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Sodium-glucose cotransporter 2 (SGLT-2) inhibitors are the only medications that improve clinical
outcomes regardless of baseline left ventricular ejection fraction. Despite the recognized effectiveness
of SGLT-2 inhibitors, there remains a paucity of research on the discontinuation of these medications.
The objective of this study is to analyze the rate of discontinuation of SGLT-2 inhibitors, to evaluate
the impact of discontinuation on the clinical outcome, and to identify the factors associated with
discontinuation. From 2015 to 2021, 775 heart failure patients prescribed an SGLT-2 inhibitor were
retrospectively collated at Samsung Medical Center, Seoul, Republic of Korea. The SGLT-2 inhibitor
discontinuation rate and the effect of SGLT-2 inhibitor discontinuation on clinical outcome were
analyzed using the Kaplan-Meier survival curve. Factors related to discontinuation were analyzed
through Cox regression and competing risk survival analysis. The discontinuation rate of SGLT-2
inhibitors was 7.5% at 1 year and 20% at 5 years. General weakness, over-diuresis and volume
depletion, renal dysfunction progression, and urinary tract infections are the major reasons for
discontinuing SGLT-2 inhibitors in general medical practice. The group that stopped using SGLT-2
inhibitors had a higher rate of heart failure hospitalization than the control group (adjusted HR 2.600,
95% CI [1.233-5.481], P=0.012). In multivariable Cox regression analysis, the factors associated with
total SGLT-2 inhibitor discontinuation were women (HR 2.478, 95% CI [1.553-3.953], P<0.001) and
lower estimated glomerular filtration rate (eGFR) (HR 0.884 per 10 ml/min/1.73 m2, 95% CI [0.789-
0.991], P=0.034). Patients who discontinued SGLT-2 inhibitors experienced an increased risk of heart
failure hospitalization, and the rate of discontinuation was higher in women and those with lower
eGFR.
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Abbreviations

ARNI Angiotensin receptor/neprilysin inhibitor
ARB Angiotensin receptor blocker

CKD Chronic kidney disease

HFmrEF Heart failure with mildly reduced ejection fraction
HFpEF Heart failure with preserved ejection fraction
HFrEF Heart failure with reduced ejection fraction
ICMP Ischemic cardiomyopathy

LVEF Left ventricular ejection fraction
NT-proBNP  N-terminal pro B-type natriuretic peptide
RCMP Restrictive cardiomyopathy

SGLT-2 Sodium-glucose cotransporter-2

UTI Urinary tract infection

VHD Valvular heart disease
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Medical treatment for heart failure (HF) has recently undergone a significant transformation with the introduc-
tion of sodium-glucose cotransporter-2 (SGLT-2) inhibitors. SGLT-2 inhibitors emerged as a new and effective
treatment option for heart failure with preserved ejection fraction (HFpEF), which previously had no clear
treatment option other than diuretics. SGLT-2 inhibitors are currently the only class I medications that can
be used in HF regardless of left ventricular ejection fraction (LVEF). For these reasons, the importance of this
medication is being emphasized.

Nevertheless, like any medication, there are factors that hinder the continued use of SGLT-2 inhibitors. Adher-
ence to medication plays an important role in the effective management of HE The rate of discontinuation of
SGLT-2 inhibitors during the 18 month follow-up period in the DAPA-HF trial was 4.9%. However, considering
that general population are usually more fragile than patients enrolled in a randomized controlled trial (RCT),
real-world situations might be different from those of a clinical trial. Additionally, the reasons for discontinuation
of SGLT-2 inhibitors may differ from those of conventional HF medications due to the distinct mechanism of
actions’. It remains unclear which side effects specifically lead to discontinuation of SGLT-2 inhibitors among
HF patients and the underlying patient characteristics responsible for side effects leading to discontinuation?®.

This study aimed to investigate the actual rate of medication discontinuation in medical practice, to evaluate
the impact of such discontinuation on clinical outcomes, and to identify the main discontinuation reasons and
factors influencing discontinuation among patients with HE.

Methods
The data that support the findings of this study are available from the corresponding authors with reasonable
request.

Study population and definition

A retrospective analysis was conducted at Samsung Medical Center in Seoul, Republic of Korea, from 2015 to
2021. During the period, a total of 843 patients prescribed SGLT-2 inhibitors along with a heart failure diagnosis
code was extracted. To identify the list of heart failure patients, we utilized the 125.5, 142 and I50 codes. The
prescribed SGLT-2 inhibitors were dapagliflozin and empagliflozin. Both outpatient and inpatient patients were
included, and all part prescriptions were included. The need for informed consent to participate was waived
by Institutional Review Board as patients were retrospectively enrolled and data were analyzed after being
anonymized. The study protocols were approved by Institutional Review Board and this study was conducted
according to the principles of the Declaration of Helsinki. All methods were performed in accordance with
the relevant guidelines and regulations (Institutional Review Board 2024-04-029-001 Samsung medical center,
Korea, Republic of).

Among these 843 patients, those who did not meet the HF definition outlined in the 2021 European Society of
Cardiology HF guideline or the 2022 American Heart Association clinical practice guideline were excluded**. In
addition, patients with a follow-up period less than 3 months and those who used SGLT-2 inhibitors for less than
3 days during their hospital stay were excluded. Additionally, patients who had undergone heart transplantation
or had left ventricular assist device insertion before SGLT-2 prescription were also excluded from the analysis.
Finally, 775 HF patients who were prescribed SGLT-2 inhibitors were included in the study (Fig. 1).

To assess the etiology of HF, individual chart reviews were conducted and the cases were classified into six
categories: ischemic cardiomyopathy (ICMP), dilated cardiomyopathy, restrictive cardiomyopathy (RCMP),

Patient Prescribed with SGLT-2 inhibitor with heart failure code
From 2015.01" ~ 2021.07' (n=843)
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Heart failure Patient Prescribed with SGLT-2 inhibitor (n=802)
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Fig. 1. Main discontinuation reasons and study flow. HT heart transplantation, LVAD left ventricular assist
device.
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atrial cardiomyopathy, valvular heart disease (VHD), and comorbidity-related HFpEE. ICMP was defined as a
history of percutaneous coronary intervention or coronary artery bypass graft or identification of a significant
lesion in one or more coronary arteries. A diagnosis of RCMP included hypertrophic cardiomyopathy, sarcoido-
sis, amyloidosis, mitochondrial encephalopathy-lactic acidosis/stroke-like episodes syndrome with restrictive
physiology, and idiopathic RCMP. Atrial cardiomyopathy was defined as HFpEF or heart failure with mildly
reduced ejection fraction (HFmrEF) with enlargement of the left or right atrium due to atrial fibrillation. VHD
was defined as a greater than moderate case of valve operation, significant valvular stenosis, or regurgitant lesion.
Comorbidity-related HFpEF was defined as HFpEF occurring due to an underlying disease such as hypertension
or end-stage renal disease, in the absence of intrinsic myocardial disease or coronary disease.

Diabetes mellitus, hypertension, dyslipidemia, chronic kidney disease (CKD), and atherosclerosis were veri-
fied by the disease code prior to SGLT-2 inhibitor prescription. Atrial fibrillation was confirmed with disease code
or ECG records. HF medication prescribed at the time of SGLT-2 inhibitor was also included in the analysis. For
laboratory values and echocardiographic parameters, the one closest to the date of initial SGLT-2 prescription
was selected.

Discontinuation was defined as cessation and persistence of SGLT-2 inhibitor therapy due to side effects,
except for cases where it was temporarily stopped and resumed. The reasons for discontinuation were meticu-
lously investigated by reviewing the medical charts. In cases where the reasons were not explicitly stated in the
medical charts, additional information was gathered through phone interviews. All discontinuations due to both
adverse events and other than adverse events were included in the discontinuation group. Patients who were
using SGLT-2 inhibitor until just before censoring were included in the continuation group.

Statistics

Baseline characteristics are presented as mean + standard deviation or median [interquartile range] as appropriate
based on normality assumption for continuous variables; and are described as numbers and relative frequencies
(%) for categorical variables. Group comparisons were performed using student’s t-test or Mann Whitney U test
for continuous variables, and the Chi-square test or Fisher’s exact test for categorical variables. Shapiro-Wilk
test was used for normality assumption of continuous variables.

The start of the follow-up period was defined as the initiation date of the SGLT-2 inhibitor in patients with
existing heart failure. For patients who were diagnosed with heart failure after starting the SGLT-2 inhibitor,
the date of the first heart failure diagnosis was used as the starting point. The data locking date for analyses was
November 2022. Patients were censored at last follow-up date or data locking date (November 2022).

To avoid immortal time bias, we performed landmark analysis of time to occurrence of heart failure hospi-
talization after discontinuation and set the median time from date of initiating SGLT-2 inhibitor to the date of
discontinuation (252 days) as a landmark time point. Hereby, patients who experienced heart failure hospitaliza-
tion or censoring within 252 days were excluded for the analyses. In the discontinuation group, the follow-up
period was defined as the time from the discontinuation date to either a heart failure hospitalization event or
censoring. In the continuation group, the follow-up period was defined as the time from the 252nd day after
starting the SGLT-2 inhibitor to either a heart failure hospitalization event or censoring. The cumulative rate of
each of SGLT-2 inhibitor discontinuation and heart failure hospitalization after discontinuation was estimated
by Kaplan-Meier method. Group comparison in Kaplan-Meier curves was performed using the log-rank test. To
evaluate the effect of clinical outcomes on whether SGLT-2 inhibitor treatment is discontinued, Cox proportional
hazards regression model used, calculating hazard ratio (HR) and 95% confidence interval (CI). Multivariable
analysis also was performed including clinically relevant variables.

The change in N-terminal pro B-type natriuretic peptide (NT-proBNP) levels between the final value and the
baseline value was compared between the continuation and discontinuation groups using the Mann-Whitney
U test. Additionally, within the discontinuation group, the change in NT-proBNP levels before and after discon-
tinuation was compared using the paired t-test. To account for the potential influence of renal dysfunction on
NT-proBNP interpretation, patients with an initial NT-proBNP level exceeding 35,000 pg/mL were excluded
from the analysis.

We also used Fine and Gray’s regression model to investigate the effect of discontinuation due to specific
reason. For cause-specific model of each discontinuation reason, the competing risks due to the discontinuation
for the other reasons exist. There were no patients having more than one of the discontinuation reasons. In these
risk factors leading to discontinuation analysis, we conducted the sensitivity analysis including an additional 22
patients who were lost to follow-up within three months.

All P-values were two-sided, and P-values < 0.05 were considered statistically significant. Statistical analyses
were performed using R Statistical Software (version 4.1.0; R Foundation for Statistical Computing, Vienna,
Austria).

Results

Baseline characteristics of the study population and specific reasons for discontinuation

For a total of 775 HF patients who were prescribed SGLT-2 inhibitors, mean age at first prescription was 66 years
with 198 women (25.5%) (Table 1). For HF category, 58.0% of patients had heart failure with reduced ejection
fraction (HFrEF), 13.7% had HFmrEF, and 28.3% had HFpEF. The main etiologies of HF were ICMP (53.9%)
and dilated cardiomyopathy (26.5%) while 2.3% (18/775) had RCMP, 7.1% (55/775) had atrial cardiomyopathy,
4.1% (32/775) had VHD, and 2.7% had comorbidity-related HFpEF (21/775). The remaining 28 patients were
diagnosed with tachycardia-induced cardiomyopathy, congenital heart disease, pacing-induced cardiomyopa-
thy, stress-induced cardiomyopathy, or myocarditis. For comorbidities, 70.6% (547/775) of the population was
diagnosed with diabetes with 5.3 [0.3-11.4] years of average duration of being diagnosed. Among 547 diabetes
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‘Whole population (n=775)

Demographics and physiologic

Age (years)

66.0 [57.0-73.5]

Sex (women)

198 (25.5%)

SBP (mmHg) 118.0 [103.0-133.0]
BMI (kg/m?) 25.2 [22.6-28.0]
Main etiology

ICMP 418 (53.9%)
DCMP 205 (26.5%)
RCMP 18 (2.3%)
Atrial CMP 55 (7.1%)

VHD 32 (4.1%)
Comorbidity related HFpEF 21 (2.7%)

ETC 26 (3.4%)
Comorbidity

Type 2 diabetes 547 (70.6%)

Duration of diabetes (years)

5.3[0.3-11.4]

Hypertension

392 (50.6%)

Atherosclerosis

455 (58.7%)

Atrial fibrillation 271 (35.0%)
Lab & echo
HbAIC (%) 6.7 [6.1-7.6]
eGFR (mL/min/1.73 m?) 75.4 [58.2-90.8]
LVEF (%) 37.5[30.0-52.8]
HF category according to LVEF

HFrEF 444 (58.0%)

HFmrEF 105 (13.7%)
HFpEF 217 (28.3%)
TAPSE (mm) 14.3 [11.3-17.3]
Concomitant treatment
B-blocker 694 (89.5%)
ARNI 378 (48.8%)
RAS blocker 709 (91.5%)
Department of prescription
Cardiology 697 (89.9%)
Endocrinology 43 (5.5%)

Department of thoracic surgery | 19 (2.5%)
ETC 16 (2.1%)

Table 1. Baseline characteristics of the study population. Data are presented as mean + standard deviation,
median [25 percentile-75 percentiles] or n (%). AF atrial fibrillation, ARNI angiotensin receptor/neprilysin
inhibitor, BMI body mass index, DCMP dilated cardiomyopathy, eGFR estimated glomerular filtration rate,
HbAIC hemoglobin A1C, HF heart failure, HFmrEF heart failure with mildly reduced ejection fraction,
HFpEF heart failure with preserved ejection fraction, HFrEF heart failure with reduced ejection fraction,
ICMP ischemic cardiomyopathy, LVEF left ventricular ejection fraction, RAS renin-angiotesin-system, RCMP
restrictive cardiomyopathy, SBP systolic blood pressure.

patients, the duration of being diagnosed in 220 patients (40.2%) had remained unknown. In addition, 50.6%
and 35.0% of the population had coexisting hypertension and atrial fibrillation (AF), respectively.

For concomitant treatment, 89.5%, 48.8%, and 91.5% of the patients were using b-blockers, angiotensin
receptor-neprilysin inhibitors (ARNI), and Renin-angiotensin-system (RAS) blockers at the time of starting
SGLT-2 inhibitor. 6.1% (47/775) of the patients were initially prescribed the medication for diabetes control, while
the remaining patients were prescribed the medication primarily for heart failure control from the beginning.

Among 775 patients, 690 used an SGLT-2 inhibitor without discontinuation and 85 had discontinued such
treatment. Table 2 shows the reasons of discontinuation for these 85 patients. The main reasons of discontinuation
were general weakness (eight patients), over-diuresis and volume depletion (10 patients), progression of renal
dysfunction (19 patients), and urinary tract infection (UTI) (17 patients). The remaining 31 patients discontin-
ued the treatment due to cost issues or patient complaints of side effects such as hypoglycemia and constipation.
Proportions of general weakness and UTI were higher in women. And time from initiation of medication to
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Numbers (total population, 85) ‘ % ‘ Men (n=46) | Women (n=39)

Main discontinuation reasons (n=>54)

General weakness 8 94 |2(4.3%) 6 (15.4%)
Over-diuresis and volume depletion 10 11.8 | 5(10.9%) 5(12.8%)
Renal dysfunction progression 19 224 |12 (26.1%) 7 (17.9%)
Urinary tract infection 17 20.0 | 6(13.0%) 11 (28.2%)
Other discontinuation reasons (n=31)

Decision by physician after Improvement of HF | 7 8.2

Cost issue 4 4.7

Hypoglycemia 2 24

Constipation 1 1.2

Allergic reaction 1 1.2

Tube feeding 1 1.2

Poor oral intake 1 1.2

Bedridden status 1 1.2

Unknown 13 15.3

Table 2. Discontinuation reasons. HF heart failure.

discontinuation due to general weakness (median 91.0 [59.0-128.0] days) was significantly shorter than other
causes (P=0.037). For other causes, time to discontinuation due to over-diuresis and volume depletion, renal
dysfunction progression, and UTT was median 332.5 [49.0-512.0], 334.0 [228.0-467.5], and 312.0 [127.0-476]
days, respectively. (Supporting Information, Fig. S1). The average time to medication discontinuation for all 85
patients was mean 370.2 days, median 252.0 [110.0-484.0] days, with the shortest discontinuation period 4 days
and the longest 1973 days.

SGLT-2 inhibitor discontinuation rates and clinical effect of discontinuation

The cumulative rate of SGLT-2 inhibitor discontinuation at 1 and 5 years were 7.5% 20.0%, respectively (Fig. 2).
The median follow-up period for all 775 patients was 567 days, the follow-up period for the 85 patients who
discontinued the medication was 616 days, and the follow-up period for the 690 patients who did not discontinue
was 564 days, showing no statistical difference (P=0.413).

The HF hospitalization rate was higher in the discontinuation group than the continuation group (HR 2.922,
95% CI [1.427-5.982], P=0.003). Higher rate of HF hospitalization in the discontinuation group was significant
even after adjusting for age, gender, and eGFR (HR 2.600, 95% CI [1.233-5.481], P=0.012) (Fig. 3).

When examining the effect of SGLT-2 inhibitors on changes in NT-proBNP levels, patients with an initial
NT-proBNP level exceeding 35,000 pg/mL were excluded from the analysis due to the significant impact of NT-
proBNP levels on kidney function. As for the change in NT-proBNP level from baseline, the NT-proBNP levels
in the discontinuation group exhibited an increasing trend, whereas the NT-proBNP levels in the continuation
group showed a decreasing tendency (Fig. 4A, P=0.001). There was no significant difference between two groups
in the time from the time of initiation to last NT-proBNP follow-up (611.9 [505.9-885.4] days in the continu-
ation group vs. 567.4 [469.3-811.4] days in the discontinuation group, P=0.094). For discontinuation group,
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Fig. 2. Rate of SGLT-2 inhibitor discontinuation.
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(A) Log NT-proBNP change from the baseline to the last

Contin

Free from heart failure hospitalization after discontinuation

-0.14

1.0

0.9

0.8

0.7

Number at risk

HR 2.922, 95% CI [1.427 - 5.982], P = 0.003 (unmatched)
HR 2.600, 95% CI [1.233 - 5.481], P = 0.012 (age, sex, eGFR matched)

Log rank P = 0.002

== Continuation
== Djscontinuation

0 1 2 3 4 5
Years after discontinuation

== 661 294 137 64 24 8

== 85 33 16 4 1 0

** The median time of SGLT-2 inhibitor discontinuation (= 252 days) was set as time zero in the continuation group.

Fig. 3. SGLT-2 inhibitor discontinuation effect on heart failure hospitalization.

(B) Change in Log NT-proBNP from the point of
discontinuation in the discontinuation group

0.06

=690) Discontinuation group (n = 85)

time of  from the time of discontinuation to
the last

from the

-0.05

P =0.001 P =0.181

Fig. 4. SGLT-2 inhibitor discontinuation effect in NT-proBNP level. (A) Log NT-proBNP change from baseline
to the last visit. (B) Change in Log NT-proBNP from the point of discontinuation. N-terminal pro B-type
natriuretic peptide=NT-proBNP.

NT-proBNP level was decreased from baseline to the time of discontinuation while increased from the time of
discontinuation to the last follow-up date, which showed no significance between two periods (Fig. 4B, P=0.181).

Factors that contributed to total discontinuation and caused specific discontinuation

There was no difference in the discontinuation rate according to HF categories (P=0.570) or presence of ICMP
(P=0.330). The discontinuation rate was significantly higher in women (P <0.001) and patients with eGFR less
than 60 ml/min/1.73 m? (P=0.002) (Fig. 5).

Table 3 shows the result of risk factor analyses for discontinuation. The risk of discontinuation was signifi-
cantly associated with older patients (HR 1.038, 95% CI [1.018-1.059], P<0.001), women (HR 2.816, 95% CI
[1.836-4.318], P<0.001), lower body mass index (HR 0.931 per kg/m?, 95% CI [0.883-0.981], P=0.008), and
lower eGFR (HR 0.832 per 10 mL/min/1.73 m? 95% CI [0.754-0.919], P<0.001). In multivariable regression
analysis, women (HR 2.478, 95% CI [1.553-3.953], P<0.001) and lower eGFR (HR 0.884 per 10 mL/min/1.73 m?,
95% CI [0.789-0.991], P=0.034) were still significantly associated with the risk of discontinuation (Table 3).

For subgroup analyses, we performed risk factor analyses in discontinuation group according to the reason
of discontinuation. For those who discontinued the treatment due to general weakness, old age (HR 1.072, 95%
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Fig. 5. Differences in SGLT-2 inhibitor discontinuation rate according to baseline characteristics. (A)
According to HFrEF, HFmrEE and HFpEEF. (B) According to underlying etiology. (C) According to gender.
(D) According to baseline eGFR. eGFR estimated glomerular filtration rate, HFmrEF heart failure with mildly
reduced ejection fraction, HEpEF heart failure with preserved ejection fraction, HFrEF heart failure with
reduced ejection fraction, ICMP ischemic cardiomyopathy.

Univariable analysis Multivariable analysis*

HR [95% CI] Pvalue | HR [95% CI] P value
Demographics and physiologic
Age (years) 1.038 [1.018-1.059] | <0.001 | 1.007 [0.983-1.032] 0.579
Sex (women) 2.816 [1.836-4.318] | <0.001 | 2.478 [1.553-3.953] | <0.001
SBP (10 mmHg) 1.046 [0.944-1.160] 0.389
BMI (kg/m?) 0.931 [0.883-0.981] 0.008 | 0.948 [0.897-1.002] 0.059
Main etiology
ICMP 0.812 [0.530-1.242] 0.336 | 0.822[0.525-1.287] 0.392
DCMP 0.724 [0.425-1.233] 0.235
RCMP 2.124 [0.777-5.803] 0.142
Comorbidity
Type 2 diabetes 1.317 [0.755-2.298] 0.333 | 1.243 [0.686-2.253] 0.474
Atherosclerosis 1.043 [0.676-1.609] 0.850
Atrial fibrillation 1.185 [0.764-1.839] 0.449
Lab & echo
HbA1C (%) 1.034 [0.851-1.256] 0.738
eGFR (10 mL/min/1.73 m2) 0.832[0.754-0.919] | <0.001 | 0.884 [0.789-0.991] 0.034
Type of HF according to LVEF 1.111 [0.876-1.310] 0.384 | 1.104 [0.848-1.436] 0.463

Table 3. Risk factors analysis for discontinuation. The values in bold indicate statistical significance (P<0.05).
BMI body mass index, CI confidence interval, DCMP dilated cardiomyopathy, eGFR estimated glomerular
filtration rate, HbAI1C hemoglobin A1C, HR hazard ratio, ICMP ischemic cardiomyopathy, LVEF left

ventricular ejection fraction, RCMP restrictive cardiomyopathy, SBP systolic blood pressure, TAPSE tricuspid
annular plane systolic excursion. *In the multivariable analysis, age, sex, BMI, and eGFR, which have a P value
of less than 0.05 in the univariable analysis, and ICMP, type 2 diabetes and type of HF according to LVEF (1:
HFrEE 2: HFmrEF, 3: HFpEF) which are clinically relevant, were set as covariates.
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CI [1.005-1.144], P=0.036), women (HR 8.839, 95% CI [1.789-43.68], P=0.008), lower BMI (HR 0.858 per
kg/m?, 95% CI [0.762-0.965], P=0.011) and lower LVEF (HR 0.562 per 10%, 95% CI [0.410-0.771], P<0.001)
were significantly associated with the risk of discontinuation. For discontinuation due to over-diuresis and
volume depletion, RCMP (HR 11.21, 95% CI [2.308-54.42], P=0.003) was significantly associated with the risk
of discontinuation. For discontinuation due to renal dysfunction progression, only eGFR level was significantly
associated with the risk of discontinuation (HR 0.613 per 10 mL/min/1.73 m?, 95% CI [0.486-0.773], P<0.001).
And for discontinuation due to UTI, women (HR 5.778, 95% CI [2.150-15.53], P<0.001) and lower eGFR (HR
0.770 per 10 mL/min/1.73 m?, 95% CI [0.600-0.988], P=0.040) were significantly associated with the risk of
discontinuation. (Supporting Information, Table S1).

A sensitivity analysis was conducted including 22 patients who had a follow-up period of less than three
months (Table S2). The multivariable analysis indicated that women (HR 2.456, 95% CI [1.553-3.884], P<0.001),
lower BMI (HR 0.940 per kg/m?, 95% CI [0.890-0.994], P=0.030), and lower eGFR (HR 0.893 per 10 mL/
min/1.73 m?, 95% CI [0.798-0.998], P=0.046) were significantly associated with the risk of drug discontinua-
tion. In the cause-specific discontinuation analysis, it was observed that discontinuation due to general weak-
ness was more frequent among old age (HR 1.072, 95% CI [1.004-1.144], P=0.036), women (HR 8.765, 95% CI
[1.140-43.31], P=0.008), lower BMI (HR 0.860 per kg/m?, 95% CI [0.765-0.967], P=0.011) and lower LVEF
(HR 0.563 per 10%, 95% CI [0.410-0.772], P<0.001). Discontinuation due to volume depletion was more com-
mon in patients with RCMP (HR 11.21, 95% CI [2.308-54.42], P=0.003). Discontinuation due to renal dys-
function progression was more prevalent in patients with lower eGFR (HR 0.613 per 10 mL/min/1.73 m?, 95%
CI [0.486-0.774], P<0.001), and discontinuation due to UTI was more frequent in women (HR 6.262, 95% CI
[2.366-16.57], P<0.001), and those with lower eGFR (HR 0.754 per 10 mL/min/1.73 m?, 95% CI [0.592-0.959],
P=0.021) (Table S3).

Discussion

This study yielded several novel findings. First, the primary causes of SGLT-2 inhibitor discontinuation in routine
medical practice were identified as general weakness, over-diuresis and volume depletion, renal dysfunction
progression, and UTI. The discontinuation rate was 7.5% at 1 year and 20% at 5 years. Second, discontinuation of
SGLT-2 inhibitors was associated with an increased risk of HF admission. Finally, women and those with lower
eGFR had significantly higher rates of discontinuation.

Discontinuation rate of SGLT-2 inhibitors in the real world

In our study, the discontinuation rate of SGLT-2 inhibitors at 1 year was 7.5%, which is comparatively low
compared to the discontinuation rates of beta-blockers (24%) and ARNI (27%) at 12 months in a multinational
observational study®. Additionally, the discontinuation rate of SGLT-2 inhibitors was much lower than the 40%
discontinuation rate of the mineralocorticoid receptor antagonists in the same study. These findings suggest
that SGLT-2 inhibitors can be consistently maintained as they do not significantly affect blood pressure or cause
electrolyte imbalances. The discontinuation rates in our study were higher than those in the DAPA-HF trial,
where adverse events leading to medication discontinuation occurred at a rate of 4.7% during the 18 month
follow-up period. This disparity can be attributed to the typically less healthy patients enrolled in RCTs than
encountered in real-world clinical practice.

The relationship between maintenance of SGLT-2 inhibitors and prognosis

In our study, we observed a higher rate of HF hospitalization following discontinuation of SGLT-2 inhibitors.
However, due to the retrospective nature of the study, it is challenging to determine whether the increased
hospitalization rate in the discontinuation group was directly caused by the discontinuation itself or if there
were hidden confounding factors that led to both discontinuation and increased hospitalization. Nonetheless,
considering the increase in NT-proBNP levels following SGLT-2 inhibitor discontinuation, it can be speculated
that the cessation of volume reduction and cardio-protective effects provided by SGLT-2 inhibitors contributed
to the subsequent increase in hospitalizations.

Achievement and maintenance of target doses have been widely recognized as important factors in prognosis
in various studies involving ACE inhibitors, ARBs, beta-blockers, and ARNI’-2. However, the significance of
maintenance has not been discussed in relation to SGLT-2 inhibitors, as they are relatively new compared to other
HF medications. Our findings clearly demonstrate that discontinuation of SGLT-2 inhibitors is associated with a
notable increase in HF hospitalization. This corresponds to recent research findings that demonstrate the exac-
erbation of heart failure symptoms and NT-proBNP levels following blinded withdrawal of SGLT-2 inhibitors".
By establishing the potential harm of discontinuation, our study underscores the significance of maintaining
SGLT-2 inhibitor treatment to optimize patient outcomes and to reduce the burden of HF-related complications.

It may be not appropriate to promptly resume SGLT2 inhibitor treatment in patients who have discontinued
it due to adverse effects. However, considering the potential harm that may arise from discontinuing SGLT2
inhibitors, it might be worthwhile to cautiously restart the medication, taking into account the risk factors, once
the patient’s condition has improved.

Main reasons for discontinuation and their contributing factors

Over-diuresis and volume depletion and UTI, which were major side effects leading to discontinuation in this
study, were also major adverse events of interest in the SGLT-2 inhibitor RCT®*-16, Also, in real-world data,
urinary tract infection occurs in approximately 7% and dehydration in around 3% of diabetic patients treated
with SGLT2 inhibitors'”. Our study identified women and lower eGFR as the most influential factors associ-
ated with the discontinuation of SGLT-2 inhibitors. These findings align with observations from other studies,
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which have also reported higher discontinuation rates of HF medications among women and CKD patients>'$.

Difficulties in titration of conventional HF medications in these patient populations have been attributed to
factors such as hypotension, hyperkalemia, and worsening renal function. However, the specific reasons for
discontinuation of SGLT-2 inhibitors differed from those commonly observed with HF medications targeting
the renin-angiotensin-aldosterone system.

Factors contributing to discontinuation by specific reasons are as follows. Patients who discontinued SGLT-2
inhibitors due to over-diuresis and volume depletion were found to have a higher prevalence of restrictive physi-
ology. The osmotic diuretic effect of SGLT-2 inhibitors, which promotes sodium and glucose excretion from the
proximal tubule, is beneficial for patients requiring volume control'*-*'. However, limited ventricular filling in
RCMP is likely vulnerable to volume depletion. Therefore, SGLT-2 inhibitors need to be used with caution in
RCMP patients without signs of congestion.

The discontinuation rate due to renal dysfunction progression was notably high in patients with a low baseline
eGFR, possibly due to the lack of demonstrated benefits of SGLT-2 inhibitors in HF patients with an eGFR less
than 20 mL/min/1.73 m?%162223,

In this study, patients with a high risk of UTI were women and those with CKD. In women, the risk of UTT is
further increased due to anatomical factors such as a shorter urethra compared to men. Additionally, increased
chronic inflammation in patients with CKD could increase the risk of UTI**%.

Through this study, we have identified risk factors that are likely to lead to discontinuation. It is important
to closely monitor patients who possess these risk factors with relatively short-term follow-ups to effectively
manage and mitigate adverse effects.

Limitation

The study acknowledges several limitations. First, we acknowledge the limitations inherent in our retrospective
study design, which makes it challenging to determine whether the observed prognostic effects of discontinu-
ation of SGLT-2 inhibitors are solely due to the discontinuation itself or are influenced by hidden confounding
factors in the discontinuation group. Therefore, the possibility of reverse causality cannot be ruled out. Also, loss
to follow-up in certain patients and missing values could have impacted the results and introduced uncertainty.
Second, there are the limitations of a single-center study. This study may have reflected the characteristics of a
tertiary general hospital that mainly treats seriously ill patients. Generalizability to other populations and other
healthcare settings is limited due to this inherent limitation. Also, admissions to other healthcare institutions were
not captured in the outcomes unless they were reported, potentially leading to incomplete data. Third, the study
had a higher proportion of diabetic patients (71%) compared to the national HF registry in Korea, where diabetes
accounts for 30% of cases®. This discrepancy is attributed to lack of coverage of SGLT-2 inhibitors by insurance
for HF patients without diabetes in Korea, which restricts their prescription. Therefore, the generalizability of
the findings to the overall HF population may be limited. Forth, symptoms leading to the discontinuation of the
drug may not merely be side effects but could also represent early signs of worsening cardiac function, thereby
potentially contributing to reverse causality. Despite these limitations, the significance of this study lies in its
in-depth analysis of risk factors leading to SGLT-2 inhibitor discontinuation and finding the clinical impact of
discontinuing SGLT-2 inhibitors in real-world.

Conclusion

In the real world, SGLT-2 inhibitors exhibited a discontinuation rate of 7.5% in 1 year. Given the worse clinical
outcomes observed in patients who discontinued SGLT-2 inhibitors, careful consideration is needed before treat-
ment cessation. Furthermore, special consideration is needed for patients with specific characteristics associated
with adverse side effects.

Data availability
The data that support the findings of this study are available from the corresponding author on reasonable
request.
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