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Microangiopathy in Japanese Patients With Type 2 Diabetes 

Mellitus: Follow-Up for 4 Years
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Abstract

Background: This study was aimed at investigating the effect of long-
term sitagliptin treatment in improving the pancreatic β cell function 
and its influence on microangiopathy in patients with type 2 diabetes 
mellitus.

Methods: The study was designed as a retrospective analysis of the 
data of 27 patients with type 2 diabetes mellitus who did not have 
any evident reduction of the renal function and had received sitag-
liptin treatment for 4 years or longer. The fasting plasma C-peptide 
level corrected for the fasting blood glucose level (C-peptide index 
(CPI)), hemoglobin A1c (HbA1c) and body weight were determined 
every year during the 4-year period, and the status of retinopathy and 
nephropathy at the end of the fourth year of sitagliptin treatment was 
compared with the pre-treatment status.

Results: Both the HbA1c and body weight were significantly de-
creased by 6 months after the start of treatment. Thereafter, the 
HbA1c showed no further rise during the subsequent 4-year period, 
while the body weight continued to decrease over the 4-year period. 
No significant change of the CPI, as compared to the pre-treatment 
level (0.95 ± 0.49), was observed at any time during the follow-up. 
The retinopathy and nephropathy remained unchanged in severity in 
most cases; however, progression of retinopathy was seen in seven 
cases (29%) and that of nephropathy in three cases (11%).

Conclusions: Maintenance of good blood glucose control for 4 years 
by sitagliptin treatment allowed the pancreatic β cell function to be 
preserved. However, it was not possible to suppress progression of 
microangiopathy completely by treatment for a short period of 4 years.
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Introduction

In the treatment of type 2 diabetes mellitus, attempt to maintain 
the pancreatic β cell function is an important issue. According 
to the report of the UKPDS16 [1], pancreatic β cell function 
improves slightly 1 year after the start of treatment of type 2 
diabetes mellitus with any of insulin, a sulfonylurea (SU) or a 
biguanide; however, the function begins to decrease from the 
second year onward, showing a 4% reduction annually. Similar 
results have also been reported in Japanese patients by Funako-
shi et al [2]. After the clinical introduction of dipeptidyl pepti-
dase-4 (DPP-4) inhibitors, Seck et al [3] reported preservation 
of the pancreatic β cell function until 2 years after the start of 
sitagliptin treatment, but there are no reports on longer-term 
outcomes or the outcomes in Japanese patients, who are known 
to have lower insulin-secreting potential than Western patients. 
Under such circumstances, we recently conducted a retrospec-
tive evaluation of changes in the pancreatic β cell function fol-
lowing sitagliptin treatment for a 4-year period through analy-
sis of the C-peptide index (CPI), i.e. fasting serum C-peptide 
level corrected for the fasting blood glucose level.

Patients and Methods

Initially, using our department diabetes database, we con-
ducted a chart review of type 2 diabetes mellitus patients who 
had received sitagliptin (MSD K.K. a subsidiary of Merck & 
Co., Inc., Kenilworth, NJ, USA) treatment (50 mg/day) at our 
hospital for 4 years or longer with oral informed consent. The 
dosage was 50 mg once in the morning, which is the recom-
mended dose for patients without renal impairment in Japan. 
Of the 119 patients who began to receive sitagliptin treatment 
between January 2010 and April 2011, the 86 patients who 
discontinued receiving treatment at our facility within 4 years 
after the start (for reasons of referral to other facilities (50), no 
effect (13), withdrawal (nine), drop-out (six), cancer (four), or 
death (four)) were excluded, and the data of the remaining 33 
patients were extracted for this study. Of these 33 patients, four 
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patients who had compromised renal function (creatinine (Cr) 
≥ 1.1 or estimated glomerular filtration rate (eGFR) < 50) or 
two patients who had not undergone C-peptide measurement 
at the start of the treatment were excluded, and the data of the 
remaining 27 patients were included in this analysis. Analysis 
also included eight patients in whom insulin secretion stimu-
lators were discontinued or continued at reduced dose levels 
after the start of sitagliptin treatment and patients in whom im-
provement/worsening of hemoglobin A1c (HbA1c) during the 

course of sitagliptin treatment required dose change, addition 
or discontinuation of hypoglycemic drugs other than sitaglip-
tin. This study was not in conflict with principles expressed in 
the Declaration of Helsinki.

In these patients, investigation based on the medical re-
cords was conducted to determine the fasting C-peptide level, 
HbA1c and body weight at the start of treatment, 6 months after 
the start of treatment, and every 12 months thereafter until the 
end of 4 years of treatment. The blood samples were collected 
after overnight fasting. HbA1c levels were measured using a 
Latex agglutination reaction method kit (Kyowa Medex Co., 
Ltd, Tokyo, Japan) with a normal range of 4.6-6.2%. C-peptide 
levels were measured using a chemiluminescent immunoas-
say (CLEIA) kit (SIEMENS Healthcare Diagnostics, Tokyo, 
Japan) with a normal range of 0.74 - 3.48 ng/mL. The fast-
ing C-peptide level was corrected for the fasting blood glucose 
level to obtain the CPI (CPI = fasting serum C-peptide (ng/mL) 
× 100/fasting plasma glucose (mg/dL)). In regard to the data 
for the months in which the patient did not visit or in which the 
measurements were not conducted, we replenished the C-pep-
tide data using the data collected within 3 months before or af-
ter the month concerned, and replenished the body mass index 
(BMI) and HbA1c data with the mean for the two neighboring 
months (one month before and after the data-lacking month).

Changes in the stage of microangiopathy were analyzed 
by determining the changes in the severity of retinopathy and 
nephropathy between the start of treatment and the end of 4 
years of treatment. The severity of retinopathy was rated on 
a four-grade scale based on the Davis classification: no dia-
betic retinopathy (NDR), simple diabetic retinopathy (SDR), 
pre-proliferative diabetic retinopathy (PPDR) and proliferative 
diabetic retinopathy (PDR). The severity of nephropathy was 
rated on a five-stage scale (stage 1 to 5) in accordance with the 
classification of Diabetic Nephropathy of the Joint Committee 
on Diabetic Nephropathy.

The data on each parameter after the start of treatment 
were compared to the pre-treatment data by a paired t-test. P < 
0.05 was regarded as statistically significant.

Results

Table 1 summarizes the background variables at the baseline 
(age, gender, body weight, duration of illness, microangiopa-
thy, treatment received, and laboratory data).

No significant change of the CPI (mean ± SD) from the 
pre-treatment level was observed during the treatment for 4 
years (0.88 ± 0.28 at 6 months, 0.90 ± 0.38 at 1 year, 0.89 ± 0.62 
at 2 years, 0.93 ± 0.41 at 3 years, and 0.88 ± 0.33 at 4 years) 
(Fig. 1A). The HbA1c decreased significantly to 6.3±0.5% at 
6 months (P = 0.03), remaining low thereafter until 4 years 
(6.4±0.5% at 1 year (P = 0.03), 6.4±0.5% at 2 years (P = 0.04), 
6.3±0.4% at 3 years (P = 0.02), and 6.3±0.4% at 4 years (P 
= 0.03)) (Fig. 1B). The body weight also showed significant 
decrease at 6 months to -1.1 ± 2.5 kg (P = 0.03) and continued 
to decrease thereafter until 4 years (-1.4 ± 2.9 kg at 1 year (P = 
0.02), -1.6 ± 3.1 kg at 2 years (P = 0.01), -1.9 ± 3.5 kg at 3 years 
(P = 0.01), and -2.8 ± 4.3 kg at 4 years (P = 0.002)) (Fig. 1C).

Table 1.  Baseline Characteristics

Characteristic
Patients, n 27
Age, years (mean ± SD) 63.3 ± 9.2
Male, n (%) 20 (74)
Duration of diabetes, n (%)
  < 5 years 6 (16)
  5 - 9 years 9 (33)
  10 - 19 years 7 (26)
  ≥ 20 years 3 (11)
  Unknown 2 (7)
BMI, kg/m2 (mean ± SD) 22.9 ± 3.0
HbA1c (%) (mean ± SD) 7.2 ± 1.8
CPI (mean ± SD) 0.95 ± 0.49
Diabetic retinopathy, n (%)
  NDR 15 (56)
  SDR 8 (30)
  PPDR 2 (7)
  PDR 0 (0)
  Unknown 2 (7)
Diabetic nephropathy, n (%)
  Stage 1 19 (70)
  Stage 2 7 (26)
  Stage 3 1 (4)
  Stage 4 0 (0)
Diabetes treatment, n (%)
  None 19 (70)
  Insulin 3 (11)
  Sulfonylureas 9 (33)
  Glinides 13 (48)
  Biguanides 7 (26)
  Thiazolidinediones 8 (30)
  α-Glucosidase inhibitors 14 (52)

Data are means ± SD or n (%). NDR: no diabetic retinopathy; SDR: 
simple diabetic retinopathy; PPDR: pre-proliferative diabetic retinopa-
thy; PDR: proliferative diabetic retinopathy. Stage 1: normoalbuminuria. 
Stage 2: microalbuminuria. Stage 3: macroalbuminuria. Stage 4: renal 
insufficiency.
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Figure 1. Changes in CPI (A), HbA1c (B), and body weight (C) during the treatment for 4 years. (A) CPI showed no significant 
change from the pre-treatment level at any point of time after the start of sitagliptin treatment. (B) HbA1c decreased significantly 
at 6 months and remained reduced thereafter until 4 years. (C) Body weight decreased significantly at 6 months and continued 
to decrease thereafter until 4 years. 
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In the analysis of the changes in the stage of microangi-
opathy, the stage of nephropathy improved in four patients 
(14.8%), remained unchanged in 20 patients (74.1%), and 
worsened in three patients (11.1%) (Table 2A). Changes in the 
stage of retinopathy were analyzed in 24 patients, after exclud-
ing three patients without sufficient data, revealing improve-
ment in one patient (4.2%), no change in 16 patients (66.7%) 
and progression in seven patients (29.2%). Thus, retinopathy 
advanced more frequently than nephropathy (Table 2B).

Discussion

Sitagliptin has been shown in rats to suppress the expression 
of mediator proteins involved in the apoptotic machinery and 
inflammation, and to stimulate the expression of mediator pro-
teins involved in angiogenesis/proliferation [4]. This drug is 
expected to also increase the pancreatic β cell population in 
humans. Based on these previous reports, we anticipated at the 
start of this study that the β cell function would improve year 
after year following the start of sitagliptin treatment. In prac-
tice, however, the function remained unchanged, although it 
did not decrease, resembling the results of the 2-year study re-
ported by Seck et al [3]. This result is probably attributable to 
the relatively short treatment period, namely, the 4-year treat-
ment was probably insufficient for the pancreatic β cell func-
tion-improving effect of this drug to be manifested in humans, 
although the effect in rats was observed just 6 weeks after the 
start of treatment. Notwithstanding this result, the pancreatic β 
cell function was maintained, without showing deterioration, 
during the 4-year treatment period. This suggests the possi-
bility that the drug suppressed collapse of the β cell function 
indirectly through inducing good control of the blood glucose 
for a long term. These results from this study may be valuable 
in view of the previous report that good blood glucose control 
can be expected just by preservation of the pancreatic β cell 
function, even without improvement of the function [5].

In regard to microangiopathy, the disease stage advanced 
in some cases despite preservation of the pancreatic β cell 
function and good control of the HbA1c. Considering the re-

port of Lachin et al [6] that while the fasting CPI was not cor-
related with the outcomes of diabetic complications, the post-
prandial or post-glucagon load C-peptide level was correlated 
with the risk of occurrence of complications, it seems likely 
that the post-prandial CPI decreased over time in our patients 
who showed progression of microangiopathy. If post-prandial 
CPI decrease is absent, the progression of microangiopathy 
may be attributable to an insufficient length of the survey pe-
riod in the present study as compared to past studies (7 years 
for the evaluation of complications in the diabetes control and 
complications trial (DCCT)/the epidemiology of diabetes in-
terventions and complications (EDIC) [6]; 6 years [1] plus an 
additional 10 years [7] in the UKPDS) or attributable to the 
negative legacy effect of the previous poor control period [7].

The present study, which was designed as a retrospective 
survey, has limitations. Firstly, we did not prepare appropriate 
control patients since we extracted only patients who had re-
ceived sitagliptin. It is unclear whether differences exist or not 
between patients with sitagliptin and others. Secondly, many 
patients dropped out of the study because of good control of 
blood glucose levels, resulting in referral to other facilities. If 
these patients had been followed up until the end of the study, 
different results might have been obtained. Thirdly, this study 
includes eight patients who had some changes in insulin secre-
tagogue other than sitagliptin. Therefore, C-peptide values 
might have been influenced when insulin secretagogue was 
added or discontinued or the dose was increased or decreased.

In conclusion, sitagliptin for a period of 4 years yielded 
good blood glucose control and allowed the pancreatic β cell 
function to be preserved, although progression of microangiop-
athy was not completely suppressed. Thus, sitagliptin is prom-
ising as a drug for the treatment of type 2 diabetes mellitus.
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