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Abstract

Background: Sitagliptin, a dipeptidyl peptidase-4 inhibitor, is an ef-
fective oral antidiabetic agent as both monotherapy and when com-
bined with insulin. Data from three observational studies performed 
in patients with type 2 diabetes receiving sitagliptin therapy in the 
routine clinical setting were integrated to conduct factor analysis of 
the changes in hemoglobin A1c (HbA1c), body weight, and estimated 
glomerular filtration rate (eGFR) over 12 months.

Methods: Among patients with type 2 diabetes attending medical in-
stitutions affiliated with Kanagawa Physicians Association, those us-
ing sitagliptin were followed for 1 year. In the ASSET-K and ASSIST-
K studies, patients were managed by diabetologists, while they were 
managed by non-diabetologists in the ATTEST-K study. Patients were 
not administered insulin in ASSET-K, whereas insulin was adminis-
tered in ASSIST-K. HbA1c (National Glycohemoglobin Standardiza-
tion Program), blood glucose (fasting/postprandial), body weight, and 
renal function (serum creatinine and eGFR) were the efficacy end-
points. Factor analysis was performed by analysis of variance using 
the magnitude of the change in HbA1c, body weight, and eGFR after 
12 months of sitagliptin therapy as response variables, and the study, 
sex, and age as explanatory variables.

Results: Of 1,327 patients registered in ASSET-K (diabetologists/
without insulin), 1,167 patients in ASSIST-K (diabetologists/with in-
sulin), and 530 patients in ATTEST-K (non-diabetologists), statistical 
analysis was carried out on 1,074, 854, and 411 patients, respectively. 

There were significant inter-study differences in patient characteris-
tics (complications, duration of diabetes, and baseline HbA1c), the 
sitagliptin dose, and the use of other antidiabetic agents. HbA1c de-
creased significantly in all three studies. According to factor analysis, 
the magnitude of the change in HbA1c over 12 months showed sig-
nificant inter-study differences and was also significantly influenced 
by the age, duration of diabetes, and baseline HbA1c.

Conclusions: Comparison of three observational studies identified 
differences in patient characteristics, treatment of diabetes (use/
non-use of insulin), and the level of specialist care (diabetologist/
non-diabetologist). Despite such differences, consistent reduction of 
HbA1c by sitagliptin was demonstrated in all three studies. The pa-
tients showing most improvement in HbA1c with sitagliptin therapy 
were older patients with a short duration of diabetes and high baseline 
HbA1c level.
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Introduction

Dipeptidyl peptidase-4 (DPP-4) inhibitors are a new class of 
oral hypoglycemic agents that selectively inhibit DPP-4, an 
enzyme that breaks down incretins (glucagon-like peptide-1 
and glucose-dependent insulinotropic polypeptide), thus in-
creasing endogenous incretin levels and promoting insulin se-
cretion in a glucose-dependent manner [1]. In 2015, a total of 
eight DPP-4 inhibitors are available in Japan. Meta-analyses 
have not shown any significant differences in the hypoglyce-
mic action of various DPP-4 inhibitors [2, 3], and these drugs 
are characterized by a good safety profile with a low risk of 
causing hypoglycemia or weight gain [4].

Sitagliptin was the first DPP-4 inhibitor developed in 
Japan, and it was launched in 2009 [5]. Its efficacy has been 
confirmed when used either as monotherapy or in combina-
tion with oral agents or insulin [6]. We previously investigated 
the efficacy and safety of sitagliptin based on the 12-month 
outcome in patients with type 2 diabetes mellitus (T2DM), ex-
cluding those receiving insulin, who had poor glycemic con-
trol and were managed by diabetologists in the routine clinical 
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Table 1.  Patient Characteristics

1. ASSET-K
specialist 
insulin, no

2. ASSIST-K
specialist 
insulin, yes

3. ATTEST-K
non-specialist

Comparison between 
groups: P value

1 vs. 2 1 vs. 3 2 vs. 3
Statistical analysis set, n 1,074 (100.0%) 854 (100.0%) 411 (100.0%)
Sex Male 605 (56.3%) 455 (53.3%) 224 (54.5%) Chi-square test

Female 469 (43.7%) 399 (46.7%) 176 (42.8%) 0.181 0.909 0.367
Age at registration Mean ± SD 63.1 ± 11.4 64.1 ± 11.9 68.0 ± 11.1 t-test

N 1,074 854 409 0.062 < 0.001* < 0.001*
Complications of diabetes
  Retinopathy No 744 (69.3%) 460 (53.9%) 289 (70.3%) Chi-square test

Yes 256 (23.8%) 294 (34.4%) 32 (7.8%) < 0.001* < 0.001* < 0.001*
  Neuropathy No 686 (63.9%) 441 (51.6%) 344 (83.7%) Chi-square test

Yes 299 (27.8%) 304 (35.6%) 30 (7.3%) < 0.001* < 0.001* < 0.001*
  Nephropathy No 701 (65.3%) 410 (48.0%) 309 (75.2%) Chi-square test

Yes 331 (30.8%) 342 (40.0%) 68 (16.5%) < 0.001* < 0.001* < 0.001*
Arteriosclerotic disease
  Cerebrovascular accident No 976 (90.9%) 657 (76.9%) 361 (87.8%) Chi-square test

Yes 64 (6.0%) 67 (7.8%) 41 (10.0%) 0.015* 0.008* 0.606
  Myocardial infarction or angina No 973 (90.6%) 585 (68.5%) 366 (89.1%) Chi-square test

Yes 71 (6.6%) 144 (16.9%) 35 (8.5%) < 0.001* 0.208 < 0.001*
  Arteriosclerosis obliterans No 1,020 (95.0%) 627 (73.4%) 388 (94.4%) Chi-square test

Yes 23 (2.1%) 83 (9.7%) 10 (2.4%) < 0.001* 0.727 < 0.001*
Other complications
  Hypertension No 548 (51.0%) 287 (33.6%) 110 (26.8%) Chi-square test

Yes 526 (49.0%) 492 (57.6%) 297 (72.3%) < 0.001* < 0.001* < 0.001*
  Dyslipidemia No 549 (51.1%) 240 (28.1%) 112 (27.3%) Chi-square test

Yes 525 (48.9%) 543 (63.6%) 291 (70.8%) < 0.001* < 0.001* 0.307
  Fatty liver No 1,064 (99.1%) 383 (44.8%) 214 (52.1%) Chi-square test

Yes 10 (0.9%) 280 (32.8%) 88 (21.4%) < 0.001* < 0.001* < 0.001*
Smoking history No 617 (57.4%) 390 (45.7%) 268 (65.2%) Chi-square test

Yes 324 (30.2%) 216 (25.3%) 92 (22.4%) 0.625 0.002* 0.001*
Drinking history No 562 (52.3%) 383 (44.8%) 221 (53.8%) Chi-square test

Yes 386 (35.9%) 199 (23.3%) 137 (33.3%) 0.011* 0.420 0.205
Duration of diabetes, years Mean ± SD 12.0 ± 7.9 17.1 ± 9.1 9.2 ± 7.4 t-test

N 987 722 242 < 0.001* < 0.001* < 0.001*
Body weight at the start of treatment Mean ± SD 64.46 ± 13.86 66.17 ± 15.20 65.23 ± 13.25 t-test

N 1,062 853 387 0.011* 0.343 0.271
BMI at the start of treatment Mean ± SD 24.66 ± 4.33 25.39 ± 4.52 25.31 ± 3.98 t-test

N 1,057 824 375 < 0.001* 0.012* 0.731
HbA1c at the start of 
treatment (NGSP, %)

Mean ± SD 7.99 ± 1.17 8.52 ± 1.34 7.75 ± 1.34 t-test
N 1,074 854 411 < 0.001* 0.002* < 0.001*

eGFR at the start of treatment 
(mL/min/1.73 m2)

Mean ± SD 81.187 ± 22.180 75.885 ± 22.659 76.638 ± 19.555 t-test
N 792 625 348 < 0.001* < 0.001* 0.587

*P < 0.05. SD: standard deviation; BMI: body mass index; HbA1c: hemoglobin A1c; NGSP: National Glycohemoglobin Standardization Program; 
eGFR: estimated glomerular filtration rate.
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setting (ASSET-K study), revealing that sitagliptin reduced 
hemoglobin A1c (HbA1c) [7] and also reduced the blood pres-
sure and serum lipid levels [8]. In addition, factor analysis was 
employed to assess the changes in HbA1c after starting sitag-
liptin therapy [9-12], and its impact on serum creatinine [13]. 
We also conducted a similar study in patients with T2DM re-
ceiving insulin (ASSIST-K study), which again demonstrated 
the HbA1c-lowering action of sitagliptin [14], and performed 
factor analysis of the changes in HbA1c [15].

The present study (ATTEST-K) was performed to investi-
gate the 12-month course during sitagliptin therapy in T2DM 
patients with poor glycemic control who were not being treated 
by diabetologists. In addition, data from the above-mentioned 
three studies (ASSET-K, ASSIST-K, and ATTEST-K) were in-
tegrated to conduct factor analysis of the changes in HbA1c, 
body weight (BW), and estimated glomerular filtration rate 
(eGFR) over 12 months.

Patients and Methods

Study design

All three studies (ASSET-K, ASSIST-K, and ATTEST-K) were 
observational studies with a 1-year follow-up period, and were 
multicenter studies performed at medical institutions affiliated 
with Kanagawa Physicians Association. All the studies were 
performed in accordance with the principles set out in the Dec-
laration of Helsinki. ASSET-K and ASSIST-K enrolled patients 
managed by diabetologists, whereas ATTEST-K was performed 
in patients who were not managed by diabetologists.

Patients

The subjects were patients over 20 years old with T2DM who 
attended the outpatient clinics of medical institutions affiliated 
with Kanagawa Physicians Association and were treated with 
sitagliptin. In all patients, glycemic control was inadequate 
for at least 1 month before the start of sitagliptin administra-
tion in spite of diet/exercise therapy or diet/exercise therapy 
combined with an antidiabetic agent. In the ASSIST-K study, 
patients were concomitantly treated with insulin.

All of the studies excluded patients with a history of hy-
persensitivity to any component of sitagliptin, patients with 
a history of severe ketoacidosis, diabetic coma, or precoma 
within the previous 6 months, patients with severe infection, 
patients scheduled to have surgery, patients with severe trau-
ma, patients treated with glinides, and other patients judged to 
be inappropriate for the study by the attending physician. Pa-
tients on insulin therapy were also excluded from the ASSET-
K study.

Items investigated

The patient characteristics investigated were sex, age, height, 
duration of diabetes, family history, smoking, alcohol intake, 

and complications. Information on medical treatment included 
the administration of sitagliptin or other antidiabetic agents 
before sitagliptin therapy, at baseline, and after 1 year of sit-
agliptin treatment. Efficacy endpoints were HbA1c (National 
Glycohemoglobin Standardization Program), blood glucose 
(fasting/postprandial), BW, blood pressure (systolic/diastolic), 
liver function tests (glutamic oxaloacetic transaminase, glu-
tamic pyruvic transaminase, and γ-glutamyl transpeptidase), 
renal function tests (serum creatinine and eGFR), serum lipids 
(total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, and triglycerides), and serum 
amylase at each time of assessment. Adverse events were also 
investigated as the safety endpoint.

Statistical analysis

Among the registered patients, those in whom HbA1c was 
measured at baseline and after 1 year of sitagliptin treatment 
(the population in which the change in HbA1c over 12 months 
could be calculated) were included in statistical analysis. 
Appropriate descriptive statistics were compiled for patient 
characteristics such as sex, age, and the presence/absence of 
diabetic complications in each study, after which inter-study 
comparison was performed by using the t-test and the Chi-
square test. The number of patients receiving antidiabetic 
agents (insulin, sulfonylureas (SUs), biguanides (BGs), thia-
zolidinediones (TZDs), α-glucosidase inhibitors (α-GIs), and 
glinides) and the distribution of therapeutic agents were calcu-
lated before sitagliptin administration, at baseline, and after 1 
year of sitagliptin treatment. Then inter-study comparison was 
conducted by the Chi-square test and Wilcoxon’s test. Descrip-
tive statistics were calculated for the daily dose of sitagliptin 
at baseline and after 1 year, and inter-study comparison was 
carried out with Wilcoxon’s test.

Measured values of HbA1c, BW, and eGFR at baseline 
and after 3, 6, and 12 months of treatment, as well as the mag-
nitude of change at each time point were displayed in graphs, 
and inter-study comparison was performed by using the t-test. 
In addition, factor analysis of the magnitude of changes at 12 
months was carried out by analysis of variance using explana-
tory variables such as the study, sex, and age. After univariate 
analysis of each explanatory variable, the early multivariate 
model was constructed by including all explanatory variables 
showing a significant influence at P < 0.05. Backward elimi-
nation using P < 0.05 as the criterion was applied to the early 
model to construct the final multivariate model.

Results

Handling of the subjects

A total of 1,327 patients were registered in the ASSET-K (dia-
betologists/without insulin), 1,167 patients in the ASSIST-K 
study (diabetologists/with insulin), and 530 patients in the 
ATTEST-K study (non-diabetologists). Among them, statisti-
cal analysis was conducted for 1,074 patients from ASSET-K, 
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854 patients from ASSIST-K, and 411 patients from ATTEST-
K after excluding patients without HbA1c data at baseline and/
or 12 months.

Demographic factors

Table 1 shows a summary of patient characteristics and the 
results of inter-study comparison. With respect to the sex ra-
tio, men were predominant in all studies (56.3% in ASSET-
K, 53.3% in ASSIST-K, and 54.5% in ATTEST-K). The mean 
age was the highest in the ATTEST-K study (68.0 years), fol-
lowed by the ASSIST-K study (64.1 years) and the ASSET-K 
study (63.1 years) in that order. Among diabetic complica-
tions, retinopathy showed the highest prevalence of 34.4% 
in the ASSIST-K study, followed by 23.8% in the ASSET-
K study and 7.8% in the ATTEST-K study. The percentage 
of patients with neuropathy and nephropathy was highest in 
the ASSIST-K study, followed by ASSET-K and ATTEST-
K. With respect to arteriosclerotic disease, the percentage of 
patients with a history of myocardial infarction/angina was 
highest in the ASSIST-K study (16.9%), whereas it was under 
10% in ASSET-K and ATTEST-K. The percentage of patients 
with cerebrovascular disease and arteriosclerosis obliterans 
was below 10.0% in all three studies. With respect to other 
complications, the percentage of patients with hypertension 
was highest in the ATTEST-K study (72.3%), followed by AS-
SIST-K (57.6%) and ASSET-K (49.0%). Results for patients 
with dyslipidemia were similar to those for hypertension. The 
percentage of patients with fatty liver was highest at 32.8% 
in the ASSIST-K study, followed by 21.4% in ATTEST-K 
and 0.9% in ASSET-K. The mean duration of diabetes was 
the longest at 17.1 years in the ASSIST-K study, followed by 
12.0 years in ASSET-K and 9.2 years in ATTEST-K. Mean 
BW was highest at 66.17 kg in the ASSIST-K study, followed 
by 65.23 kg in ATTEST-K and 64.46 kg in ASSET-K, with 
the order of mean body mass index (BMI) being the same 
as that of BW. Mean baseline HbA1c was highest at 8.52% 
in the ASSIST-K study, followed by 7.99% in ASSET-K and 
7.75% in ATTEST-K. Mean baseline eGFR (mL/min/1.73 m2) 
was the highest at 81.187 in the ASSET-K study, followed by 
76.638 in ATTEST-K and 75.885 in ASSIST-K.

Antidiabetic agents

Table 2 shows a summary of the inter-study comparison of an-
tidiabetic agents used by the patients. The mean number of 
antidiabetic drugs used before the start of sitagliptin therapy 
was 2.0 in the ASSIST-K study, while it was 1.8 in ASSET-K 
and 1.0 in ATTEST-K. The percentage of patients on insulin 
therapy was 0.0% and 100.0% in the ASSET-K and ASSIST-K 
studies, respectively, reflecting the eligibility criteria of these 
studies, while 2.2% of patients received insulin in the AT-
TEST-K study. Oral antidiabetic agents administered to more 
than 30% of the patients were SUs (65.3%) and BGs (51.0%) 
in the ASSET-K study, BGs (41.5%) in the ASSIST-K study, 
and SUs (35.5%) in the ATTEST-K study.

The mean starting dose of sitagliptin was 49.52 mg in the 

ASSIST-K study, 46.42 mg in the ASSET-K study, and 49.20 
mg in the ATTEST-K study. Compared with before sitag-
liptin therapy, the mean number of antidiabetic agents other 
than sitagliptin decreased to 1.9 during sitagliptin therapy in 
the ASSIST-K study, followed by 1.5 in ASSET-K and 0.9 in 
ATTEST-K. Concomitant antidiabetic agents showing a de-
crease in prescription by ≥ 3% compared with before sitaglip-
tin therapy were TZDs (26.9% vs. 23.7%), α-GIs (27.3% vs. 
23.7%), and glinides (7.9% vs. 2.2%) in the ASSET-K study, 
TZDs (10.8% vs. 6.7%) and α-GIs (26.6% vs. 20.4%) in the 
ASSIST-K study, and TZDs (19.2% vs. 12.9%), α-GI (18.7% 
vs. 10.0%) and glinides (5.6% vs. 0.0%) in the ATTEST-K 
study.

In all three studies, the mean dose of sitagliptin was high-
er after 12 months than at the start of treatment, being 56.98 
mg in ASSIST-K, 52.22 mg in ASSET-K, and 51.91 mg in 
ATTEST-K. However, the mean number of antidiabetic agents 
other than sitagliptin showed little change compared with the 
start of treatment: 1.8 in ASSIST-K, 1.5 in ASSET-K, and 0.9 
in ATTEST-K. Of the concomitant antidiabetic agents, those 
showing changes in administration by ≥ 3% compared with 
the start of sitagliptin therapy were BGs (48.5% vs. 53.8%) 
in ASSET-K, BGs (39.6% vs. 33.4%) in ASSIST-K, and SUs 
(37.2% vs. 40.4%) and BGs (22.6% vs. 26.0%) in ATTEST-
K.

Changes in HbA1c, BW, and eGFR

After 12 months, mean HbA1c decreased from 7.99% to 
7.31% in the ASSET-K study, from 8.52% to 7.91% in AS-
SIST-K, and from 7.75% to 6.90% in ATTEST-K, and the actu-
al change (mean ± standard deviation (SD)) at 12 months was 
-0.68±1.08%, -0.61±1.20%, and -0.84±1.10%, respectively 
(Fig. 1). HbA1c decreased significantly after 12 months in all 
three studies.

After 12 months, mean BW changed from 64.46 to 64.75 
kg in the ASSET-K study, from 66.17 to 66.08 kg in ASSIST-
K, and from 65.23 to 65.38 kg in ATTEST-K, and the actual 
change (mean ± SD) at 12 months was 0.11 ± 2.94, -0.09 ± 
4.26, and -0.23 ± 2.98 kg, respectively (Fig. 2). A significant 
change in BW was not observed in any of the studies.

After 12 months, mean eGFR (mL/min/1.73 m2) de-
creased from 81.19 to 76.50 in the ASSET-K study, from 75.88 
to 71.65 in ASSIST-K, and from 76.64 to 72.26 in ATTEST-K, 
and the actual change (mean ± SD) at 12 months was -3.88 ± 
14.94, -4.29 ± 13.08, and -4.03 ± 10.27, respectively (Fig. 3). 
There was a significant decrease in eGFR in all three studies.

Factor analysis of the changes in HbA1c, BW, and eGFR 
at 12 months

Table 3 shows the results of factor analysis of the change in 
HbA1c after 12 months of treatment with sitagliptin. The fac-
tors with a significant influence on the change in HbA1c ac-
cording to univariate analysis were the study, age at registra-
tion, duration of diabetes, baseline HbA1c, and baseline eGFR. 
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Table 2.  Use of Antidiabetic Drugs

Antidiabetic drugs
1. ASSET-K
specialist 
insulin, no

2. ASSIST-K
specialist 
insulin, yes

3. ATTEST-K
non-specialist

Comparison between 
groups: P value

1 vs. 2 1 vs. 3 2 vs. 3
Statistical 
analysis set, n

1,074 (100.0%) 854 (100.0%) 411 (100.0%)

Before 
administration 
of sitagliptin

Chi-square test
Insulin Yes 0 (0.0%) 854 (100.0%) 9 (2.2%) < 0.001* < 0.001* < 0.001*
Sulfonylureas Yes 701 (65.3%) 191 (22.4%) 146 (35.5%) < 0.001* < 0.001* < 0.001*
Biguanides Yes 548 (51.0%) 354 (41.5%) 89 (21.7%) < 0.001* < 0.001* < 0.001*
Thiazolidinediones Yes 289 (26.9%) 92 (10.8%) 79 (19.2%) < 0.001* 0.002* < 0.001*
α-Glucosidase inhibitors Yes 293 (27.3%) 227 (26.6%) 77 (18.7%) 0.731 < 0.001* 0.002*
Glinides Yes 85 (7.9%) 15 (1.8%) 23 (5.6%) < 0.001* 0.124 < 0.001*
Number of drugs 0 134 (12.5%) 0 (0.0%) 143 (34.8%) Wilcoxon test

1 282 (26.3%) 300 (35.1%) 149 (36.3%) < 0.001* < 0.001* < 0.001*
2 390 (36.3%) 298 (34.9%) 84 (20.4%)
3 or more 268 (25.0%) 256 (30.0%) 35 (8.5%)
Mean ± SD 1.8 ± 1.1 2.0 ± 1.0 1.0 ± 1.0

At the start 
of sitagliptin 
therapy

Sitagliptin dose (mg) Mean ± SD 49.52 ± 6.60 46.42 ± 11.19 49.20 ± 14.34 Wilcoxon test
N 1,074 853 404 < 0.001* < 0.001* 0.004*

Chi-square test
Insulin Yes 0 (0.0%) 853 (99.9%) 10 (2.4%) < 0.001* < 0.001* < 0.001*
Sulfonylureas Yes 688 (64.1%) 184 (21.5%) 153 (37.2%) < 0.001* < 0.001* < 0.001*
Biguanides Yes 521 (48.5%) 338 (39.6%) 93 (22.6%) < 0.001* < 0.001* < 0.001*
Thiazolidinediones Yes 255 (23.7%) 57 (6.7%) 53 (12.9%) < 0.001* < 0.001* < 0.001*
α-Glucosidase inhibitors Yes 102 (9.5%) 174 (20.4%) 41 (10.0%) < 0.001* 0.78 < 0.001*
Glinides Yes 24 (2.2%) 1 (0.1%) 0 (0.0%) < 0.001* 0.002* 0.488
Number of concomitant 
medications

0 194 (18.1%) 1 (0.1%) 164 (39.9%) Wilcoxon test
1 356 (33.1%) 350 (41.0%) 166 (40.4%) < 0.001* < 0.001* < 0.001*
2 360 (33.5%) 289 (33.8%) 60 (14.6%)
3 or more 164 (15.3%) 214 (25.1%) 21 (5.1%)
Mean ± SD 1.5 ± 1.0 1.9 ± 0.9 0.9 ± 0.9

After 12 
months of 
sitagliptin 
therapy

Sitagliptin dose (mg) Mean ± SD 56.98 ± 18.66 52.22 ± 15.85 51.91 ± 15.55 Wilcoxon test
N 1,025 843 399 < 0.001* < 0.001* 0.737

Chi-square test
Insulin Yes 0 (0.0%) 847 (99.2%) 11 (2.7%) < 0.001* < 0.001* < 0.001*
Sulfonylureas Yes 702 (65.4%) 165 (19.3%) 166 (40.4%) < 0.001* < 0.001* < 0.001*
Biguanides Yes 578 (53.8%) 285 (33.4%) 107 (26.0%) < 0.001* < 0.001* 0.008*
Thiazolidinediones Yes 238 (22.2%) 61 (7.1%) 53 (12.9%) < 0.001* < 0.001* < 0.001*
α-Glucosidase inhibitors Yes 99 (9.2%) 174 (20.4%) 46 (11.2%) < 0.001* 0.251 < 0.001*
Glinides Yes 20 (1.9%) 0 (0.0%) 0 (0.0%) < 0.001* 0.005* Not 

testable
Number of concomitant 
medications

0 168 (15.6%) 5 (0.6%) 153 (37.2%) Wilcoxon test

1 355 (33.1%) 390 (45.7%) 161 (39.2%) < 0.001* < 0.001* < 0.001*
2 387 (36.0%) 262 (30.7%) 72 (17.5%)
3 or more 164 (15.3%) 197 (23.1%) 25 (6.1%)
Mean ± SD 1.5 ± 1.0 1.8 ± 0.9 0.9 ± 0.9

*P < 0.05. SD: standard deviation.
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Figure 1. Changes in HbA1c. There was a significant decrease in HbA1c after 12 months of sitagliptin therapy in all three studies. 

Figure 2. Changes in body weight. No significant change in body weight was seen after the start of sitagliptin therapy in all three 
studies. 

Figure 3. Changes in eGFR. A significant decrease in eGFR was noted after the start of sitagliptin therapy in all three studies. 
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Multivariate analysis showed that the study, age at registration, 
duration of diabetes, and baseline HbA1c were the four fac-
tors with a significant influence on the change in HbA1c. The 
greatest reduction of HbA1c was seen in the ATTEST-K study, 
followed by ASSIST-K and ASSET-K in that order. HbA1c 
tended to decrease more in the older patients (≥ 57 years old). 
With respect to the duration of diabetes, HbA1c showed a 
smaller decrease in patients with a long disease duration (≥ 
10 years). HbA1c showed a greater decrease in patients with a 
higher HbA1c at the start of treatment.

Table 4 displays the results of factor analysis of the chang-
es in BW at 12 months. The factors with a significant influence 
according to univariate analysis were the presence of compli-
cations (hypertension/fatty liver), baseline BMI, and baseline 
HbA1c. Multivariate analysis confirmed that hypertension, 
baseline BMI, and baseline HbA1c were the three factors with 
a significant influence on the change in BW, while the study 
had no significant impact. With respect to hypertension, pa-
tients without hypertension tended to gain weight, whereas 
patients with it tended to lose weight. BW tended to decrease 
in patients with a higher baseline BMI, while BW tended to 
increase when baseline HbA1c was ≥ 8.80.

Table 5 lists the results of factor analysis of the changes 
in eGFR at 12 months. Factors showing a significant influ-
ence on the change in eGFR by univariate analysis were the 
age at registration and the baseline eGFR. Multivariate anal-
ysis confirmed that the age at registration and the baseline 
eGFR were factors with a significant impact, while the study 
had no significant effect. It was found that eGFR tended to 
decrease in older patients and patients with a higher baseline 
eGFR.

Discussion

In the present analysis, data from two previous studies of 
T2DM patients treated with sitagliptin by diabetologists (AS-
SET-K and ASSIST-K) were combined with data from a study 
of patients treated by non-diabetologists (ATTEST-K), and 
factor analysis of the changes in HbA1c, BW, and eGFR after 
12 months of sitagliptin therapy was performed.

Patients in ASSIST-K (diabetologists/with insulin) were 
characterized by having more complications (complications 
of diabetes, arteriosclerotic disease, and other complications), 
a longer duration of diabetes, higher BW and BMI, higher 
baseline HbA1c, and lower baseline eGFR compared with 
patients in ASSET-K (diabetologists/without insulin). On the 
other hand, patients in ATTEST-K (non-diabetologists) were 
older and had fewer diabetic complications (retinopathy, neu-
ropathy, and nephropathy), more non-diabetic complications 
(hypertension, dyslipidemia, and fatty liver), a shorter dura-
tion of diabetes, higher BMI, lower baseline HbA1c, and lower 
baseline eGFR compared with the ASSET-K patients. These 
results appeared to reflect differences between patients with or 
without insulin therapy and those treated by diabetologists or 
non-diabetologists.

The mean dose of sitagliptin was lower in ASSIST-K com-
pared with ASSET-K both at the start of treatment (46.42 mg 

vs. 49.52 mg) and after 12 months of treatment (52.22 mg vs. 
56.98 mg), and this appeared to reflect differences in the dos-
age of sitagliptin for patients with or without concomitant in-
sulin therapy. The starting dose of sitagliptin was almost com-
parable in ATTEST-K and ASSET-K (49.20 mg vs. 49.52 mg), 
but the mean dose differed by about 5 mg at 12 months (51.91 
mg vs. 56.98 mg). Because the baseline HbA1c was relatively 
low in ATTEST-K compared with ASSET-K, dose escalation 
of sitagliptin might not have been necessary.

In both ASSIST-K and ATTEST-K, fewer antidiabetic 
agents (other than insulin) were administered before the start 
of sitagliptin therapy than in ASSET-K, reflecting differences 
such as the presence or absence of insulin treatment and other 
characteristics of the study populations (complications, dura-
tion of diabetes, etc.). After initiation of sitagliptin therapy, ad-
ministration of TZDs, α-GIs, and glinides decreased in all three 
studies. Between the start of sitagliptin therapy and 12 months, 
use of BGs increased in ASSET-K and ATTEST-K (48.5% 
vs. 53.8% in ASSET-K and 22.6% vs. 26.0% in ATTEST-K), 
whereas it decreased (39.6% vs. 33.4%) in ASSIST-K, prob-
ably reflecting the presence or absence of insulin therapy in 
the study populations.

A significant decrease in HbA1c was observed after 12 
months of sitagliptin therapy in all three studies. This sug-
gested that sitagliptin is effective for reducing HbA1c irre-
spective of differences in insulin treatment and the level of 
specialist care (diabetologists/non-diabetologists). However, 
factor analysis of the changes in HbA1c at 12 months showed 
significant inter-study differences. The decrease in HbA1c was 
smaller in ASSIST-K (diabetologists/with insulin) compared 
with ASSET-K (diabetologists/without insulin), suggesting 
that HbA1c shows less improvement in patients on insulin 
therapy than in patients without insulin after addition of sitag-
liptin. Also, the reduction of HbA1c was greater in ATTEST-
K (non-diabetologists) than ASSET-K (diabetologists/without 
insulin). One reason for this difference might be that there was 
little change in the percentage of patients using SUs from be-
fore initiation of sitagliptin therapy to 12 months in ASSET-
K (from 65.3% to 65.4%), whereas use of SUs increased in 
ATTEST-K (from 35.5% to 40.4%). Other factors that were 
associated with less improvement in HbA1c were a younger 
age (< 57 years), a longer duration of diabetes (≥ 10 years), and 
a low baseline HbA1c.

There was no significant change in BW in any of the stud-
ies, a finding in agreement with previous reports [5, 6]. Factor 
analysis of the changes in BW at 12 months suggested that 
factors possibly related to weight gain were absence of hyper-
tension, low baseline BMI, and high baseline HbA1c (≥ 8.80).

There was a significant decrease in eGFR over time in 
all three studies. All of the studies showed results consistent 
with the reported increase in serum creatinine after initiation 
of sitagliptin therapy in ASSET-K [13]. Factor analysis of the 
changes in eGFR over 12 months suggested that an older age at 
registration and high baseline GFR were related to the decline 
in eGFR.

We acknowledge that the three studies included in the pre-
sent analysis were not necessarily homogenous and were con-
ducted on an observational basis. This point needs to be taken 
into account in the interpretation of our findings.
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Conclusion

The present analysis employed data from the ASSET-K study 
(diabetologists/without insulin), ASSIST-K study (diabetolo-
gists/with insulin), and ATTEST-K study (non-diabetologists). 
Although there were differences in patient characteristics, treat-
ment (such as the presence/absence of insulin therapy), and 
the level of specialist care (diabetologist/non-diabetologist) 
among the studies, consistent reduction of HbA1c by sitag-
liptin was confirmed in all three studies. Reduction of HbA1c 
by sitagliptin therapy was more likely in older patients with a 
shorter duration of diabetes and a higher baseline HbA1c.

Competing Interest

The authors declare that there are no competing interests.

Grant Support

This research was supported by funds from the Japan Kidney 
Foundation and the Waksman Foundation of Japan.

References

1. Scheen AJ. A review of gliptins for 2014. Expert Opin 
Pharmacother. 2015;16(1):43-62.

2. Aroda VR, Henry RR, Han J, Huang W, DeYoung MB, 
Darsow T, Hoogwerf BJ. Efficacy of GLP-1 receptor ago-
nists and DPP-4 inhibitors: meta-analysis and systematic 
review. Clin Ther. 2012;34(6):1247-1258 e1222.

3. Craddy P, Palin HJ, Johnson KI. Comparative effective-
ness of dipeptidylpeptidase-4 inhibitors in type 2 diabe-
tes: a systematic review and mixed treatment comparison. 
Diabetes Ther. 2014;5(1):1-41.

4. Scheen AJ. Safety of dipeptidyl peptidase-4 inhibi-
tors for treating type 2 diabetes. Expert Opin Drug Saf. 
2015;14(4):505-524.

5. Plosker GL. Sitagliptin: a review of its use in patients 
with type 2 diabetes mellitus. Drugs. 2014;74(2):223-
242.

6. Lee M, Rhee MK. Sitagliptin for Type 2 diabetes: a 2015 
update. Expert Rev Cardiovasc Ther. 2015;13(6):597-
610.

7. Maeda H, Kubota A, Tanaka Y, Terauchi Y, Matsuba I. 
The safety, efficacy and predictors for HbA1c reduction 
of sitagliptin in the treatment of Japanese type 2 diabetes. 
Diabetes Res Clin Pract. 2012;95(1):e20-22.

8. Kubota A, Maeda H, Kanamori A, Matoba K, Jin Y, Mi-
nagawa F, Obana M, et al. Pleiotropic effects of sitaglip-
tin in the treatment of type 2 diabetes mellitus patients. J 
Clin Med Res. 2012;4(5):309-313.

9. Kubota A, Maeda H, Kanamori A, Matoba K, Jin Y, Mina-
gawa F, Obana M, et al. Efficacy and safety of sitagliptin 
monotherapy and combination therapy in Japanese type 2 
diabetes patients. J Diabetes Investig. 2012;3(6):503-509.

10. Kanamori A, Matsuba I. Factors associated with reduced 
efficacy of sitagliptin therapy: analysis of 93 patients with 
type 2 diabetes treated for 1.5 years or longer. J Clin Med 
Res. 2013;5(3):217-221.

11. Maeda H, Kubota A, Kanamori A, Tanaka Y, Terauchi Y, 
Matsuba I. Long-term efficacy and safety of sitagliptin 
in the treatment of Japanese Type 2 diabetes (ASSET-
K1) to a target of HbA1c <7%. J Endocrinol Invest. 
2013;36(8):568-573.

12. Umezawa S, Kubota A, Maeda H, Kanamori A, Matoba 
K, Jin Y, Minagawa F, et al. Two-year assessment of the 
efficacy and safety of sitagliptin in elderly patients with 
type 2 diabetes: Post hoc analysis of the ASSET-K study. 
BMC Endocr Disord. 2015;15:34.

13. Maeda H, Kubota A, Kanamori A, Tanaka Y, Terauchi 
Y, Matsuba I. Effects of sitagliptin on the serum creati-
nine in Japanese type 2 diabetes. Diabetes Res Clin Pract. 
2015;108(3):e42-45.

14. Takai M, Ishikawa M, Maeda H, Kanamori A, Kubota 
A, Amemiya H, Iizuka T, et al. Safety and efficacy of 
adding sitagliptin to insulin in patients with type 2 dia-
betes: the ASSIST-K study. Diabetes Res Clin Pract. 
2014;103(3):e30-33.

15. Ishikawa M, Takai M, Maeda H, Kanamori A, Kubota A, 
Amemiya H, Iizuka T, et al. Factors Predicting Therapeu-
tic Efficacy of Combination Treatment With Sitagliptin 
and Insulin in Type 2 Diabetic Patients: The ASSIST-K 
Study. J Clin Med Res. 2015;7(8):607-612.


