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Abstract

Background and Objectives: Sodium—glucose cotransporter-2 (SGLT2) inhibitors provide
cardio-renal protection in type 2 diabetes, but tolerability-related discontinuation is com-
mon, creating a need for effective replacement therapy. Dipeptidyl peptidase-4 (DPP-4)
inhibitors are widely used as follow-on agents, yet the clinical course after such a switch
has not been systematically characterized, and whether individual DPP-4 inhibitors differ
in efficacy in this setting is unknown. Materials and Methods: We conducted a single-center
retrospective cohort study at Chungnam National University Hospital (Daejeon, Republic
of Korea) between January 2013 and January 2025, including 117 adults with type 2 diabetes
who switched from an SGLT2 inhibitor to a DPP-4 inhibitor and met pre-specified criteria
for medication stability and follow-up. The primary outcome was the change in glycated
hemoglobin (HbA1lc) from baseline to 3 months; secondary outcomes were changes in body
weight, body mass index, blood pressure, and renal parameters. A pre-specified subgroup
analysis compared teneligliptin (n = 60) with other DPP-4 inhibitors as a class (n = 57).
Results: In the overall cohort, body weight rose by 0.7 kg and systolic blood pressure by
4.3 mmHg at 3 months (both p < 0.05), whereas HbAlc was unchanged (p = 0.157). In the
subgroup analysis, HbAlc fell significantly with teneligliptin (—0.36%; 95% confidence
interval, —0.62 to —0.10; p = 0.009) but not with other DPP-4 inhibitors (+0.13%). The
between-group difference was —0.49% (95% confidence interval, —0.83 to —0.15; p = 0.005)
and persisted after adjustment for baseline HbAlc and estimated glomerular filtration rate
(p = 0.007). Conclusions: Switching preserved overall glycemic control at 3 months but
produced modest, anticipated increases in body weight and blood pressure. Teneligliptin
was associated with a greater HbAlc reduction than the pooled group of other DPP-4 in-
hibitors; this association persisted after adjustment for the two available baseline covariates
but could not be adjusted for diabetes duration, medication adherence, diabetic complica-
tions, or other unmeasured factors. Because confounding by indication and other residual
confounding cannot be excluded in this short-term, single-center analysis, this finding is
hypothesis-generating only and requires confirmation in adequately powered prospective
head-to-head trials. Importantly, this study evaluated only the glucose-lowering effect
of the switch; because the cardio-renal protection of SGLT2 inhibition is not reproduced
by DPP-4 inhibitors, a DPP-4 inhibitor should be regarded as an unavoidable substitute
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when an SGLT2 inhibitor cannot be maintained rather than a therapeutically equivalent
replacement, and preserved HbAlc at 3 months does not establish clinical equivalence
between the two strategies.

Keywords: type 2 diabetes mellitus; SGLT2 inhibitors; DPP-4 inhibitors; teneligliptin;
glycated hemoglobin; drug switching; glycemic control

1. Introduction

Sodium-—glucose cotransporter-2 (SGLT2) inhibitors are now established as a corner-
stone of therapy for type 2 diabetes, providing cardio-renal protection that extends well
beyond glucose lowering [1-5]. Reflecting this evidence, current American Diabetes Asso-
ciation guidelines position cardio-renal protection alongside glycemic control as a primary
therapeutic goal [6]. In real-world practice, however, sustained use of SGLT2 inhibitors
is often not achieved. Tolerability-related adverse events—such as recurrent genital and
urinary tract infections, polyuria and nocturia, volume depletion, excessive weight loss,
and, rarely, euglycemic diabetic ketoacidosis—drive substantial discontinuation: a 3-year
post-marketing surveillance study reported a discontinuation rate of approximately 10% [7],
and a real-world heart-failure cohort reported up to 20% discontinuation by 5 years [8].
Because the cardio-renal benefits of these agents accrue only when therapy is sustained,
tolerability-related discontinuation directly erodes their population-level effectiveness.
There is therefore an unmet clinical need to define an effective treatment strategy for
patients in whom SGLT2 inhibitors are indicated but cannot be maintained.

In this context, dipeptidyl peptidase-4 (DPP-4) inhibitors represent a clinically at-
tractive alternative. They are characterized by excellent tolerability, a low incidence of
adverse events, and intermediate glucose-lowering efficacy that improves postprandial
glucose without inducing hypoglycemia [9]. In a comparative cohort study of seven antidi-
abetic drug classes, DPP-4 inhibitors achieved the highest treatment persistence among all
classes evaluated, including biguanides, sulfonylureas, and SGLT2 inhibitors [10]. These
features make DPP-4 inhibitors a logical replacement option when SGLT2 inhibitors must
be discontinued for tolerability reasons.

Despite often being viewed as a homogeneous class in clinical practice, DPP-4 in-
hibitors are pharmacologically heterogeneous. Individual agents differ in molecular struc-
ture, binding mode to the DPP-4 enzyme, half-life, and excretion pathway, and these
differences may translate into clinically relevant variations in potency and pleiotropic
effects [11]. Although most DPP-4 inhibitors have shown neutral results in large-scale
cardiovascular outcome trials, head-to-head studies have observed differences in glycemic
control and low-density lipoprotein cholesterol reduction among agents, and preclinical
experiments have identified mechanistic distinctions such as differential (3-cell protec-
tion [12-15]. Drug-specific signals, such as the heart failure risk associated with some
agents but not others, further argue against treating the class as uniform [16]. Teneligliptin,
in particular, has dual renal and hepatic excretion pathways that allow once-daily dosing
without renal dose adjustment [17] and has demonstrated intrinsic antioxidant activity in
preclinical studies, although direct head-to-head clinical evidence of superior efficacy over
other class members is lacking [18].

To our knowledge, no previous study has systematically examined the clinical out-
comes of patients who switch from an SGLT?2 inhibitor to a DPP-4 inhibitor, nor has any
study compared individual DPP-4 inhibitors in this specific clinical context. Whether the
within-class heterogeneity described above is clinically apparent in this scenario there-
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fore remains unknown. We aimed to (i) characterize the clinical changes that occur after
switching from an SGLT2 inhibitor to a DPP-4 inhibitor, regardless of the reason for dis-
continuation, and (if) compare glycemic outcomes between teneligliptin and other DPP-4
inhibitors as a class. Two pre-specified hypotheses were tested: (a) that overall glycemic
control would be maintained at 3 months after the switch, with a partial return of the
metabolic and hemodynamic effects (body weight, blood pressure) attributable to SGLT2
inhibition; and (b) that the magnitude of HbAlc response would differ between teneligliptin
and the aggregated comparator group. Teneligliptin was chosen as the reference compara-
tor because it is one of the most frequently prescribed DPP-4 inhibitors in the Republic of
Korea according to the UBIST nationwide pharmaceutical market research database [19]
and was the most frequently prescribed agent at our institution during the study period,
providing a sufficient sample size for comparison.

2. Materials and Methods
2.1. Study Design and Population

This was a single-center retrospective cohort study of adults with type 2 diabetes who
switched from an SGLT2 inhibitor to a DPP-4 inhibitor at Chungnam National University
Hospital, a tertiary referral center in Daejeon, Republic of Korea, between 1 January 2013
and 31 January 2025. All eligible patients during this period were identified from the
hospital electronic medical record system, and consecutive cases meeting eligibility criteria
were included to minimize selection bias. Data were accessed for research purposes from
1 February 2025. The study protocol was approved by the Institutional Review Board
of Chungnam National University Hospital (IRB No. 2024-08-037), which waived the
requirement for informed consent given the retrospective design and the use of anonymized
data. The study was conducted in accordance with the Declaration of Helsinki and is
reported in accordance with the STROBE statement for observational studies.

Inclusion criteria were as follows: (i) treatment with an SGLT2 inhibitor for at least 3
months without changes in agent or dose prior to switching; (ii) maintenance of a DPP-4
inhibitor for at least 3 months without changes in agent or dose after switching; and (iii) no
change in the type or dose of other oral antidiabetic agents and no insulin use at the time of
switching. Patients with insufficient pre- and post-switch HbAlc data or with concomitant
changes in other glucose-lowering medications were excluded.

Clinical data were collected at the time of switching (baseline) and at 3 months after
switching. The two-group comparison—teneligliptin versus all other DPP-4 inhibitors as a
class—was specified in the original study protocol approved by the Institutional Review
Board (IRB No. 2024-08-037) before any analysis was performed; the rationale was that
teneligliptin was the most frequently prescribed agent at our institution and one of the
most frequently prescribed DPP-4 inhibitors in the Republic of Korea, which provided
sufficient sample size for a meaningful comparison and prevented post hoc selection of
comparator agents. Changes in clinical parameters between baseline and 3 months were
then compared between the two pre-specified groups. Baseline values were defined as the
measurements obtained closest to, and no more than 3 months before, the switch date, and
3-month values as the measurements obtained closest to 90 days after switching within
a window of 1 to 5 months; when more than one measurement was available within a
window, the value closest to the nominal time point was used, and measurements outside
these windows were not carried forward.

2.2. Clinical and Laboratory Assessments

Clinical parameters comprised age, sex, body weight, body mass index, and systolic
and diastolic blood pressure. Height and weight were measured by trained nurses in the
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outpatient clinic. Blood pressure was measured in the right upper arm using an unattended
automated office blood pressure device after at least 5 min of seated rest in the waiting area.

Laboratory parameters comprised aspartate aminotransferase, alanine aminotrans-
ferase, blood urea nitrogen, serum creatinine, estimated glomerular filtration rate (eGFR),
urinary albumin-to-creatinine ratio, and glycated hemoglobin (HbA1c). All measurements
were performed using an automated clinical chemistry analyzer (TBA-FX8, Canon Medical
Systems, Tokyo, Japan). HbAlc was measured by high-performance liquid chromatography
aligned with the National Glycohemoglobin Standardization Program and standardized
to the Diabetes Control and Complications Trial reference. eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration equation. Reasons for switching were
extracted from the electronic medical records. For terminology, switching attributable to
a documented tolerability-related adverse event (e.g., genital or urinary tract infection,
osmotic-diuresis symptoms, volume depletion, or excessive weight loss) was distinguished
from switching recorded for poor glycemic control, insurance reasons, or with no docu-
mented reason; these categories are not equivalent to drug intolerance. “Poor glycemic
control” as a documented reason reflected the treating physician’s judgment of an inade-
quate HbAlc response, generally an HbAlc above the guideline-based target of 7.0%. A
single uniform target was not applied and individualized targets were not systematically
recorded, and the option of intensifying therapy without withdrawing the SGLT2 inhibitor
was left to the treating physician and was not captured; these documented reasons should
therefore be interpreted with caution. For patients with an established heart-failure, chronic-
kidney-disease, or atherosclerotic-cardiovascular-disease indication, current guidelines
would favor maintaining the SGLT2 inhibitor despite suboptimal glycemic control, but
such organ-protective indications were not reliably documented during the 2013-2025
study period (see Limitations).

2.3. Statistical Analysis

All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk,
NY, USA). Continuous variables are presented as mean =+ standard deviation, and categor-
ical variables as number (percentage). Within-group changes from baseline to 3 months
were assessed using paired t-tests. Between-group differences in baseline values and in
the magnitude of change were assessed using independent-samples ¢-tests, and categorical
variables were compared using the chi-square or Fisher’s exact test as appropriate. To
assess baseline equivalence between the teneligliptin and other DPP-4 inhibitors groups—a
key concern in any non-randomized comparison—we examined both conventional p-values
and absolute differences for all candidate confounders. Pearson correlation analysis was
used to evaluate associations between continuous variables. The primary effect estimate
for the pre-specified between-group comparison of HbAlc change was the unadjusted
mean difference; the principal sensitivity analysis was a multivariable linear regression
adjusted for baseline HbAlc and baseline eGFR, the two pre-specified clinical confounders.
Baseline HbAlc was selected because of the well-known regression-to-the-mean effect
on HbAlc reduction, and baseline eGFR was selected because renal function influences
both DPP-4 inhibitor pharmacokinetics and prescriber choice between agents. The cohort
size was determined by the patients available during the study period rather than by an a
priori power calculation; given the observed pooled standard deviation of HbAlc change
(0.96%) and the achieved sample size of 117, the available precision was sufficient to detect
a between-group HbAlc difference of approximately 0.4 percentage points at « = 0.05
with 80% power. This estimate assumes a simple unadjusted two-group comparison and
does not account for covariate adjustment in the multivariable models or for the multi-
ple secondary comparisons performed; the effective precision of the adjusted analyses
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is therefore lower than this figure implies. Two-tailed p-values < 0.05 were considered
statistically significant. Because secondary outcomes were considered exploratory and
outnumbered the primary outcome, no correction for multiple testing was applied; results
for outcomes other than HbAlc should therefore be interpreted as hypothesis-generating.
Because the urinary albumin-to-creatinine ratio was markedly right-skewed, it was summa-
rized as the median (interquartile range) and analyzed with non-parametric tests (Wilcoxon
signed-rank test for within-group change and Mann-Whitney U test for between-group
comparison). The number of available observations is reported for every clinical and
laboratory variable, because missingness differed across variables and was greatest for the
urinary albumin-to-creatinine ratio (available in 63 of 117 patients at baseline). For the
principal between-group comparisons, the change from baseline is presented as the mean
change with its 95% confidence interval rather than as within-group p-values alone.

3. Results

3.1. Baseline Characteristics and Reasons for Switching

Of 793 patients identified as having switched from an SGLT2 inhibitor to a DPP-4
inhibitor during the study period, 117 met all inclusion criteria and were included in the
final analysis (Figure 1). Reasons for exclusion are shown in Figure 1. The mean (stan-
dard deviation) age of the cohort was 60.5 (11.1) years, 54.7% were men, and the baseline
body mass index was 25.5 (3.2) kg/m? (Table 1). The most commonly used pre-switch
SGLT?2 inhibitors were dapagliflozin (47.9%) and empagliflozin (46.2%); enavogliflozin
(2.6%) and ipragliflozin (3.4%) accounted for the remainder. The most frequently pre-
scribed post-switch DPP-4 inhibitors were teneligliptin (51.3%), gemigliptin (19.7%),
and sitagliptin (11.1%); the remaining patients (17.9%) received vildagliptin, alogliptin,
linagliptin, anagliptin, or evogliptin. A documented reason for switching was identified in
the electronic medical record for 84 patients (71.8%); the most common were poor glycemic
control (16.2%) and genital mycotic infection (15.4%) (Table 2). Additional tolerability-
related reasons included weight loss (12.0%) and nocturia (6.8%). For the remaining
33 patients (28.2%), no specific reason was documented in the medical record at the time of
switching; this category was retained for transparency but excluded from the regression
analysis of reasons. In a univariable linear regression analysis, none of the documented
reasons for switching were significantly associated with the change in HbAlc after switch-
ing (Table S1). The number of available observations for each variable is reported in
Tables 1 and 3-7; the urinary albumin-to-creatinine ratio was the most incomplete variable,
available in 63 patients (33 in the teneligliptin group and 30 in the other DPP-4 inhibitors
group) at baseline.

Table 1. Baseline clinical characteristics of patients switching from SGLT2 inhibitors to DPP-4
inhibitors.

Baseline
Clinical parameters
Age (years) 60.5 £ 11.1
Male (%) 64 (54.7%)
Bwt (kg) 67.5+9.4
BMI (kg/m?) 255 +£3.2
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Table 1. Cont.

Baseline
SBP (mmHg) 131.7 = 19.3
DBP (mmHg) 77.3 £109
SGLT2i types
Dapagliflozin 56 (47.9%)
Empagliflozin 54 (46.2%)
Enavogliflozin 3 (2.6%)
Ipragliflozin 4 (3.4%)
Laboratory parameters
AST (U/L) 27.6 £12.9
ALT (U/L) 274 +£13.6
BUN (mg/dL) 17.8 £ 6.6
Cr (mg/dL) 0.84 £ 041
eGFR (mL/min/1.73 m?) 89.3 4+ 226
ACR (mg/g) 86.8 +219.0
HbA1lc (mmol/mol, %) 61 + 15 (7.7 £ 1.4%)

Data are expressed as mean =+ standard deviation or number (%). ACR, albumin-to-creatinine ratio; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; Bwt, body
weight; Cr, creatinine; DBP, diastolic blood pressure; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated
glomerular filtration rate; HbAlc, glycated hemoglobin; SBP, systolic blood pressure; SGLT2i, sodium-glucose
cotransporter-2 inhibitor.

Patients switched from SGLT2 inhibitors to DPP-4 inhibitors
(n=793)

Exclusion
- Changed dose or type of OHA (n=659)
- Missing HbAlc data (n=17)

v

Final analysis population (n=117)

Subgroup analysis
- Teneligliptin (n=60)
- Other DPP-4 inhibitors (n=57)

Figure 1. Flowchart of study population selection. Out of 793 patients screened for switching
from SGLT2 inhibitors to DPP-4 inhibitors, those with changes in other oral hypoglycemic agents
or missing HbAlc data were excluded. A final total of 117 patients were included and stratified
into the teneligliptin group (n = 60) and other DPP-4 inhibitors group (n = 57). SGLT2, sodium-
glucose cotransporter-2; DPP-4, dipeptidyl peptidase-4; HbAlc, glycated hemoglobin; OHA, oral
hypoglycemic agent.
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Table 2. Reasons for switching from SGLT2 inhibitors to DPP-4 inhibitors.

Causes n (%)
Poor blood glucose control 19 (16.2)
Genital mycotic infection 18 (15.4)
Weight loss 14 (12.0)
Nocturia 8 (6.8)
Urinary tract infection 6(5.1)
Increased appetite 5(4.3)
Thirst 4 (3.4)
Urinary frequency 3 (2.6)
Insurance issues 2(1.7)
Fatigue 1(0.9)
Polyuria 1(0.9)
Urticaria 1(0.9)
Abdominal pain 1(0.9)
Decreased eGFR 1(0.9)

Data are expressed as number (%). DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration
rate; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

Table 3. Changes in clinical and laboratory parameters from baseline to 3 months after switching to
DPP-4 inhibitors.

Baseline After p

Clinical parameters

Bwt (kg) 675+94 68.2+9.8 <0.001
BMI (kg/m?) 255+£32 259 £33 <0.001
SBP (mmHg) 131.7 £ 19.3 136.0 + 16.4 0.005
DBP (mmHg) 77.3 £10.9 792 +£120 0.042
Laboratory parameters

AST (U/L) 27.6 £129 289 £ 13.0 0.663
ALT (U/L) 274 +13.6 29.2 1+ 16.0 0.442
BUN (mg/dL) 17.8 £ 6.6 177 £ 7.0 0.296
Cr (mg/dL) 0.84 £ 041 0.87 £0.39 0.842
eGFR (mL/min/1.73 m?) 89.3 £22.6 86.6 = 21.8 0.279
ACR (mg/g) 86.8 - 219.0 127.6 &= 300.8 0.461
HbAlc (mmol/mol, %) 61£15(77+14) 60=£16(7.6+1.5) 0.157

Data are expressed as mean = standard deviation. p values were calculated using the paired t-test. ACR, albumin-
to-creatinine ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN,
blood urea nitrogen; Bwt, body weight; Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; HbAlc, glycated hemoglobin; SBP, systolic blood pressure.

3.2. Overall Clinical Changes After Switching

In the overall cohort, the principal post-switch changes were modest increases in
body weight and blood pressure. Mean body mass index increased from 25.5 (3.2) to 25.9
(3.3) kg/m? (mean change, +0.4 kg/m?; p < 0.001), and body weight increased from 67.5 (9.4)
to 68.2 (9.8) kg (mean change, +0.7 kg; p < 0.001) (Table 3). Systolic and diastolic blood pres-
sure increased by a mean of 4.3 mmHg (p = 0.005) and 1.9 mmHg (p = 0.042), respectively.
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No significant changes were observed in aspartate aminotransferase, alanine aminotrans-
ferase, blood urea nitrogen, serum creatinine, eGFR, urinary albumin-to-creatinine ratio, or
HbAlc. Mean HbAlc was 7.7% (1.4) at baseline and 7.6% (1.5) at 3 months (p = 0.157). In a
multivariable linear regression of HbAlc change, lower baseline eGFR was independently
associated with a greater HbAlc reduction (B = 0.01 per mL/min/1.73 m?; 95% confi-
dence interval, 0.00 to 0.02; p = 0.009; Table S2). Because the urinary albumin-to-creatinine
ratio was markedly right-skewed, within- and between-group analyses of this variable
were repeated non-parametrically and are reported as the median (interquartile range);
the non-parametric analyses did not alter the conclusion of no significant renal change
after switching.

Table 4. Baseline clinical and laboratory characteristics of the teneligliptin and other DPP-4 in-
hibitors groups.

NPT Other DPP-4 Inhibitors
Teneligliptin Group
Parameter Group P

n Baseline n Baseline

Clinical parameters

Age (years) 60 59.5+9.3 57 61.6 £12.7 0.308
Bwt (kg) 52 67.7 £ 8.9 43 67.2 +10.1 0.805
BMI (kg/m?) 52 25.6 +3.0 55 254 +34 0.775
SBP (mmHg) 59 132.3 +£17.0 55 131.1 £ 21.8 0.754
DBP (mmHg) 59 792 +114 55 75.3 £10.1 0.057
SGLT2i types (p = 0.228)

Dapagliflozin 27 (45.0%) 29 (50.9%)
Empagliflozin 27 (45.0%) 27 (47.4%)
Enavogliflozin 2 (3.3%) 1(1.8%)

Ipragliflozin 4 (6.7%) 0 (0%)

Laboratory parameters

AST (U/L) 56 29.3 +16.7 51 31.7+ 124 0.304
ALT (U/L) 56 29.2 £13.6 51 28.3 £ 14.6 0.995
BUN (mg/dL) 55 16.1 £5.1 53 189 + 84 0.061
Cr (mg/dL) 55 0.82 +0.31 53 0.92 +0.44 0.263
eGFR (mL/min/1.73 m?) 49 91.6 +20.3 40 83.5+25.8 0.191
ACR (mg/g) 33 62.1 +107.0 30 187.8 £ 36.3 0.722
HbAlc (mmol/mol, %) 60 63+ 14 (79 £1.3) 57 58+ 16(75£14) 0.050

Data are expressed as mean = standard deviation or number (%). 1 indicates the number of available observations.
Between-group comparisons of baseline values were performed using the independent-samples t-test (continuous
variables) or the chi-square/Fisher’s exact test (categorical variables). ACR, albumin-to-creatinine ratio; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen;
Bwt, body weight; Cr, creatinine; DBP, diastolic blood pressure; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR,
estimated glomerular filtration rate; HbAlc, glycated hemoglobin; SBP, systolic blood pressure; SGLT2i, sodium-
glucose cotransporter-2 inhibitor.

3.3. Subgroup Analysis: Teneligliptin Versus Other DPP-4 Inhibitors

Of the 117 patients, 60 (51.3%) were switched to teneligliptin and 57 (48.7%) to another
DPP-4 inhibitor. Baseline characteristics—including age, sex, body mass index, blood pres-
sure, renal function, and the distribution of prior SGLT2 inhibitor agents—were comparable
between the two groups (all p > 0.05), as were baseline laboratory parameters (aspartate
aminotransferase, alanine aminotransferase, blood urea nitrogen, serum creatinine, eGFR,
urinary albumin-to-creatinine ratio, and HbA1lc) (Table 4). The most notable baseline
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differences, both reaching only borderline statistical significance, were in diastolic blood
pressure (79.2 vs. 75.3 mmHg; p = 0.057), which is unlikely to materially influence the
primary glycemic outcome. Baseline HbAlc was also marginally higher in the teneligliptin
group than in the other DPP-4 inhibitors group (7.9% vs. 7.5%; p = 0.050); because a higher
baseline value could favor a larger reduction through regression to the mean, baseline
HbAlc was included as a pre-specified covariate in the multivariable model, and the
between-group difference in HbAlc change remained significant after this adjustment.

Table 5. Within-group changes from baseline (before) to 3 months (after) in the teneligliptin group.

Teneligliptin Group

Parameter p

n Before After
Clinical parameters
Bwt (kg) 43 66.9 = 8.5 67.5£9.0 0.025
BMI (kg/m?) 43 253428 2554 3.0 0.043
SBP (mmHg) 42 1321 +17.3 1343 +16.4 0.364
DBP (mmHg) 41 78.8 £11.8 789 £ 11.6 0.958
Laboratory parameters
AST (U/L) 41 293 +16.7 28.9 +£13.8 0.062
ALT (U/L) 41 292+ 13.6 30.8 =164 0.257
BUN (mg/dL) 40 16.1 £5.1 17.6 = 6.3 0.045
Cr (mg/dL) 40 0.82 £0.31 0.85+0.34 0.497
eGFR (mL/min/1.73m?) 38 91.6 =203 90.3 £18.7 0.106
ACR (mg/g) * 12 19.5 (9.2-52.0) 19.2 (9.5-31.3) 0.233

HbAlc (mmol/mol, %) 60 63+14(794+13) 60+14(76+13)  0.009

Data are expressed as mean =+ standard deviation. p values were calculated using the paired t-test. * The
urinary albumin-to-creatinine ratio (ACR) was markedly skewed and is reported as the median (interquartile
range) and analyzed using the Wilcoxon signed-rank test. n indicates the number of available observations.
ACR, albumin-to-creatinine ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; BUN, blood urea nitrogen; Bwt, body weight; Cr, creatinine; DBP, diastolic blood pressure; DPP-4i,
dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; SBP,
systolic blood pressure; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

Within-group changes differed between the two groups. The other DPP-4 inhibitors
group showed significant within-group increases in body weight, body mass index, systolic
blood pressure, and diastolic blood pressure at 3 months, whereas the teneligliptin group
showed significant within-group increases in body weight and body mass index. The
post-switch increase in systolic blood pressure tended to be smaller in the teneligliptin
group than in the other DPP-4 inhibitors group (between-group p = 0.050). Within-group
results are shown in Table 5 for the teneligliptin group and Table 6 for the other DPP-4
inhibitors group, and between-group comparisons of the change from baseline are shown
in Table 7.

For the primary outcome, mean HbAlc decreased significantly in the teneligliptin
group (mean change, —0.36% [standard deviation, 1.02]; —4 mmol/mol [standard deviation,
11]; p = 0.009), whereas it did not change significantly in the other DPP-4 inhibitors group
(mean change, +0.13% [standard deviation, 0.76]; +1 mmol/mol [standard deviation, 8];
p = 0.236). The mean between-group difference in HbAlc change was —0.49% (95% con-
fidence interval, —0.83 to —0.15; —5 mmol/mol [95% confidence interval, —9 to —2];
p = 0.005) in favor of teneligliptin (Figure 2), and remained significant after adjustment for
baseline HbAlc and baseline eGFR in multivariable linear regression (adjusted 3 = —0.57;
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95% confidence interval, —0.97 to —0.16; p = 0.007; Table S2). A non-significant trend
toward a smaller post-switch increase in urinary albumin-to-creatinine ratio was observed
in the teneligliptin group compared with the other DPP-4 inhibitors group (median change,
—4.3 mg/g [range, —27.9 to 3.1] in the teneligliptin group vs. +2.5 mg/g [range, —10.8
to 21.9] in the other DPP-4 inhibitors group; Mann-Whitney U test, p = 0.090; Table 7).
Although this comparison was exploratory and did not reach statistical significance, the
direction is consistent with previously reported antioxidant and renal-protective signals for
teneligliptin [18,20] and warrants further evaluation in adequately powered studies. The
between-group differences in the change from baseline are reported as the mean change
(95% confidence interval) in each group in Table 7; the post-switch rise in systolic blood
pressure was smaller with teneligliptin (2.3 mmHg [-2.7 to 7.3]) than with other DPP-4
inhibitors (10.1 mmHg [3.8 to 16.3]; p = 0.050), as was the change in body weight (0.6 kg
[0.1to1.1]vs. 1.2 kg [0.4 to 2.1]; p = 0.217).

Table 6. Within-group changes from baseline (before) to 3 months (after) in the other DPP-4 in-
hibitors group.

Other DPP-4 Inhibitors Group

Parameter p
n Before After
Clinical parameters
Bwt (kg) 37 67.1+104 68.3 +10.6 0.006
BMI (kg/m?) 37 25.6 £ 3.5 26.1+3.7 0.004
SBP (mmHg) 34 128.2 £12.0 138.2 £16.9 0.002
DBP (mmHg) 34 74.6 £10.3 79.7 £13.0 0.007
Laboratory parameters
AST (U/L) 35 31.7 £ 124 28.5+ 8.9 0.073
ALT (U/L) 35 28.3 +14.6 259+ 11.6 0.279
BUN (mg/dL) 40 189 £ 84 182 £8.3 0.311
Cr (mg/dL) 39 0.91 £ 0.44 0.92 + 0.46 0.911
eGFR (mL/min/1.73m?) 34 83.5 £ 25.8 83.8 £25.5 0.886
ACR (mg/g) * 12 20.4 (10.7-221.3) 30.1 (14.1-186.3) 0.791

HbA1lc (mmol/mol, %) 57 50+15(75+14) 60+18(7.6+£1.7) 0.236

Data are expressed as mean =+ standard deviation. p values were calculated using the paired t-test. * The
urinary albumin-to-creatinine ratio (ACR) was markedly skewed and is reported as the median (interquartile
range) and analyzed using the Wilcoxon signed-rank test. n indicates the number of available observations.
ACR, albumin-to-creatinine ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; BUN, blood urea nitrogen; Bwt, body weight; Cr, creatinine; DBP, diastolic blood pressure; DPP-4i,
dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; SBP,
systolic blood pressure; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

Table 7. Between-group comparison of the change from baseline to 3 months (after — before).

Other DPP-4 Inhibitors

Parameter Teneligliptin Group Group p

n Change (95% CI) n Change (95% CI)
Clinical parameters
Bwt (kg) 43 0.6 (0.1to1.1) 37 12(04t02.1) 0.217
BMI (kg/m?) 43 0.2 (0.0 to 0.4) 37 0.5(0.2t0 0.8) 0.158
SBP (mmHg) 42 23(-2.7t07.3) 34 10.1 (3.8 to 16.3) 0.050
DBP (mmHg) 41 0.1(—2.7t02.9) 34 5.1 (1.5t0 8.6) 0.270

https:/ /doi.org/10.3390/medicina62081511


https://doi.org/10.3390/medicina62081511

Medicina 2026, 62, 1511 11 of 19

Table 7. Cont.

Other DPP-4 Inhibitors

Parameter Teneligliptin Group Group »
n Change (95% CI) n Change (95% CI)

Laboratory parameters

AST (U/L) 41 —0.4 (—4.6t0 3.8) 35 —3.2(—6.7 t0 0.3) 0.136
ALT (U/L) 41 1.6 (—3.2t06.4) 35 —2.3(—6.7 t0 2.0) 0.052
BUN (mg/dL) 40 1.5(0.1to0 2.8) 40 —0.8(—-2.3t00.7) 0.047
Cr (mg/dL) 40 0.03 (—0.01 to 0.07) 39  —0.00 (—0.05t00.05)  0.009
eGFR (mL/min/1.73 m?) 38 —-1.3(=5.7t03.1) 34 0.2 (—3.1t03.5) 0.146
ACR (mg/g) * 12 —4.3(-279t03.1) 12 2.5(—10.8 to 21.9) 0.090

HbA1lc (mmol/mol, %) 60 —0.36(—0.62to —0.09) 57 0.12 (—0.08 to 0.32) 0.005

Data are expressed as the mean change (95% confidence interval). p values for between-group differences in
change were calculated using the independent-samples t-test. * The urinary albumin-to-creatinine ratio (ACR) was
markedly skewed and is reported as the median change (range) and analyzed using the Mann-Whitney U test. n
indicates the number of available observations. ACR, albumin-to-creatinine ratio; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; Bwt, body weight; Cr,
creatinine; DBP, diastolic blood pressure; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular
filtration rate; HbAlc, glycated hemoglobin; SBP, systolic blood pressure; SGLT2i, sodium-glucose cotransporter-
2 inhibitor.

%%

Change in HbA1c (%)

I I
Teneligliptin Other DPP4ls
Figure 2. Change in HbAlc from baseline to 3 months in the teneligliptin and other DPP-4 inhibitors
groups. Each dot represents an individual patient; the horizontal line and error bars indicate the
group mean and its 95% confidence interval. ** indicates p < 0.01 for the between-group difference in
HbAlc change. DPP-4is, dipeptidyl peptidase-4 inhibitors; HbAlc, glycated hemoglobin.

4. Discussion

In this single-center retrospective cohort of 117 adults with type 2 diabetes, switching
from an SGLT2 inhibitor to a DPP-4 inhibitor produced three principal findings. First,
overall glycemic control was preserved at 3 months, with no significant change in mean
HbA1lc. Second, the switch was accompanied by modest but statistically significant in-
creases in body weight (+0.7 kg) and systolic blood pressure (+4.3 mmHg), consistent
with loss of the metabolic and hemodynamic effects characteristic of SGLT2 inhibition.
Third, in a pre-specified subgroup analysis, patients switched to teneligliptin had a 0.49
percentage-point greater reduction in HbAlc than those switched to other DPP-4 inhibitors
as a class (95% confidence interval, 0.15 to 0.83), and this between-group difference re-
mained significant after adjustment for baseline HbAlc and eGFR. The magnitude of this
difference is not trivial: it approximates one-half of the average HbAlc reduction achieved
by DPP-4 inhibitors as monotherapy in randomized trials (typically 0.5-1.0%) and exceeds
the 0.3-0.4 percentage-point threshold commonly cited as the minimal clinically important
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difference for HbAlc in type 2 diabetes [11,21]. This clinical-significance framing, however,
presupposes that the observed difference reflects a genuine pharmacological effect; given
the non-randomized design and the marginally higher baseline HbAlc in the teneligliptin
group (7.9% vs. 7.5%; p = 0.050), part or all of the difference could instead reflect regression
to the mean and confounding by indication rather than a true between-agent effect. To our
knowledge, this is the first real-world study to characterize the clinical course of switching
from SGLT?2 inhibitors to DPP-4 inhibitors and to suggest that the magnitude of glycemic
response in this scenario may differ between individual DPP-4 inhibitors. Given the ob-
servational design, however, these findings should be regarded as hypothesis-generating
rather than confirmatory. It must be emphasized that preservation of mean HbAlc reflects
short-term glycemic substitution only and does not establish clinical or therapeutic equiva-
lence between the two strategies; a DPP-4 inhibitor should be viewed as an unavoidable
option when an SGLT2 inhibitor cannot be maintained, not as an equivalent replacement.
Moreover, because individualized HbAlc targets, baseline target attainment, frailty, func-
tional status, and hypoglycemia were not captured, the clinical value of an approximately
0.5 percentage-point between-group HbAlc difference cannot be firmly established and
may be limited in some patients.

Tolerability-related discontinuation of SGLT2 inhibitors is well documented and clini-
cally substantial. In the STELLA-LONG TERM 3-year post-marketing surveillance study of
ipragliflozin in Japan, approximately 10% of 8763 patients (1 = 830) discontinued treatment
because of adverse events [7]. Even in the heart failure setting—where SGLT2 inhibitors
clearly improve symptoms and outcomes—real-world discontinuation rates reach 7.5%
at 1 year and 20% at 5 years [8]. The leading reasons for discontinuation are genitouri-
nary infections, osmotic diuresis-related symptoms (urinary frequency, nocturia), volume
depletion, and weight loss; in the STELLA-LONG TERM cohort, 61%, 54%, and 36% of
patients with genital infections, urinary tract infections, and volume depletion-related
events, respectively, discontinued the drug as a result [7]. The prescription rate of SGLT2
inhibitors is also lower in women, who carry a higher risk of genitourinary infections [8].
Identifying an effective replacement therapy is therefore clinically important. According to
the 2021 Korean Diabetes Fact Sheet, DPP-4 inhibitors are included in over 30% of antidia-
betic prescriptions in Korea, second only to metformin (81.7%) [22], reflecting their wide
acceptance as a follow-on agent in routine practice. Despite this widespread substitution
pattern, however, the clinical course following such a switch has not been characterized
in any systematic real-world study. Our findings address this gap by quantifying both
the glycemic preservation and the metabolic-hemodynamic costs of the switch, and by
providing the first comparative data on within-class differences in glycemic response.

Our finding that mean HbAlc was preserved at 3 months after the switch is clinically
reassuring and suggests that DPP-4 inhibitors can substitute for the glucose-lowering effect
of SGLT2 inhibitors over the short term in selected patients. It is critical, however, to
distinguish glycemic substitution from the cardio-renal benefits of SGLT2 inhibition: DPP-4
inhibitors as a class have demonstrated cardiovascular and renal neutrality in large-scale
outcome trials [23], whereas SGLT2 inhibitors confer well-established reductions in major
adverse cardiovascular events, hospitalization for heart failure, and progression of chronic
kidney disease [3-5]. The accompanying post-switch increases in body weight and blood
pressure, although modest in absolute terms, are consistent with loss of the natriuretic, di-
uretic, and caloric-loss effects of SGLT2 inhibition and serve as a quantitative reminder that
the cardio-renal pharmacology cannot be replicated by DPP-4 inhibitors. These changes
therefore warrant particular attention in patients with established cardiovascular or renal
disease for whom SGLT2-inhibitor-specific benefits were the primary indication. Within this
overall pattern, the within-class heterogeneity we observed—a greater HbAlc reduction
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with teneligliptin than with other DPP-4 inhibitors—persisted after adjustment for baseline
confounders, and lower baseline eGFR was independently associated with greater HbAlc
reduction; these subgroup observations do not alter the broader cardio-renal trade-off that
the switch entails. The concurrent increases in body weight and blood pressure indicate
that the switch was neither metabolically nor hemodynamically neutral—a consideration of
particular importance in patients for whom the original indication for SGLT2 inhibition was
cardiovascular, heart-failure, or renal protection rather than glycemic control. Most patients
in our cohort are presumed to have received an SGLT?2 inhibitor primarily for glycemic
control; however, because the study spanned 2013-2025—a period during which prevailing
guidelines did not emphasize heart-failure, chronic-kidney-disease, and atherosclerotic-
cardiovascular-disease indications as strongly as current (2026) recommendations—the
original indication was often not explicitly documented and could not be reliably ascer-
tained (see Limitations).

DPP-4 inhibitors lower HbAlc by inhibiting the degradation of endogenous incretins
and thereby elevating circulating concentrations of glucose-dependent insulinotropic
polypeptide and glucagon-like peptide-1 [11,24]. Although individual agents differ in
molecular structure, binding mode, and enzyme selectivity, head-to-head comparisons in
patients with stable disease have generally shown only modest differences in glycemic con-
trol or in incretin elevation [21], and large-scale cardiovascular outcome trials have demon-
strated cardiovascular and renal neutrality rather than superiority across the class [23]. As
a consequence, DPP-4 inhibitors are often treated as interchangeable in clinical practice,
and comparative-effectiveness research within the class has been limited.

Emerging evidence, however, increasingly challenges this perception of uniformity.
Randomized trials have documented superior glucose-lowering with specific agents in
selected populations [14], observational studies have reported additional HbAlc reductions
when patients are switched between agents within the class [25], drug-specific safety signals
such as heart failure risk have been observed for some but not all agents [26], and preclinical
work has shown differential endothelial protection and antioxidant activity [27]. Network
meta-analyses comparing individual DPP-4 inhibitors suggest small numerical differences
in HbAlc-lowering efficacy, although confidence intervals overlap and the differences
are typically considered modest [11,21]. Our findings extend this body of evidence by
suggesting that, in the specific context of switching from an SGLT2 inhibitor, between-
agent differences within the DPP-4 inhibitor class may become more clinically apparent,
and they argue for renewed comparative-effectiveness research and attention to optimal
medication sequencing rather than treating the class as homogeneous. We emphasize that
these observations do not establish the superiority of teneligliptin over other individual
DPP-4 inhibitors and should be interpreted strictly as hypothesis-generating.

Several pharmacological features of teneligliptin may help explain its apparent advan-
tage in this scenario, although none can be conclusively linked to the observed difference
from the present data. Its distinctive “J-shaped” five-ring scaffold forms an “anchor-
lock” interaction with the S2 extensive subsite of DPP-4, producing strong and prolonged
enzyme inhibition; the resulting slow dissociation rate and long effective half-life sup-
port 24 h glycemic control with once-daily dosing [28]. In addition, teneligliptin exhibits
intrinsic antioxidant activity in vitro and in vivo [18], and small clinical studies have re-
ported improvements in endothelial function and vascular oxidative stress relative to
sitagliptin [20,29]. Its dual renal-hepatic excretion pathway, which obviates renal dose
adjustment [17], is particularly relevant in our cohort: lower baseline eGFR was inde-
pendently associated with greater HbAlc reduction in the multivariable model (3 = 0.01
per mL/min/1.73 m?; p = 0.009), and the cohort had relatively preserved but heteroge-
neous renal function (mean eGFR 89.3 mL/min/1.73 m?; standard deviation 22.6). It is
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plausible that uniform dosing without renal-function-based titration provided a modest
but consistent exposure advantage in patients with mild renal impairment, although this
remains speculative. Importantly, the mechanistic studies cited above have not directly
demonstrated that teneligliptin achieves superior glucose-lowering compared with other
DPP-4 inhibitors in head-to-head trials; the few existing comparisons report similar HbAlc
reductions [30,31]. An alternative—and perhaps equally plausible—interpretation is there-
fore that residual confounding by prescriber preference or unmeasured baseline factors
contributed to the observed between-group difference. The implications of this possibility
are considered in detail in the next subsection. These pharmacological considerations are
mechanistic and hypothesis-generating; none has been shown to translate into superior
glucose-lowering in head-to-head trials, and this section should be read in that light. We
also note that the study received an unrestricted research grant from the Korean distributor
of teneligliptin (see Funding and Conflicts of Interest), and the drug-specific interpretations
above are therefore presented with corresponding caution.

Strengths and Limitations

This study has several strengths. First, it addresses a clinically important but under-
investigated scenario—the management of patients who must discontinue an SGLT2
inhibitor—and, to our knowledge, provides the first real-world characterization of the clini-
cal course after a switch to a DPP-4 inhibitor. Second, the comparison between teneligliptin
and other DPP-4 inhibitors as a class was specified in the original study protocol before any
analysis was performed, reducing the risk of post hoc selection bias in choosing comparator
agents. Third, standardized clinical and laboratory measurements—including unattended
automated office blood pressure, which is less susceptible to white-coat effects than conven-
tional in-clinic measurement [32]—were applied uniformly across the 12-year study period
using a single automated chemistry analyzer, supporting internal comparability. Fourth,
the primary between-group comparison was adjusted for two pre-specified, mechanistically
motivated confounders (baseline HbAlc and baseline eGFR) in a multivariable model.

Several limitations also warrant explicit consideration. (i) Confounding by indication
is the most important threat to causal inference: as a single-center retrospective study;,
we cannot exclude the possibility that physicians preferentially selected teneligliptin for
patients judged more likely to respond on grounds not captured in the electronic medical
record (such as comorbidity profile, expected adherence, or insurance considerations),
and adjustment for measured covariates cannot fully address residual confounding or
channeling. Only two covariates (baseline HbAlc and eGFR) were available for adjustment;
other prognostically important variables—including diabetes duration, baseline medication
adherence, the presence of diabetic complications, socioeconomic status, the prescribing
physician’s specialty, and the specific SGLT2 inhibitor discontinued—were not captured
in the electronic medical record and could not be modeled. The marginally higher base-
line HbA1lc in the teneligliptin group (7.9% vs. 7.5%; p = 0.050) is itself a signal of such
channeling and predisposes that group to a larger apparent reduction through regression
to the mean. In the absence of randomization or formal causal-inference methods such as
propensity-score matching or instrumental-variable analysis—which the available sample
size and covariate set did not support—the —0.49% between-group difference cannot be
confidently attributed to the pharmacological properties of teneligliptin. We therefore
regard confounding by indication not as a peripheral caveat but as a structural limitation of
the design. (i7) The modest sample size (n = 117) limits precision, particularly for secondary
outcomes; consequently, the lower 95% confidence limit for the between-group HbAlc
difference (—0.15%) is itself within plausible clinical range, and the upper limit (—0.83%)
is correspondingly wide. The reported 80% power applies only to a simple unadjusted
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two-group comparison and overstates the precision available for the covariate-adjusted
and exploratory subgroup analyses actually performed. (iii) The 3-month follow-up is
insufficient to assess durability of glycemic control, cardiovascular or renal outcomes, or
treatment-emergent adverse events; safety outcomes were not systematically captured. In
particular, although we frame the clinical decision as a trade-off involving the cardio-renal
protection conferred by SGLT2 inhibitors, no cardiovascular or renal outcome data were
collected; the study therefore cannot inform that trade-off directly, and the short-term
changes in body weight and blood pressure are surrogate markers only. (iv) Although
the cohort spans 12 years, secular trends in prescribing and care may have influenced
both the choice of post-switch agent and the observed outcomes. (v) “Other DPP-4 in-
hibitors” were aggregated as a single comparator to preserve statistical power, which may
have obscured between-agent heterogeneity within the comparator group; we could not
perform pairwise comparisons of teneligliptin against individual agents. The compara-
tor combined gemigliptin (19.7%), sitagliptin (11.1%), and a mix of other agents (17.9%),
each represented by only 10-23 patients and differing in molecular structure, binding
kinetics, half-life, and excretion pathway—precisely the within-class heterogeneity the
study set out to examine. Pooling these agents both masks that heterogeneity and limits
the interpretability of the teneligliptin-versus-other comparison; adequately sized cohorts
for each agent would be required to address the question properly. (vi) The study pop-
ulation was Korean and largely of Asian ancestry, and prescribing patterns reflect the
Korean healthcare context, in which teneligliptin is widely available; the findings may not
generalize directly to other populations or healthcare systems. (vii) Secondary outcomes
were exploratory and were not corrected for multiple comparisons. (viii) The reason for
switching was undocumented for 28.2% (33/117) of patients; this substantial proportion
of missing data on a key variable was retained for transparency but was not addressed
through imputation or formal sensitivity analysis. (ix) No measure of medication ad-
herence (pharmacy refill records or pill counts) was available, so differential adherence
between the groups cannot be excluded as a contributor to the observed HbA1lc difference.
(x) Although changes in other glucose-lowering agents were excluded by protocol, changes
in non-diabetes medications that can affect glycemia—such as glucocorticoids, statins, and
antihypertensive agents—were not systematically assessed or controlled. For all of these
reasons, our findings should be regarded as hypothesis-generating, and confirmation in
adequately powered prospective head-to-head studies is required before any change in
clinical practice. Several further limitations, arising from the retrospective use of electronic
medical records, deserve explicit mention. (xi) The cardiovascular and renal risk profile of
the cohort—established atherosclerotic cardiovascular disease, heart failure, chronic kidney
disease and albuminuria categories, diabetes duration, microvascular and macrovascular
complications, frailty, and comorbidity burden—was not systematically recorded and could
not be characterized; consequently we cannot determine whether SGLT2 inhibitors were
discontinued in relatively low-risk patients or in individuals for whom organ protection
was the primary indication. (xii) The original indication for SGLT2 inhibitor therapy could
not be reliably ascertained; most patients are presumed to have been treated primarily
for glycemic control, but because the study period (2013-2025) preceded the current em-
phasis on heart-failure, chronic-kidney-disease, and atherosclerotic-cardiovascular-disease
indications, the indication was frequently undocumented. (xiii) Individualized HbAlc
targets, baseline target attainment, hypoglycemia, and functional status were unavailable,
limiting assessment of the clinical relevance of the observed HbA1lc differences. (xiv) The
urinary albumin-to-creatinine ratio was markedly skewed and substantially incomplete
(available in 63 of 117 patients at baseline and in only 12 patients per group for the paired
within-group analysis); although we additionally analyzed it non-parametrically, these
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estimates are imprecise. (xv) The multivariable model explained only a small proportion of
the variance in HbAlc change (R2 = 0.18; adjusted R? = 0.15), indicating that most of the
between-patient variation was driven by unmeasured factors and further underscoring the
exploratory nature of the adjusted between-group estimate.

5. Conclusions

In this single-center retrospective cohort of adults with type 2 diabetes, switching from
an SGLT?2 inhibitor to a DPP-4 inhibitor preserved overall glycemic control over 3 months,
albeit with modest increases in body weight and blood pressure that reflect the loss of
SGLT2-inhibitor-specific metabolic and hemodynamic effects. A pre-specified subgroup
analysis identified a 0.49 percentage-point greater mean HbA1c reduction with teneligliptin
than with the pooled group of other DPP-4 inhibitors, and this between-group difference
persisted after adjustment for baseline HbAlc and eGFR. Although the limitations of an
observational design require that this finding be regarded as hypothesis-generating rather
than confirmatory, the difference should be interpreted cautiously, because confounding
by indication and the limited covariate adjustment cannot be excluded as explanations;
it is sufficient to motivate—rather than to establish—prospective comparative evaluation
of whether DPP-4 inhibitors can be regarded as interchangeable in this setting. Two
practical implications follow. First, when sustained SGLT2 inhibitor therapy is not feasible,
clinicians should explicitly weigh the trade-off between the cardio-renal benefits of SGLT2
inhibitors and the tolerability advantages of DPP-4 inhibitors, recognizing that the choice
of replacement agent—not merely the class—may influence short-term glycemic outcomes.
Second, individual DPP-4 inhibitor pharmacology, including binding kinetics, excretion
route, and pleiotropic effects, deserves greater consideration in routine prescribing decisions
than is current practice. To advance this evidence base, an adequately powered prospective
head-to-head randomized trial—ideally a pragmatic, multicenter design with at least
12 months of follow-up and pre-specified subgroup analyses by baseline renal function and
prior SGLT2 inhibitor exposure—is needed to confirm whether between-agent differences
within the DPP-4 inhibitor class are clinically meaningful in this specific scenario, to identify
the patient subgroups most likely to benefit, and to evaluate longer-term cardiovascular,
renal, and safety outcomes. In particular, the study does not establish that the replacement
strategy was clinically appropriate, that cardio-renal protection was preserved, or that
teneligliptin is superior to any individual alternative DPP-4 inhibitor; it demonstrates
only that short-term glycemic control was broadly maintained after switching while body
weight and blood pressure modestly increased. A DPP-4 inhibitor should be regarded as
an unavoidable substitute when an SGLT2 inhibitor cannot be maintained rather than a
therapeutically equivalent one, and these findings cannot by themselves guide changes in
clinical practice.
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