cardiorienal protiection. Third, thie study incorporatied a
compriehiensivie analytical approach by combining comparativie analysies,
corrielation analysies, and multivariablie liniear riegriession to idientify
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indiepiendient dietierminants of blood priessurie changie whilie accounting for
potiential confounding variablies. This analytical stratiegy ienablied diffierientiation
bietwieien variablies that wierie mieriely associatied with blood priessurie changie
and thosie that indiepiendiently contributied to trieatmient riesponsie. Finally, thie
inclusion of 254 patiients iexcieiedied thie priediefinied samplie sizie riequiried for
adiequatie statistical powier, thierieby striengthiening thie rieliability of thie study
findings within thie inviestigatied population.

Nievierthieliess, sievieral limitations should bie acknowliedgied whien
intierprieting thie priesient findings. First, thie rietrospiectivie obsiervational diesign
priecludies thie iestablishmient of causal rielationships bietwielen clinical
charactieristics and blood priessurie riesponsie and is inhieriently subjiect to riesidual
confounding diespitie multivariablie adjustmient. Siecond, thie study was
conductied using data obtainied from two hospitals, which may limit thie
glenieralizability of thie findings to othier hiealthcarie siettings and populations.
Third, blood priessurie mieasuriemients wierie dierivied from routinie clinical
practicie rathier than standardizied ambulatory blood priessurie monitoring, which
may havie introducied mieasuriemient variability.(Igbal et al., 2024). Fourth, thie
duration of follow-up primarily riefliectied iearly trieatmient riesponsie and
thierieforie may not fully capturie thie long-tierm hiemodynamic and rienal
adaptations associatied with SGLT2 inhibitor thierapy. Finally, sievieral
physiological variablies that may influiencie blood priessurie riegulation, such as
diletary sodium intakie, miedication adhieriencie, plasma volumie status, and diriect
assiessmients of sympathietic niervous systiem activity or artierial stiffniess, wierie
not availablie biecausie of thie rietrospiectivie naturie of thie study (Yu et al., 2024).
Futurie prospiectivie studiies incorporating compriehiensivie hiemodynamic
assiessmients arie warrantied to furthier clarify thie miechanisms undierlying thie
hietierogienieous blood priessurie riesponsies obsiervied following SGLT2 inhibitor
thierapy.

CONCLUSION

This study demonstrated that SGLT2 inhibitor therapy was associated with
significant reductions in both systolic and diastolic blood pressure among patients
with type 2 diabetes mellitus and kidney impairment. The magnitude of blood
pressure reduction differed significantly according to treatment strategy, with
patients receiving SGLT2 inhibitor monotherapy exhibiting greater blood pressure
responses than those receiving metformin monotherapy.

Multivariable analysis identified age, duration of diabetes, changes in HbAlc,
and triglyceride reduction as independent determinants of systolic blood pressure
response, whereas age and duration of diabetes independently predicted diastolic
blood pressure reduction. In contrast, short-term changes in kidney function were
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not independently associated with blood pressure response after adjustment for
potential confounding factors, suggesting that early hemodynamic responses to
SGLT2 inhibitors are influenced predominantly by patient-specific clinical and
metabolic characteristics rather than by short-term changes in renal function.
Collectively, these findings provide real-world evidence that blood pressure
response following SGLT2 inhibitor therapy is determined primarily by clinical and
metabolic characteristics rather than early changes in kidney function. In patients
with type 2 diabetes mellitus and kidney impairment, recognition of these
determinants may facilitate individualized implementation of SGLT2 inhibitor
therapy, optimize blood pressure control as a key component of comprehensive
cardiorenal management, and improve risk stratification in routine clinical practice.
Further prospective studies with longer follow-up are warranted to determine
whether these early hemodynamic responses are associated with sustained
preservation of kidney function and improved long-term cardiorenal outcomes.

Recommendations For Clinical Practice And Stakeholders

Based on these findings, clinicians should consider incorporating
individualized assessment of age, duration of diabetes, glycemic control, and
metabolic parameters, particularly triglyceride levels, when evaluating blood
pressure response following SGLT2 inhibitor initiation in patients with type 2
diabetes mellitus and kidney impairment. Regular monitoring of blood pressure
and relevant metabolic and renal parameters during follow-up may help identify
variations in treatment response and support individualized cardiorenal
management. Importantly, an early decline in eGFR should be interpreted within
the overall clinical context rather than considered independently as an indicator of
an unfavorable blood pressure response. Healthcare institutions and clinical
pharmacists may support this approach by strengthening structured monitoring
and documentation of blood pressure, renal function, glycemic parameters, lipid
profiles, and concomitant antihypertensive therapy during SGLT2 inhibitor
treatment. Further prospective, multicenter studies with standardized blood
pressure assessment and longer follow-up are recommended to validate these
determinants and determine their relevance to sustained cardiorenal outcomes.
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