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Abstract

Background: This study compared the effects of two DPP-4 inhibitors
(linagliptin, gemigliptin) and an SGLT2 inhibitor (dapagliflozin) on the lipid
profile in patients with type 2 diabetes. Material and Methods: A
Retrospective Study on 150 patients with type 2 diabetes, aged 25-65 years
and who did not achieve glycemic goals with metformin and/ or a sulfonylurea
and were receiving linagliptin or gemigliptin or dapagliflozin as add-on
therapy, were consecutively recruited from January 2022 to December 2023,
and scheduled for follow-up. At Department of Pharmacology, Govt. Medical
College, Bettiah, Bihar, India. Result: Among 104 patients, 45 patients had
taken linagliptin, 49 patients had taken gemigliptin, and 10 patients had taken
dapagliflozin. The mean age of participants was 52.1 + 7.8 years, the diabetic
duration of the subjects was 5.1 + 6.6 years, and mean BMI was 25.0 + 3.4
kg/m2. In addition, 58.2% of patients had dyslipidemia and received statins.
There were no differences in age, sex, duration of diabetes, and baseline
laboratory findings including FPG, HbAlc. Conclusion: In conclusion, a
DPP-4 inhibitor and an SGLT2 inhibitor, when added to metformin and/or a
sulfonylurea, have a modest beneficial effect in glucose control and have
different effects in lipid profile in patients with type 2 diabetes.

INTRODUCTION

Diabetes mellitus is related to an increased risk of
cardiovascular disease (CVD).[ In India, a risk of
coronary heart disease and stroke were 4 times and 2
times higher in patients with diabetes compared with
those without diabetes, respectively.d CVD is the
major cause of morbidity and cardiovascular
mortality in patients with type 2 diabetes.[]
Diabetes with CVD has average annual per-person
medical care costs adjusted for age and sex that are
1.6-fold higher than those without diabetes.[
Contributing factors that increase the risk of CVD
include hypertension, dyslipidemia, obesity, and
smoking in patients with diabetes.”! Dyslipidemia is
common in patients with type 2 diabetes, which is
characterized by low HDL-cholesterol (HDL-C),
elevated triglycerides (TG), and a predominance of
small, dense LDL particles.”¥ The American
Diabetes Association (ADA) and American College
of Cardiology Foundation recommend that lifestyle
intervention and pharmacologic therapy be started
concurrently in patients with type 2 diabetes,
regardless of LDL-cholesterol (LDL-C).l In its
recent guideline, the ADA  recommended

pharmacologic therapy, primarily statin therapy, in
patients with type 2 diabetes who have any CVD
risk factors or patients 40 years of age or older [10].
Despite the evidence that lowered LDL-C could lead
to reduced risk of CVD, it is estimated that nearly
half of patients with type 2 diabetes did not achieve
current LDL-C goals.['**2 Thus, a relatively large
number of patients with type 2 diabetes are exposed
to the risks of CVD.I¥l A dipeptidyl peptidase-4
(DPP-4) inhibitor is an oral hypoglycaemic agent
that exerts its effect by inactivating incretin, which
is released from the intestinal cells after meal
ingestion.™! In India, the use of DPP-4 inhibitors
has increased in the last decade, and DPP-4
inhibitors comprised one-third of the market share in
2013.1 Previous studies reported that DPP-4
inhibitors have effects on total cholesterol (TC), but
results are variable across trials. A recent meta-
analysis reported a possible beneficial effect of
DPP-4 inhibitors including vildagliptin and
alogliptin on TC and TG levels compared to
placebo.*® A sodium glucose co transporter 2
(SGLT2) inhibitor is an antihyperglycemic agent
that effectively improves glycemic control through
inhibiting glucose absorption in the proximal tubule
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of the kidney.[*®! In addition to improving glycemic
control, SGLT2 inhibitors are reported to have
additional beneficial effects on body weight and
blood pressure, with a low risk of hypoglycaemia.
SGLT2 inhibitors are also reported to have an
association with increases in HDL-C and LDL-C.[*"]
The mechanism that an SGLT2 inhibitor increases
LDL-C levels remains unknown, and a dose-related
increase in LDL-C has been observed in patients
who were given an SGLT2 inhibitor.[*8l DPP-4
inhibitors and SGLT2 inhibitors are both a treatment
option as monotheraphy or as part of dual and triple
therapy in patients with type 2 diabetes, having
different effects on the lipid profile. This study
compared the effects of two DPP-4 inhibitors
(linagliptin, gemigliptin) and an SGLT2 inhibitor
(dapagliflozin) on the lipid profile in patients with
type 2 diabetes.

MATERIALS AND METHODS

A Retrospective Study on 150 patients with type 2
diabetes, aged 25-65 years and who did not achieve
glycemic goals with metformin and/ or a
sulfonylurea and were receiving linagliptin or
gemigliptin or dapagliflozin as add-on therapy, were
consecutively recruited from January 2022 to
December 2023, and scheduled for follow-up. At
Department of Pharmacology, Govt. Medical
College, Bettiah, Bihar, India

Patients were excluded from this study for any of
the following: type 1 diabetes, any change in
previous medications that could influence their lipid
profile including statins, fibric acid agents, niacin,
omega acid ethyl esters, thyroid hormones, steroids
within 3 months before enrolment or during the
period of DPP-4 inhibitor or SGLT2 inhibitor
treatment, fasting serum TG > 600 mg/dl at
screening, or estimated glomerular filtration rate
(eGFR) less than 60 ml/min/1.73 m2. The enrolled
patients were divided into two groups (DPP-4
inhibitor group or SGLT2 inhibitor group)
according to the drugs that they were receiving.
Ethical clearance was obtained from Ethical
committee of the Institute. Information including
participant’s history, ex- or current cigarette
smoking status, and use of medication were
collected at the beginning of the study.
Hypertension was defined as systolic blood pressure
of 140 mmHg or greater, diastolic blood pressure of
90 mmHg or greater or current use of
antihypertensive medications. The fasting blood
samples, including the levels of fasting plasma
glucose (FPG), hemoglobin Alc (HbAlc), TC, TG,
HDL-C, LDL-C, lipoprotein (a) (Lp[a]),
apolipoprotein A, apolipoprotein B and creatinine,
aspartate aminotransferase, and alanine
transaminase, were measured at baseline and 24
weeks after DPP-4 inhibitor or SGLT2 inhibitor
therapy. The FPG and lipid profile were assessed
and HbAlc was assessed using high-performance

liquid chromatography. Serum Lp(a) concentration
was measured using a one-step sandwich enzyme-
linked immunoassay.l'¥ The eGFR was assessed
using the four-component Modification of Diet in
Renal Disease equation.?® The urinary albumin
excretion rates were measured from single-void
urine specimens using immune turbidimetry. C-
peptide and insulin levels were measured using
chemiluminescent micro particle immunoassays.
Insulin resistance and insulin secretion were
estimated by homeostatic model assessment-insulin
resistance (HOMA-IR) and the HOMA B-Cell
function. Diabetic retinopathy was assessed through
a comprehensive eye examination by an
ophthalmologist from retinal photographs taken at
baseline. Diabetic nephropathy was defined as a
urine albumin-to-creatinine ratio > 30 mg/g of
creatinine in spot urine specimens.?4

Statistical analysis all data are expressed as the
mean =+ standard deviation or frequencies or
medians with an interquartile range or 95%
confidence interval. The categorical variables were
tested using Chi-square test, and independent
Student’s t-tests evaluated the differences between
the means of two continuous variables. The Mann—
Whitney U test was used for non-normally
distributed variables. HbAlc and serum lipids
between baseline and after 24 weeks of treatment of
a DPP-4 inhibitor and an SGLT2 inhibitor were
analyzed by the paired t-test. Changes in TG and
HDL-C were assessed by Wilcoxon signed-rank
test. We determined the effect of a DPP-4 inhibitor
and an SGLT?2 inhibitor on the lipid profile between
baseline and 24 weeks, using analysis of covariance
(ANCOVA) with treatment as the factor and using
age, sex, diabetes duration, body mass index (BMI),
and change of HbAlc (%) as covariates. The
assessment of side effects, including the incidence
of adverse events, was described without tests for
significance. Statistical analyses were performed
using SAS version 9.3 (SAS Institute, Cary, NC,
USA). p < 0.05 was considered significant.

RESULTS

Of 150 patients who were recruited, 104 patients
(69.3%) completed follow-up. Four patient who
received insulin and 36 patients who underwent any
change in medication that can influence lipid profile
during the follow-up period, and seven patients who
had an eGFR less than 60 ml/min/1.73 m2 at
baseline, were excluded. The planned follow-up
period was 6 months.

Among 104 patients, 45 patients had taken
linagliptin, 49 patients had taken gemigliptin, and 10
patients had taken dapagliflozin. The mean age of
participants was 52.1 + 7.8 years, the diabetic
duration of the subjects was 5.1 + 6.6 years, and
mean BMI was 25.0 £ 3.4 kg/m2 . In addition,
58.2% of patients had dyslipidemia and received
statins. There were no differences in age, sex,
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duration of diabetes, and baseline laboratory
findings including FPG, HbAlc, There was a
marginally significant difference in BMI between
the DPP4 inhibitor group and the SGLT2 inhibitor
group. During the follow-up period, the mean FPG
level in patients with DPP-4 inhibitor therapy
including gemigliptin and linagliptin was reduced
by 19.6 (97% CI, —35.5 to —10.5) mg/dl (p < 0.001).
HbA 1c was reduced by 0.7% (97% CI, —.5 to —0.25)
(p < 0.001). After 24 weeks of treatment with
dapagliflozin, FPG was reduced by 28.4 (97% ClI,
—44.5 to —3.1) mg/dl (p = 0.020). HbAlc was
reduced by 0.4% (97% CI, —0.7 to —0.2) (p < 0.001).
The difference of the change in the mean FPG (p =
0.642) and HbAlc (p = 0.539) between the DPP-4
inhibitor and the SGLT2 inhibitor was not
significant in this study. As shown in Table 2 and
Fig. 1, there were different changes in the plasma
lipid levels with treatment of the DPP-4 inhibitor
and the SGLT2 inhibitor. After 24 weeks of
treatment with the DPP-4 inhibitor including
gemigliptin and linagliptin, TC was significantly
reduced by 8.0 (97% CI, —18.5 to —1.2) mg/dl (p =
0.011), and LDL-C was reduced from 98.0 + 39.6
mg/dl to 96.0 + 26.8 (p = 0.003). The changes of TG
(p = 0.021) and HDL-C (p = 0.246) were not
significantly different. In patients who received 24
weeks of dapagliflozin, HDL-C was increased by
6.1.

(97% CI, 2.0 to 9.1) mg/dl (p = 0.001). There were
no significant differences in TC (p = 0.057), TG (p

=0.071), and LDL-C (p = 0.389). Apolipoprotein A
was significantly increased by 17.3 £ 27.1 mg/dl (p
= 0.004), whereas the change of apolipoprotein B
was not significant (p = 0.556). The change in the
lipid profile between the DPP-4 inhibitor and
dapagliflozin showed a significant difference in
HDL-C (p = 0.001) and LDL-C (p = 0.036) after
analysis from ANCOVA after adjustment of age,
sex, diabetes duration, BMI, and change of HbAlc,
after DPP-4 inhibitor or SGLT2 inhibitor therapy.
The difference of the change in HDL-C was not
caused by age (p = 0.400), sex (p = 0.137), or
HbAlc (p = 0.341) difference or by BMI (p =
0.864). In addition, there was no significant
difference of the change in HDL-C with respect to
statin use. In contrast with HDL-C, the difference of
the change in LDL-C was associated with the
change in HbAlc after DPP-4 inhibitor or SGLT2
inhibitor therapy (p = 0.023). In addition, there was
a significant reduction in the blood pressure and
body weight from baseline to 24 weeks of SGLT2
inhibitor. The changes in systolic blood pressure,
diastolic blood pressure, and body weight are
presented. During the follow-up periods, among 45
patients, one patient had hypoglycaemia with
linagliptin and two patients had hypoglycaemia and
nausea with gemigliptin. Among 10 patients, one
patient with dapagliflozin had hypoglycaemia, and
two patients complained of having increased vaginal
discharge and discomfort, but they recovered
without medication. [Table 1]

Table 1: Comparison of baseline characteristics between the subjects with DPP-4 inhibitor and SGLT2 inhibitor

DPP-4 inhibitors
Total Linagliptin (n =45) SGLT2 inhibitor p-value
Gemigliptin (n =49)
n 104 64 10
Women (n, %) 57 (57.2) 32 (50.0) 7(58.3) 0.289
Age (years) 51.3+9.6 543+7.1 56.2+5.6 0.774
Duration of diabetes (years) 5.0 (3.0-11.0) 6.0 (2.0-10.8) 7.0 (3.0-11.0) 0.856
Hypertension (n, %) 45 (31.0) 37 (39.7) 8 (47.6) 0.257
Smoking (n, %) 0.150
Current (n, %) 26 (26.2) 20 (29.5) 8 (15.2)
Ex-smoker (n, %) 8 (11.1) 11(11.2) 6 (10.4)
Body weight (kg) 65.0 (62.0-77.0) 68.0 (62.0-75.0) 73.0 (62.0-80.8) 0.362
BMI (kg/m?) 24.0+4.3 26.5+6.3 24.6+2.6 0.018
Diabetic retinopathy (n, %) 26 (17.0) 12 (19.0) 3(12.0) 0.516
Diabetic nephropathy (n, %) 25(21.1) 21 (18.6) 9 (27.9) 0.008
Fasting plasma glucose (mg/dl) 146.0 (136.0-202.0) 156.0 (134.0-202.5) 142.0 (137.0-198.5) 0.765
Baseline HbAlc 9.5+1.3 9.6+1.3 93+1.1 0.123
(%(mmol/mol)) (69.4+13.7) (70.5 £ 14.3) (67.2+£12.4)
Previous treatment (n, %)
Sulfonylureas 100 (93.8) 87 (72.9) 10 (53.0) <0.001
Metformin 104 (100) 64 (100) 10 (100) -
ACEi/ARB 47 (44.6) 52 (43.3) 6 (41.0) 0.976
Statins 95 (68.2) 40 (65.4) 5 (53.8) 0471
DISCUSSION the TC level compared with the SGLT2 inhibitor.

Our observational study demonstrates that DPP-4
inhibitors and SGLT2 inhibitors have different
effects on plasma lipid parameters in patients with
type 2 diabetes. The DPP-4 inhibitor is associated
with significant improvements in the TC and LDL-C
levels, yet there were not significant differences in

The SGLT2 inhibitor is associated with a significant
increase in HDL-C, apolipoprotein A. Twenty-four
weeks of SGLT2 inhibitor therapy shows a
significant increase in HDL-C, LDL-C compared
with the DPP-4 inhibitor.

The different effects on plasma lipid in this study
are generally consistent with results from previous
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meta-analyses  and randomized  controlled
trials.[1518.20.22-241 Sjtagliptin has shown improvement
on TG and HDL-C in patients with type 2 diabetes,
but a meta-analysis found that the effect on lipid
profile was not significant in patients with sitagliptin
(p=10.760).% Vildagliptin was reported to have
effects on TC and TG in patients with type 2
diabetes.['*21 Choe et al. reported that vildagliptin
exerts a similar effect on glucose control, but exerts
more effect on the lipid profile compared with
sitagliptin.?? Alogliptin has a beneficial effect on
TC and TG, but results were variable across the
studies.[*>181

Several studies reported that linagliptin also has
lipid-lowering effects.[?>] Contrary to these reports,
Owens et al. reported that linagliptin did not have
significant effects on lipid profile after 24 weeks of
linagliptin treatment compared with placebo as add-
on metformin plus sulfonylurea therapy.'7 In a
phase Il trial, gemigliptin showed reduced TC and
LDL-C at 12 weeks compared with the placebo,6]
although in a phase I trial, gemigliptin did not
show a significant effect on the lipid profile at 24
weeks compared with the placebo.?

The mechanism by which the DPP-4 inhibitor could
influence the lipid profile in patients with type 2
diabetes has not been fully understood. This effect
could be explained by glucagon-like peptide-1
receptor-mediated, DPP-4 inhibitor might have an
inhibitory effect on lipid absorption in the
gastrointestinal tract.[26:7]

The SGLT2 inhibitor inhibits glucose absorption
and excretes glucose through urine and is related to
calorie loss. Thus, the SGLT2 inhibitor induces
switching from carbohydrate to lipid utilization for
energy in the fasting state.[’2?] It has been
postulated that increased hepatic fatty acid levels
may fuel the pool of acetyl-CoA, and induce both
ketone body production and hepatic TC
levels.[2324141 Empagliflozin was associated with a
lowered LDL receptor expression and plasma LDL-
C catabolism, which in turn increased LDL-C levels
in an animal study.[?>?4 Canagliflozin has been
related with a mean-percentage increase of LDL-C
of 54% and 9.0% for 100 mg and 300 mg,
respectively, compared with placebo. In addition,
significant increases in HDL-C were observed with
treatment of canagliflozin compared with placebo in
four of eight phase 111 trials.?8! One previous report
stated that the mean percent changes from baseline
at 24 weeks were —1.0% vs. 2.9% for LDL-C in the
placebo and dapagliflozin 10 mg groups,
respectively.[*8]

Dyslipidemia is associated with an increased risk of
CVD in subjects with type 2 diabetes.l*®l In this
study, the change in mean HDL-C from baseline to
24 weeks of DPP-4 inhibitor or SGLT2 inhibitor
therapy showed a significant difference. Although
both agents raised HDL-C, the SGLT2 inhibitor
raised more HDL-C. Additionally, this study
showed consistent different effects on HDL-C
between DPP-4 inhibitor and SGLT2 inhibitor after

analyzing the subjects receiving statins and those
not receiving statins separately. Low HDL-C has
been reported to be an independent risk factor for
CVD in patients with type 2 diabetes.’! In the
Framingham Heart Study, an increased risk of
myocardial infarction was reported to be
approximately 25% for every 5 mg/dl decrease in
serum HDL-C.' QOgita et al. reported that low
HDL-C is a residual risk factor for cardiovascular
outcome despite optimal LDL-C in patients with
type 2 diabetes with stable coronary artery
disease.*”) This study suggests that dapagliflozin
may be preferred in patients with low HDL-C.

In addition, this study found that the DPP-4 inhibitor
and the SGLT2 inhibitor differed with opposite
effects on LDL-C. Whereas the SGLT2 inhibitor is
reported to be related with an increased LDL-C, this
study did not show a significant difference in LDL-
C after 24 weeks of dapagliflozin treatment in
patients with type 2 diabetes. One recent study
reported that empagliflozin was associated with a
lower rate of cardiovascular outcome [20]. The
clinical implication of the SGLT2 inhibitor and
dyslipidemia for CVD needs to be analyzed in
further studies.

CONCLUSION

In conclusion, a DPP-4 inhibitor and an SGLT2
inhibitor, when added to metformin and/or a
sulfonylurea, have a modest beneficial effect in
glucose control and have different effects in lipid
profile in patients with type 2 diabetes. Either a
DPP-4 inhibitor or an SGLT2 inhibitor may be
beneficial in patients with type 2 diabetes for CVD.
There were significant differences in the change of
HDL-C, LDL-C between DPP-4 inhibitor and
SGLT2 inhibitor therapy. Thus, an SGLT2 inhibitor
may be preferred as an add-on to metformin and/or a
sulfonylurea in patients with low HDL-C.
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