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DPP-4 inhibitors up to 12 months.
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Background: The purpose of this study was to evaluate and compare the effects on laboratory parameters among
monotherapy with five DPP-4 inhibitors in patients with type 2 diabetes mellitus (DM).

Methods: We identified cohorts of new sitagliptin users (n=879), vildagliptin users (n = 253), teneligliptin users
(n=260), alogliptin users (n=237), and linagliptin users (n = 180) in patients with type 2 DM. We used a
multivariate regression model to evaluate and compare the effects of the drugs on laboratory parameters including
HbA1c concentration and serum concentrations of creatinine, estimated glomerular filtration rate, high density
lipoprotein, total cholesterol, triglyceride, aspartate aminotransferase, and alanine aminotransferase among the five

Results: Our study showed a favorable effect on HbATc concentration and a slightly unfavorable effect on serum
creatinine concentration in users of the five DPP-4 inhibitors, a favorable effect on lipid metabolism in sitagliptin,
vildagliptin, and alogliptin users, and a favorable effect on hepatic parameters in sitagliptin, alogliptin, and
linagliptin users, in comparison of the baseline and exposure periods. However, there was no significant difference
in mean change in the concentration of any laboratory parameter among the five groups of DPP-4 inhibitor users.

Conclusions: In this study, we showed the effect of five DPP-4 inhibitors on glycemic, renal, and lipid metabolism,
and hepatic parameters. DPP-4 inhibitors are well-tolerated hypoglycemic drugs.
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Background

Diabetes mellitus (DM) is a major risk factor for chronic
kidney disease, cardiovascular disease, and chronic liver
disease, including nonalcoholic steatohepatitis (NASH)
and nonalcoholic fatty liver disease (NAFLD) [1-3]. In
patients with type 2 DM, alteration of the lipid profile is
an important factor in cardiovascular disease [4]. There-
fore, it is important to understand the etiology of these
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complications in patients with DM and to control la-
boratory parameters associated with renal function, lipo-
protein metabolism, and liver function.

By blocking the dipeptidyl-peptidase 4 (DPP-4) enzyme,
DPP-4 inhibitors increase insulin secretion by prevention of
degradation of incretin hormones including glucagon-like
peptide-1 (GLP-1) [2]. DPP-4 inhibitors exhibit different
characteristics, including the duration of action, absorption,
distribution, metabolism, and elimination. Sitagliptin is elimi-
nated via the kidney, and is mainly excreted in urine as un-
changed compound. Therefore, sitagliptin is contraindicated
in patients with chronic renal failure [5, 6]. Vildagliptin is
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excreted by the kidney, but is rapidly converted to an inactive
metabolite. Therefore, vildagliptin dosage does not have to
be modified in patients with mild renal dysfunction [6].
Teneligliptin is mainly metabolized by cytochrome P450
(CYP) 3A4 and flavin monooxygenases, and approximately
34% is excreted in urine as unchanged compound. Teneli-
gliptin is eliminated via dual hepatic and renal routes, and
therefore can be used in patients with renal dysfunction
without dose adjustment [7]. Alogliptin is mainly excreted in
urine as unchanged compound, and 10% of aloglyptin is me-
tabolized by CYP2D6 and CYP3A4 [8]. Dose adjustment of
aloglyptin is not recommended in patients with mild renal
dysfunction, but is recommended in patients with moderate
to severe renal dysfunction [5, 8]. Linagliptin can be safely
used in patients with renal impairment, because, differenti-
ated from other DPP-4 inhibitors, linagliptin is primarily ex-
creted unchanged via an entero-hepatic mechanism [6, 8].

Recently, the pleiotropic effects on several DPP-4 in-
hibitors have been reported. Sitagliptin administration
for 12 weeks was effective in lowering blood pressure,
triglyceride (TG), total cholesterol (TC), and alkaline
phosphatase concentrations in patients with type 2 DM
[9]. A meta-analysis of eight Phase III studies of linaglip-
tin showed that therapy with linagliptin significantly
lowered the risk of cardiovascular events versus a com-
parator. On the other hand, vildagliptin was associated
with an increase in liver enzymes. Sitagliptin is contrain-
dicated in patients with chronic kidney disease [5, 6].

Considering the association of DM and various dis-
eases, including chronic kidney disease, cardiovascular
disease, dyslipidemia, and chronic liver disease, it is im-
portant to investigate which DPP-4 inhibitors influence
laboratory parameters other than parameters of glucose
metabolism. The aim of this study was to evaluate and
compare the effects on laboratory parameters, including
renal parameters, lipid metabolism parameters, and hep-
atic parameters, among monotherapy with five DPP-4
inhibitors, sitagliptin, vildagliptin, teneligliptin, alogliptin,
and linagliptin, in patients with type 2 DM.

Methods

Data source

This study was a retrospective cohort study utilizing data
from the Nihon University School of Medicine (NUSM)
Clinical Data Warehouse (CDW) between December 1,
2009 and December 31, 2018. NUSM’s CDW centralizes
an order entry database and a laboratory results data-
base, from the hospital information systems at three hos-
pitals affiliated with NUSM, and is described elsewhere
[10]. In all databases in NUSM’s CDW, patient identi-
fiers are replaced by anonymized identifiers to protect
patient privacy. The data in NUSM’s CDW are mutually
linked by anonymized identifiers, and the prescription
data of over 0.7 million patients are longitudinally linked
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with patient demographics, diagnosis, and laboratory
data. Several epidemiological studies examining the ef-
fects of various drugs on laboratory parameters using
NUSM’s CDW have been published [11-13]. The ex-
perimental protocol was approved by the Ethical Com-
mittee of Nihon University School of Medicine, and the
study was conducted in compliance with the Ethical
Guidelines for Medical and Health Research Involving
Human Subjects of the Ministry of Education, Culture,
Sports, Science and Technology and the Ministry of
Health, Labour and Welfare, Japan [14].

Study populations

The subjects of this study were Japanese patients with
type 2 DM aged over 20years who had been newly
treated with a DPP-4 inhibitor (sitagliptin, vildagliptin,
teneligliptin, alogliptin or linagliptin) listed in Table 1,
for at least three months. We identified 2753 patients
with type 2 DM treated with sitagliptin (50 mg/day),
1442 with vildagliptin (100 mg/day), 1170 with teneli-
gliptin (20 mg/day), 796 with alogliptin (25 mg/day), and
445 with linagliptin (5 mg/day). We excluded patients
who met one of the following six criteria; 1. Patients
with severe renal failure (estimated glomerular filtration
rate, eGFR < 15), 2. Patients with acute renal failure
(ICD10 code: N17), 3. Patients with acute hepatic failure
(K72), 4. Patients on dialysis, and patients treated with
GLP1 during the study period, 5. Patients who had been
treated with other antidiabetic agents and/or lipid-
lowering drugs during the exposure period, 6. Patients
who had not received regular checks of hemoglobin Alc
(HbAlc). After exclusion, the study population consisted
of 879 for sitagliptin, 253 for vildagliptin, 260 for teneli-
gliptin, 237 for alogliptin, and 180 for linagliptin (Table
1).

Data elements

We collected the demographic data of age and sex, med-
ical histories, and medication of each patients from data-
base to use as a covariates for adjustment. Medical
history included the following four diagnoses: 1) cere-
brovascular disease (ICD-10 code; 160-69), 2) ischemic
heart disease (I20-125), 3) hyperlipidemia (E78.0-E78.5),
and 4) hypertension (I110-115) during the 365 days before
the date of first use of each DPP-4 inhibitor. Medica-
tions during the 90 days before the first administration
of each DPP-4 inhibitor included the following drugs: 1)
oral hypoglycemic drugs, 2) lipid-lowering drugs, 3) anti-
hypertensive drugs, 4) non-steroidal anti-inflammatory
drugs (NSAIDs), and 5) steroids.

Outcomes
The concentrations of HbAlc, serum creatinine, high dens-
ity lipoprotein (HDL), TC, TG, aspartate aminotransferase
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Table 1 Numbers of cases of monotherapy with DPP-4 inhibitors
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Generic name Trade name Dose (daily) Number of cases of monotherapy
Sitagliptin Jauvia®, Glactive® 50mg 879
Vildagliptin Equa® 100 mg 253
Teneligliptin Tenelia® 20mg 260
Alogliptin Nesina® 25mg 237
Linagliptin Trasenta® 5mg 180

DPP-4 dipeptidyl-peptidase 4

(AST), and alanine aminotransferase (ALT) were deter-
mined by routine laboratory testing at the hospital of the
NUSM. eGFR was calculated using the formula for Japa-
nese subjects specified by the Japanese Society of Nephrol-
ogy (JSN): eGFR [JSN equation for Japanese] (mL/min/1.73
m?) = 194*SCr " Age 7 (#0.739 if female) [15]. We de-
fined the baseline measurement period, the non-exposure
period, as within 3 months before the start of administra-
tion of each DPP-4 inhibitor. We defined the exposure
period, the outcome measurement period, as between 1
and 3 months (1-3 M) and between 3 and 12 months (3-12
M) after the start of administration of each DPP-4 inhibitor.
Laboratory test data for outcome including HbAlc, serum
creatinine, HDL, TC, TG, AST, and ALT were collected at
the nearest date to the start of DPP-4 inhibitor administra-
tion in the baseline period, and at the dates nearest 3
months and 12 months after the start of DPP-4 inhibitor
administration in the exposure period. The mean number
of exposure days in the 1-3M period was 56.2 + 0.5 days
for sitagliptin, 56.3 + 1.0 for vildagliptin, 55.8 + 1.1 for tene-
ligliptin, 59.0 + 1.1 for alogliptin, and 53.5 + 1.1 for linaglip-
tin. The mean number of exposure days in the 3-12M
period was 232.6 + 6.8 days for sitagliptin, 230.0 + 12.5 for
vildagliptin, 221.7 +10.3 for teneligliptin, 224.0 +12.6 for
alogliptin, and 242.4 + 13.1 for linagliptin.

Statistics

We applied a general linear model for continuous data
(age and baseline values of laboratory parameters) and
chi-squared test for categorical data for comparing the
differences in baseline characteristics among the five
DPP-4 inhibitors, sitagliptin, vildagliptin, teneligliptin,
alogliptin, and linagliptin. We applied a mixed linear
model, which was adjusted for age and sex, for the as-
sessment of the differences in mean values of laboratory
parameters between the baseline and exposure periods.
A multiple-comparison test (Dunnett’s post-hoc ana-
lysis) was used to analyze the differences in least square
means between the baseline and exposure periods. This
study was a retrospective observational study with re-
peated measures data of non-randomized subjects,
which had inherent issues of selection bias and con-
founding factors. Therefore, we used an adjusted mixed
linear model to assess the differences in mean changes

in values of laboratory parameters among the five DPP-4
inhibitors. To adjust the model for potential confound-
ing factors, we used the following background variables
which were unbalanced among the five DPP-4 inhibitors;
time, age, sex, medical history in baseline period includ-
ing ischemic heart disease and hypertension, medication
in baseline period including hypoglycemic drugs and
lipid-lowering drugs, and baseline concentration of
HbAlc. In addition, the baseline concentrations of cre-
atinine, HDL, AST and ALT were included in the covar-
iates in each analysis of creatinine, HDL, AST and ALT,
because differences in baseline values might influence
these parameters. All reported p-values of less than 0.05
were considered to indicate statistical significance. All
statistical analyses were performed using SAS software,
version 9.4 (SAS Institute Inc., Cary, NC).

Results

Table 2 shows the prevalence of treatment with antidia-
betic drugs during the baseline period. The percentage
of patients who had not received any therapy with anti-
diabetic drugs before the initiation of DPP-4 inhibitors
was 28.6% for the sitagliptin group, 39.1% for vindaglip-
tin, 55.8% for teneligliptin, 39.2% for alogliptin, and
49.4% for linagliptin.

Table 3 shows the baseline characteristics of each DPP-
4 inhibitor group in our study. Mean age was 63.1 + 0.4 in
sitagliptin users, 64.2 +0.8 in vildagliptin, 66.0+0.8 in
teneligliptin, 63.5 + 0.8 in alogliptin, and 67.2 + 0.9 in lina-
gliptin. The percentage of females was 317 (36.1%) in sita-
gliptin users, 79 (31.7%) in vildagliptin, 87 (33.5%) in
teneligliptin, 72 (30.4%) in alogliptin, and 58 (32.2%) in
linagliptin. There were significant differences in mean age
and the proportions of patients with a medical history of
ischemic heart disease and hypertension, and treatment
with antidiabetic drugs and lipid-lowering drugs among
the five groups of DPP-4 inhibitor users.

Table 4 shows the unadjusted and adjusted baseline
concentrations of laboratory parameters. There were sig-
nificant differences in the baseline concentrations of
HbAlc, serum creatinine, HDL, AST, and ALT and
eGFR among the five groups of DPP-4 inhibitor users.

Table 5 shows the least square mean concentrations of
laboratory parameters during the study period. Compared



Nishida et al. BMC Pharmacology and Toxicology (2020) 21:28 Page 4 of 12
Table 2 Antidiabetic drugs prior to administration of DPP-4 inhibitors

Antidiabetic drugs Sitagliptin Vildagliptin Teneligliptin Alogliptin Linagliptin
Insulin 145 (16.5%) 26 (10.3%) 55 (21.2%) 8 (3.4%) 30 (16.7%)
Sulphonylurea 333 (37.9%) 69 (27.3%) 36 (13.9%) 71 (30%) 30 (16.7%)
Biguanide 275 (31.3%) 63 (24.9%) 36 (13.9%) 49 (20.7%) 34 (18.9%)
Alpha-glucosidase inhibitor 189 (21.5%) 43 (17%) 22 (8.5%) 46 (19.4%) 15 (8.3%)
Thiazolidinedione 102 (11.6%) 21 (8.3%) 7 (2.7%) 51 (21.5%) 4 (2.2%)
Glinide 75 (8.5%) 21 (83%) 10 (3.9%) 11 (4.6%) 15 (8.3%)
SGLT2 inhibitor 5 (0.6%) 2 (0.8%) 10 (3.9%) 0 (0%) 3 (1.7%)
Nothing 251 (28.6%) 99 (39.1%) 145 (55.8%) 93 (39.2%) 89 (49.4%)

DPP-4 dipeptidyl-peptidase 4, SGLT2 sodium glucose co-transporter 2

with baseline, HbAlc concentration was significantly de-
creased in the exposure period in all DPP-4 inhibitor
users. Serum creatinine concentration was significantly in-
creased in the exposure period in all DPP-4 inhibitor
users. eGFR was significantly decreased in the exposure
period in patients with sitagliptin, vildagliptin, teneliglip-
tin, and linagliptin, and significantly decreased during 3
months in patients with alogliptin. Serum HDL concentra-
tion was significantly decreased in the exposure period in
patients with sitagliptin and vildagliptin. Serum TC con-
centration was significantly decreased during 3 months in
patients with sitagliptin, vildagliptin, and alogliptin. Serum
TG concentration was significantly decreased during 3
months in patients with sitagliptin, vildagliptin, and
alogliptin. Serum AST concentration was significantly de-
creased during 3 months in patients with alogliptin. Serum
ALT concentration was significantly decreased in the ex-
posure period in patients with sitagliptin, alogliptin, and
linagliptin,

Table 3 Baseline characteristics of users of DPP-4 inhibitors

Table 6 shows the least square mean changes in la-
boratory parameters during the exposure period from
baseline. After adjustment, there was no significant dif-
ference in mean changes in concentrations of laboratory
parameters among the five groups of DPP-4 inhibitor
users.

Discussion

In this study, we compared the long-term effect of
monotherapy among five DPP-4 inhibitors, sitagliptin,
vildagliptin, teneligliptin, alogliptin, and linagliptin, on
laboratory parameters in patients with type 2 DM, dur-
ing 12 months of treatment. Our results showed a favor-
able effect on HbAlc concentration in users of five
DPP-4 inhibitors, a slightly unfavorable effect on serum
creatinine concentration in users of five DPP-4 inhibi-
tors, a favorable effect on lipid metabolism in sitagliptin,
vildagliptin, and alogliptin users, and a favorable effect
on hepatic parameters in sitagliptin, alogliptin, and

Variables Sitagliptin Vildagliptin Teneligliptin Alogliptin Linagliptin p-value
n =879 n =253 n =260 n =237 n =180
Age (years, mean + SE) 63.1+£04 64.2+038 66+038 635+08 672+£09 0.0002*
Sex (female) 317 (36.1%) 79 (31.2%) 87 (33.5%) 72 (30.4%) 58 (32.2%) 03791
Medical History
Cerebrovascular disease 24 (50%) 7 (14.6%) 7 (14.6%) 6 (12.5%) 4 (8.3%) 0.9963
Ischemic heart disease 74 (8.4%) 29 (11.5%) 14 (5.4%) 29 (12.2%) 20 (11.1%) 0.038*
Dyslipidemia 95 (10.8%) 44 (17.4%) 28 (10.8%) 27 (11.4%) 23 (12.8%) 0.0688
Hypertension 78 (8.9%) 34 (13.4%) 38 (14.6%) 26 (11%) 34 (18.9%) 0.0008*
Medication
Antidiabetic drug 628 (71.4%) 154 (60.9%) 115 (44.2%) 144 (60.8%) 91 (50.6%) <.0001*
Lipid-lowering drug 377 (42.9%) 115 (45.5%) 101 (38.9%) 127 (53.6%) 76 (42.2%) 0.0138*
Antihypertensive drug 513 (58.4%) 156 (61.7%) 154 (59.2%) 157 (66.2%) 114 (63.3%) 0.2087
NASID 177 (20.1%) 44 (17.4%) 54 (20.8%) 45 (19%) 33 (18.3%) 0.8433
Steroid 67 (7.6%) 21 (83%) 33 (12.7%) 22 (9.3%) 22 (12.2%) 0.0695

DPP-4 dipeptidyl-peptidase 4, SE standard error, NSAID non-steroidal anti-inflammatory drug

*p < 0.05 (among five DPP-4 inhibitors)
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Table 4 Baseline values of laboratory parameters

Laboratory parameters Sitagliptin Vildagliptin Teneligliptin Alogliptin Linagliptin p-value

mean (95%Cl) mean (95%Cl) mean (95%Cl) mean (95%Cl) mean (95%Cl)

HbA1c (%) 78(7.7,7.9) 78(76,79) 78(77,8) 74(7.2,7.6) 74(73,7.6) <.0001*
Creatinine (mg/dL) 0.8 (0.77, 0.82) 0.89 (0.85, 0.93) 0.94 (0.9, 0.98) 0.82 (0.78, 0.87) 1.04 (0.99, 1.09) <.0001*
eGFR (mL/min/1.73m?) 74 (726, 75.5) 703 (676, 73.1) 66.3 (63.7, 68.9) 725 (69.7,75.3) 61.8 (586, 65) <.0001*
HDL (mg/dL) 513 (503, 523) 473 (454, 49.1) 50.1 (483, 52) 47.5 (45.6,49.5) 489 (46.7,51.1) 0.0002*
TC (mg/dL) 192.3 (189.6, 194.9) 188.7 (183.7,193.7) 190.1 (185.2, 194.9) 188 (182.6, 193.4) 189.3 (183.5, 195.1) 05242
TG (mg/dL) 145 (139.1, 151) 160.3 (1489, 171.7) 151.3 (140.5, 162) 155 (143.3, 166.6) 146.2 (133.2, 159.2) 0.1483
AST (U/L) 27.8(265,29.1) 303 (27.9,32.7) 29.8 (275,32.2) 299 (274, 324) 247 (219, 27.5) 0.0124*
ALT (U/L) 304 (287, 32.1) 323 (29.1, 35.6) 30.2 (27.1,33.3) 347 (314, 38.1) 26.2 (224, 29.9) 0.0157*

*p < 0.05 (among five DPP-4 inhibitors)

HbATc hemoglobin A1lc, eGFR estimated glomerular filtration rate, HDL high density lipoprotein, TC total cholesterol, TG triglyceride, AST aspartate

aminotransferase, ALT alanine aminotransferase, C/ confidence interval

linagliptin users. However, there was no significant dif-
ference in the mean change in concentration of any la-
boratory parameter among the five groups of DPP-4
inhibitor users.

DPP-4 inhibitors are known to lower glycemic param-
eters in a glucose-dependent manner [2, 5, 6]. Compared
with placebo, DPP-4 inhibitor monotherapy and com-
bination with other agents significantly decreased HbAlc
concentration at 24 weeks by 0.6% [5]. The mean reduc-
tion in HbAlc concentration was similar to that with
DPP-4 inhibitors in patients with renal dysfunction [16].
In our study, the HbAIC concentration during the ex-
posure period was significantly lower than that in the
baseline period in all DPP-4 inhibitor users, and the
mean change in HbAlc concentration showed no signifi-
cant difference among the five groups of DPP-4 inhibitor
users. These results confirmed that these five DPP-4 in-
hibitors are effective for glycemic control.

Serum creatinine concentration was increased during
the exposure period compared with that in the baseline
period in all DPP-4 inhibitor users. However, the mean
change in creatinine concentration showed no significant
difference among the five groups of DPP-4 inhibitor
users. eGFR was significantly decreased in the exposure
period in patients with sitagliptin, vildagliptin, teneliglip-
tin, and linagliptin, and significantly decreased during 3
months in patients with alogliptin. However, the mean
change in eGFR showed no significant difference among
the five groups of DPP-4 inhibitor users. Sitagliptin has
been reported to decrease eGFR in patients with diabetes
mellitus with baseline eGFR > 60 up to 12 months [17].
The decrease in eGFR is explained by elimination of
hyperfiltration. Treatment with GLP-1 has been reported
to increase sodium excretion, and, via tubulo-glomerular
feedback, decrease GFR in insulin-resistant obese men
[18]. Therefore, our result of an increase in serum cre-
atinine concentration in users of the five DPP-4 inhibi-
tors might reflect the elimination of hyperfiltration, and

the effect may be small and may not be of clinical con-
cern, consistent with previous reports.

Serum HDL concentration during the exposure period
was significantly lower than that in the baseline period
in sitagliptin and vildagliptin users. Serum TC and TG
concentrations during the 3 M period were significantly
lower than that in the baseline period in sitagliptin, vil-
dagliptin, and alogliptin users. However, the mean
changes in HDL, TC, and TG concentrations showed no
significant difference among the five groups of DPP-4 in-
hibitor users. The results of DPP-4 inhibitors’ effects on
lipid metabolism parameters are diverse and inconclu-
sive [2]. Park et al. reported a significant increase in
HDL concentration in patients with 12-week administra-
tion of sitagliptin or linagliptin, and showed a decreasing
trend in TC, TG, and LD in patients with 12-week ad-
ministration of sitagliptin, vildagliptin, or linagliptin [19].
Kubota et al. reported that administration of sitagliptin
significantly decreased TC and LDL concentrations, and
tended to decrease HDL concentration in patients with
type 2 DM, up to 12 weeks [9]. Takeda et al. reported
that administration of alogliptin significantly decreased
TC and LDL concentrations in patient with type 2 DM,
up to 12 weeks [20]. In our results, HDL concentration
was slightly decreased in the exposure period in sitaglip-
tin and vildagliptin users. TC and TG concentrations
were significantly decreased in the 3 M period in sita-
gliptin, vildagliptin, and alogliptin users. However, the
mean changes in HDL, TC, and TG concentrations
showed no significant difference among the five groups
of DPP-4 inhibitor users. DPP-4 inhibitors might have a
beneficial effect on lipid concentrations; however, further
studies are needed to investigate the mechanism of the
effect of DPP-4 inhibitors on lipid metabolism [2].

Of the hepatic parameters in our results, serum AST
concentration during the 3M period was significantly
lower than that in the baseline period in alogliptin users.
Serum ALT concentration during the exposure period
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Table 5 Relationship between treatment duration and laboratory parameters
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Laboratory parameters Drugs Time N Unadjusted p-value “Adjusted p-value
point LS Mean (95%Cl) LS Mean (95%Cl)
HbA1c (%) Sitagliptin <.0001 <.0001
baseline 879 78(7.7,79) reference 78 (78,79 reference
0-3M 835 74(73,74) * 74(73,7.5) *
3-12M 208 72(7,73) * 72(7.1,73) *
Vildagliptin <0001 <0001
baseline 253 78 (76,79) reference 77 (76,79) reference
0-3M 241 72(7,73) * 71(7,73) *
3-12M 64 7.1(69,73) * 768,72 *
Teneligliptin <.0001 <.0001
baseline 260 78 (7.7, 8) reference 79 (7.7, 8) reference
0-3M 237 72(7.1,74) * 72(7.1,74) *
3-12M 95 6.9 (6.7, 7.1) * 6.9 (6.7, 7.1) *
Alogliptin <.0001 <.0001
baseline 237 74 (73,75) reference 74(73,76) reference
0-3M 216 768, 7.1) * 769, 7.1) *
3-12M 61 6.8 (6.6,7) * 6.8 (6.6,7) *
Linagliptin <.0001 <.0001
baseline 180 74(7.3,76) reference 74(7.3,76) reference
0-3M 176 7(6.8,7.1) * 69 (6.8, 7.1) *
3-12M 58 6.8 (6.6, 7) * 6.8 (6.6,7) *
creatinine (mg/dL) Sitagliptin <0001 <0001
baseline 831 0.8 (0.78, 0.82) reference 0.76 (0.75, 0.78) reference
0-3M 795 0.82 (0.8, 0.84) * 0.79 (0.77, 0.8) *
3-12M 198 0.86 (0.83, 0.88) * 0.82 (0.8, 0.85) *
Vildagliptin 0.035 0.0375
baseline 233 0.89 (0.84, 0.94) reference 0.84 (0.79, 0.89) reference
0-3M 222 091 (0.86, 0.97) 0.87 (0.81, 0.92)
3-12M 60 0.93 (0.87, 0.99) 0.88 (0.82, 0.94)
Teneligliptin <.0001 <0001
baseline 259 094 (088, 1) reference 0.88 (0.82, 0.94) reference
0-3M 239 0.98 (091, 1.04) * 0.92 (0.86, 0.98) *
3-12M 98 1.05 (0.98, 1.12) * 0.99 (0.92, 1.06) *
Alogliptin 0.0001 0.0001
baseline 226 0.82 (0.79, 0.86) reference 0.77 (0.74, 0.8) reference
0-3M 205 0.85 (0.82, 0.88) * 0.8 (0.77,0.83) *
3-12M 62 0.86 (0.82, 0.9) * 0.81 (0.77, 0.85) *
Linagliptin 0.002 0.0021
baseline 174 1.04 (0.95, 1.12) reference 0.99 (091, 1.08) reference
0-3M 169 1.08 (1, 1.16) * 1.03 (0.95, 1.12) *
3-12M 58 1.12(1.03,1.21) * 1.07 (0.98, 1.17) *
eGFR (mL/min/1A73mZ) Sitagliptin <0001 <.0001
baseline 831 74(72.7,754) reference 744 (732, 75.5) reference
0-3M 795 72.1 (708, 73.5) * 724 (71.3,736) *
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Laboratory parameters Drugs Time N Unadjusted p-value “Adjusted p-value
point LS Mean (95%Cl) LS Mean (95%Cl)
3-12M 198 70 (68.3, 71.7) * 704 (6838, 71.9) *
Vildagliptin <0001 <.0001
baseline 233 703 (67.3,73.3) reference 706 (67.7,73.6) reference
0-3M 222 67.5 (64.5, 70.6) * 67.8 (64.9, 70.8) *
3-12M 60 69 (65.6, 724) 69.3 (66, 72.7)
Teneligliptin <.0001 <.0001
baseline 259 66.3 (63.6, 69) reference 67 (64.4, 69.5) reference
0-3M 239 63.6 (60.8, 66.3) * 64.2 (61.7, 66.8) *
3-12M 98 63 (60, 66) * 63.7 (60.8, 66.5) *
Alogliptin 0.0009 0.0009
baseline 226 72.5 (70, 75) reference 732 (70.8, 75.7) reference
0-3M 205 706 (68, 73.1) * 713 (6838, 73.8) *
3-12M 62 704 (67.5,733) 712 (683, 74.1)
Linagliptin 0.001 0.001
baseline 174 61.8 (58, 65.7) reference 62.2 (583, 66.1) reference
0-3M 169 59.8 (56, 63.7) * 60.2 (56.3, 64.1) *
3-12M 58 59.5 (554, 63.6) * 59.9 (557, 64) *
HDL (mg/dL) Sitagliptin 00037 00033
baseline 726 513 (503, 52.3) reference 522 (51.2,53.2) reference
0-3M 685 50.5 (494, 51.5) * 514 (503, 524) *
3-12M 141 50 (486, 51.5) 509 (495, 52.3) *
Vildagliptin 0.0007 0.0008
baseline 203 47.3 (456, 49) reference 486 (46.9, 50.3) reference
0-3M 194 46.1 (44.4,47.8) * 474 (45.7,49.1) *
3-12M 50 44.5 (42.3, 46.6) * 45.8 (43.7, 48) *
Teneligliptin 0427 04293
baseline 212 50.1 (48.3, 52) reference 51.8 (49.9, 53.6) reference
0-3M 188 50.2 (484, 52.1) 51.8 (50, 53.7)
3-12M 78 493 (47.1,514) 509 (48.7, 53)
Alogliptin 0.5739 0.5798
baseline 183 475 (456, 49.5) reference 486 (46.5, 50.7) reference
0-3M 163 47.1 (45.1, 49) 48.1 (46, 50.2)
3-12M 47 46.7 (44.2,49.3) 47.8 (45.1, 504)
Linagliptin 0.3891 0.3894
baseline 144 489 (46.8, 51) reference 49.7 (47.5,51.9) reference
0-3M 140 483 (46.2, 50.4) 49.1 (46.9, 51.3)
3-12M 43 49.7 (47, 52.3) 504 (47.7,53.2)
TC (mg/dL) Sitagliptin 0.0004 0.0004
baseline 728 1923 (189.8, 194.8) reference 194 (191.5, 196.5) reference
0-3M 682 188.9 (1863, 1914) * 1906 (188, 193.2) *
3-12M 161 194.3 (1904, 198.3) 196 (192.1, 200)
Vildagliptin 0.0071 0.0024
baseline 204 188.7 (183.6, 193.8) reference 190.9 (185.6, 196.2) reference
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Laboratory parameters Drugs Time N Unadjusted p-value “Adjusted p-value
point LS Mean (95%Cl) LS Mean (95%Cl)
0-3M 194 1834 (178.2, 188.6) * 185.5 (180.2, 190.9) *
3-12M 50 183.7 (176.5, 190.9) 186 (178.7, 193.4)
Teneligliptin 0.0668 0.0764
baseline 217 190.1 (185.2, 195) reference 1936 (188.7, 198.5) reference
0-3M 196 186.5 (181.5, 191.5) 189.9 (184.9, 194.9)
3-12M 76 185 (1785, 191.4) 1889 (1824, 195.3)
Alogliptin 0.043* 0.0372
baseline 176 188 (182.5, 193.5) reference 189.5 (183.6, 195.4) reference
0-3M 153 1834 (177.8, 189) * 184.8 (178.8, 190.8) *
3-12M 48 1884 (180.9, 195.9) 190.1 (1823, 197.9)
Linagliptin 0.1222 0.1105
baseline 151 1893 (183.1, 195.5) reference 191.6 (185.2, 198)
0-3M 146 186.3 (180.1, 192.5) 188.6 (182.2, 195)
3-12M 50 1914 (183.8, 198.9) 193.8 (186.1, 201.6)
TG (mg/dL) Sitagliptin 00473 00469
baseline 755 145.1 (1394, 150.7) reference 1429 (137.1, 148.8) reference
0-3M 712 139.1 (1333, 144.8) * 136.9 (131, 142.8) *
3-12M 160 141.9 (1324,1514) 140 (1304, 149.6)
Vildagliptin 0.0203 0.0072
baseline 206 160.3 (1489, 171.7) reference 190.9 (185.6, 196.2) reference
0-3M 195 148.2 (136.6, 159.7) * 185.5 (180.2, 190.9) *
3-12M 54 1444 (1268, 162) 186 (178.7, 193.4)
Teneligliptin 0.1054 0.1204
baseline 233 1513 (140.7,161.9) reference 1494 (1386, 160.3) reference
0-3M 209 145.2 (134.2, 156.1) 143.1 (132, 154.3)
3-12M 85 1364 (121.3,1514) 135.2 (120, 1504)
Alogliptin 0.0086 0.0077
baseline 197 155 (143.6, 166.3) reference 155.3 (143.1, 167.5) reference
0-3M 174 1403 (1286, 152) * 140.5 (128, 153) *
3-12M 51 152.2 (135, 169.5) 153 (135.1, 170.9)
Linagliptin 09511 0.9521
baseline 159 146.2 (134, 158.5) reference 146.8 (134, 159.6) reference
0-3M 154 144.5 (132.2,156.9) 145.1 (132.1,158)
3-12M 49 144.6 (126.1, 163) 1454 (126.5, 164.4)
AST (U/L) Sitagliptin 0.0879 0.0856
baseline 830 27.8 (26.6, 29) reference 275 (263, 28.7) reference
0-3M 794 26.8 (256, 28.1) 26,5 (253, 27.8)
3-12M 199 28 (26.2, 29.8) 27.7 (259, 29.5)
Vildagliptin 0.3947 0.3942
baseline 232 30.3 (27.1, 33.5) reference 30.5 (27.1, 33.9) reference
0-3M 222 31.2 (28, 344) 314 (28, 34.8)
3-12M 57 326 (282, 37) 328 (282,374)
Teneligliptin 0.7444 0.7366
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Laboratory parameters Drugs Time N Unadjusted p-value “Adjusted p-value

point LS Mean (95%Cl) LS Mean (95%C1)
baseline 256 29.8 (26.9, 32.8) reference 306 (27.5, 33.6) reference
0-3M 236 285 (255, 31.6) 29.2 (26.1,324)
3-12M 97 294 (249, 33.9) 302 (257, 34.8)

Alogliptin 0.0056 0.0056
baseline 221 299 (27.3,324) reference 295 (26.7,32.3) Reference
0-3M 200 26.8 (24.2, 294) * 264 (23.6,29.2) *
3-12M 61 284 (248, 32) 28 (24.3,31.8)

Linagliptin 03101 03365
baseline 176 247 (22.7,26.7) reference 25.1(23.1,27.0) reference
0-3M 171 242 (222,26.2) 246 (226, 26.7)
3-12M 58 233 (209, 25.7) 238(213,263)

ALT (U/L) Sitagliptin <.0001 <.0001

baseline 830 304 (288, 32) reference 208 (283,314) reference
0-3M 794 28.1 (265, 29.7) * 27.5 (259, 29.1) *
3-12M 199 27.8 (255, 30.1) * 27.2 (25, 29.5) *

Vildagliptin 0.1288 0.1286
baseline 233 323 (29.1, 35.6) reference 32 (28.7,35.2) reference
0-3M 223 30.2 (27, 335) 298 (26.5,332)
3-12M 58 31.6 (272, 36) 31.1 (26.7, 35.6)

Teneligliptin 0.0824 0.089
baseline 256 30.2 (27, 334) reference 306 (273, 33.9) reference
0-3M 236 275 (24.2,308) 279 (245,313)
3-12M 97 25.5 (209, 30.2) 26 (21.3,30.8)

Alogliptin <.0001 <.0001
baseline 223 34.7 (31.1, 38.3) reference 34.1 (30.3, 37.9) reference
0-3M 202 29 (254, 326) * 284 (245, 322) *
3-12M 61 296 (24.8, 34.5) * 29.1 (24, 34.1) *

Linagliptin <.0001 <.0001
baseline 176 26.2 (226, 29.8) reference 26.5(23.2,29.9) reference
0-3M 17 234 (198, 26.9) * 23.7 (203, 27.1) *
3-12M 58 224 (184, 263) * 22.8 (19, 26.6) *

*p < 0.05 (compared with baseline period, multiple-comparison test: Dunnett’s post-hoc analysis), *Adjusted for age and sex

LS mean least square mean, C/ confidence interval, HbATc hemoglobin Alc, eGFR estimated glomerular filtration rate, HDL high density lipoprotein, TC total
cholesterol, TG triglyceride, AST aspartate aminotransferase, ALT alanine aminotransferase

was significantly lower than that in the baseline period
in sitagliptin, alogliptin, and linagliptin users. However,
the mean changes in AST and ALT concentrations
showed no significant difference among the five groups
of DPP-4 inhibitor users. Kusunoki et al. previously re-
ported that serum AST, ALT, and y-GT concentrations
were significantly decreased in patients with 6-month
administration of combination therapy with a DPP-4 in-
hibitor and a sodium glucose co-transporter 2 (SGLT2)
inhibitor [21]. Aoki et al. previously reported that serum

ALT and y-GT concentrations were significantly de-
creased in patients with 16-week administration of com-
bination therapy with alogliptin and pioglitazone
compared with those with monotherapy [22]. Twelve-
month treatment with alogliptin was previously reported
to decrease NAFLD score [23]. Considering these re-
sults, some DPP-4 inhibitors might have a beneficial ef-
fect on hepatic metabolism; however, further studies are
needed to investigate the mechanism of the effect of
DPP-4 inhibitors on hepatic parameters.
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Table 6 Comparison of mean changes in laboratory parameters from baseline during exposure periods among five DPP-4 inhibitors

Laboratory parameters  Drugs Unadjusted LS mean (95%Cl) p-value PAdjusted LS mean (95%Cl) p-value
3M 12M 3M 12M
“HbATc (%) 0.001 0.0668
Sitagliptin -046 (-0.52, —04) —0.55 (=065, —045) —046 (-053,-038) —06 (=071, —-049)
Vildagliptin - =061 (=072, -0.5)  —0.69 (- 0.87, —0.51) -06 (-07,-05) —064 (=081, -047)
Teneligliptin —0.64 (-0.75,-0.53) —0.9 (- 1.05, —0.74) —0.54 (- 064, -043) —0.76 (-091, -0.62)
Alogliptin —-043(-055,-032) —-058(-0.77,-0.39) - 057 (- 068, -047) —0.74 (- 091, - 0.56)
Linagliptin -~ =049 (- 062, —036) -0.59 (-0.78, —04) -058(=0.7,-046) -0.69 (-0.87,—051)
“creatinine (mg/dL) 0.0259 0.1505
Sitagliptin 0.02 (0.01, 0.03) 0.06 (0.04, 0.08) 0.04 (0.02, 0.06) 0.08 (0.05, 0.11)
Vildagliptin -~ 0.02 (0, 0.05) 0.04 (0, 0.08) 0.04 (0.01, 0.06) 0.06 (0.02, 0.1)
Teneligliptin - 0.04 (0.02, 0.06) .11 (0.08, 0.14) 0.05 (0.02, 0.07) 0.12 (0.08, 0.15)
Alogliptin 0.03 (0, 0.05) 0.04 (0, 0.08) 0.04 (0.02, 0.07) 0.05 (0.01,0.1)
Linagliptin -~ 0.04 (0.02, 0.07) 0.07 (0.03,0.12) 0.05 (0.02, 0.08) 0.07 (0.03,0.12)
2eGFR (mL/min/1.73m?) 04528 04143
Sitagliptin 2 (=255 -129) —413(=5.27,-2998) —-29(-386,-193) —-49(-625 -354)
Vildagliptin =279 (=398, -16)  —133(-342,0.76) -397 (- —264) —236(-4.54,-0.18)
Teneligliptin —2.73 (=388, —159) —3.22 (—4.88, —1.56) —423 (=557,-289) —4.68 (—648, —2387)
Alogliptin 9 (-3.23,-076) —194(—4.03,0.14) —296 (-435,-157) —301(=5.17,-084)
Linagliptin -~ =2 (=336, - 0.63) —224 (-437,-0.1) —385(=535-235 —-413(-635-19)
“HDL (mg/dL) 0.1268 0.0613
Sitagliptin —-087(=142,-031) —133 (=245, -021) - 038 (- 1.65,005) —1.37 (= 265, — 0.09)
Vildagliptin = 1.15 (-=2.19,-0.1)  —29(-4.78,—1.03) -167 (=285, -049) -3.29 (-5.23,-135)
Teneligliptin 0.1 (=0.95, 1.15) —09 (—244,063) 0.1 (-1.12,1.31) —093 (—258,0.71)
Alogliptin —046 (- 1.59,067) —0.89 (- 2386, 1.08) -093(-22,033) -1.33(-3.36,07)
Linagliptin =~ —=0.57 (-1.8, 0.66) 0.84 (—1.18, 2.86) —087 (-2.2,046) 036 (- 1.71,243)
“TC (mg/dL) 0.1469 0.3631
Sitagliptin —-34(=53,-151) 13(=21,47) —3.14 (- 6.14,-0.14) 1.06 (= 3.05, 5.16)
Vildagliptin - =522 (=879, -165) —657 (1263, -05) —467 (-881,-053) —6.05(-1251,042)
Teneligliptin —3.22 (- 6.74, 0.3) —6.56 (—11.63, —149) —1.71 (589,248 -5 (-1057,057)
Alogliptin —4.58 (— 856, —0.6) —0.18 (— 6.63, 6.27) —4.32 (- 884,0.19) —036 (- 7.17, 6.46)
Linagliptin -~ =291 (= 7.03, 1.21) 121 (=4.92,733) —276(-=7.35,1.83) 1.12 (=538, 7.62)
TG (mg/dL) 04256 0536
Sitagliptin -596 (- 1095,-097) —3.1(=1232,6.13) —149(-942,643) 092 (-10.15,12)
Vildagliptin -~ =12.01 (=21.55, —247) —15.02 (- 30.92, 0.89) —739(-1846,368) —103 (-27.3,6.69)
Teneligliptin =632 (— 1546,282)  —12.27 (—25.28,0.74) 05 (= 1055, 11.55) =566 (—20.13,88)
Alogliptin —14.92 (- 2495, -49) —2.56 (-1942, 14.29) —10.28 (2197, 141) 149 (-16.39, 19.36)
Linagliptin -~ —=1.78 (= 12.55, 8.99) 145 (- 15.24,18.14) 2.27 (=9.79, 14.34) 512 (= 1256, 22.8)
EAST (U/L) 0.1086
Sitagliptin —0.97 (-2.06, 0.13) - 027 (=241, 1.86) —2.65 (—4.25,-1.06) —2.02 (—445,04) 0.105
Vildagliptin = 0.91 (=1.16, 2.98) 3.11 (=089, 7.1) 0.05 (2.2, 2.29) 057 (-347,462)
Teneligliptin - —1.43 (- 3.44, 0.57) — 041 (—348,267) —232(—458,-007) —144 (-466,1.77)
Alogliptin —287 (=504,-069) —224(-6.11,1.64) —423(-66,—-186) —273(-6.64,1.17)
Linagliptin ~ —049 (-2.84, 1.87) -123(=5.19,273) —299 (-548,-05) —3.93 (~7.94,009)
FALT (U/L) 0.1576 0.2768
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Table 6 Comparison of mean changes in laboratory parameters from baseline during exposure periods among five DPP-4 inhibitors

(Continued)
Laboratory parameters  Drugs Unadjusted LS mean (95%Cl) p-value bAdjusted LS mean (95%Cl) p-value
3M 2M 3M 12M

Sitagliptin~ =233 (=3.56, = 1.11)  —1.92 (-3.99, 0.16) —4.08 (=582, -234) -3.74 (=615 -132)
Vildagliptin - -2.05 (-4.36, 0.26) -0.25 (—4.1,3.6) —288(-529,-047) —181(=575,212)
Teneligliptin —2.74 (=497, -0.51) —3.69 (-6.77, —0.6) —373(=6.14,-131) —342(-7.28,044)
Alogliptin -~ =569 (- 8.1, —3.28) —5.08 (-894, —1.23) —6.13 (=866, —3.6) —4.86 (—8.76,—0.97)
Linagliptin -~ —2.83 (-547,-0.18)  —-3.68 (- 7.57,0.22) —515(—7.82,-248) —6.19(-10.13,—-224)

“indicates change in laboratory parameter during exposure period from baseline

HbATc hemoglobin Alc, eGFR estimated glomerular filtration rate, HDL high density lipoprotein, TC total cholesterol, TG triglyceride, AST aspartate
aminotransferase, ALT alanine aminotransferase, LS mean least square mean, C/ confidence interval, p value: p value among five DPP-4 inhibitors

(multiple-comparison test)

PAdjusted for time, age, sex, medical history in baseline period including ischemic heart disease and hypertension, medication in baseline period including
hypoglycemic drugs and lipid-lowering drugs, baseline concentration of HbA1c, and baseline concentration of each parameter

Limitations

There are several limitations of our study. First, there is
a possibility of selection bias and confounding factors
because this study was a retrospective study using non-
randomized data. We applied a multivariate regression
model, which enabled us to control for potential con-
founding variables among the five DPP-4 inhibitor
groups; however, their ability to control for differences
was limited to available or measurable variables. Second,
we did not exclude patients who had received other anti-
diabetic drugs before the initiation of DPP-4 inhibitors,
because DPP-4 inhibitors are relatively new drugs and
many patients (about 44 to 71%) were then treated with
other antidiabetic drugs, including insulin and oral
hypoglycemic drugs. Sulphonylureas and thiazolidine-
diones are known to be associated with an increase in
body weight [24]. Metformin, one of the biguanides, is
reported to improve liver enzymes in patients with
NASH [25]. We used rigorous statistical methods to
control for differences in prior treatment among the five
DPP-4 inhibitor groups; however, we would like to study
patients firstly treated with antidiabetic drugs when a
sufficient sample has been collected. Third, the standard
dose of sitagliptin in Japan is 50 mg, which is half the
world standard dose; this is because, in Japanese cases, it
has been reported that there are no statistically signifi-
cant differences in HbAlc, fasting plasma glucose, and 2
h postprandial glucose concentration among doses of
sitagliptin of 50, 100, and 200 mg [26]. Therefore, the
adverse effects of sitagliptin might have been mitigated
at this dose. Fourth, the number of sitagliptin users was
larger than those of the other DPP-4 inhibitors. Because
sitagliptin was the first entrant and is the dominant
DPP-4 inhibitor in Japan, this unbalanced sample size
might have reflected the market share of sitagliptin in
Japan, suggesting that this study is a good reflection of
clinical practice. We used a mixed linear model, which is
a rigorous statistical model that enables adjustment for

unbalanced sample sizes. The findings of our study are
relevant to clinical practice in real world settings, and
have sulfficient reliability based on a sophisticated statis-
tical method, however, further studies such as random-
ized clinical trials will be needed for confirmation.

Conclusion

In this study, we showed the effect among five DPP-4 in-
hibitors on glycemic, renal, and lipid metabolism, and
hepatic parameters. DPP-4 inhibitors are well-tolerated
hypoglycemic drugs; however, physicians should monitor
laboratory parameters for at least 12 months after their
initiation.
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