original article
A short-term follow-up of glycemic and body
weight changes in diabetic patients who
replaced dipeptidyl peptidase-4 inhibitors
with the sodium-glucose cotransporter 2
inhibitor empagliflozin
Chung-Huei Huang, Yu-Yao Huang, Brend Ray-Sea Hsu
From the Division of Endocrinology and Metabolism, Department of Internal Medicine, Chang Gung Memorial Hospital and Chang Gung
University, Taoyuan City, Taiwan

Correspondence: Dr. Brend Ray-Sea
Hsu ∙ Division of Endocrinology and
Metabolism, Department of Internal
Medicine, Chang Gung Memorial
Hospital and Chang Gung University,
No. 5 Fuxing St., Guishan Dist.,
Taoyuan City 333, Taiwan ∙ T: +8863281200 ext. 8821 ∙ bh0658@cloud.
cgmh.org.tw ∙ ORCID: http://orcid.
org/0000-0001-7568-4599
Citation: Huang CH, Huang YY, Hsu
BR. A short-term follow-up of glycemic and body weight changes in
diabetic patients who replaced dipeptidyl peptidase-4 inhibitors with
the sodium-glucose cotransporter 2
inhibitor empagliflozin. Ann Saudi
Med 2018; 38(6): 420-426 DOI:
10.5144/0256-4947.2018.420
Received: June 19, 2018
Accepted: November 6, 2018
Published: December 6, 2018
Copyright: Copyright © 2018,
Annals of Saudi Medicine, Saudi
Arabia. This is an open access
article under the Creative Commons
Attribution-NonCommercialNoDerivatives 4.0 International
License (CC BY-NC-ND). The details
of which can be accessed at http://
creativecommons. org/licenses/bync-nd/4.0/
Funding: None.

420

BACKGROUND: Sodium-glucose cotransporter 2 inhibitors (SGLT2is,
gliflozins) are associated with lower all-cause mortality than other antidiabetic agents in patients with type 2 diabetes. In patients who may
benefit from SGLT2is, but cannot add them to a dipeptidyl peptidase-4
inhibitor (DPP4i, gliptin) treatment for various reasons, replacement of
the DPP4i with a SGLT2i may be considered.
OBJECTIVES: Evaluate changes in metabolic parameters in patients
with diabetes after replacing a DPP4i with the SGLT2i empagliflozin.
DESIGN: Panel study (cross-sectional and cohort hybrid).
SETTING: The diabetes outpatient clinics of Chang Gung Memorial
Hospital at Linkou, a university hospital in Taiwan.
PATIENTS AND METHODS: We reviewed the medical records of patients who had been treated with anti-diabetic agents including a DPP4i
between May 2016 and May 2017. Patients who switched from DPP4is
to empagliflozin (switched-to-empagliflozin group) without changes to
other anti-diabetic agents for at least 6 months were compared patients
who continued taking an original antidiabetic agent. The body weight
(BW), body mass index (BMI), and glycated hemoglobin (HbA1c) level at
baseline and after 3 and 6 months were collected for analysis.
MAIN OUTCOME MEASURES: BW, BMI, HbA1c at baseline, 3 and 6
months.
SAMPLE SIZE: 236 patients.
RESULTS: The HbA1c level and BMI of 110 patients (71%) in the
switched-to-empagliflozin group were significantly reduced at 6 months
after the switch, and there was a significant negative correlation between baseline HbA1c and change in HbA1c (rho=-0.537, P <.001). In
another 45 patients (29%) who switched to empagliflozin, HbA1c did
not have improve, but BW decreased after the switch. No significant
change in HbA1c occurred in the group that remained on DPP4is. In
addition, BW and BMI decreased regardless of the degree of glucose
reduction in the switched-to-empagliflozin group (P<.001 for both variables at 6 months vs baseline), but not in the patients who remained on
DPP4is.
CONCLUSIONS: The study demonstrated the metabolic impact
of switching from a DPP4i to a well-known SGLT2i, but further largescale trials are needed to study the long-term effects of replacing a
DPP4i with a SGLT2i. 						
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LIMITATIONS: Retrospective design, a short observation period, a
small number of patients, no evaluations of the quality of life, side effects, or the cost, and data limited to only empagliflozin.
CONFLICT OF INTEREST: No any relationship or support from the
manufacturer of empagliflozin or other agents.

T

he treatment of diabetes has evolved from glucose-centric to an event-driven strategy.1-3 As
such, add-on to standard care or replacement
therapies for anti-diabetic agents are now focused on
long-term cardiac-renal and even hepatoprotective effects of add-on therapies.2,3 Increasing evidence supports an association between sodium-glucose cotransporter 2 inhibitors (SGLT2is, or gliflozins) and lower
all-cause mortality than other antidiabetic agents in patients with type 2 diabetes.1 According to the Standard
Medical Care of American Diabetes Association,
SGLT2is are indicated after metformin to rescue heart
tissue in patients with atherosclerotic cardiovascular
diseases.4 Accordingly, adding SGLT2is to a dipeptidyl
peptidase-4 inhibitor (DPP4i, or gliptin) in diabetic patients to reduce glycated hemoglobin (HbA1c) and for
other specific clinical indications has been widely accepted.5,6 Nevertheless, for diabetic patients who may
benefit from SGLT2is, but cannot take both SGLT2is
and DPP4is due to reasons such as DPP4i-related adverse effects, lack of insurance cover, prohibitive cost,
or unwillingness to take more oral medication, replacement of DPP4is with SGLT2is should be considered. It is
not yet known how replacing DPP4is with SGLT2is may
influence metabolic parameters such as glycemic levels and body weight (BW). In this study, we evaluated
glycemic and BW changes in diabetic patients who
replaced a DPP4i with empagliflozin, a SGLT2i, while
maintaining other anti-diabetic agents.

PATIENTS AND METHODS

This study was carried out at the diabetes outpatient
clinics of Chang Gung Memorial Hospital at Linkou, a
university teaching hospital in Taiwan. Ethical approval
was given by the Chang Gung Medical Foundation
Institutional Review Board (201701268B0). Patients with
type 2 diabetes who had been treated with anti-diabetic agents including a DPP4i for at least half a year were
enrolled. The study included patients that had switched
from a DPP4i to empagliflozin during the period from 1
May 2016 to 31 May 2017, and had not changed other
antidiabetic therapy for 6 months after the switch.
We defined these patients as the “switched-to-em-
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pagliflozin group”. The daily dosages of DPP4is and
empagliflozin were prescribed according to regular
practice. The remaining patients who kept taking their
original anti-diabetic agents including DPP4is during
the 6 months of observation were defined as the “remained-on-DPP4i group”. We excluded patients aged
younger than 20 years, those with type 1 diabetes mellitus, those who had undergone an organ transplant,
those who had previously used a SGLT2i, and those
who stopped taking empagliflozin within 3 months of
initiating therapy.
All of the participants received counselling for lifestyle modifications by certified diabetes educators and
dietitians during the study period. This counselling included education on diet and how to record their diet,
blood glucose self-monitoring, and proper exercise.
Data on demographics, BW, body mass index (BMI),
serum HbA1c level and creatinine level of all patients
were collected from the medical records. The baseline
data were defined as the data at the time of starting empagliflozin treatment in the switched-to-empagliflozin
group, or as the first data point after 1 May 2016 in the
remained-on-DPP4i group. The data at 3 and 6 months
after baseline were recorded in both groups. We defined the change in HbA1c at 6 months as the difference in HbA1c level at 6 months minus the HbA1c level
at baseline. In the switched-to-empagliflozin group, patients with a decline in HbA1c <0 at 6 months were defined as responders, and those with a no change or an
increase in HbA1c ≥0 at 6 months as non-responders.
The demographic and clinical changes in HbA1c, BW,
and BMI for the patients in each group were analyzed.
The demographic and laboratory data between
the groups (switched to empagliflozin or remained on
DPP4i and responders and non-responders to empagliflozin) were compared using the Mann-Whitney test
and chi-square test where appropriate. Within each
group, differences in HbA1c level, BW, and BMI between baseline and 3 months, baseline and 6 months,
and 3 months and 6 months were analyzed using the
Wilcoxon signed-rank test. Correlations between baseline HbA1c and HbA1c at 6 months were evaluated using the Spearman rank correlation. All statistical tests
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were carried out at a two-tailed signiﬁcance level of .05
using SPSS software version 22 (IBM SPSS Inc., Armonk,
NY, USA).

RESULTS

Compared with the patients in the remained-on-DPP4i
group, those in the switched-to-empagliflozin group
were younger, had higher levels of baseline HbA1c,
higher baseline BMI, and more insulin use (Table 1).
More patients in the switched-to-empagliflozin group
used the DPP4is saxagliptin and linagliptin than those
in the remained-on-DPP4i group. There were no significant differences in baseline levels of serum creatinine and urinary albumin-creatinine ratio between the
switched-to-empagliflozin and remained-on-DPP4i
groups. Both the level of HbA1c and BMI of the patients in the switched-to-empagliflozin group were
significantly reduced at 3 months after switching treatment, and then reached levels similar to the patients
in the remained-on-DPP4i group at 6 months after the
switch (Table 1). The serum creatinine levels of the patients in both groups did not change significantly during the 6-month follow-up period.
Among the 155 patients in the switched-to-empagliflozin group, 110 (71%) were categorized as responders, and 45 (29%) as non-responders to empagliflozin
(Table 2). There were no significant differences in age,
number of insulin users, types of DPP4i being replaced,
baseline BMI, baseline levels of serum creatinine and
urinary albumin-creatinine ratio between the responders and non-responders. Interestingly, the baseline
HbA1c level of the responders was significantly higher than that of the non-responders. Both the level of
HbA1c and BMI of the responders were significantly reduced at 3 and 6 months after the replacement (Table
2). In contrast, the level of HbA1c of the non-responders
significantly increased after the replacement; however,
their BMI was significantly reduced at 3 and 6 months
after the replacement. In both the responders and nonresponders, the changes in serum creatinine before and
3-6 months after replacement did not reach statistical
significance.
We analyzed correlations between the levels of
baseline HbA1c and delta HbA1c at 6 months in the patients in the three study groups (Figure 1). A significant
negative correlation was found between the level of
baseline HbA1c and the change in HbA1c at 6 months
in the 110 responders in the switched-to-empagliflozin
group (rho=-0.537, P<.001). The negative correlation
remained significant after adjusting for BMI, age, gender, and creatinine (rho=-0.577, P<.001). There were no
significant correlations between the level of baseline
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HbA1c and the change in HbA1c at 6 months in the 81
patients in the remained-on-DPP4i group (rho=-0.011,
P=.922) or the 45 non-responders in the switched-toempagliflozin group (rho=0.235, P=.121).

DISCUSSION

Although studies comparing the effects of SGLT2is and
DPP4is on metabolic parameters in diabetic patients
naïve to both categories of drugs have been reported,6-8 no studies have reported the metabolic impact
of replacing a DPP4i with an SGLT2i in patients with
type 2 diabetes. Our results revealed that the median
HbA1c and BMI of the patients in the switched-to-empagliflozin group were significantly reduced as early as
3 months after switching from a DPP4i to empagliflozin.
In addition, the higher the baseline value of HbA1c,
the better the improvement in HbA1c after the switch
in these patients. One previous study hypothesized
that the effectiveness of SGLT2is in reducing HbA1c in
subjects with a higher baseline HbA1c could be related
to an increased fraction of filtered glucose excreted by
SGLT2is during hyperglycemia, resulting in upregulation of sodium-glucose cotransporter 2 protein in the
kidneys.8,9 To the best of our knowledge, this is the first
study to evaluate glycemic and BW changes in type 2
diabetic patients who switched from a DPP4i to empagliflozin while still taking other anti-diabetic agents.
In this study, 29% of the non-responders in the
switched-to-empagliflozin group had an HbA1c level
equal to or higher than their baseline value, although
they had a significantly reduced BMI at 3 and 6 months
after replacement. For non-responders with clinical
indications for an SGLT2i, but with no improvement
in HbA1c, other treatment modalities such as insulin
injection and/or adding-on other oral anti-diabetic
agents can be considered when there are clinically
relevant indications such as an HbA1c level >9.0% or
excessive weight loss.
It is not clear why the HbA1c level of 29% of the
patients in the switched-to-empagliflozin group did
not improve. The baseline BMI of the patients in the
switched-to-empagliflozin group was higher than that
in the remained-on-DPP4i group. Furthermore, the
baseline BMI level was relatively higher in the responders than in the non-responders in the switched-to-empagliflozin group. Studies focusing on Asian subjects
have reported a significant negative correlation between BMI and the HbA1c-lowering effect in patients
treated with DPP4is.10 Therefore, the patients in our
switched-to-empagliflozin group, especially the responders, may be considered to be non-responders to
DPP4is. Whether differences in the serum concentra-
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Table 1. Demographic and clinical changes in patients who switched to empagliflozin treatment or who remained on DPP4i treatment.
Switched-to-empagliflozin

Remained-on-DPP4i

P

155

81

---

60.4 (51.9, 67.0)

65.0 (59.0, 70.0)

.001

Gender (male)

99 (63.9)

41 (50.6)

.049

Hypertension

102 (65.8)

58 (71.6)

.365

Dyslipidemia

115 (74.2)

71 (87.7)

.016

Sitagliptin

53 (34.2)

39 (48.1)

Vildagliptin

51 (32.9)

35 (43.2)

Saxagliptin

19 (12.3)

1 (1.2)

Linagliptin

31 (20.0)

6 (7.4)

Insulin (therapy)

56 (36.1)

17 (21.0)

.017

Sulfonylurea

112 (72.2)

61 (75.3)

.668

Metformin

129 (83.2)

74 (91.4)

.087

Pioglitazone

20 (12.9)

6 (7.4)

.200

Cancer history

13 (8.4)

5 (6.2)

.543

MACE history

8 (5.2)

5 (6.2)

.746

Baseline

8.8 (8.0, 9.7)

7.9 (7.3, 8.4)

<.001

at 3 months

8.2 (7.6, 9.1)

7.7 (7.1, 8.2)

<.001

at 6 months

8.2 (7.5, 8.9)

7.9 (7.4, 8.4)

.054

Baseline vs 3 months

<.001

<.001

Base vs 6 months

<.001

.758

3 months vs 6 months

.001

.025

Baseline

72.0 (65.0,83.0)

67.0 (59.5, 76.0)

.003

at 3 months

71.0 (65.0,81.0)

66.8 (59.3, 75.5)

.011

at 6 months

70.5 (63.8,81.0)

67.0 (59.6, 75.8)

.020

Baseline vs 3 months

<.001

.432

Base vs 6 months

<.001

.928

3 months vs 6 months

.021

.940

Baseline

27.2 (24.7, 30.1)

25.9 (24.0, 28.4)

.008

at 3 months

26.6 (23.9, 29.6)

25.6 (23.8, 28.8)

.138

at 6 months

26.3 (24.0, 29.4)

25.9 (23.7, 28.6)

.132

Baseline vs 3 months

<.001

.717

Base vs 6 months

<.001

.466

3 months vs 6 months

.005

.494

Baseline urinary ACR (mg/g)

27.5 (8.9, 106.2)

23.4 (10.6, 100.6)

.780

Baseline serum creatinine (mg/dL)

0.81 (0.68, 0.99)

0.86 (0.69, 1.03)

.438

Serum creatinine at 3 months

0.83 (0.69, 1.01)

0.87 (0.68, 1.07)

.705

Serum creatinine at 6 months

0.85 (0.69, 1.04)

0.85 (0.69, 1.06)

.842

n
Age (years)

DPP4i

HbA1c (%)

P value of HbA1c in the same
group

Body weight (kg)

P value of body weight in the
same group

Body mass index (kg/m )
2

P value of body mass index in the
same group

.001

---

---

---

Values are number (percentage) or median and interquartile ranges. DPP4i: Dipeptidyl peptidase-4 inhibitors; MACE: major adverse cardiovascular events; HbA1: glycated hemoglobin;
ACR: albumin creatinine ratio
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Table 2. Demographic and clinical changes in patients in the switched-to-empagliflozin group by HbA1c response to empagliflozin at 6 months.

Responders
(Delta HbA1 at 6 months <0)

Non-responders (Delta
HbA1c at 6 months ≥0)

P

110

45

---

Age (year-old)

60.5 (51.0, 66.4)

60.4 (52.3, 68.6)

.553

Gender (male)

71 (64.5)

28 (62.2)

.785

Hypertension

71 (64.5)

31 (68.9)

.605

Dyslipidemia

79 (71.8)

36 (80.0)

.291

Sitagliptin

38 (34.5)

15 (33.3)

Vildagliptin

36 (32.7)

15 (33.3)

Saxagliptin

16 (14.5)

3 (6.7)

Linagliptin

19 (17.3)

12 (26.7)

Insulin

40 (36.4)

16 (35.6)

.924

Sulfonylurea

80 (72.7)

32 (71.1)

.281

Metformin

92 (83.6)

37 (82.2)

.831

Pioglitazone

14 (12.7)

6 (13.3)

.919

Cancer history

10 (9.1)

3 (6.7)

.621

MACE history

5 (4.5)

3 (6.7)

.588

Baseline

9.2 (8.3, 10.0)

8.0 (7.6, 9.0)

<.001

at 3 months

8.2 (7.6, 9.1)

8.3 (7.8, 9.2)

.547

at 6 months

7.9 (7.4, 8.6)

8.5 (7.9, 9.4)

<.001

Baseline vs 3 months

<.001

.006

Baseline vs 6 months

<.001

<.001

3 months vs 6 months

<.001

.086

Baseline

73.0 (65.8, 84.0)

71.0 (65.0, 77.5)

.143

at 3 months

72.0 (65.0, 81.8)

70.0 (64.5, 75.0)

.125

at 6 months

72.3 (64.3, 82.9)

69.8 (62.8, 74.3)

.168

Baseline vs 3 months

<.001

.002

Baseline vs 6 months

<.001

<.001

3 months vs 6 months

.282

.012

Baseline

27.5 (25.0, 30.6)

26.2 (24.0, 28.6)

.054

at 3 months

27.0 (24.3, 30.2)

25.9 (23.9, 28.2)

.185

at 6 months

26.7 (24.3, 30.2)

25.6 (23.1, 28.4)

.088

Baseline vs 3 months

<.001

.003

Baseline vs 6 months

<.001

<.001

3 months vs 6 months

.087

.016

Baseline ACR (mg/g)

25.5 (8.9, 95.7)

34.9 (8.8, 144.8)

.379

Baseline creatinine (mg/dL)

0.80 (0.67, 0.98)

0.84 (0.71, 1.09)

.238

Creatinine at 3 months

0.82 (0.69, 0.99)

0.88 (0.70, 1.20)

.165

Creatinine at 6 months

0.85 (0.68, 1.01)

0.88 (0.71, 1.09)

.688

n

Switched
DPP4i

HbA1c (%)

P value of HbA1c in the same
group

Body weight (kg)

P value of body weight in the
same group

Body mass index (kg/m )
2

P value of body mass index in
the same group

.485

---

---

---

Values are number (percentage) or median and interquartile ranges. DPP4i: Dipeptidyl peptidase-4 inhibitors; MACE: major adverse cardiovascular events; HbA1: glycated hemoglobin;
ACR: urinary albumin creatinine ratio; Delta HbA1c at 6 months was defined as the difference in HbA1c level at 6 months minus its level at baseline.
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tion of empagliflozin resulted in the different responsiveness is not clear as we did not measure the serum
concentration of empagliflozin. Genetic variations in
the sodium-glucose transporter gene (SGLT2) and differences in the expression of sodium-glucose cotransporter 2 protein in the kidneys reportedly can affect
regulation of glucose homeostasis.11,12 However, further studies are needed to investigate whether these
factors are related to different responses in patients
who switch to empagliflozin.
The weight reduction benefits of SGLT2is are reported to be related to the amount of caloric loss in
the form of urinary glucose excretion.10 In our study,
the BW and BMI of the responders in the switchedto-empagliflozin group significantly decreased, and
this may have been related to the beneficial effect of
SGLT2is on weight reduction. However, the decreases
in BW and BMI in the non-responders in the switchedto-empagliflozin group may have been due to both the
effect of empagliflozin and worsened blood glucose
control after switching to empagliflozin. This 6-month
panel study was too short to conclude any cardiovascular benefits. There were no cases of mortality or cardiovascular morbidity in this study. In addition, there
were no obvious differences in blood pressure and
lipid levels between the responders and non-responders in the switched-to-empagliflozin group. Although
the blood glucose responses after replacement may
have differed between patients, most benefited from
weight reduction after the switch to empagliflozin.
The limitations of this study are the retrospective
design, the short observation period, the small number of patients, and lack of evaluation of quality of
life, side effects, or the cost. Also, we lacked data on
SGLT2is other than empagliflozin. Confirmation of the
changes in glycemic levels and BW in patients with
both type 2 diabetes and a history of major adverse
cardiovascular events may need more clinical evidence. Although all of the patients in this study were
counselled by the same team of diabetes educators,
the effects of different lifestyle modifications on metabolic parameters may also be a limitation of this retro-
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Figure 1. Correlations between baseline glycated hemoglobin (HbA1c) and
change in HbA1c at 6 months. The patients who did not adjust their antidiabetic agents except for switching their dipeptidyl peptidase-4 inhibitor
(DPP4i) to empagliflozin were grouped as responders (emp.r) and nonresponders (emp.nr) according to the change in HbA1c at 6 months. The
remaining patients continued taking DPP4i (nochange). The scatterplots and
regression line (95% CI) are stratified by the three groups. The correlations
were analyzed using Spearman’s correlation. The responders in the switchedto-empagliflozin had a significant negative correlation (rho=-0.537, P<.001),
which remained significant after adjusting for BMI, age, gender, and serum
creatinine (rho=-0.577, P<.001).

spective study. However, this study still demonstrated
the metabolic impact of switching from a DPP4i to a
well-known SGLT2i, and provided clinical experience
for diabetic patients who have to make a decision between a SGLT2i and DPP4i. Further large-scale trials
are warranted to study the long-term effects of replacing a DPP4i with a SGLT2i. Our data showed an
improvement in metabolic parameters including BW,
BMI, and/or HbA1c in 71% of our patients with type 2
diabetes whose DPP4i was replaced with the SGLT2i
empagliflozin.
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