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Abstract
AIM: To assess the effects of sitagliptin and nateg-
linide on lipid metabolism.

METHODS: In a parallel group comparative open trial, 
patients with type 2 diabetes mellitus under treat-
ment at the Japanese Red Cross Medical Center were 
randomly assigned to receive either sitagliptin (50 mg 
once daily) or nateglinide (90 mg three times daily be-
fore meals). Eligible patients met the following criteria: 
age ≥ 20 years; hemoglobin A1c (HbA1c) > 6.5% de-
spite diet and exercise; HbA1c between 6.5% and 8.0%; 
fasting glucose < 7.77 mmol/L; diet and exercise ther-
apy for more than 3 mo; and ability to read and un-
derstand the information for written informed consent. 
Exclusion criteria were contraindications to sitagliptin, 
contraindications to nateglinide, pregnancy or possible 
pregnancy, and severe liver/renal failure. Patients who 
were considered to be unsuitable by the attending 
physician for other reasons were also excluded. Blood 

samples were collected at one and three hours after 
intake of a test meal. The primary outcome measure 
was the area under the curve (AUC) of apolipoprotein 
(Apo) B48 at three hours postprandially.

RESULTS: Twenty patients were randomly assigned 
to the sitagliptin group and sixteen patients were ran-
domized to the nateglinide group. All 36 patients took 
the medication as directed by the physician in both 
groups, and they all were analyzed. Apart from anti-
diabetic drugs, there was no difference between the 
two groups with respect to the frequency of combined 
use of lipid-lowering, antihypertensive, and/or anti-
platelet drugs. The doses of these medications were 
maintained during 12 wk of treatment. Detailed dietary 
advice, together with adequate exercise therapy, was 
given to the patients so that other factors apart from 
the two test drugs were similar in the two groups. 
There were no significant differences of the baseline 
characteristics between the two groups, except for 
body mass index (the sitagliptin group: 25.14 ± 3.05 
kg/m2; the nateglinide group: 21.39 ± 2.24 kg/m2). 
Fasting levels of HbA1c, glycated albumin, 1.5-anhy-
droglucitol, and blood glucose, as well as the blood 
glucose levels at one and three hours postprandially, 
improved in both groups after 12 wk of treatment, and 
there were no significant differences between the two 
groups. However, the glucagon level at one hour post-
prandially (P  = 0.040) and the diastolic blood pres-
sure (P  < 0.01) only showed a significant decrease in 
the sitagliptin group. In the nateglinide group, there 
was no significant change in the AUC of Apo B48, the 
glucagon level at one hour postprandially, the fasting 
triglyceride level, or the diastolic blood pressure. Body 
weight was unchanged in both groups. However, the 
AUC of Apo B48 at three hours postprandially showed 
a significant decrease in the sitagliptin group from 
2.48 ± 0.11 at baseline to 1.94 ± 0.78 g/L per hour 
after 12 wk (P  = 0.019). The fasting triglyceride level 
also decreased significantly in the sitagliptin group (P  
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= 0.035). With regard to lipid-related markers other 
than Apo B48 and fasting triglycerides, no significant 
changes were observed with respect to Apo A1, Apo B, 
or Apo C3 in either group. No adverse events occurred 
in either group.

CONCLUSION: Sitagliptin significantly improves some 
lipid parameters while having a comparable effect on 
blood glucose to nateglinide. A large-scale prospective 
study of sitagliptin therapy is warranted.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
When treating diabetes mellitus, prevention of  major vas-
cular disorders is an important objective[1-9]. Several stud-
ies have demonstrated that postprandial hyperglycemia 
(PPHG) is significantly linked to major vascular disor-
ders[10-16]. In an in vitro study of  human vascular endothe-
lial cells, the cellular death rate was increased by repeated 
fluctuation between normoglycemia and hyperglycemia 
compared with that due to persistent hyperglycemia[17]. 
These findings suggest that inhibition of  circadian glyce-
mic changes may prevent vascular disorders[18,19].

Postprandial hyperlipidemia (PPHL) has been noted 
in patients with type 2 diabetes. Inhibition of  lipoprotein 
lipase activity due to impaired insulin action on adipo-
cytes and an increase of  exogenous lipoproteins due to 
overeating are considered to be the underlying causes of  
PPHL. PPHL may trigger progression of  arteriosclerosis 
with the accumulation of  chylomicron remnants in the 
vessel walls. An epidemiological study of  Japanese pa-
tients has shown that hypertriglyceridemia is an indepen-
dent risk factor for coronary artery disorders[20]. 

Nateglinide, a D-phenylalanine derivative, rapidly stimu-
lates insulin secretion to exert an antihyperglycemic ef-
fect and treatment with nateglinide inhibits carotid artery 
intima-media thickening, which is a surrogate marker 
of  arteriosclerosis[21]. On the other hand, the dipeptidyl 
peptidase-4 (DPP-4) inhibitor sitagliptin increases insulin 
secretion by inhibiting breakdown of  incretins, thereby 
exerting an antihyperglycemic effect. The efficacy of  si-
tagliptin for PPHL has also been reported[22,23]. However, 
it is unknown whether this improvement of  PPHL is due 
to suppression of  postprandial glycemia or an increase of  
incretin secretion secondary to inhibition of  DPP-4.

In the present study, we treated type 2 diabetic pa-
tients with nateglinide or sitagliptin for 12 wk. The re-
sponse to a test meal was assessed to compare the effects 
of  the two drugs on PPHG and PPHL.

MATERIALS AND METHODS
Study population
Patients with type 2 diabetes attending the Japanese Red 
Cross Medical Center (JRCMC) between July 2010 and 
June 2011 were enrolled in this parallel group compara-
tive open trial. Eligible patients met the following criteria: 
age ≥ 20 years; hemoglobin A1c (HbA1c) > 6.5% despite 
diet and exercise; HbA1c between 6.5% and 8.0%; fast-
ing glucose < 7.77 mmol/L; diet and exercise therapy 
for more than 3 mo; and ability to read and understand 
the information for written informed consent. Exclusion 
criteria were contraindications to sitagliptin, contraindica-
tions to nateglinide, pregnancy or possible pregnancy, and 
severe liver/renal failure. We also excluded patients who 
were considered to be unsuitable by the attending physi-
cian for other reasons. As many patients as possible were 
registered because it was difficult to set a specific sample 
size for this exploratory clinical study and relevant infor-
mation was limited.

Randomization
Random allocation of  patients to either treatment group 
was performed centrally by using our registration system, 
with the random allocation sequence being generated 
by Kojima Y. Enrollment was done by Kojima Y, Kaga 
H and Kitazawa T, while assignment of  participants to 
interventions was carried out by Iimura Y, Ohno M, Yo-
shitsugu M and Hiyoshi T. 

Study treatment
Sitagliptin was administered at a dose of  50 mg once 
daily before breakfast to one group, while nateglinide was 
administered at a dose of  90 mg three times daily (im-
mediately before each meal) to the other group. Doses 
of  antihypertensive and lipid-lowering drugs were not 
changed during the study.

Data collection
Blood samples were collected before and one and three 
hours after eating a test meal (total energy: 1925 kJ; pro-
tein: 18.0 g, fat: 18.0 g, carbohydrate: 56.5 g), both before 
treatment and after the 12-wk treatment period (final 
date: September 30, 2011). Then the levels of  various pa-
rameters of  glucose and lipid metabolism were measured.

Outcome measures
The primary outcome was the area under the concentra-
tion vs time curve (AUC) of  apolipoprotein (Apo) B48 at 
three hours postprandially after 12 wk of  treatment. The 
secondary outcomes were postprandial blood glucose, 
HbA1c, glucagon at one hour postprandially, fasting tri-
glycerides, and blood pressure.
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Ethical considerations
This study was approved by the Ethical Committee of  
the JRCMC and was conducted according to the prin-
ciples specified in the Helsinki Declaration. Prior to its 
initiation, we registered this study with the UMIN Clini-
cal Trials Registry (www.umin.ac.jp; registration number 
UMIN000006278), as the sitagliptin and nateglinide ran-
domized clinical trial (STANDARD study). All patients 
provided informed consent and participated in the study 
on a voluntary basis.

Statistical analysis
For intragroup and intergroup comparisons, we em-
ployed the paired t test and t test, respectively. All analysis 
were carried out by using SAS software version 8.02 (SAS 
Institute, Cary, NC, United States), and P < 0.05 was con-
sidered statistically significant.

RESULTS
Twenty patients were randomly assigned to the sitagliptin 
group and sixteen patients were randomized to the nat-
eglinide group. All 36 patients took the medication every 
day as directed by the physician in both groups, and they 
all were available for analysis. Apart from antidiabetic 
drugs, there was no difference between the two groups 
with respect to the frequency of  combined use of  lipid-
lowering, antihypertensive, and/or antiplatelet drugs 
(statins in 6 and 7 patients from the sitagliptin group and 
the nateglinide group, respectively; angiotensin receptor 
blockers in 6 and 3 patients; and calcium channel blockers 
in 1 and 2 patients). The doses of  these medications were 
maintained during 12 wk of  treatment. Detailed dietary 

advice, together with adequate exercise therapy, was given 
to the patients by diabetologists, nurses, and dieticians 
who belonged to the JRCMC, so that other factors apart 
from the two test drugs were similar in the two groups. 

Table 1 summarizes the baseline and post-treatment 
data. There were no significant differences of  the mean 
age, sex ratio, HbA1c, 1.5-anhydroglucitol (1.5-AG), gly-
cated albumin, Apo A1, Apo B, Apo B48, Apo C3, fast-
ing triglycerides, postprandial blood glucose, insulin, and 
glucagon levels. However, the baseline body mass index 
was higher in the sitagliptin group than in the nateglinide 
group (25.14 ± 3.05 kg/m2 vs 21.39 ± 2.24 kg/m2). 

Fasting levels of  HbA1c, glycated albumin, 1.5-AG 
and blood glucose, as well as the blood glucose levels at 
one and three hours postprandially, improved in both 
groups after 12 wk of  treatment, and there were no sig-
nificant differences between the two groups. However, 
the glucagon level at one hour postprandially (P = 0.040) 
and the diastolic blood pressure (P < 0.01) only showed a 
significant decrease in the sitagliptin group. In the nateg-
linide group, there was no significant change in the AUC 
of  Apo B48, the glucagon level at one hour postprandi-
ally, the fasting triglyceride level, or the diastolic blood 
pressure. Body weight was unchanged in both groups. 
However, the AUC of  Apo B48 at three hours post-
prandially showed a significant decrease in the sitagliptin 
group from 2.48 ± 0.11 g/L at baseline to 1.94 ± 0.78 
g/L per hour after 12 wk (P = 0.019). The fasting triglyc-
eride level also decreased significantly in the sitagliptin 
group (P = 0.035). With regard to lipid-related markers 
other than Apo B48 and fasting triglycerides, no signifi-
cant changes were observed with respect to Apo A1, Apo 
B, or Apo C3 in either group. 
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Sitagliptin group Nateglinide group

Before treatment After 3 mo of treatment Before treatment After 3 mo of treatment

  Age (yr)         63.85 ± 12.92 -           66.44 ± 9.02 -
  Sex: M/F (n)         15/5               15/5           12/4             12/4
  Body weight (kg)         68.79 ± 12.891               69.30 ± 13.18           58.36 ± 8.54             58.75 ± 8.52
  Systolic blood pressure (mmHg)         134.3 ± 19.3               126.5 ± 11.1           129.1 ± 13.9             122.7 ± 14.8
  Diastolic blood pressure (mmHg)           81.5 ± 12.9                 73.3 ± 7.4b             76.9 ± 8.8               74.3 ± 10.2
  HbA1c (%)             7.2 ± 0.7                   7.0 ± 0.8b               7.2 ± 0.4                 6.8 ± 0.5b

  Glycated albumin (%)           19.3 ± 3.6                 17.7 ± 2.6b             19.9 ± 3.4               18.1 ± 2.8b

  1.5-AG (μmol/L)           65.5 ± 45.8                 81.6 ± 46.2b             51.0 ± 22.7               69.5 ± 29.3b

  Fasting blood glucose (mmol/L)             7.8 ± 1.7                   7.3 ± 1.6               8.1 ± 1.0                 7.6 ± 1.5
  Blood glucose 1 h postprandially (mmol/L)           12.0 ± 3.0                 10.6 ± 3.1b             13.6 ± 2.3               11.0 ± 2.8b

  Blood glucose 3 h postprandially (mmol/L)             7.6 ± 2.5                   6.6 ± 2.0b               7.6 ± 2.5                 6.5 ± 1.9a

  Apo-B48 AUC (g/L per hour)           2.48 ± 0.11                 1.94 ± 0.78a             3.14 ± 0.29               2.29 ± 0.16
  Apo-A1 AUC (g/L per hour)           4.64 ± 0.73                 4.50 ± 0.76             4.59 ± 0.73               4.67 ± 0.76
  Apo-B AUC (g/L per hour)           2.73 ± 0.47                 2.91 ± 0.46             2.60 ± 0.46               2.64 ± 0.40
  Apo-C3 AUC (g/L per hour)           0.30 ± 0.07                 0.28 ± 0.06             0.31 ± 0.11               0.28 ± 0.09
  Fasting insulin (pmol/L)           53.3 ± 26.9                 58.4 ± 34.4             41.3 ± 29.0               40.4 ± 31.5
  Insulin 1 h postprandially (μU/mL)         279.3 ± 115.7               275.1 ± 143.4           230.1 ± 104.2             248.7 ± 112.2
  Fasting glucagon (ng/L)           67.2 ± 15.9                 66.6 ± 16.0             65.1 ± 16.4               70.1 ± 16.0
  Glucagon 1 h postprandially (ng/L)           80.3 ± 17.0                 70.3 ± 16.9a             79.0 ± 13.4               81.5 ± 20.6
  Fasting triglycerides (mmol/L)           1.26 ± 0.81                 1.09 ± 0.61a             1.54 ± 1.44               1.11 ± 0.60

Table 1  Baseline patient profile and post-treatment data

1This parameter showed a significant between-group difference (P < 0.05) before treatment. Data are shown as the mean ± SD (aP < 0.05, bP < 0.01 vs time 
curve). Area under the concentration vs time curve (AUC) data were obtained from before to three hours after the test meal. The t test was used for statisti-
cal analysis. M: Male; F: Female; 1.5-AG: 1.5-anhydroglucitol; Apo: Apolipoprotein; HbA1c: Hemoglobin A1c.
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short follow-up period of  3 mo. Accordingly, our results 
have limited generalizability and a large-scale long-term 
study is needed to verify our findings.

In conclusion, our randomized controlled trial showed 
that suppression of  triglycerides and postprandial Apo 
B48 only occurred in the sitagliptin group, although PPHG 
was similarly improved in both the sitagliptin and nateg-
linide groups. To best of  our knowledge, this is the first 
report to confirm the efficacy of  a DPP-4 inhibitor for 
improving postprandial hyperlipidemia while achieving a 
comparable improvement of  blood glucose to the con-
trol drug. A large-scale prospective study of  sitagliptin 
therapy is needed.

COMMENTS
Background
There have been some reports about the efficacy of sitagliptin, a dipeptidyl pep-
tidase-4 (DPP-4) inhibitor, for postprandial hyperlipidemia in patients with type 
2 diabetes. However, it is unknown whether this improvement of postprandial 
hyperlipidemia is due to suppression of postprandial glycemia or an increase of 
incretin secretion secondary to inhibition of DPP-4.
Research frontiers
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