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Abstract

Peritoneal ultrafiltration failure is a major complication of peritoneal dialysis and a com-
mon cause of technique failure often leading to hemodialysis. Chronic exposure to glu-
cose-based dialysate contributes to inflammation, fibrosis, and peritoneal membrane dys-
function. This study evaluated the effects of dapagliflozin on peritoneal membrane func-
tion in patients with ultrafiltration failure undergoing continuous ambulatory peritoneal
dialysis. In our pre—post observational study, 32 patients with high/high—average perito-
neal transport status and ultrafiltration failure received dapagliflozin 10 mg daily for six
months. Peritoneal equilibration tests using a 4.25% dextrose solution were performed
during early peritoneal dialysis, at ultrafiltration failure, and after treatment. Ultrafiltra-
tion volume, dialysate-to-plasma creatinine ratio, dialysate glucose ratio, sodium dip, and
clinical/biochemical parameters were assessed. Dapagliflozin treatment was found to be
associated with higher ultrafiltration volume (480 mL vs. 90 mL at ultrafiltration failure,
p < 0.001), preservation of the intraperitoneal glucose gradient, changes in the dialysate-
to-plasma creatinine ratio, and altered sodium dip parameters. Favorable changes were
also observed in blood pressure, body mass index, inflammatory markers, hemoglobin,
albumin, sodium, bicarbonate, and glycemic indices. No serious adverse events were re-
ported. These findings suggest that dapagliflozin may improve ultrafiltration efficiency
and peritoneal membrane function in peritoneal dialysis patients with ultrafiltration fail-
ure. Further randomized controlled trials are warranted.

Keywords: peritoneal dialysis; ultrafiltration failure; sodium-glucose cotransporter 2
inhibitors; dapagliflozin; peritoneal membrane

1. Introduction

Peritoneal dialysis (PD) is a common option in renal replacement therapy for indi-
viduals with end-stage renal disease (ESRD), using the peritoneum as a dialysis mem-
brane [1] and relying on an osmotic gradient between blood and dialysate to shift salt and
water from the vasculature to the dialysate, which is subsequently discarded [2]. The
standard osmotic agent used in the peritoneal dialysate is glucose, generally absorbed by
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the patient in varying degrees depending on the characteristics and transporter status of
the peritoneal membrane [3]. PD is based on the exchange of water and solutes between
capillary blood and dialysis fluid across the peritoneal membrane.

Globally, approximately 11% of patients receiving dialysis are treated with PD [4].
Given the well-established association between volume overload and adverse outcomes
including reduced technique survival and increased mortality, adequate ultrafiltration
(UF) is a cornerstone of effective PD therapy [5]. UF depends on the osmotic gradient
generated by hypertonic glucose-based dialysate solutions, which facilitates fluid removal
across the peritoneal membrane. Notably, UF volume and volume status are closely inter-
related. Several studies have demonstrated that higher UF volumes are associated with
an improved prognosis in PD patients [6,7].

The osmotic glucose gradient is highest at the initiation of dialysis, but progressively
declines as glucose diffuses from the dialysate into the systemic circulation. This decline
occurs more rapidly in patients with high peritoneal vascularity or rapid transport status,
thereby limiting effective UF [8]. A common clinical strategy to counteract this phenome-
non is the use of dialysate solutions with higher glucose concentrations in order to aug-
ment the osmotic gradient. However, prolonged exposure to high glucose concentrations
induces a “diabetic-like” microenvironment within the peritoneal cavity [9]. Mesothelial
cells, the first cellular barrier exposed to glucose-containing PD fluids, are particularly
susceptible to glucotoxicity injury. Chronic glucose exposure promotes epithelial to mes-
enchymal transition (EMT) and stimulates the production of pro-inflammatory, pro-fi-
brotic, and pro-angiogenic mediators, thus ultimately contributing to leukocyte infiltra-
tion, fibrosis, and angiogenesis within the peritoneal membrane [10].

Although the detrimental effects of glucose absorption from the peritoneal cavity
have been extensively investigated in PD research [11], data regarding the expression of
glucose transporters at the mesothelial cell level and their structural and functional impli-
cations remain limited, thus demonstrating the presence of sodium-dependent glucose
transporters (SGLT1) on the apical membrane of human peritoneal mesothelial cells
(HPMC:s) [12]. However, strategies aimed at increasing dialysate glucose concentrations
to enhance UF may be counterproductive, as systemic hyperglycemia and increased glu-
cose exposure can accelerate peritoneal membrane injury, potentially leading to technique
failure and discontinuation of PD therapy [13].

Patients characterized as high or rapid peritoneal transporters typically achieve ade-
quate solute clearance under standard continuous ambulatory peritoneal dialysis (CAPD)
regimens. Nevertheless, they frequently experience UF impairment due to accelerated
glucose reabsorption, thereby diminishing the osmotic gradient required for effective
fluid removal [14]. Clinically, UF failure is defined as the inability to achieve at least 400
mL of net UF during a 4 h dwell using a 4.25% dextrose solution [15]. Inadequate UF
and/or solute clearance contributes to ~18% of overall PD technique failure and subse-
quent transfer to hemodialysis (HD) [16].

The available literature regarding the effects of sodium-glucose cotransporter 2
(SGLT?2) inhibitors in patients undergoing PD remains limited. Recently, an experimental
study utilizing a wild-type murine model exposed to glucose-rich dialysate via an intra-
peritoneal catheter with and without dapagliflozin demonstrated structural and func-
tional improvements in the peritoneal membrane following SGLT2 inhibition [17]. The
authors reported the preservation of peritoneal membrane integrity without progression
to a high-glucose transporter phenotype. In addition, oral SGLT2 inhibitors have been
shown to reduce glucose absorption across the murine peritoneum, thereby enhancing UF.
Expression of SGLT2 receptors has also been confirmed in the human peritoneum and in
human peritoneal mesothelial cells (HPMCs), where SGLT2 inhibition was associated
with decreased glucose uptake under high-glucose conditions [18]. Collectively, these
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findings suggest that SGLT2 inhibitors may attenuate peritoneal fibrosis, improve UF ef-
ficiency, and potentially contribute to better long-term outcomes in patients treated with
PD.

To the best of our knowledge, at the time of patient enrollment, no clinical studies
had evaluated the use of SGLT2 inhibitors in individuals undergoing PD. Given the clin-
ical relevance of UF failure in PD, recent investigations have demonstrated the expression
of SGLT2 in the human peritoneum [19,20]. Pre-clinical studies suggest that SGLT2 inhi-
bition may enhance UF by preserving the intraperitoneal glucose gradient through a sup-
pression of local SGLT?2 activity; however, findings have been inconsistent across experi-
mental models [21-23]. In addition, SGLT2 inhibitors have been reported to attenuate per-
itoneal fibrosis and angiogenesis in murine models: processes that are recognized contrib-
utors to UF failure and long-term peritoneal membrane dysfunction [24,25].

Recent PD-specific human evidence remains mixed. In a 1I-month self-controlled
dapagliflozin pilot study, no statistically significant change in glucose absorption or peri-
toneal membrane function was detected, although several patients showed directional im-
provement. No major hypoglycemic or urinary safety signal emerged [26]. More recently,
the EMPOWERED randomized crossover trial reported that empagliflozin did not signif-
icantly increase daily UF over an 8 week period compared with placebo treatment [27].
Contemporary reviews, therefore, consider SGLT2 inhibition in PD promising but still ex-
ploratory, with a treatment response likely influenced by baseline transport status, UF
phenotype, exposure duration, and specific endpoint measured [28,29].

Based on the available evidence, we hypothesized that SGLT2 inhibitors may en-
hance UF volume and potentially improve long-term outcomes in patients undergoing
PD by mitigating volume overload and attenuating peritoneal membrane injury. Given
the limited clinical data regarding the use of SGLT2 inhibitors in the PD population, we
initially sought to evaluate their short-term effects over a six-month period. The primary
objective of this study was to assess the impact of dapagliflozin on UF volume and peri-
toneal membrane transport characteristics. Specifically, we aimed to examine whether
dapagliflozin influences peritoneal solute transfer rates and reduces intraperitoneal glu-
cose absorption, thereby preserving the osmotic gradient and enhancing ultrafiltration ef-
ficiency.

2. Materials and Methods
2.1. Study Design and Study Periods

This study was designed as a prospective observational pre—post study. Dapagli-
flozin (10 mg once daily) was administered as part of routine clinical care and according
to standard medical judgment, rather than as a protocol-driven randomized intervention.
Clinical, biochemical, and dialysis-related parameters were prospectively assessed over a
six-month follow-up period and compared with baseline values obtained prior to treat-
ment initiation. Each patient served as their own control for the evaluation of changes in
UF volume, peritoneal solute transport characteristics, and membrane function. Standard
clinical laboratory equipment was used; manufacturer details were not available in the
medical records.

Patients were screened for eligibility according to predefined inclusion and exclusion
criteria. Although patients with known hypersensitivity to SGLT2 inhibitors were ex-
cluded, no such cases were identified among the screened cohort. Data were collected at
three predefined time points: (1) initial assessment after initiation of PD, (2) evaluation at
the time of documented UF failure, and (3) reassessment after six months of dapagliflozin
therapy.
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Study Periods
The study was structured across three predefined periods:

First period: (eight months after initiation of PD): The peritoneal equilibration test (PET)
results were retrieved from the patients” medical records in order to establish baseline
peritoneal membrane function during the early phase of PD therapy.

Second period (pre-treatment): This period began when peritoneal dialysis failure was
clinically identified. PET results obtained from the patients’ medical records indicated im-
paired peritoneal membrane function and UF failure. This phase occurred after a mean
PD duration of 7.5 years.

Third period (post-treatment): After a diagnosis of peritoneal failure, patients received
dapagliflozin at a dose of 10 mg once daily for six months. At the end of the treatment
period, follow-up PET results were collected from the medical records to assess changes
in peritoneal membrane function and UF parameters.

2.2. Research Design and Patients

This was a non-randomized, single-group pre—post observational study with no con-
trol group. The study included 32 patients undergoing CAPD using the Fresenius Medical
Care stay ®safe® system. All completed the six-month follow-up. Initially, 40 patients were
screened for eligibility, of whom eight were excluded since they did not meet the inclusion
criteria or declined participation. All tables and figures report the analyzed cohort size (n
= 32) unless otherwise indicated. To improve clarity and readability, the baseline charac-
teristics of the study population were reorganized into two separate tables. Table 1 pre-
sents the baseline demographic and clinical characteristics, including age, sex distribution,
anthropometric measurements, vital signs, and oxygen saturation.

Table 1. Baseline demographic and clinical characteristics of the study population (n = 32).

Variable Mean * SD Median 95% CI
Age (years) 27.63 +4.32 26.00 26.07-29.19
Dialysis duration (years) 6.52 +0.97 6.60 6.17-6.87
Weight (kg) 7491 + 8.83 75.50 71.73-78.09
Height (cm) 163.13 +4.42 163.00 161.54-164.72
Body Mass Index (kg/m?) 28.24 +3.90 27.44 26.83-29.65
Systolic Blood Pressure (mmHg) 131.00 £5.31 133.60 129.09-132.91
Diastolic Blood Pressure (mmHg) 78.54 +5.41 81.60 76.59-80.49
Oxygen Saturation (%) 96.31 £1.31 96.00 95.84-96.78
Sex Distribution
Sex N (%)
Male 19 (59.4%)
Female 13 (40.6%)

Abbreviations: SD, standard deviation; CI, confidence interval.

Table 2 summarizes the baseline laboratory parameters and peritoneal dialysis-re-
lated characteristics, including hematological, biochemical, inflammatory markers, and
peritoneal equilibration test (PET) parameters.

Table 2. Baseline laboratory and peritoneal dialysis characteristics (n = 32).

Variable Mean = SD Median 95% CI
Hemoglobin (g/dL) 11.11+£0.40 11.10 10.97-11.25
Sodium (mmol/L) 13591 £0.78 136.00 135.63-136.19
Bicarbonate (mmol/L) 21.35+0.69 21.60 21.10-21.60
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Potassium (mmol/L) 3.91+£0.30 3.80 3.80-4.02
HbAlc (%) 5.44 +0.15 5.40 5.39-5.49
Ferritin (pg/L) 246.88 +18.01 249.00 240.39-253.37
Creatinine (mg/dL) 7.40+0.92 7.55 7.07-7.73
Blood Urea Nitrogen 53 75, 3 63 54.50 52.44-55.06
(mg/dL)

Fasting Blood Sugar 93.41 +4.29 94.50 91.86-94.95
(mg/dL)

Albumin (g/dL) 3.74+0.23 3.73 3.66-3.82
C-reactive Protein (mg/dL)0.77 + 0.24 0.76 0.68-0.86
Ultrafiltration (mL) 472.19 + 44.56 440.00 456.13-488.25
Peritoneal Equilibration Test (PET) Parameters

Median Mean £ SD Parameter

Parameter Mean £ SD Median

D/Do Glucose (0 h) 0.92 +£0.03 0.91

D/D Glucose (2 h) 0.55 +0.03 0.54

D/D Glucose (4 h) 0.31+0.03 0.31

D/P Creatinine (0 h) 0.13+0.01 0.12

D/P Creatinine (2 h) 0.53 +£0.01 0.53

D/P Creatinine (4 h) 0.65+0.03 0.64

Free Sodium (0 h) 137.81 +1.47 135.80

Free Sodium (1 h) 142.75 + 1.67 143.20

Abbreviations: SD, standard deviation; CI, confidence interval; HbAlc, glycated hemoglobin; PET,
peritoneal equilibration test; D/P, dialysate-to-plasma ratio; D/Do, dialysate-to-initial dialysate ratio;
mL, milliliters; g/dL, grams per deciliter; mmol/L, millimoles per liter; mg/dL, milligrams per deci-

liter; ug/L, micrograms per liter.

Eligibility criteria included age > 18 years, treatment with PD for at least six months
before enrollment, and use of at least two daily exchanges with 2.35% dextrose during the
preceding six months. Participants were also required to have high or high-average peri-
toneal transport status based on a modified 4.25% dextrose PET, defined by a dialysate
glucose ratio (D4/D0) < 0.39. All enrolled patients were maintained on a CAPD regimen
consisting of four manual 2 L exchanges per day. Exclusion criteria included a history of
type 1 or type 2 diabetes mellitus, peritonitis, urinary tract infection, or any other active
infection within six months before recruitment; recurrent hypoglycemia; liver disease;
known hypersensitivity to SGLT2 inhibitors; or active malignancy.

2.3. Ethical Considerations and Study Approval

Written informed consent was obtained from all participants before study inclusion.
The study was conducted within the framework of a collaborative agreement with An-
Najah National University, and was developed in partnership with nurses and physicians
specializing in PD. Patient recruitment was conducted between December 2023 and De-
cember 2024. All participants provided written informed consent prior to enrollment and
the initiation of prospective study follow-up procedures.

All study procedures were performed in accordance with the ethical principles out-
lined in the institutional guidelines. The study protocol was reviewed and approved by
the Institutional Review Board of An-Najah National University (Reference No.: Med.
April 2023/113). Before enrollment, participants received detailed information regarding
the study objectives, procedures, potential risks, and possible adverse effects of the med-
ication. Participation was voluntary, and written informed consent was obtained from
each individual. Participant confidentiality and privacy were strictly maintained, and ac-
cess to study data were restricted to authorized members of the research team.
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2.4. Drug Administration, Testing, and Follow-Up

Participants received dapagliflozin at a dose of 10 mg once daily for six months. The
medication was dispensed through the hospital pharmacy in accordance with routine clin-
ical practice. PET was performed using a modified protocol of 2 L of 4.25% dextrose solu-
tion [9] at baseline, prior to treatment initiation, and repeated after completion of the six-
month dapagliflozin treatment period in order to assess changes in peritoneal transport
characteristics and UF performance.

2.5. Measurements

Peritoneal fluid samples were analyzed using the indirect ion-selective electrode
method. UF volume, body weight, and blood pressure (BP) were recorded at baseline and
reassessed during the follow-up PET conducted six months after treatment initiation. No
changes were made to participants’ PD prescriptions or concomitant medications
throughout the study period. Routine laboratory parameters remained stable, with no
clinically significant deviations observed.

Participants were monitored through weekly contact with the research team to assess
potential clinical events, including hypoglycemic episodes, BP fluctuations, and weight
variations. In addition, during the follow-up period, patients were instructed to promptly
report any new symptoms or clinical concerns to the PD unit.

2.6. Study Outcomes

The primary outcomes were the changes observed after six months of daily dapagli-
flozin treatment (10 mg), including:

1. Changes in the D4/DO0 ratio and the dialysate-to-plasma creatinine ratio (D/P).

2. Changes in the peritoneal solute transport rate (PSTR), as assessed by D/P creatinine
values.

3. Changes in biochemical and clinical parameters, including serum sodium, albumin,
glycated hemoglobin (HbA1c), C-reactive protein (CRP), and net UF volume.

4. Changes in body weight, BP, and antihypertensive medication requirements.

Secondary outcomes included changes in BP, the incidence of infectious events, epi-
sodes of hypoglycemia, and variations in serum bicarbonate levels.

2.7. Data Collection and Measurements

Prior to the initiation of dapagliflozin therapy, baseline demographic and clinical
characteristics were recorded, including age, sex, primary etiology of renal failure, dura-
tion and modality of PD, body mass index (BMI), diabetes mellitus status, prior history of
technique failure, and relevant laboratory parameters.

Peritoneal transport characteristics were assessed using a modified PET with 4.25%
dextrose. The D/P creatinine ratio was calculated as the ratio of dialysate creatinine con-
centration after a 4 h dwell to the corresponding serum creatinine concentration. The
D4/DO0 ratio was determined as the ratio of dialysate glucose concentration at 4 h to its
concentration at time zero. Peritoneal ultrafiltration (PUF) was calculated as the difference
between the instilled dialysate volume and the drained volume after a 4 h dwell. The so-
dium dip was defined as the absolute difference between dialysate sodium concentration
at baseline and one hour after dwell initiation.

Additional clinical parameters, including BP, heart rate, and body weight, were
measured at baseline and at the completion of the six-month follow-up period. Laboratory
assessments included serum albumin, fasting blood glucose, blood urea nitrogen (BUN),
creatinine, potassium (K), glycated hemoglobin (HbAlc), bicarbonate (HCOs"), CRP, and
oxygen saturation (5pO2).
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2.8. Data Analysis

Data entry and statistical analyses were performed using IBM SPSS Statistics version
27 (IBM Corp., Armonk, NY, USA). Descriptive statistics were used to summarize the data.
Categorical variables are presented as frequencies and percentages, whereas continuous
variables are reported as medians with corresponding ranges.

The D/P ratio, D4/DO0 glucose ratio, peritoneal ultrafiltration (PUF), and sodium dip
were analyzed across the three predefined study time points (early PD, UF failure, and
post-treatment). Overall differences between time points were assessed using the Fried-
man test for related samples. Following a significant Friedman test result, post hoc pair-
wise comparisons were performed using the Wilcoxon signed-rank test with Bonferroni
correction for multiple comparisons. The Wilcoxon signed-rank test was also used to eval-
uate within-patient changes between the pre-treatment and post-treatment phases and
was considered the primary method for assessing treatment-related effects. Absolute
changes (A) between pre-treatment and post-treatment values were calculated and re-
ported as median differences. Where applicable, 95% confidence intervals were estimated.

In addition to the main PET-derived variables, further analyses were conducted for
BP, heart rate, body weight, albumin, blood glucose, BUN, creatinine, sodium (Na), po-
tassium (K), hemoglobin (Hb), HbAlc, HCOs-, CRP, and SpO:. Data regarding antihyper-
tensive medication use and erythropoietin therapy were also included in the analysis. A
two-sided p-value < 0.05 was considered statistically significant for overall analyses,
whereas an adjusted p-value < 0.017 was used for post hoc pairwise comparisons follow-
ing a Bonferroni correction. Effect sizes (r) and absolute changes (A) were reported for
paired comparisons, in order to quantify the magnitude of change. Effect sizes (r) were
calculated for all paired comparisons. Due to the non-parametric nature of the data, con-
fidence intervals were not computed; instead, median differences and effect sizes were
reported to enhance interpretability.

3. Results: Clinical and Peritoneal Membrane Outcomes After
Dapagliflozin Treatment

3.1. Overview of Patient Characteristics and Treatment Outcomes

3.1.1. Baseline Characteristics

The patient selection process and revised study flow diagram and study periods are
summarized in Figure 1. To enhance clarity and consistency with the study design, the
primary emphasis was placed on paired comparisons between pre-treatment and post-
treatment measurements, reflecting within-patient changes over time. Comparisons
across all three predefined time points (early PD, UF failure, and post-treatment) are pre-
sented for descriptive context.

To provide the full clinical course prior to advanced statistical interpretation, a lon-
gitudinal summary table (Table 3) has been added which displays clinically relevant var-
iables across the early PD, UF, and post-treatment phases.

Table 3. Longitudinal clinical and dialysis-related parameters across the three study phases (n=32).

Pre- vs. Post-
Early Peritoneal Ultrafiltration Fail- Post-Treat- rer vs. Tos

Variable Dialysis ure/Pre-Treatment ment Treatment p-
Value

SBP (mmHg) 133.6 161.3 129.1 <0.001

DBP (mmHg) 81.6 100.1 73.1 <0.001

BMI (kg/m?) 27.44 30.4 24.6 <0.001

Hemoglobin (g/dL) 11.10 9.0 11.9 <0.001

Albumin (g/dL) 3.73 2.80 3.80 <0.001
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Creatinine (mg/dL) 7.55 9.45 6.60 <0.001
CRP (mg/dL) 0.76 2.5 0.8 <0.001
UF (mL) 440.0 90.0 480.0 <0.001
D/D glucose (4h)  0.31 0.17 0.36 <0.001
D/P creatinine (4 h) 0.64 0.89 0.69 <0.001
Free Na (1 h) 143.2 137.9 143.6 <0.001

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index;
CRP, C-reactive protein; UF, ultrafiltration volume; D/D glucose (4 h), dialysate glucose concentra-
tion at 4 h divided by the initial dialysate glucose concentration (D4/D0); D/P creatinine (4 h), dia-
lysate-to-plasma creatinine ratio at 4 h; Free Na (1 h), free water transport assessed by sodium dip
at 1 h. Data are presented as medians. The final column summarizes the paired pre-treatment versus

post-treatment comparison; full statistical outputs are presented in Tables 4-6.

Assessed for eligibility
(n=40)
Eligibility criteria ) [
« Age > 18 years Exclusion criteria
* PD > 6 months v » Diabetes mellitus
« >2 daily exchanges with 2.35% dextrose » Peritonitis/UTl/active infection
« High/high-average transport status Excluded * Recurrent hypoglycemia
» Ultrafiltration failure (n=8) » Liver disease or malignan
» Ultrafiltration failure « Hypersensitivity to SGLT2 inhibitors
( Included in prospective pre-post cohort
(n=32)
. )
v
Completed 6-month dapagliflozin follow-up and analysis
(n=32)

Study periods used for within-patient comparison

Period 1 Period 2 Period 3
rly PD (~8 months after PD initiation) UF failure / pre-treatment Post-treatment
PET retrieved from medical records PET at time of documented UF failure PET after 6 months of dapagliflozin 10 mg/day

Abbreviations: PD, peritoneal dialysis; PET, peritoneal equilibration test; UF, ultrafiltration; UTI, urinary tract infection.

Figure 1. Revised study flow diagram and study periods.

The mean age of participants was 27.63 years, with a predominance of males (59.4%).
The mean duration since initiation of dialysis was approximately 6.5 years, with most pa-
tients having been on PD for 5-7 years. The mean BMI was 28.24 + 3.9 kg/m?, indicating
that a substantial proportion of participants were within the overweight range.
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Table 4. Changes in blood pressure and body mass index following six months of dapagliflozin

treatment (n = 32).

Pre-Treatment Post-Treatment

Variable Median Median A (Post-Pre) p-Value Effect Size (1)
SBP 161.3 129.1 -32.2 <0.001 0.873
(mmHg)

DEP 100.1 73.1 -27.0 <0.001 0.873
(mmHg)

BMI 30.4 24.6 -5.8 <0.001 0.870

(kg/m?)

Data are presented as medians. Comparisons were performed using the Wilcoxon signed-rank test.

Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index.

Table 5. Laboratory parameter changes in peritoneal dialysis patients after 6 months of dapagli-

flozin treatment (n = 32).

. Pre-Treatment Post-Treatment Effect Size
Variable Median Median A (Post-Pre) p-Value ®
Oz saturation (%) 93.0 96.5 +3.5 <0.001  0.870
Hemoglobin (g/dL) 9.0 11.9 +2.9 <0.001  0.870
Sodium (mmol/L) 131.0 138.0 +7.0 <0.001  0.880
HCOs (mmol/L)  16.9 21.9 +5.0 <0.001  0.870
Zitri?/‘;“ 5.4 3.6 1.8 <0.001  0.880
HbAlc 6.40 5.22 -1.18 <0.001  0.870
Ferritin (pg/L) 209.0 275.5 +66.5 <0.001  0.870
Creatinine (mg/dL) 9.45 6.60 -2.85 <0.001  0.870
BUN (mg/dL) 69.0 44.0 -25.0 <0.001  0.870
FBS (mg/dL) 121.0 86.0 -35.0 <0.001  0.880
Albumin (g/dL)  2.80 3.80 +1.00 <0.001  0.870

Data are presented as medians. Comparisons were performed using the Wilcoxon signed-rank test.

Abbreviations: BUN, blood urea nitrogen; FBS, fasting blood sugar; HbAlc, glycated hemoglobin.

Table 6. Changes in PET-derived and clinical markers across study periods (n = 32).

Pre-Treatment Post-Treatment A (Post-

Variable Mo, Median Pre) p-Value Effect Size (r)
D/D0 glucose o, 0.97 +0.03 <0.001 0730
(0h)

E)/D glucose (2 ), 0.57 +0.25 <0.001  0.870
E)/D glucose (4 0.36 +0.19 <0.001  0.870
D/P creatinine 019 011 ~0.08 <0.001 0.770
(Oh)

D/P creatinine 0.68 056 -0.12 <0.001 0.870
(2h)

D/P creatinine 0.69 -0.20 <0.001  0.870
(4h)

Free Na (0h) 135.7 136.1 +0.4 <0.001  0.850
Free Na (1h) 137.9 143.6 +5.7 <0.001 0870
CRP (mg/dL) 2.5 0.8 -1.7 <0.001  0.880
UF (mL) 90.0 480.0 +390.0 <0.001 _ 0.870
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Abbreviations: D/P, dialysate-to-plasma ratio; CRP, C-reactive protein; UF, ultrafiltration.

3.1.2. Changes in Blood Pressure and BMI

The Friedman test determined whether the SBP and DBP readings of PD patients
differed following 6 months of dialysis, during a worsening filter, and subsequently, after
6 months of dapagliflozin administration. A statistically significant difference was found
in the patients’ SBP, DBP, and BMI readings, depending on the PD period (use of dapagli-
flozin (x2 [2] = 49.65, 58.56, 64.0&, p < 0.001, respectively). A post hoc analysis revealed a
significantly higher median reading of the SBP and DBP (161.3 and 100.1 mmHg, respec-
tively) among PD patients at the time of PD (p < 0.001) compared to baseline (131.6 and
81.6 mmHg, respectively) and a significant lower reading of SBP and DBP (129.1 and 73.1
mmHg, respectively) after a 6 month administration of dapagliflozin (p <0.001) compared
to a worsening time. On the other hand, the administration of dapagliflozin significantly
lowered the BMI of PD patients (p <0.001) compared to the BMI at a worsening time (24.6
vs. 30.4, respectively) (Table 4).

Clinical outcomes were analyzed using the Wilcoxon Signed-Rank Test to compare
baseline and 6-month post-treatment values. Results showed statistically significant im-
provements in all measured parameters (p < 0.001). SBP significantly decreased from a
median of 161.3 mmHg at baseline to 129.1 mmHg after treatment, with a median reduc-
tion of -32.2 mmHg (Z = —4.938, p <0.001, r = 0.873). DBP decreased from 100.1 mmHg to
73.1 mmHg, with a median change of -27.0 mmHg (Z = -4.938, p < 0.001, r = 0.873). BMI
also showed a marked reduction from 30.4 kg/m? to 24.6 kg/m?, with a median decrease
of -5.8 kg/m? (Z =-4.937, p < 0.001, r = 0.87). Overall, all parameters demonstrated large
effect sizes (r = 0.87), indicating a strong and consistent treatment effect across participants.

3.1.3. Changes in Laboratory Parameters

Laboratory parameters were assessed across the three time points using the Fried-
man test, which demonstrated statistically significant differences over time (p < 0.001).
Paired analyses using the Wilcoxon signed-rank test showed further statistically signifi-
cant differences between the pre-treatment and post-treatment values after six months (Z
range: —4.93 to —4.97, p < 0.001), with consistently large effect sizes (r = 0.87-0.89) (Table 5).

Median differences indicated clinically relevant changes across multiple parameters,
including increases in hemoglobin (+2.9 g/dL), sodium (+7 mmol/L), bicarbonate (+5
mmol/L), and albumin, alongside reductions in creatinine (-2.85 mg/dL), blood urea ni-
trogen (—25 mg/dL), fasting blood glucose (=35 mg/dL), potassium, and HbAlc. These
findings reflect consistency within patient changes over the study period. However, given
the observational pre-post design, they should be interpreted as associations rather than
evidence of a causal relationship.

3.1.4. Clinical Marker Changes

Changes in PET-derived parameters and clinical markers are presented in Table 6.
Friedman test analysis demonstrated statistically significant differences across the three
study periods (p < 0.001). For interpretability, paired comparisons between pre-treatment
and post-treatment values were emphasized.

UF volume increased from a median of 90.0 mL during the pre-treatment phase to
480.0 mL after six months (A =+390 mL; Z =-4.941, p <0.001, r = 0.87). In parallel, dialysate
glucose ratios (D/D0) increased, while D/P decreased across measured time points. These
changes are consistent with a shift in peritoneal transport characteristics over time, with
patterns suggestive of a reduced solute transport rate and improved maintenance of the
osmotic gradient. In addition, CRP levels decreased (A =-1.7 mg/dL), and sodium-related
parameters demonstrated measurable changes.
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Although these findings are statistically significant and clinically notable, they
should be interpreted as associations observed over time rather than definitive evidence
of treatment effect. Figure 2 illustrates the trajectory of key parameters across the three
time points, showing deterioration at the time of UF failure followed by improvement
during the post-treatment period. This graphical pattern is consistent with the tabulated

results.
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Figure 2. Clinical marker changes before and after dapagliflozin treatment (n = 32).

3.1.5. Interpretation of PET Parameters
D/DO0 Glucose Ratio

The D/DO glucose ratio represents the relationship between dialysate glucose con-
centration at a given time point and its initial concentration. It is commonly used to reflect
glucose absorption dynamics across the peritoneal membrane. We observed an increase
in D/DO ratios following the follow-up period, which may reflect changes in intraperito-
neal glucose handling

D/D4 Glucose Ratio

The D/D4 ratio reflects glucose concentration changes over the dwell period and pro-
vides insight into the persistence of the osmotic gradient. Observed variations in D/D4
ratios suggest temporal changes in membrane transport behavior; however, inter-individ-
ual variability was noted.

D/P Creatinine Ratio
The D/P creatinine ratio is a standard measure of the peritoneal solute transport rate.

Higher values are typically associated with faster solute transport.

We observed a reduction in D/P creatinine ratios during the follow-up period, which
may indicate a shift in transport characteristics. However, variability between patients
was present.

https://doi.org/10.3390/kidneydial6030049


https://doi.org/10.3390/kidneydial6030049

Kidney Dial. 2026, 6, 49

12 of 19

Sodium Dip

The sodium dip, defined as the difference between dialysate sodium concentration
at baseline and after one hour, was also evaluated. An increase in sodium dip was ob-
served during the follow-up period, suggesting changes in sodium transport dynamics.
The clinical implications of this observation remain uncertain and require further investi-
gation.

Peritoneal Transport Classification

Across the three assessment periods, patients were predominantly classified as high—
average transporters based on both glucose and creatinine curves. No major shifts in the
transport category were observed at the group level, although intra-individual variability
was noted.

Additional Observations

Sodium dip values showed variation across time points, with lower values observed
during the UF failure phase and higher values during the follow-up period. These patterns
may reflect temporal changes in peritoneal membrane characteristics; however, interpre-
tation remains limited within the current study design.

3.1.6. Safety Observations

All 32 analyzed participants completed the 6-month follow-up. No serious adverse
events attributable to dapagliflozin were reported during the observation period, and no
participant discontinued treatment due to intolerance. These findings should nevertheless
be cautiously interpreted because the study was not powered to detect uncommon safety
events.

4. Discussion

Robust clinical evidence supports the use of SGLT2 inhibitors in patients with heart
failure and chronic kidney disease (CKD) [30,31]. However, evidence regarding their use
in advanced CKD, particularly among patients receiving dialysis, remains limited. Alt-
hough SGLT2 expression is predominantly localized to the proximal renal tubules, it had
been assumed that the benefits of SGLT2 inhibition might diminish along with a progres-
sive loss of kidney function. More recent data, however, suggest that the cardio-renal ben-
efits of SGLT2 inhibitors may persist even at lower levels of kidney function, provided
that the estimated glomerular filtration rate (¢GFR) is 220 mL/min/1.73 m2 [32,33].

In the present study, dapagliflozin use was associated with improvements in UF,
peritoneal transport characteristics, and several clinical and laboratory parameters over
six months. Because this study was a non-randomized, single-group pre-post observa-
tional design without a control group, these findings should be cautiously interpreted.
The observed changes cannot be attributed solely to dapagliflozin. The results are best
considered as hypothesis-generating rather than evidence of causality.

A key interpretive issue is the potential contribution of SGLT2 inhibitor-related os-
motic diuresis to the observed changes in fluid status. SGLT2 inhibitors are known to in-
crease urinary glucose excretion and promote diuresis, which may influence extracellular
fluid volume. In the present study, urinary volume was not systematically assessed. This
limitation is important, although most participants had long-standing PD and minimal or
absent residual renal function, which may reduce the likelihood that urinary losses fully
explain the observed changes. Nevertheless, the potential contribution of altered systemic
fluid balance cannot be excluded. The rationale for this study arose from recent evidence
demonstrating the expression of SGLT2 in the human peritoneum [18].
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If SGLT2 participates in glucose uptake from PD solutions, then pharmacological in-
hibition of this transporter may be associated with preservation of the intraperitoneal glu-
cose gradient and improved UF efficiency. PD is a well-established renal replacement mo-
dality for patients with ESRD, using the peritoneal membrane as a semipermeable barrier
for fluid and solute exchange. Glucose-based PD solutions generate the osmotic gradient
required for UF; however, chronic exposure to high-glucose dialysate has been found to
be associated with progressive structural and functional alterations of the peritoneal
membrane [34]. These changes may impair dialysis performance over time and contribute
to technique failure. Despite advances in understanding the mechanisms of peritoneal in-
jury, effective interventions to preserve membrane function remain limited [35].

Dapagliflozin is a selective SGLT2 inhibitor that blocks SGLT2-mediated glucose
transport. Its use in advanced CKD and ESRD has recently been explored in PD patients
with type 2 diabetes. A recent case report comprising PD patients described improved UF
after dapagliflozin therapy [36], thus supporting the rationale for further study of this
population. Additional reports have confirmed SGLT2 expression in the human perito-
neum, including increased receptor expression in patients with encapsulating peritoneal
sclerosis [20]. Clinical observations have also suggested possible benefits of SGLT2 inhi-
bition in PD, such as improved glycemic control, enhanced UF, and reductions in inflam-
matory markers [26,37,38]. Simultaneously, preclinical findings have been reported as het-
erogeneous. Some experimental works have suggested the inhibition of peritoneal glucose
transport by dapagliflozin, whereas other studies did not identify significant changes in
peritoneal glucose, sodium, or water transport [18,26,38—40]. These inconsistencies high-
light the need for further clinical evaluation.

Our findings should also be interpreted in light of more recent PD-specific studies
reporting different results. Hamdan et al. found no statistically significant change in glu-
cose absorption or PET-derived membrane function after one month of dapagliflozin in
CAPD patients [26]. The randomized EMPOWERED crossover trial reported no signifi-
cant increase in daily UF with empagliflozin over an 8-week period [27].

Several factors may explain these discrepancies. Firstly, our cohort was specifically
enriched for patients with established UF and high/high—average transport status,
whereas other studies comprised a more heterogeneous PD population. Secondly, our
treatment exposure was longer (six months), which may be relevant if membrane remod-
eling and inflammatory changes require time to evolve. Thirdly, differences in endpoints
(daily UF versus PET-derived UF and transport indices), background PD prescriptions,
and residual kidney function could materially influence the observed effect size. Accord-
ingly, the divergence between studies is unlikely to be explained by dapagliflozin versus
empagliflozin alone and more likely reflects differences in population, follow-up duration,
and outcome definition [28,29].

UF failure remains a major limitation of long-term PD and is associated with tech-
nique failure and increased morbidity. In this study, comparisons involving early PD and
UF failure should be carefully interpreted, as these differences may reflect the natural evo-
lution of peritoneal membrane function over time rather than the effect of treatment.
Time-related confounding therefore cannot be excluded. For this reason, paired pre-treat-
ment and post-treatment comparisons provide the most clinically relevant interpretation
of the findings.

From a clinical perspective, the observed association between dapagliflozin use and
improved UF volume is notable. The increase in UF was accompanied by changes in D/P
creatinine, dialysate glucose ratios, and sodium dynamics, which may indicate a shift in
peritoneal transport behavior. The reduction in D/P creatinine is consistent with a pattern
suggestive of lower transport rates, whereas the preservation of the intraperitoneal glu-
cose gradient may reflect improved osmotic efficiency. The observed increase in sodium
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dip may also suggest altered free water transport across the peritoneal membrane. Alt-
hough these findings are mechanistically plausible, they remain inferential since no direct
assessment of peritoneal SGLT2 activity was performed.

From a clinical perspective, the observed increase in UF volume may be particularly
relevant when interpreted in the context of established UF failure criteria. UF failure is
commonly defined as the inability to achieve at least 400 mL of net UF during a 4 h dwell
using 4.25% dextrose solution. In the present cohort, the median UF volume increased
from 90 mL during the pre-treatment phase to 480 mL following dapagliflozin therapy,
thereby exceeding the conventional threshold used to define UF failure. Although causal-
ity cannot be established within the current observational design, this magnitude of
change may be clinically meaningful, thus suggesting a possible association with im-
proved fluid management and preservation of osmotic efficiency.

Clinically, improved UF efficiency may contribute to better extracellular volume con-
trol, reduced fluid overload, improved BP regulation, and a potentially lower risk of PD
technique failure. Because inadequate UF is a recognized contributor to hospitalization,
cardiovascular burden, and transition to hemodialysis, interventions associated with the
preservation of peritoneal membrane function may have important implications for long-
term dialysis sustainability. Nevertheless, these findings should be cautiously interpreted
and require validation in larger randomized controlled studies.

Two contextual variables deserve explicit consideration. Firstly, diabetes mellitus
was an exclusion criterion in the present study, which reduced glycemic confounding but
limited generalizability because diabetes is common in PD. It is associated with worse
outcomes, including higher mortality, a greater risk of transfer to hemodialysis, and lower
access to transplantation [41,42]. Secondly, heart failure status was not systematically ad-
judicated as a pre-specified covariate. This is relevant since heart failure is common in
dialysis populations, substantially contributes to mortality, and may influence congestion,
BP, and UF targets [43].

The biochemical findings were also clinically relevant. Over the 6 month period, the
study cohort showed favorable changes in hemoglobin, sodium, bicarbonate, creatinine,
BUN, fasting blood glucose, potassium, and HbA1lc. These changes may reflect improved
overall metabolic and volume status during follow-up. However, because the study de-
sign did not include a control group, these observations should be interpreted as within-
patient changes over time, rather than definitive treatment effects. The consistently large
effect sizes support the magnitude of these changes, but they do not establish causality.

The safety profile observed in this cohort was reassuring. No major adverse events
attributable to dapagliflozin were recorded during follow-up. This is clinically important
due to the fact that the use of SGLT2 inhibitors in non-diabetic PD patients remains less
well defined. Potential adverse effects such as volume depletion, hypotension, and
euglycemic ketoacidosis are known concerns, particularly in diabetic populations. Alt-
hough these events were not observed in the present study, careful selection and moni-
toring remain essential when considering dapagliflozin in PD patients.

This cautious interpretation is reinforced by the emerging literature. In a 1-month
dapagliflozin pilot study, no hypoglycemia, dysuria, or change in urinary frequency was
reported, although one episode of peritonitis and two episodes of overhydration occurred
during follow-up [26]. In contrast, the EMPOWERED randomized trial observed numeri-
cally more adverse events with empagliflozin than with a placebo (47% versus 29%). There
were also more serious adverse events (11% versus 6%), in spite of no demonstrable short-
term UF benefit [27]. Recent reviews have therefore emphasized that genital infections,
volume depletion, residual kidney function changes, and rare metabolic complications
require dedicated surveillance in larger PD cohorts before routine use can be recom-
mended [28,29].
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Overall, the present study provides preliminary clinical observations suggesting that
dapagliflozin use may be associated with improved UF efficiency, preservation of the in-
traperitoneal glucose gradient, and favorable changes in peritoneal membrane transport
markers. The findings also suggest possible benefits in cardiometabolic parameters, in-
cluding blood pressure, BMI, and glycemic control. These observations are clinically rele-
vant since UF failure is a major driver of technique failure in PD. Interventions that pre-
serve membrane function may have important implications for long-term dialysis sustain-
ability.

4.1. Key Findings

The main findings of this study can be summarized as follows: firstly, dapagliflozin
use was found to be associated with improved UF efficiency, together with changes in
PET-derived parameters, thereby suggesting better maintenance of the osmotic gradient.
Secondly, inflammatory activity, as reflected by CRP, showed a favorable trend. Thirdly,
BP, BMI, and glycemic parameters also changed during the follow-up period, indicating
possible systemic cardiometabolic relevance. These findings should be interpreted as as-
sociative and hypothesis-generating.

4.2. Scientific and Clinical Contribution

This study contributes to the emerging evidence on SGLT2 inhibition in peritoneal
dialysis by evaluating dapagliflozin in non-diabetic PD patients with ultrafiltration failure.
The observed improvements in ultrafiltration and PET-derived parameters provide hy-
pothesis-generating clinical observations that may inform future mechanistic research and
adequately powered randomized controlled trials.

4.3. Clinical Implications

The present findings suggest that SGLT2 inhibition may merit further investigation
as a potential adjunctive strategy in PD patients with high or rapid peritoneal transport
rates. The observed changes in UF and PET-derived parameters raise the possibility that
dapagliflozin could help support membrane function over time. However, these mecha-
nistic interpretations remain speculative, as direct measurement of peritoneal SGLT2 ex-
pression or activity was not performed. The potential role of dapagliflozin in long-term
membrane preservation and cardiometabolic management also warrants further study.

4.4. Limitations

This study has several limitations. Firstly, the six-month follow-up period was rela-
tively short and did not allow an assessment of long-term durability, safety, or membrane
preservation. Secondly, the single-center design limited generalizability. Thirdly, the ab-
sence of a control group prevented causal inference. Fourthly, factors such as diet, adher-
ence, and lifestyle were not systematically assessed and may have influenced the observed
outcomes. Finally, the study did not include direct mechanistic assessment of peritoneal
SGLT2 expression or activity.

4.5. Future Directions

Future studies should include adequately powered, multicenter randomized con-
trolled trials with longer follow-up to confirm these preliminary observations. Compara-
tive studies against other UF-enhancing strategies would help clarify the relative benefit
of dapagliflozin. In addition, mechanistic investigations are needed to determine how
SGLT2 inhibition may influence peritoneal glucose transport, membrane integrity, fibrosis,
and sodium handling. Such work would help define the most appropriate clinical role for
SGLT?2 inhibitors in PD.
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5. Conclusions

In this prospective observational pre—post study, dapagliflozin use was found to be
associated with improvements in UF, peritoneal transport parameters, and several clinical
and laboratory measures in patients undergoing PD. These findings suggest a potential
role for dapagliflozin in supporting peritoneal membrane function and overall metabolic
control. However, because the study was non-randomized and lacked a control group,
the results should be cautiously interpreted and regarded as hypothesis-generating.

Further randomized controlled trials are needed to determine whether these associ-
ations reflect a true treatment effect, in addition to establishing the safety and efficacy of
dapagliflozin in the PD population. The present findings provide preliminary clinical sup-
port for continued investigation of SGLT2 inhibition as a potential strategy to preserve
peritoneal membrane function and improve dialysis-related outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

PD peritoneal dialysis

ESRD end-stage renal disease

UF ultrafiltration

SGLT-2 sodium—glucose transport protein 2

MC mesothelial cells

EMT epithelial-to-mesenchymal transition
PDF peritoneal dialysis fluids

SGLT-1 sodium-dependent glucose transporters
HPMCs human peritoneal mesothelial cells
CAPD continuous ambulatory peritoneal dialysis
HD hemodialysis

PET peritoneal equilibration test

BP blood pressure
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PSTR peritoneal solute transport rates
BMI body mass index

DM diabetes mellitus

PIF peritoneal ultrafiltration
BUN blood urea nitrogen

K potassium

HbAlc AlC

HCO3 hemoglobin bicarbonate
CRP C-reactive protein

SAT B blood oxygen saturation
Na sodium

Hb hemoglobin

SBP systolic blood pressure
DBP diastolic blood pressure
CKD chronic kidney disease
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