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Abstract

Background: Previous studies suggest that dipeptidyl peptidase-4 (DPP-4) inhibitors and sodium glucose
cotransporter 2 (SGLT2) inhibitors have different effects on the lipid profile in patients with type 2 diabetes. We
investigated the effects of DPP-4 inhibitors and SGLT2 inhibitors on the lipid profile in patients with type 2 diabetes.

Methods: From January 2013 to December 2015, a total of 228 patients with type 2 diabetes who were receiving a
DPP-4 inhibitor or SGLT2 inhibitor as add-on therapy to metformin and/or a sulfonylurea were consecutively enrolled.
We compared the effects of DPP-4 inhibitors and SGLT2 inhibitors on the lipid profile at baseline and after 24 weeks of
treatment. To compare lipid parameters between the two groups, we used the analysis of covariance (ANCOVA).

Results: A total of 184 patients completed follow-up (mean age: 53.1 ± 6.9 years, mean duration of diabetes: 7.1 ± 5.
7 years). From baseline to 24 weeks, HDL-cholesterol (HDL-C) levels were increased by 0.5 (95% CI, −0.9 to 2.0) mg/dl with
a DPP-4 inhibitor and by 5.1 (95% CI, 3.0 to 7.1) mg/dl with an SGLT2 inhibitor (p = 0.001). LDL-cholesterol (LDL-C) levels
were reduced by 8.4 (95% CI, −14.0 to -2.8) mg/dl with a DPP-4 inhibitor, but increased by 1.3 (95% CI, −5.1 to 7.6) mg/dl
with an SGLT2 inhibitor (p = 0.046). There was no significant difference in the mean hemoglobin A1c (8.3 ± 1.1 vs. 8.0 ± 0.
9%, p = 0.110) and in the change of total cholesterol (TC) (p= 0.836), triglyceride (TG) (p= 0.867), apolipoprotein A (p = 0.
726), apolipoprotein B (p= 0.660), and lipoprotein (a) (p = 0.991) between the DPP-4 inhibitor and the SGLT2 inhibitor.

Conclusions: The SGLT2 inhibitor was associated with a significant increase in HDL-C and LDL-C after 24 weeks of SGLT2
inhibitor treatment in patients with type 2 diabetes compared with those with DPP-4 inhibitor treatment in this study.

Trial registration: This study was conducted by retrospective medical record review.
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Background
Diabetes mellitus is related to an increased risk of car-
diovascular disease (CVD) [1]. In Korea, a risk of coron-
ary heart disease and stroke were 4 times and 2 times
higher in patients with diabetes compared with those
without diabetes, respectively [2]. CVD is the major
cause of morbidity and cardiovascular mortality in
patients with type 2 diabetes [3–5]. 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 [6].
Contributing factors that increase the risk of CVD

include hypertension, dyslipidemia, obesity, and smoking in
patients with diabetes [4]. 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 [7, 8].
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) [9]. In its recent
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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 pa-
tients with type 2 diabetes did not achieve current LDL-C
goals [11, 12]. Thus, a relatively large number of patients
with type 2 diabetes are exposed to the risks of CVD [13].
A dipeptidyl peptidase-4 (DPP-4) inhibitor is an oral

hypoglycemic agent that exerts its effect by inactivating
incretin, which is released from the intestinal cells after
meal ingestion [11]. In Korea, 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 [14]. Pre-
vious 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 [15].
A sodium glucose cotransporter 2 (SGLT2) inhibitor is

an antihyperglycemic agent that effectively improves gly-
cemic control through inhibiting glucose absorption in the
proximal tubule of the kidney [16]. In addition to improv-
ing glycemic control, SGLT2 inhibitors are reported to have
additional beneficial effects on body weight and blood
pressure, with a low risk of hypoglycemia. SGLT2 inhibitors
are also reported to have an association with increases in
HDL-C and LDL-C [17]. 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 [18].
DPP-4 inhibitors and SGLT2 inhibitors are both a

treatment option as monotherapy or as part of dual and
triple therapy in patients with type 2 diabetes, having
different effects on the lipid profile. This study com-
pared the effects of two DPP-4 inhibitors (linagliptin,
gemigliptin) and an SGLT2 inhibitor (dapagliflozin) on
the lipid profile in patients with type 2 diabetes.

Methods
Through retrospective medical record review, a total of
228 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 gemi-
gliptin or dapagliflozin as add-on therapy, were consecu-
tively recruited from January 2013 to December 2015,
and scheduled for follow-up from July 2013 to June 2016
at the university-affiliated diabetes center of St. Vincent’s
Hospital in South Korea.
Patients were excluded from this study for any of the

following: type 1 diabetes, any change in previous medica-
tions that could influence their lipid profile including
statins, fibric acid agents, niacin, omega acid ethyl esters,

thyroid hormones, steroids within 3 months before
enrollment 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 re-
ceiving. This study was conducted in accordance with the
Declaration of Helsinki guidelines, and it was approved by
investigator’s institutional ethical review board.
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 A1c (HbA1c), 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 using an auto-

mated enzymatic method (736–40; Hitachi, Tokyo, Japan),
and HbA1c was assessed using high-performance liquid
chromatography (Bio-Rad, Montreal, QC, Canada). Serum
Lp(a) concentration was measured using a one-step sand-
wich enzyme-linked immunoassay (TintElize Lp(a) kt,
Biopool AB, Umea, Sweden) [19]. The eGFR was assessed
using the four-component Modification of Diet in Renal
Disease equation [20]. The urinary albumin excretion
rates were measured from single-void urine specimens
using immunoturbidimetry (Eiken, Tokyo, Japan). C-
peptide and insulin levels were measured using a chemilu-
minescent microparticle immunoassay (ARCHITECT C-
Peptide Reagent Kit [CL53], Biokit S.A., Barcelona, Spain,
ARCHITECT Insulin, Denka Seiken Co., Ltd. Tokyo,
Japan). Insulin resistance and insulin secretion were esti-
mated by homeostatic model assessment-insulin resist-
ance (HOMA-IR) and the HOMA β-Cell function.
Diabetic retinopathy was assessed through a compre-

hensive eye examination by an ophthalmologist from
retinal photographs taken at baseline. Diabetic nephrop-
athy was defined as a urine albumin-to-creatinine ratio >
30 mg/g of creatinine in spot urine specimens [21].

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.
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Differences in body weight, blood pressure, FPG,
HbA1c, 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

SGLT2 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 HbA1c
(%) as covariates.
The assessment of side effects, including the incidence

of adverse events, was described without tests for signifi-
cance. Statistical analyses were performed using SAS
version 9.3 (SAS Institute, Cary, NC, USA). p < 0.05 was
considered significant.

Results
Of 228 patients who were recruited, 184 patients (80.7%)
completed follow-up. One patient who received insulin
and 26 patients who underwent any change in medica-
tion that can influence lipid profile during the follow-up
period, and five 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 184 patients, 55 patients had taken linagliptin,

69 patients had taken gemigliptin, and 60 patients had
taken dapagliflozin. Baseline demographic, anthropomet-
ric, laboratory finding, and treatment characteristics of
subjects are summarized in Table 1.
The mean age of participants was 53.1 ± 6.9 years, the

diabetic duration of the subjects was 7.1 ± 5.7 years, and
mean BMI was 26.0 ± 3.4 kg/m2. In addition, 62.8% of
patients had dyslipidemia and received statins. There were
no differences in age, sex, duration of diabetes, and base-
line laboratory findings including FPG, HbA1c, eGFR, as-
partate aminotransferase, alanine transaminase, HOMA-
IR, and HOMA- β-Cell function between the DPP-4 in-
hibitor group and the SGLT2 inhibitor group. There was a
marginally significant difference in BMI between the DPP-
4 inhibitor group and the SGLT2 inhibitor group. Besides,
there was a significant difference in previous therapy with
sulfonylureas because of South Korea’s health insurance
coverage (62.9% vs. 35.0%, p < 0.001).
The 124 patients who received DPP-4 inhibitor included

55 patients with linagliptin and 69 patients with gemiglip-
tin. The 55 patients with linagliptin did not have signifi-
cant differences in baseline characteristics from the
patients with gemigliptin with respect to age (54.0 ± 6.1 vs.
52.9 ± 7.8 years, p = 0.427), diabetic duration (7.3 ± 5.7 vs.
6.6 ± 5.6 years, p = 0.468), and BMI (26.2 ± 4.1 vs. 25.2 ±
3.1 years, p = 0.114) (Additional file 1: Table S1).

During the follow-up period, the mean FPG level in
patients with DPP-4 inhibitor therapy including gemi-
gliptin and linagliptin was reduced by 16.9 (95% CI,
−30.5 to −9.5) mg/dl (p < 0.001). HbA1c was reduced by
0.8% (95% CI, −1.0 to −0.5) (p < 0.001). After 24 weeks
of treatment with dapagliflozin, FPG was reduced by
24.8 (95% CI, −45.4 to −4.1) mg/dl (p = 0.020). HbA1c
was reduced by 0.6% (95% CI, −0.9 to −0.3) (p < 0.001).
The difference of the change in the mean FPG (p = 0.462)

and HbA1c (p = 0.593) 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 gemiglip-
tin and linagliptin, TC was significantly reduced by 9.0
(95% CI, −15.8 to −2.1) mg/dl (p = 0.011), and LDL-C was
reduced from 99.0 ± 33.9 mg/dl to 90.6 ± 28.6 (p = 0.004).
The changes of TG (p = 0.011) and HDL-C (p = 0.426)
were not significantly different.
In patients who received 24 weeks of dapagliflozin,

HDL-C was increased by 5.1 (95% CI, 3.0 to 7.1) mg/dl
(p = 0.001). There were no significant differences in TC
(p = 0.056), TG (p = 0.061), and LDL-C (p = 0.839). Apo-
lipoprotein A was significantly increased by 13.7 ±
21.7 mg/dl (p = 0.005), whereas the change of apolipo-
protein B was not significant (p = 0.505).
The change in the lipid profile between the DPP-4 in-

hibitor and dapagliflozin showed a significant difference
in HDL-C (p = 0.001) and LDL-C (p = 0.046) after ana-
lysis from ANCOVA after adjustment of age, sex, dia-
betes duration, BMI, and change of HbA1c, after DPP-4
inhibitor or SGLT2 inhibitor therapy. The difference of
the change in HDL-C was not caused by age (p = 0.300),
sex (p = 0.173), or HbA1c (p = 0.314) difference or by
BMI (p = 0.846). In addition, there was no significant dif-
ference of the change in HDL-C with respect to statin
use (Additional file 1: Table S2 and Table S3).
In contrast with HDL-C, the difference of the change

in LDL-C was associated with the change in HbA1c after
DPP-4 inhibitor or SGLT2 inhibitor therapy (p = 0.032).
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 in Table 2.
During the follow-up periods, among 55 patients, one

patient had hypoglycemia with linagliptin and two pa-
tients had hypoglycemia and nausea with gemigliptin
(Additional file 1: Table S4).
Among 60 patients, one patient with dapagliflozin had

hypoglycemia, and two patients complained of having
increased vaginal discharge and discomfort, but they re-
covered without medication (Additional file 1: Table S4).
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Discussion
Our observational study demonstrates that DPP-4 inhib-
itors and SGLT2 inhibitors have different effects on
plasma lipid parameters in patients with type 2 diabetes.
The DPP-4 inhibitor is associated with significant im-
provements in the TC and LDL-C levels, yet there were
not significant differences in the TC level compared with
the SGLT2 inhibitor. 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 meta-

analyses and randomized controlled trials [15, 18, 20, 22–
34]. Sitagliptin 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 = 0.760) [12]. Vildagliptin was
reported to have effects on TC and TG in patients with
type 2 diabetes [19, 21]. Choe et al. reported that vildaglip-
tin exerts a similar effect on glucose control, but exerts
more effect on the lipid profile compared with sitagliptin
[20]. Alogliptin has a beneficial effect on TC and TG, but
results were variable across the studies [15, 18].
Several studies reported that linagliptin also has lipid-

lowering effects [35]. Contrary to these reports, Owens
et al. reported that linagliptin did not have significant

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

Total DPP-4 inhibitors
Linagliptin (n = 55)
Gemigliptin (n = 69)

SGLT2 inhibitor p-value

n 184 124 60

Women (n, %) 97 (52.7) 62 (50.0) 35 (58.3) 0.289

Age (years) 53.1 ± 6.9 53.4 ± 7.1 52.6 ± 6.5 0.474

Duration of diabetes (years) 6.0 (3.0–11.0) 5.0 (2.0–10.8) 7.0 (3.0–11.0) 0.586

Hypertension (n, %) 75 (41.0) 47 (37.9) 28 (46.7) 0.257

Smoking (n, %) 0.150

Current (n, %) 36 (22.6) 30 (25.9) 6 (12.5)

Ex-smoker (n, %) 18 (10.1) 13 (11.2) 5 (10.4)

Body weight (kg) 68.0 (62.0–77.0) 67.0 (62.0–75.0) 70.0 (62.0–80.8) 0.326

BMI (kg/m2) 26.0 ± 3.4 25.6 ± 3.6 26.6 ± 2.8 0.081

Diabetic retinopathy (n, %) 21 (16.0) 16 (18.0) 5 (14.0) 0.561

Diabetic nephropathy (n, %) 30 (20.1) 19 (16.8) 11 (29.7) 0.088

Fasting plasma glucose (mg/dl) 164.0 (136.0–202.0) 165.0 (134.0–202.5) 162.0 (137.0–198.5) 0.756

Baseline HbA1c
(%(mmol/mol))

8.5 ± 1.3
(69.4 ± 13.7)

8.6 ± 1.3
(70.5 ± 14.3)

8.3 ± 1.1
(67.2 ± 12.4)

0.132

eGFR (mL/min/1.73 m2) 105.5 (89.9–114.4) 106.1 (89.9–115.2) 100.9 (90.4–112.4) 0.901

AST (IU/L) 27.4 ± 19.7 27.2 ± 21.7 27.8 ± 15.2 0.836

ALT (IU/L) 37.7 ± 27.1 38.5 ± 28.9 36.0 ± 23.3 0.566

Fasting C-peptide (ng/ml) 2.3 ± 1.7 2.3 ± 1.7 2.0 ± 1.4 0.371

Fasting Insulin (μU/ml) 8.8 ± 6.4 8.5 ± 6.2 9.5 ± 6.8 0.497

HOMA-IR 3.6 ± 2.7
2.7(1.8–4.4)

3.0 ± 1.9
2.6(1.8–4.1)

4.4 ± 3.3
3.3(1.7–5.9)

0.179

HOMA β-Cell function 29.1(13.9–46.4) 28.0 (13.6–47.2) 32.0 (19.8–46.0) 0.642

Previous treatment (n, %)

Sulfonylureas 99 (53.8) 78 (62.9) 21 (35.0) <0.001

Metformin 184 (100) 124 (100) 60 (100) -

ACEi/ARB 74 (40.4) 50 (40.3) 24 (40.0) 0.967

Statins 115 (62.8) 80 (64.5) 35 (58.3) 0.417

Data are means ± SD, n (%), or median (interquartile range), or 95% CI. p < 0.05 was considered significant
DPP-4 dipeptidyl peptidase 4, SGLT2 sodium glucose cotransporter 2, BMI body mass index, eGFR estimated glomerular filtration rate, AST aspartate
aminotransferase, ALT alanine transaminase, Hemoglobin A1c HbA1c, HOMA-IR homeostasis model assessment-insulin resistance, ACEi/ARB ACE inhibitor/
angiotensin receptor blocker
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effects on lipid profile after 24 weeks of linagliptin treat-
ment compared with placebo as add-on metformin plus
sulfonylurea therapy [17]. In a phase II trial, gemigliptin
showed reduced TC and LDL-C at 12 weeks compared
with the placebo, [16] although in a phase III trial, gemi-
gliptin did not show a significant effect on the lipid profile
at 24 weeks compared with the placebo [31].
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 ex-
plained by glucagon-like peptide-1 receptor-mediated,
DPP-4 inhibitor might have an inhibitory effect on lipid
absorption in the gastrointestinal tract [36, 37].

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 [22, 34]. It has been postulated that increased hep-
atic fatty acid levels may fuel the pool of acetyl-CoA,
and induce both ketone body production and hepatic
TC levels [23, 24, 34]. 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 [25, 34]. Canagliflozin has been related
with a mean-percentage increase of LDL-C of 4.5% and
8.0% for 100 mg and 300 mg, respectively, compared

Table 2 Effects of DPP-4 inhibitors and SGLT2 inhibitor on blood pressure, body weight, and glucose and lipid levels

Total
(n = 184)

DPP-4 inhibitors
Linagliptin (n = 55)
Gemigliptin (n = 69)

SGLT2 inhibitor
(n = 60)

p-value

Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks

Total cholesterol (mg/dl) 175.4 ± 39.6 167.0 ± 35.8* 174.9 ± 40.5 165.9 ± 34.4** 176.6 ± 38.2 169.2 ± 38.7

Change from baseline −8.5 (−13.7, −3.2) −9.0 (−15.8, −2.1) −7.4 (−15.4, 0.6) 0.836

Total triglycerides (mg/dl) 165.7 ± 96.2 150.5 ± 88.0* 172.9 ± 105.3 159.9 ± 94.5 150.3 ± 71.2 130.6 ± 68.6

Change from baseline −15.2 (−28.7, −1.3) −13.0 (−30.8, 4.7) −19.7 (−39.7, 0.3) 0.867

LDL cholesterol (mg/dl) 98.3 ± 32.7 93.0 ± 29.8* 99.0 ± 33.9 90.6 ± 28.6** 96.7 ± 30.3 97.9 ± 31.7

Change from baseline −5.3 (−9.6, −1.0) −8.4 (−14.0, −2.8) 1.3 (−5.1, 7.6) 0.046***

HDL cholesterol (mg/dl) 43.5 ± 10.4 45.5 ± 11.0* 42.7 ± 10.2 42.2 ± 10.0 45.3 ± 10.6 50.3 ± 11.3**

Change from baseline 2.0 (0.8, 3.2) 0.5 (−0.9, 2.0) 5.1 (3.0, 7.1) 0.001***

Apolipoprotein A (g/l) 121.6 ± 19.4 131.4 ± 26.8* 115.6 ± 18.5 120.5 ± 22.0 126.1 ± 17.9 139.8 ± 28.8**

Change from baseline 9.8 (3.7, 16.0) 6.5 (−3.7, 12.6) 13.7 (4.8, 22.7) 0.726

Apolipoprotein B (g/l) 91.2 ± 21.5 86.4 ± 22.0 88.6 ± 21.8 81.3 ± 14.4 95.8 ± 21.3 90.3 ± 26.6

Change from baseline −4.8 (−11.3, 1.7) −0.6 (−15.9, 8.3) −5.5 (−13.5, 2.4) 0.660

Lipoprotein (a) (mg/dl) 17.7 ± 18.4 17.2 ± 19.8 17.2 ± 23.6 20.0 ± 25.4 15.6 ± 16.2 15.8 ± 19.3

Change from baseline −0.6 (−2.6, 1.5) −0.9 (−3.4, 1.6) 0.2 (−4.2, 4.6) 0.991

Fasting plasma glucose (mg/dl) 172.8 ± 58.1 151.3 ± 44.9* 171.8 ± 58.8 150.8 ± 43.1** 174.8 ± 57.1 150.1 ± 48.7**

Change from baseline −21.5 (−31.2, −11.9) −16.9 (−30.5, −9.5) −24.8 (−45.4, −4.1) 0.462

HbA1c (%(mmol/mol)) 8.5 ± 1.3
(69.4 ± 13.7)

7.8 ± 1.3*
(61.9 ± 13.8)

8.6 ± 1.3
(70.5 ± 14.3)

7.9 ± 1.3**
(62.6 ± 14.6)

8.3 ± 1.1
(67.2 ± 12.4)

7.7 ± 1.1**
(60.3 ± 12.1)

Change from baseline −0.7 (−0.9, −0.5)
−7.8 (−9.9, −5.7)

−0.8 (−1.0, −0.5)
−8.2 (−10.9, −5.5)

−0.6 (−0.9, −0.3)
−13.2 (−10.3, −3.5)

0.593

Systolic blood pressure (mmHg) 125.3 ± 12.9 124.5 ± 11.8 123.3 ± 14.1 124.4 ± 13.3 128.8 ± 10.1 124.6 ± 9.0**

Change from baseline −0.9 (−4.0, 2.3) 1.1 (−3.4, 5.7) −4.2 (−7.6, −0.7) 0.112

Diastolic blood pressure (mmHg) 76.2 ± 12.2 74.5 ± 9.1 75.3 ± 12.3 74.7 ± 9.4 77.7 ± 12.1 74.3 ± 8.7**

Change from baseline −1.7 (−4.2, 0.8) −0.6 (−3.9, 2.6) −3.4 (−7.5, 0.7) 0.304

Body weight (kg) 69.6 ± 11.3 68.7 ± 11.1* 68.8 ± 10.9 68.3 ± 10.8 71.1 ± 11.9 69.5 ± 11.6**

Change from baseline −0.9 (−1.4, −0.4) −0.5 (−0.7, −0.3) −1.5 (−2.1, −0.9) <0.001***

Data are means ± SD, or 95% CI. p < 0.05 was considered significant. Changes from baseline and percent change from baseline are adjusted for age, sex, diabetes
duration, BMI, and glucose control status (HbA1c difference). DPP-4 dipeptidyl peptidase 4, SGLT2 sodium glucose cotransporter 2, LDL low-density lipoprotein,
HDL high-density lipoprotein, Hemoglobin A1c HbA1c
* p < 0.05 (comparison between before treatment and after treatment in all subjects)
** p < 0.05 (comparison between before treatment and after treatment in each group)
*** p < 0.05 (comparison between DPP-4 inhibitor group and SGLT2 inhibitor group)
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with placebo. In addition, significant increases in HDL-C
were observed with treatment of canagliflozin compared
with placebo in four of eight phase III trials [26]. 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, re-
spectively [38].
Dyslipidemia is associated with an increased risk of CVD

in subjects with type 2 diabetes [28]. 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 inde-
pendent risk factor for CVD in patients with type 2 diabetes
[29]. 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 [30].
Ogita et al. reported that low HDL-C is a residual risk fac-
tor for cardiovascular outcome despite optimal LDL-C in
patients with type 2 diabetes with stable coronary artery
disease [39]. 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
[40]. The clinical implication of the SGLT2 inhibitor and
dyslipidemia for CVD needs to be analyzed in further
studies.

There were several limitations to this study. First, our
study was conducted in a single center and the sample size
was relatively small. Second, this study is a retrospective
study; thus, the medications were not controlled, and the
participants received metformin and/or a sulfonylurea
with varying doses. However, we did not permit changes
of medication, including anti-diabetic agent, statin,
fenofibrate, and any other medication, during the follow-
up periods. Third, we excluded the patients who had
changed medication during the follow-up periods, and the
side effects of the drugs may be underestimated in this
study. Fourth, this study was composed of only the Korean
population. Further studies are needed to apply the result
of this study to other populations.

Conclusions
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 differ-
ent 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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Additional file 1: Table S1. Comparison of baseline characteristics in
subjects with linagliptin and gemigliptin. Table S2. Effects of DPP-4
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Table S3. Effects of DPP-4 inhibitors and SGLT2 inhibitor on lipid levels in
subjects not receiving statins. Table S4. Summary of adverse events after
24 weeks of DPP-4 inhibitor of SGLT2 inhibitor. (DOCX 36 kb)

Fig. 1 Changes in plasma lipid profile (%) by treatment of DPP-4 inhibitor and SGLT2 inhibitor. TC Total cholesterol, TG Triglycerides, HDL-C
high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, Apo A apolipoprotein A, Apo B apolipoprotein B, Lp (a) lipoprotein
(a). * p < 0.05 (comparison between DPP-4 inhibitor group and SGLT2 inhibitor group)

Cha et al. Lipids in Health and Disease  (2017) 16:58 Page 6 of 8

dx.doi.org/10.1186/s12944-017-0443-4


Abbreviations
ADA: American diabetes association; ANCOVA: Analysis of covariance;
BMI: Body mass index; CVD: Cardiovascular disease; DPP-4: Dipeptidyl
peptidase-4; eGFR: Estimated glomerular filtration rate; FPG: Fasting plasma
glucose; HbA1c: Hemoglobin A1c; HDL-C: HDL-cholesterol; HOMA-
IR: Homeostatic model assessment-insulin resistance; LDL-C: LDL-cholesterol;
Lp(a): Lipoprotein (a); SGLT2: Sodium glucose cotransporter 2; TC: Total
cholesterol; TG: Triglyceride

Acknowledgements
Not applicable

Funding
Not applicable

Availability of data and materials
Please contact corresponding author for reasonable data requests.

Authors’ contributions
SAC analyzed and interpreted the patient data and wrote the manuscript.
YMP contributed to statistical analysis, data interpretation and critical revision
of the manuscript. JSY and TSL acquired and researched data and reviewed
the manuscript. KHS and KDY reviewed and edited the manuscript. YBA
contributed to the study concept and design, researched data and reviewed
the manuscript. SHK designed the study and the guarantor of this work.
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki
and with the approval of the ethical committees of St. Vincent’s Hospital
(VC10OISE0152).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Internal Medicine, Division of Endocrinology and
Metabolism, College of Medicine, The Catholic University of Korea, St.
Vincent’s Hospital, 93 Jungbu − daero, Paldal − gu, Suwon, Gyeonggi − do,
Seoul 442-723, Republic of Korea. 2Epidemiology Branch, National Institute of
Environmental Health Sciences, National Institutes of Health, Research
Triangle Park, Durham, NC, USA. 3Department of Internal Medicine, Division
of Cardiology, College of Medicine, The Catholic University of Korea, Seoul,
Republic of Korea.

Received: 29 September 2016 Accepted: 7 March 2017

References
1. Fox CS, Coady S, Sorlie PD, D’Agostino Sr RB, Pencina MJ, Vasan RS, et al.

Increasing cardiovascular disease burden due to diabetes mellitus: the
Framingham heart study. Circulation. 2007;115:1544–50.

2. Korean Diabetes Association. Korean Diabetes Fact Sheet. 2015. http://www.
diabetes.or.kr/pro. Accessed 1 Feb 2016.

3. Franco OH, Steyerberg EW, Hu FB, Mackenbach J, Nusselder W. Associations
of diabetes mellitus with total life expectancy and life expectancy with and
without cardiovascular disease. Arch Intern Med. 2007;167:1145–51.

4. American Diabetes Association. Cardiovascular disease and risk
management. Diabetes Care. 2015;38(Suppl):S49–57.

5. Tancredi M, Rosengren A, Svensson AM, Kosiborod M, Pivodic A,
Gudbjornsdottir S, et al. Excess mortality among persons with type 2
diabetes. N Engl J Med. 2015;373:1720–32.

6. Nichols GA, Brown JB. The impact of cardiovascular disease on medical care
costs in subjects with and without type 2 diabetes. Diabetes Care. 2002;25:
482–6.

7. Tilly-Kiesi M, Syvanne M, Kuusi T, Lahdenpera S, Taskinen MR. Abnormalities of
low density lipoproteins in normolipidemic type II diabetic and nondiabetic
patients with coronary artery disease. J Lipid Res. 1992;33:333–42.

8. Mooradian AD. Dyslipidemia in type 2 diabetes mellitus. Nat Clin Pract
Endocrinol Metab. 2009;5:150–9.

9. Brunzell JD, Davidson M, Furberg CD, Goldberg RB, Howard BV, Stein JH, et al.
Lipoprotein management in patients with cardiometabolic risk: consensus
conference report from the American diabetes association and the American
college of cardiology foundation. J Am Coll Cardiol. 2008;51:1512–24.

10. American Diabetes Association. Standards of Medical Care in Diabetes–2015.
2015. http://care.diabetesjournals.org/content/suppl/2014/12/23/38.
Supplement_1.DC1/January_Supplement_Combined_Final.6-99.pdf.
Accessed 5 Sep 2016.

11. Kirk JK, Huber KR, Clinch CR. Attainment of goals from national guidelines
among persons with type 2 diabetes: a cohort study in an academic family
medicine setting. N C Med J. 2005;66:415–9.

12. Fox CS, Golden SH, Anderson C, Bray GA, Burke LE, de Boer IH, et al. Update
on prevention of cardiovascular disease in adults with type 2 diabetes
mellitus in light of recent evidence. A scientific statement from the
American heart association and the American diabetes association.
Circulation. 2015;132:691–718.

13. Jung JH, Lee JH, Noh JW, Park JE, Kim HS, Yoo JW, et al. Current status of
management in type 2 diabetes mellitus at general hospitals in south
Korea. Diabetes Metab J. 2015;39:307–15.

14. Ko SH, Kim DJ, Park JH, Park CY, Jung CH, Kwon HS, et al. Trends of antidiabetic
drug use in adult type 2 diabetes in Korea in 2002–2013: Nationwide
population-based cohort study. Medicine (Baltimore). 2016;95:e4018.

15. Monami M, Lamanna C, Desideri CM, Mannucci E. DPP-4 inhibitors and
lipids: systematic review and meta-analysis. Adv Ther. 2012;29:14–25.

16. Jung CH, Jang JE, Park JY. A novel therapeutic agent for type 2 diabetes
mellitus: SGLT2 inhibitor. Diabetes Metab J. 2014;38:261–73.

17. Liu J, Sempos C, Donahue RP, Dorn J, Trevisan M, Grundy SM. Joint
distribution of non-HDL and LDL cholesterol and coronary heart disease risk
prediction among individuals with and without diabetes. Diabetes Care.
2005;28:1916–21.

18. Rodriguez-Gutierrez R, Gonzalez-Saldivar G. Canagliflozin. Cleve Clin J Med.
2014;81:87–8.

19. Ko SH, Song KH, Ahn YB, Yoo SJ, Son HS, Yoon KH, et al. The effect of
rosiglitazone on serum lipoprotein(a) levels in Korean patients with type 2
diabetes mellitus. Metabolism. 2003;52:731–4.

20. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new
prediction equation. Modification of diet in renal disease study group. Ann
Intern Med. 1999;130:461–70.

21. American Diabetes Association and National Kidney Foundation. Consensus
development conference on the diagnosis and management of nephropathy
in patients with diabetes mellitus. Diabetes Care 1994;17:1357–61.

22. Brown MS, Goldstein JL. A proteolytic pathway that controls the cholesterol
content of membranes, cells, and blood. Proc Natl Acad Sci U S A.
1999;96:11041–8.

23. DeFronzo RA, Fleck PR, Wilson CA, Mekki Q. Efficacy and safety of the
dipeptidyl peptidase-4 inhibitor alogliptin in patients with type 2 diabetes
and inadequate glycemic control: a randomized, double-blind, placebo-
controlled study. Diabetes Care. 2008;31:2315–7.

24. Rhee EJ, Lee WY, Yoon KH, Yoo SJ, Lee IK, Baik SH, et al. A multicenter,
randomized, placebo-controlled, double-blind phase II trial evaluating the
optimal dose, efficacy and safety of LC 15–0444 in patients with type 2
diabetes. Diabetes Obes Metab. 2010;2:1113–9.

25. Ahren B, Schweizer A, Dejager S, Villhauer EB, Dunning BE, Foley JE.
Mechanisms of action of the dipeptidyl peptidase-4 inhibitor vildagliptin in
humans. Diabetes Obes Metab. 2011;13:775–83.

26. Owens DR, Swallow R, Dugi KA, Woerle HJ. Efficacy and safety of linagliptin
in persons with type 2 diabetes inadequately controlled by a combination
of metformin and sulphonylurea: a 24-week randomized study. Diabet Med.
2011;28:1352–61.

27. Berhan A, Berhan Y. Efficacy of alogliptin in type 2 diabetes treatment: a
meta-analysis of randomized double-blind controlled studies. BMC Endocr
Disord. 2013;13:9.

Cha et al. Lipids in Health and Disease  (2017) 16:58 Page 7 of 8

http://www.diabetes.or.kr/pro
http://www.diabetes.or.kr/pro
http://care.diabetesjournals.org/content/suppl/2014/12/23/38.Supplement_1.DC1/January_Supplement_Combined_Final.6-99.pdf
http://care.diabetesjournals.org/content/suppl/2014/12/23/38.Supplement_1.DC1/January_Supplement_Combined_Final.6-99.pdf


28. Matikainen N, Taskinen MR. The effect of vildagliptin therapy on
atherogenic postprandial remnant particles and LDL particle size in subjects
with type 2 diabetes. Diabet Med. 2013;30:756–7.

29. Ptaszynska A, Hardy E, Johnsson E, Parikh S, List J. Effects of dapagliflozin on
cardiovascular risk factors. Postgrad Med. 2013;125:181–9.

30. US Food and Drug Administration. FDA Briefing Document NDA 204042
Invokana (canagliflozin) Tablets. 2013. http://www.fda.gov/downloads/
AdvisoryCommittees/Committees Meeting Materials/Drugs/
EndocrinologicandMetabolicDrugsAdvisory Committee/UCM334550.pdf.
Accessed 1 Sep 2016.

31. Yang SJ, Min KW, Gupta SK, Park JY, Shivane VK, Pitale SU, et al. A
multicentre, multinational, randomized, placebo-controlled, double-blind,
phase 3 trial to evaluate the efficacy and safety of gemigliptin (LC15-0444)
in patients with type 2 diabetes. Diabetes Obes Metab. 2013;15:410–6.

32. Nauck MA. Update on developments with SGLT2 inhibitors in the
management of type 2 diabetes. Drug Des Devel Ther. 2014;8:1335–80.

33. Singh AB, Kan CF, Shende V, Dong B, Liu J. A novel posttranscriptional
mechanism for dietary cholesterol-mediated suppression of liver LDL
receptor expression. J Lipid Res. 2014;55:1397–407.

34. Briand F, Mayoux E, Brousseau E, Burr N, Urbain I, Costard C, et al.
Empagliflozin, via switching metabolism toward lipid utilization, moderately
increases LDL cholesterol levels through reduced LDL catabolism. Diabetes.
2016;65:2032–8.

35. Terawaki Y, Nomiyama T, Takahashi H, Tsutsumi Y, Murase K, Nagaishi R,
et al. Efficacy of dipeptidyl peptidase-4 inhibitor linagliptin in patients with
type 2 diabetes undergoing hemodialysis. Diabetol Metab Syndr. 2015;7:44.

36. Foley JE, Jordan J. Weight neutrality with the DPP-4 inhibitor, vildagliptin:
mechanistic basis and clinical experience. Vasc Health Risk Manag. 2010;6:541–8.

37. Bunck MC, Corner A, Eliasson B, Heine RJ, Shaginian RM, Wu Y, et al. One-
year treatment with exenatide vs. insulin glargine: effects on postprandial
glycemia, lipid profiles, and oxidative stress. Atherosclerosis. 2010;212:223–9.

38. U.S. Food and Drug Administration. Highlights of prescribing information:
Forxiga (dapagliflozin). http://www.accessdata.fda.gov/drugsatfda_docs/
label/2014/202293s003lbl.pdf. Accessed 28 August 2016.

39. Ogita M, Miyauchi K, Miyazaki T, Naito R, Konishi H, Tsuboi S, et al. Low
high-density lipoprotein cholesterol is a residual risk factor associated with
long-term clinical outcomes in diabetic patients with stable coronary artery
disease who achieve optimal control of low-density lipoprotein cholesterol.
Heart Vessels. 2014;29:35–41.

40. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes.
N Engl J Med. 2016;374:1093–4.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Cha et al. Lipids in Health and Disease  (2017) 16:58 Page 8 of 8

http://www.fda.gov/downloads/AdvisoryCommittees/Committees
http://www.fda.gov/downloads/AdvisoryCommittees/Committees
http://www.accessdata.fda.gov/drugsatfda_docs/label/2014/202293s003lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2014/202293s003lbl.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

