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Abstract

Background: Sodium-glucose cotransporter-2 (SGLT2) inhibitors have been shown to re-
duce the rate of chronic kidney disease (CKD) progression and provide cardioprotective
benefits beyond glycemic control. However, evidence regarding their effects on kidney
disease progression in advanced CKD patients remains limited. Objectives: To determine
the proportion of patients who developed adverse renal outcomes (AROs) and identify
factors associated with AROs among patients with advanced CKD following SGLT2 in-
hibitor initiation. Methods: This retrospective cohort study was conducted in a tertiary-care
hospital in Thailand. Patients with advanced CKD who initiated SGLT2 inhibitor therapy
between 1 January 2021 and 31 March 2025 were included. Descriptive statistics were
used to summarize the data. Factors associated with AROs were evaluated using Cox
proportional hazards regression analysis. Results: A total of 132 patients were included for
analysis. All patients received empagliflozin. Most patients were aged >60 years (77.27%),
and 53.79% were female. During the follow-up period, 24.2% of patients experienced AROs.
Multivariable analysis identified CKD stage 5 (aHR = 4.02, 95% CI: 1.92-8.44, p < 0.001) and
concomitant use of low-dose aspirin (aHR = 2.35, 95% CI: 1.05-5.26, p = 0.038) as factors
independently associated with an increased risk of AROs. Conclusions: Approximately
one-quarter of patients with advanced CKD experienced an ARO, following empagliflozin
initiation. CKD stage 5 and concomitant low-dose aspirin use were independently associ-
ated with AROs. Patients with these characteristics may warrant closer monitoring of renal
function, particularly in those with more advanced disease during empagliflozin therapy.

Keywords: empagliflozin; sodium-glucose cotransporter-2 (SGLT2) inhibitors; chronic
kidney disease; adverse renal outcomes

1. Introduction

Chronic kidney disease (CKD) is a major global health problem associated with in-
creased risks of end-stage renal disease (ESRD), cardiovascular events, and mortality, with
a particularly high burden in low- and middle-income countries, including Thailand [1,2].
Unawareness of the risk and presence of CKD among the Thai population remains high.
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Therefore, early detection of CKD patients and appropriate treatment to slow progression
of the disease are crucial, particularly in stage 3 or stage 4 CKD [3]. According to the
KDIGO 2024 CKD Guideline, CKD management has evolved toward a comprehensive,
risk-based approach that emphasizes both renal and cardiovascular protection. Although
renin-angiotensin—aldosterone system (RAAS) inhibitors remain the mainstay of treat-
ment, a considerable residual risk of disease progression persists, particularly in patients
with advanced CKD. In response, the guideline recommends the use of sodium-glucose
cotransporter-2 (SGLT2) inhibitors as an adjunctive therapy to further reduce kidney disease
progression and cardiovascular risk [4].

SGLT?2 inhibitors, a class of antihyperglycemic agents, are also recommended by the
American Diabetes Association (ADA) for patients with Type 2 diabetes mellitus (T2DM)
because of their glycemic, cardiovascular, and renal benefits [5]. Consistent with these
recommendations, a recent systematic review and meta-analysis further confirmed that
SGLT2 inhibitor therapy significantly reduces the risk of kidney disease progression and
other AROs in patients with T2DM and CKD [6]. Based on evidence, the indications for
SGLT?2 inhibitors have subsequently expanded to include patients with CKD regardless of
T2DM status. Large-scale randomized controlled trials have consistently demonstrated that
dapagliflozin, canagliflozin, and empagliflozin slow CKD progression and improve cardio-
vascular outcomes across diverse CKD populations, irrespective of diabetes status [7-12].
Additionally, previous real-world studies in Thai patients have demonstrated renopro-
tective benefits associated with SGLT2 inhibitor therapy, including a lower risk of major
adverse kidney events, supporting their use in routine clinical practice [13-15].

Initiation of SGLT2 inhibitors is commonly associated with an early decline in es-
timated glomerular filtration rate (eGFR), reflecting hemodynamic changes rather than
intrinsic kidney injury. This initial dip is generally transient and vary among patients;
however, continued treatment has been reported to provide sustained renoprotective
effects [16,17]. Although this initial dip is generally transient, the variability in renal re-
sponse remains a clinical concern. Recent studies have reported favorable cardiovascular
and renal outcomes with SGLT2 inhibitors in patients with CKD stages 4 and 5 [18], and a
reduced risk of renal failure in patients with CKD stage 5 with T2DM [19]. Nevertheless,
evidence regarding AROs following SGLT2 inhibitor initiation in this population remains
limited. Therefore, this study aimed to determine the proportion of patients who developed
adverse renal outcomes (AROs) and identify factors associated with AROs among patients
with advanced CKD following SGLT2 inhibitor initiation. Adverse events (AEs) were also
observed for additional safety information.

2. Materials and Methods
2.1. Study Design and Participants

This was a retrospective cohort study conducted at Nopparat Rajathanee Hospital,
a tertiary-care hospital in Thailand. Data were retrieved from electronic medical records
from patients with advanced CKD stages 4-5 who initiated SGLT2 inhibitor therapy be-
tween 1 January 2021 and 31 March 2025. Patients were followed for up to 365 days after
treatment initiation.

Patients were included if they met the following criteria: (1) aged 18 years or older;
(2) diagnosed with CKD stages 4-5 with an eGFR < 30 mL/min/1.73 m?; (3) not undergoing
renal replacement therapy (RRT) at baseline; and (4) received continuous SGLT2 inhibitor
therapy for at least two months to allow assessment of AROs associated with continued
exposure rather than transient early changes in eGFR after treatment initiation. Patients
were excluded if they had incomplete medical records or insufficient data to assess renal
outcomes, a history of malignancy, an immunocompromised condition or active use of im-
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munosuppressive agents, advanced hepatic impairment. The flowchart of cohort selection
is presented in Figure 1.

Patients with CKD Stage 4-5 initiated SGLT2 inhibitor therapy
between 1 January 2021 and 31 March 2025
(n=164)

-
Excluded from SGLT2 inhibitor therapy

less than two months (n=29)

\.

r

Excluded from missing information (n=3) ]

\

A total of 132 patients were included for analysis

Figure 1. Flow diagram of study cohort selection.

2.2. Outcome Measures

The primary outcome was the composite ARO, defined as the occurrence of any one
of the following components: (1) a sustained >40% decline in eGFR from baseline for at
least 3 months or (2) a sustained eGFR of <10 mL/min/1.73 m? for at least 3 months or
(3) initiation of RRT maintained for at least 2 months. The first occurrence was considered
the event for a composite outcome. Each patient was counted only once, even if multiple
criteria were met, but could be included in more than one individual component category.

Secondary outcomes included the mean change in eGFR and time to the first occur-
rence of a composite ARO following empagliflozin initiation.

Safety outcomes included AEs documented in the medical records.

2.3. Data Collection and Analysis

We collected patient data from the electronic medical records database of the hospital.
To ensure data accuracy, all data collectors underwent standardized training prior to data
extraction. Baseline renal characteristics and clinically relevant factors potentially associated
with renal outcomes were collected, including CKD stage, baseline eGFR, and concomitant
medications relevant to renal function. Albuminuria was not assessed in any patient
and therefore could not be included in the analysis. Continuous variables are presented
as means with standard deviations (SD) for normally distributed data, or as medians
with interquartile ranges (IQR) for non-normally distributed data. Categorical variables
are expressed as frequencies and percentages. The sample size was initially estimated
based on a participant-to-variable ratio of 15:1, resulting in a minimum required cohort of
120 patients. The evaluated factors consisted of patient demographics (age and gender),
CKD stage, comorbidities (T2DM, hypertension, and major adverse cardiovascular events
(MACE-3), defined as a composite of cardiovascular death, non-fatal myocardial infarction,
and non-fatal stroke), and concomitant medication use (statins, angiotensin-converting
enzyme inhibitors (ACEIs), angiotensin-II receptor blockers (ARBs), and low-dose aspirin).
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Univariable and multivariable Cox proportional hazard regression analyses were
conducted to identify independent factors associated with AROs. Variables with a p-
value < 0.10 in the univariable analysis were used as a statistical screening criterion for
candidate variables; however, clinically relevant variables (T2DM and MACE-3), were
included in the multivariable regression model. The results are reported as hazard ratios
(HRs) with 95% confidence intervals (Cls). A p-value of <0.05 was considered statistically
significant. To verify the validity of the Cox proportional hazard regression model, the
proportional hazards assumption was assessed using Schoenfeld residuals. Statistical tests
were performed to ensure that the residuals were independent of time. Multicollinearity
was assessed using variance inflation factors (VIFs), with VIF > 5 indicating significant
multicollinearity. Time to the first occurrence of the composite ARO was analyzed and
visualized using the Kaplan—-Meier curve. All statistical analyses were performed using
IBM® SPSS Statistics version 27.0.

3. Results
3.1. Baseline Characteristics

A total of 132 patients were included in the analysis. Empagliflozin was prescribed
to all patients. The median age was 69.5 years (IQR, 57.5-77.8). Female accounted for a
slightly higher proportion (53.79%) compared to males. More than half of the patients had
a body mass index (BMI) of >25 kg/m? (51.50%). Most patients had CKD stage 4 (86.40%),
at the initiation of empagliflozin therapy while the remaining patients had CKD stage
5 (13.60%). Comorbidities were highly prevalent among the study population. Nearly
all patients had hypertension (96.97%), and T2DM (82.58%). Additionally, 31.06% of the
patients had a history of MACE-3. Regarding concomitant medications, statins were the
most frequently prescribed (81.82%), followed by ACEIs or ARBs (40.91%). Low-dose
aspirin was used concomitantly in 38.64% of the patients. The baseline demographic and
clinical characteristics of the participants are summarized in Table 1.

Table 1. Baseline demographic and clinical characteristics of the participants (n = 132).

Characteristics Participants (%)

Age in years, median (IQR) 69.5 (57.50,77.75)

18-59 30 (22.73)

>60 102 (77.27)
Female 71 (53.79)
BMI > 25 kg/m? 68 (51.50)
Stage of CKD

Stage 4 114 (86.40)

Stage 5 18 (13.60)
eGFR (mL/min/1.73 m?) 21.84 +5.23
Comorbidity

Hypertension 128 (96.97)

T2DM 109 (82.58)

MACE-3 41 (31.06)
Concomitant medication use

Statins 108 (81.82)

ACEIs/ARBs 54 (40.91)

Low-dose aspirin 51 (38.64)

BMI: body mass index, CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate,
T2DM: Type 2 diabetes mellitus, MACE-3: major adverse cardiovascular events, ACEIs: angiotensin-
converting enzyme inhibitors, ARBs: angiotensin-II receptor blockers.
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B Adverse renal outcomes

3.2. Adverse Renal Outcomes and Adverse Events

Among the 132 patients, 32 (24.20%) experienced an ARO, whereas 100 patients were
censored without experiencing an ARO during the 365-day follow-up period. The total
follow-up time was 127 person-years. The incidence rate of AROs was 25.20 events per
100 person-years. The mean eGFR decreased from 21.84 mL/min/1.73 m? at the baseline
to 17.29 mL/min/1.73 m?. This represents an absolute decline of 4.35 mL/min/1.73 m2,
accounting for a 20.1% reduction. Among patients with AROs, a sustained >40% decline
in eGFR from baseline occurred in 22/32 patients (68.75%) and 23/32 patients (71.88%)
developed an eGFR < 10 mL/min/1.73 m?. Of these, 15/32 patients (46.88%) met both
criteria, indicating an overlap between the two components. Only 3/32 patients (9.38%)
subsequently required RRT, and met all components of the composite ARO.

Regarding CKD stage, AROs were frequently observed among patients with CKD
stage 5 (10/18, 55.56%); all met the eGFR < 10 mL/min/1.73 m? criterion, 4/10 (40.00%)
had an eGFR decline of >40% from baseline, and none required RRT. The baseline eGFR
and frequencies of individual components of the composite ARO are presented in Table 2.

Table 2. Baseline eGFR and frequencies of individual components of the composite adverse renal
outcome according to CKD stage.

Characteristics CKD Stage 4 (n =114) CKD Stage 5 (n = 18)
eGFR, mL/min/1.73 m?, mean 4 SD 23.02 £ 4.09 13.91 £ 0.10
The composite ARO 22 (19.30%) 10 (55.56%)
>40% decline in eGFR 18 (81.81%) 4 (40.00%)
eGFR < 10 mL/min/1.73 m? 13 (59.09%) 10 (100.00%)
Renal replacement therapy 3 (13.63%) 0 (0.00%)

The proportions of patients with and without AROs, and individual components of
the composite ARO are shown in Figure 2A and Figure 2B, respectively. The Kaplan—-Meier
curve for time to AROs is shown in Figure 3. Concerning safety outcomes, the number
of AEs documented in the medical records was notably low as hypotension (1.52%) and
urinary tract infections (UTIs) (1.52%). There were no reported cases of genital infections
or hypoglycemia.

B
80%
71.88%
68.75%
70%
60%
24.2%
50%
40%
30%
20%
9.38%
10%
0% —
The composite adverse renal outcome
® No adverse renal outcomes eGFR decline >40% ®™eGFR <10 mL/min/1.73 m*> ®Renal replacement therapy

Figure 2. (A) The proportions of patients with and without adverse renal outcomes (n = 132).
(B) Individual components of the composite adverse renal outcome (1 = 32). Patients could meet
more than one outcome component.
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Figure 3. Kaplan-Meier curve for time to adverse renal outcomes.

3.3. Factors Associated with Adverse Renal Outcomes

The proportional hazards assumption was assessed using Schoenfeld residuals and
showed no violation for any of the variables (all p-values > 0.05). Therefore, the Cox
proportional hazards regression model was deemed appropriate.

Univariable Cox proportional hazards regression analysis identified CKD stage 5 and
concomitant use of low-dose aspirin as significant factors associated with an increased
risk of AROs. Specifically, patients with CKD stage 5 had a nearly four-fold higher risk of
AROs compared to the reference group (HR = 3.94, 95% CI: 1.89-8.18, p < 0.001). Similarly,
concomitant use of low-dose aspirin was associated with a more than two-fold higher risk
of AROs (HR = 2.18, 95% CI: 1.08-4.39, p = 0.029).

Conversely, no statistically significant associations were observed for demographic
characteristics (age > 60 years and sex), underlying comorbidities (T2DM, hypertension,
and MACE-3), or concomitant medications, including ACEIs/ARBs and statins (Table 3).

Table 3. Univariable analysis of factors associated with adverse renal outcomes.

Variable HR (95% CI) p-Value
Age > 60 1.29 (0.62-2.68) 0.494
Male 0.56 (0.27-1.16) 0.117

CKD Stage 5 3.94 (1.89-8.18) <0.001 *
T2DM 2.09 (0.64-6.86) 0.224
Hypertension 0.85 (0.12-6.21) 0.871
MACE-3 1.20 (0.58-2.49) 0.627
Low-dose aspirin 2.18 (1.08-4.39) 0.029 *
ACEIs/ARBs 1.25 (0.62-2.50) 0.534
Statins 1.54 (0.54-4.38) 0.422

CKD: chronic kidney disease, T2DM: Type 2 diabetes mellitus, MACE-3: major adverse cardiovascular
events, ACEIs: angiotensin-converting enzyme inhibitors, ARBs: angiotensin-II receptor blockers.
* p < 0.05 was considered statistically significant.
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To further evaluate the independent factors of AROs, a multivariable Cox proportional
hazards regression analysis was performed to adjust for potential confounding variables.
All VIF values were less than 5, indicating no multicollinearity among variables. The results
showed that advanced CKD stage and concomitant use of low-dose aspirin remained
independently associated with AROs. Specifically, patients with CKD stage 5 had a signifi-
cantly higher risk of AROs than those with CKD stage 4 (aHR = 4.02, 95% CI: 1.92-8.44,
p < 0.001). Similarly, concomitant use of low-dose aspirin was independently associated
with an increased risk of AROs (aHR = 2.35, 95% CI: 1.05-5.26, p = 0.038) (Table 4).

Table 4. Multivariable analysis of factors associated with adverse renal outcomes.

Variable aHR (95% CI) p-Value

CKD Stage 5 4.02 (1.92-8.44) <0.001 *
Low-dose aspirin 2.35 (1.05-5.26) 0.038 *
T2DM 1.62 (0.48-5.48) 0.437
MACE-3 1.29 (0.55-3.02) 0.554

CKD: chronic kidney disease, T2DM: Type 2 diabetes mellitus, MACE-3: major adverse cardiovascular
events. * p < 0.05 was considered statistically significant.

4. Discussion

To our knowledge, this is the first study to specifically investigate AROs among Thai
patients with advanced CKD (eGFR < 30 mL/min/1.73 m?), including CKD stages 4 and 5,
who initiated empagliflozin. The study also aimed to identify factors associated with AROs.
We found that approximately one-quarter of patients experienced an ARO. The higher
frequency of AROs observed in patients with CKD stage 5 should be interpreted in the
context of their advanced underlying renal disease and may be partly explained by their
lower baseline eGFR and proximity to the eGFR < 10 mL/min/1.73 m? threshold. None of
the ARO components assessed in this study is specific to CKD stage 5, as these outcomes
may occur with natural disease progression or fluctuations in renal function. Multivariable
analysis showed that CKD stage 5 was independently associated with an approximately
four-fold higher hazard than CKD stage 4. This finding suggests that baseline CKD
severity remains an important determinant of AROs despite the renoprotective effects
of empagliflozin. This association is consistent with a secondary analysis of the EMPA-
KIDNEY trial, which demonstrated that the magnitude of empagliflozin’s renoprotective
effect varied according to baseline eGFR and albuminuria levels [20].

Additionally, exposure to low-dose aspirin was also significantly associated with
AROs. This finding is in line with a study by Lu et al., which reported that long-term
low-dose aspirin use was associated with an increased risk of rapid kidney function decline
among patients with CKD [21]. Although NSAIDs have been associated with nephrotoxicity
through inhibition of renal prostaglandin synthesis, evidence regarding low-dose aspirin
and CKD progression remains inconclusive. In contrast, findings from the Chronic Renal
Insufficiency Cohort (CRIC) study did not demonstrate a significant association between
low-dose aspirin use and kidney failure [22]. The observed association in our study may be
partially explained by confounding factors, as patients receiving aspirin are more likely
to have underlying cardiovascular disease and advanced vascular pathology, which are
recognized risk factors for renal function decline. Therefore, low-dose aspirin use may
reflect higher cardiovascular and renal risks rather than a direct causal effect on AROs.

Regarding the renoprotective effects of ACEIs/ARBs, concomitant use was not as-
sociated with an increased risk of renal decline. This finding is compatible with a previ-
ous real-world study, which reported renoprotective effects in patients with CKD stages
3-5 receiving ACEIs/ARBs combined with SGLT2 inhibitor therapy [23]. Likewise, con-
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comitant statin use was also found no significant association. Although previous meta-
analyses have suggested that statins may exert renoprotective effects by reducing albu-
minuria, proteinuria, and slowing the decline in renal function, their impact on slowing
CKD progression or preventing AROs remains unclear [24,25]. In addition to AROs, the
safety profile was also observed. Only a small number of AEs were documented during
follow-up. The incidence of UTIs was slightly lower than that reported in previous stud-
ies of SGLT2 inhibitors [13,15,26,27]. However, we identified AEs through retrospective
medical record review, which may have led to underreporting.

The present study provides additional real-world evidence regarding AROs following
empagliflozin initiation in patients with advanced CKD. In addition, the factors associated
with AROs may also help clinicians recognize patients who warrant close monitoring
following treatment initiation. Nevertheless, several limitations should be acknowledged.
First, the retrospective single-center design may affect the generalizability of the findings.
Second, the relatively small number of outcome events may have limited the precision of
the adjusted estimates, and the findings should therefore be interpreted cautiously. Third,
residual confounding from unmeasured factors, such as albuminuria, disease severity,
medication adherence, and lifestyle-related factors cannot be excluded. Fourth, this study
had a single-arm, observational design without a control cohort of unexposed patients
with similar clinical characteristics. Therefore, a causal relationship between empagliflozin
and the observed AROs cannot be definitively established. Fifth, the requirement for
at least 2 months of continuous empagliflozin treatment may have introduced selection
bias by excluding patients who discontinued treatment early. Finally, the retrospective
medical-record review may result in the underreporting of AEs. Despite these limitations,
the findings provide relevant information on AROs in Thai patients with advanced CKD
in real-world clinical practice. Future prospective, multicenter studies with standardized
outcome assessments are warranted to validate these findings.

5. Conclusions

Approximately one-quarter of patients with advanced CKD experienced an ARO
following empagliflozin initiation. CKD stage 5 and concomitant low-dose aspirin use were
independently associated with an increased risk of AROs. These findings underscore the
importance of close monitoring of renal function, particularly in those with more advanced
disease during empagliflozin therapy.
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Abbreviations

The following abbreviations are used in this manuscript:

SGLT-2  Sodium-glucose cotransporter-2

CKD Chronic kidney disease

AROs  Adverse renal outcomes

AEs Adverse events

eGFR Estimated glomerular filtration rate
ACEIs  Angiotensin-converting enzyme inhibitors
ARBs Angiotensin-II receptor blockers

MACE  Major adverse cardiovascular event
T2DM  Type 2 diabetes mellitus
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