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Abstract
Background: Sitagliptin, a dipeptidyl peptidase-4 inhibitor, is an effective oral antidiabetic agent as both monotherapy and when combined 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 institutions affiliated with Kanagawa Physicians Association, those using sitagliptin were followed for 1 year. In the ASSET-K and ASSISTK 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 administered in ASSIST-K. HbA1c (National Glycohemoglobin Standardization Program), blood glucose (fasting/postprandial), body weight, and
renal function (serum creatinine and eGFR) were the efficacy endpoints. 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 insulin), and 530 patients in ATTEST-K (non-diabetologists), statistical
analysis was carried out on 1,074, 854, and 411 patients, respectively.
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There were significant inter-study differences in patient characteristics (complications, duration of diabetes, and baseline HbA1c), the
sitagliptin dose, and the use of other antidiabetic agents. HbA1c decreased significantly in all three studies. According to factor analysis,
the magnitude of the change in HbA1c over 12 months showed significant 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 patients showing most improvement in HbA1c with sitagliptin therapy
were older patients with a short duration of diabetes and high baseline
HbA1c level.
Keywords: Type 2 diabetes; DPP-4 inhibitor; Sitagliptin; Hemoglobin A1c; Body weight; Estimated glomerular filtration rate

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 increasing endogenous incretin levels and promoting insulin secretion 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 hypoglycemic 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 combination 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), excluding those receiving insulin, who had poor glycemic control and were managed by diabetologists in the routine clinical
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Table 1. Patient Characteristics

Statistical analysis set, n
Sex
Age at registration

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

1,074 (100.0%)

854 (100.0%)

411 (100.0%)

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

Mean ± SD 63.1 ± 11.4

64.1 ± 11.9

68.0 ± 11.1

t-test

N

1,074

854

409

0.062

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*

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*

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*

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*

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

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

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*

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

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*

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

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*

Mean ± SD 12.0 ± 7.9

17.1 ± 9.1

9.2 ± 7.4

t-test

N

722

242

< 0.001* < 0.001* < 0.001*

Mean ± SD 64.46 ± 13.86

66.17 ± 15.20

65.23 ± 13.25

t-test

N

853

387

0.011*

Mean ± SD 24.66 ± 4.33

25.39 ± 4.52

25.31 ± 3.98

t-test

N

824

375

< 0.001* 0.012*

0.909

0.367

< 0.001* < 0.001*

Complications of diabetes
   Retinopathy
  Neuropathy
  Nephropathy
Arteriosclerotic disease
  Cerebrovascular accident
   Myocardial infarction or angina
   Arteriosclerosis obliterans

0.008*

0.606
< 0.001*
< 0.001*

Other complications
  Hypertension
  Dyslipidemia
   Fatty liver
Smoking history
Drinking history
Duration of diabetes, years
Body weight at the start of treatment
BMI at the start of treatment

987
1,062
1,057

0.002*
0.420

0.343

HbA1c at the start of
treatment (NGSP, %)

Mean ± SD 7.99 ± 1.17

8.52 ± 1.34

7.75 ± 1.34

t-test

N

854

411

< 0.001* 0.002*

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

625

348

1,074
792

0.001*
0.205

0.271
0.731
< 0.001*

< 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 pressure and serum lipid levels [8]. In addition, factor analysis was
employed to assess the changes in HbA1c after starting sitagliptin therapy [9-12], and its impact on serum creatinine [13].
We also conducted a similar study in patients with T2DM receiving 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 investigate 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 integrated 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 Declaration 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 administration 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 hypersensitivity 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 trauma, patients treated with glinides, and other patients judged to
be inappropriate for the study by the attending physician. Patients on insulin therapy were also excluded from the ASSETK 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 sitagliptin treatment. Efficacy endpoints were HbA1c (National
Glycohemoglobin Standardization Program), blood glucose
(fasting/postprandial), BW, blood pressure (systolic/diastolic),
liver function tests (glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, and γ-glutamyl transpeptidase),
renal function tests (serum creatinine and eGFR), serum lipids
(total cholesterol, low-density lipoprotein cholesterol, highdensity 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 Chisquare test. The number of patients receiving antidiabetic
agents (insulin, sulfonylureas (SUs), biguanides (BGs), thiazolidinediones (TZDs), α-glucosidase inhibitors (α-GIs), and
glinides) and the distribution of therapeutic agents were calculated 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. Descriptive 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 magnitude 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 explanatory 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 elimination 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 (diabetologists/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, statistical analysis was conducted for 1,074 patients from ASSET-K,

Articles © The authors | Journal compilation © J Clin Med Res and Elmer Press Inc™ | www.jocmr.org

463

Analysis of HbA1c Changes With Sitagliptin
854 patients from ASSIST-K, and 411 patients from ATTESTK 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 ratio, men were predominant in all studies (56.3% in ASSETK, 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), followed by the ASSIST-K study (64.1 years) and the ASSET-K
study (63.1 years) in that order. Among diabetic complications, retinopathy showed the highest prevalence of 34.4%
in the ASSIST-K study, followed by 23.8% in the ASSETK 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 ATTESTK. 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 ASSIST-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 antidiabetic 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 ATTEST-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
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ASSIST-K study, 46.42 mg in the ASSET-K study, and 49.20
mg in the ATTEST-K study. Compared with before sitagliptin 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 decrease in prescription by ≥ 3% compared with before sitagliptin 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 higher 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 ATTESTK.
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 ASSIST-K, and from 7.75% to 6.90% in ATTEST-K, and the actual 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 ASSISTK, 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) decreased 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 factors with a significant influence on the change in HbA1c according to univariate analysis were the study, age at registration, duration of diabetes, baseline HbA1c, and baseline eGFR.
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Table 2. Use of Antidiabetic Drugs
Antidiabetic drugs
Statistical
analysis set, n
Before
administration Insulin
of sitagliptin
Sulfonylureas
Biguanides
Thiazolidinediones
α-Glucosidase inhibitors
Glinides
Number of drugs

At the start
of sitagliptin
therapy

2. ASSIST-K
specialist
insulin, yes

3. ATTEST-K
non-specialist

1,074 (100.0%)

854 (100.0%)

411 (100.0%)

Comparison between
groups: P value
1 vs. 2
1 vs. 3
2 vs. 3

Chi-square test
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* 0.002*
0.731
< 0.001*
< 0.001* 0.124
Wilcoxon test
< 0.001* < 0.001*

Yes
Yes
Yes
Yes
Yes
Yes
0
1
2
3 or more
Mean ± SD
Mean ± SD
N

0 (0.0%)
701 (65.3%)
548 (51.0%)
289 (26.9%)
293 (27.3%)
85 (7.9%)
134 (12.5%)
282 (26.3%)
390 (36.3%)
268 (25.0%)
1.8 ± 1.1
49.52 ± 6.60
1,074

854 (100.0%)
191 (22.4%)
354 (41.5%)
92 (10.8%)
227 (26.6%)
15 (1.8%)
0 (0.0%)
300 (35.1%)
298 (34.9%)
256 (30.0%)
2.0 ± 1.0
46.42 ± 11.19
853

9 (2.2%)
146 (35.5%)
89 (21.7%)
79 (19.2%)
77 (18.7%)
23 (5.6%)
143 (34.8%)
149 (36.3%)
84 (20.4%)
35 (8.5%)
1.0 ± 1.0
49.20 ± 14.34
404

Yes
Yes
Yes
Yes
Yes
Yes
0
1
2
3 or more
Mean ± SD
Mean ± SD
N

0 (0.0%)
688 (64.1%)
521 (48.5%)
255 (23.7%)
102 (9.5%)
24 (2.2%)
194 (18.1%)
356 (33.1%)
360 (33.5%)
164 (15.3%)
1.5 ± 1.0
56.98 ± 18.66
1,025

853 (99.9%)
184 (21.5%)
338 (39.6%)
57 (6.7%)
174 (20.4%)
1 (0.1%)
1 (0.1%)
350 (41.0%)
289 (33.8%)
214 (25.1%)
1.9 ± 0.9
52.22 ± 15.85
843

10 (2.4%)
153 (37.2%)
93 (22.6%)
53 (12.9%)
41 (10.0%)
0 (0.0%)
164 (39.9%)
166 (40.4%)
60 (14.6%)
21 (5.1%)
0.9 ± 0.9
51.91 ± 15.55
399

Insulin
Sulfonylureas
Biguanides
Thiazolidinediones
α-Glucosidase inhibitors
Glinides

Yes
Yes
Yes
Yes
Yes
Yes

0 (0.0%)
702 (65.4%)
578 (53.8%)
238 (22.2%)
99 (9.2%)
20 (1.9%)

847 (99.2%)
165 (19.3%)
285 (33.4%)
61 (7.1%)
174 (20.4%)
0 (0.0%)

11 (2.7%)
166 (40.4%)
107 (26.0%)
53 (12.9%)
46 (11.2%)
0 (0.0%)

Wilcoxon test
< 0.001* < 0.001*
Chi-square test
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* 0.251
< 0.001* 0.005*

Number of concomitant
medications

0

168 (15.6%)

5 (0.6%)

153 (37.2%)

Wilcoxon test

1
2
3 or more
Mean ± SD

355 (33.1%)
387 (36.0%)
164 (15.3%)
1.5 ± 1.0

390 (45.7%)
262 (30.7%)
197 (23.1%)
1.8 ± 0.9

161 (39.2%)
72 (17.5%)
25 (6.1%)
0.9 ± 0.9

< 0.001*

Sitagliptin dose (mg)

Insulin
Sulfonylureas
Biguanides
Thiazolidinediones
α-Glucosidase inhibitors
Glinides
Number of concomitant
medications

After 12
months of
sitagliptin
therapy

1. ASSET-K
specialist
insulin, no

Sitagliptin dose (mg)

Wilcoxon test
< 0.001* < 0.001*
Chi-square test
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* < 0.001*
< 0.001* 0.78
< 0.001* 0.002*
Wilcoxon test
< 0.001* < 0.001*

< 0.001*
< 0.001*
< 0.001*
< 0.001*
0.002*
< 0.001*
< 0.001*

0.004*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
0.488
< 0.001*

0.737
< 0.001*
< 0.001*
0.008*
< 0.001*
< 0.001*
Not
testable

< 0.001* < 0.001*

*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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618

2

   73 or older

  Unknown

-0.59
-0.82

   20 years or longer 480

  Unknown

1.26

577

593

   7.85 - 8.79

   8.80 or higher

-0.11

-1.51

-0.65

-0.40
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440

443

574

   77.52 - 91.43

   91.44 or higher

  Unknown

-0.66

-0.57

-0.91

-0.67

-0.64

0.170

1.53

0.87

1.03

1.02

1.56

1.04

0.88

-0.194, 0.084

0.044, 0.304

0.055, 0.285

-1.516, -1.273

-1.395

0.086

-0.258

-0.013

0.017

-0.053, 0.226

-0.406, -0.109

-0.162, 0.135

-0.132, 0.165

Reference -

-0.655, -0.411

-0.401, -0.165

-0.533

-0.283

Reference -

-0.055

0.72

-3.253, -0.123

-0.015, 0.245

Reference -

-1.688

0.115

-0.209, 0.058
-0.063, 0.197
-1.547

-0.220

-0.261

-0.236

Reference

-0.182

0.284

Reference

0.013

0.039

0.122

0.180

-1.582

-0.697

-0.391

0.226

< 0.001*

0.861

0.827

0.107

-0.047

0.027

-0.035

(< 0.001*) Reference

< 0.001*

< 0.001*

< 0.001*

(< 0.001*) Reference

0.438

0.009*

0.004*

(< 0.001*) Reference

0.035*

0.082

0.315

0.266

(0.007*)

0.012*

0.178

(0.003*)

-

Point
estimate

-0.020, 0.235

-0.189, 0.094

-0.107, 0.161

-0.166, 0.097

-

-1.708, -1.455

-0.822, -0.572

-0.509, -0.273

-

-0.089, 0.167

-0.004, 0.248

0.075, 0.285

-

-2.919, -0.175

-0.351, -0.088

-0.384, -0.137

-0.356, -0.116

-

-0.304, -0.060

0.190, 0.378

-

-0.155, 0.182

95% CI
0.021

Point
estimate

-0.193

0.286

-0.234

0.046

0.124

0.181

Reference

-1.436

-0.219

-0.252

0.099

0.513

0.694

0.607

(0.094)

< 0.001*

< 0.001*

< 0.001*

-1.583

-0.691

-0.380

(< 0.001*) Reference

0.547

0.058

< 0.001*

(0.007*)

0.027*

0.001*

< 0.001*

< 0.001*

(< 0.001*) Reference

0.003*

< 0.001*

-1.709, -1.458

-0.816, -0.567

-0.498, -0.262

-

-0.082, 0.174

-0.002, 0.251

0.076, 0.286

-

-2.806, -0.065

-0.342, -0.095

-0.371, -0.132

-0.353, -0.115

-

-0.315, -0.071

0.193, 0.379

-

-0.111, 0.152

95% CI

< 0.001*

< 0.001*

< 0.001*

(< 0.001*)

0.482

0.053

< 0.001*

(0.007*)

0.040*

< 0.001*

< 0.001*

< 0.001*

(< 0.001*)

0.002*

< 0.001*

(< 0.001*)

0.757

Category
P value
(variable
P value)

Final multivariate model (stepdown method, P < 0.05)

(< 0.001*) Reference

0.876

Category
P value
(variable
P value)

Initial multivariate model (P <
0.05 in univariate model)

*P < 0.05. Factors: study, sex, age (at registration), complications of diabetes (retinopathy, neuropathy, nephropathy), arteriosclerotic disease (cerebrovascular accident, myocardial
infarction, angina, arteriosclerosis obliterans), smoking history, drinking history, duration of diabetes, body weight (at the start of treatment), BMI (at the start of treatment), HbA1c (at
the start of treatment), and eGFR (at the start of treatment). HbA1c: hemoglobin A1c; SD: standard deviation; CI: confidence interval; NGSP: National Glycohemoglobin Standardization
Program; eGFR: estimated glomerular filtration rate.

441

441

   Less than 63.56

   63.56 - 77.51

-0.076
0.067

1.21

0.67

-0.293, -0.036

-0.032, 0.171

Reference -

-0.165

0.070

0.174

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

473

696

   Less than 7.20

   7.20 - 7.84

-

95% CI

Category
P value
(variable
P value)

Univariate model

Reference -

-

Point
estimate

0.88

1.08

HbA1c at the start of treatment (NGSP, %)

388

-0.77
-0.60

758

2.55

-2.40

   Less than 10 years 713

1.02

0.93

1.09

1.43

1.10

1.20

1.08

-0.60

-0.65

-0.79

-0.71

-0.84

   10 - 19 years

Duration of diabetes (years)

560

617

   57 - 64

   65 - 72

542

   56 or younger

Age at registration

411

  ATTEST-K

-0.61

1,074 -0.68

854

  ASSET-K

1.13

Mean SD

2,339 -0.68

N

  ASSIST-K

Study

Intercept

Explanatory variable

12-month change
in HbA1c

Table 3. Factor Analysis of Changes in HbA1c After 12 Months
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468

832

253

  ASSIST-K

  ATTEST-K

76

  Unknown

254

  Unknown

513

41

   27.4 or higher

  Unknown

-0.29

-0.94

0.06

0.21

0.68

-0.11

-0.46

0.11

0.38

-0.30

0.35

-0.23

-0.09

0.11

-0.01

Mean

3.00

5.24

2.83

2.61

2.52

3.48

5.47

2.91

2.65

3.80

3.16

2.98

4.26

2.94

3.54

SD
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-0.41

517

539

   7.90 - 8.79

   8.80 or higher

3.76

4.54

2.88

2.50

0.635

-0.188

0.353

Reference

-0.966

-1.618

-0.620

-0.466

Reference

-0.225

-0.571

Reference

0.030

-0.653

Reference

-0.339

-0.208

Reference

-

Point
estimate

0.204, 1.067

-0.624, 0.248

-0.083, 0.788

-

-2.079, 0.147

-2.050, -1.186

-1.054, -0.185

-0.897, -0.034

-

-0.695, 0.246

-0.985, -0.156

-

-0.799, 0.858

-0.967, -0.339

-

-0.828, 0.150

-0.535, 0.119

-

-

95% CI

Univariate model

0.004*

0.398

0.112

(< 0.001*)

0.089

< 0.001*

0.005*

0.034*

(< 0.001*)

0.349

0.007*

(0.023*)

0.944

< 0.001*

(< 0.001*)

0.174

0.212

(0.271)

-

Category
P value
(variable
P value)

0.933

-0.017

0.412

Reference

-1.051

-1.595

-0.569

-0.435

Reference

-0.133

-0.199

Reference

0.323

-0.382

Reference

-0.081

-0.125

Reference

0.623

Point
estimate

(0.030*)

0.767

0.532

(0.822)

0.006*

0.488, 1.378

-0.460, 0.426

-0.022, 0.846

-1.069

-1.632

-0.586

-0.443

< 0.001*

0.940

0.063

0.923

-0.019

0.417

(< 0.001*) Reference

0.079

-2.048, -1.141 < 0.001*

-1.009, -0.128 0.011*
-2.224, 0.122

0.271

-0.390

Reference

-0.161

-0.209

Reference

0.640

Point
estimate

0.479, 1.367

-0.461, 0.424

-0.017, 0.851

-

-2.236, 0.099

-2.076, -1.188

-1.024, -0.147

-0.875, -0.011

-

-0.614, 1.157

-0.710, -0.070

-

-0.654, 0.332

-0.547, 0.129

-

0.201, 1.080

95% CI

< 0.001*

0.935

0.060

(< 0.001*)

0.073

< 0.001*

0.009*

0.044*

(< 0.001*)

0.548

0.017*

(0.029*)

0.522

0.226

(0.460)

0.004*

Category
P value
(variable
P value)

Final multivariate model (stepdown method, P < 0.05)

(< 0.001*) Reference

0.660

0.423

(0.713)

0.520

-0.867, -0.002 0.049*

-

-0.724, 0.459

-0.686, 0.288

-

-0.661, 1.307

-0.703, -0.060 0.020*

-

-0.620, 0.457

-0.519, 0.269

-

0.181, 1.064

95% CI

Category
P value
(variable
P value)

Initial multivariate model (P
< 0.05 in univariate model)

*P < 0.05. Factors: study, sex, age (at registration), complications of diabetes (retinopathy, neuropathy, nephropathy), arteriosclerotic disease (cerebrovascular accident, myocardial
infarction, angina, arteriosclerosis obliterans), smoking history, drinking history, duration of diabetes, body weight (at the start of treatment), BMI (at the start of treatment), HbA1c (at
the start of treatment), and eGFR (at the start of treatment). SD: standard deviation; CI: confidence interval; BMI: body mass index; HbA1c: hemoglobin A1c; NGSP: National Glycohemoglobin Standardization Program.

0.42

0.13

520

   7.30 - 7.89

-0.22

489

   Less than 7.30

HbA1c at the start of treatment (NGSP, %)

518

502

   22.0 - 24.4

   24.5 - 27.3

491

   Less than 22.0

BMI at the start of treatment

1,466

345

  No

  Yes

Fatty liver

827

1,162

  No

  Yes

Hypertension

980

2,065

N

  ASSET-K

Study

Intercept

Explanatory
variable

12-month change
in body weight

Table 4. Factor Analysis of Changes in Body Weight After 12 Months
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673

426

319

  ASSIST-K

  ATTEST-K

354

359

370

   58 - 65

   66 - 73

   74 or older

-5.24

-3.90

-4.34

-2.55

-4.03

-4.29

-3.88

-2.16

-3.79

-9.47

-0.37

339

338

   63.00 - 77.16

   77.17 - 91.54

   91.55 or higher 340

  Unknown

27.71

17.38

9.88

10.07

8.56

-

95% CI

-1.947, 1.643

-2.047, 1.222

-4.672, -0.698

-3.345, 0.657

-3.800, 0.216

1.021

-8.079

-2.402

-0.767

-2.501, 4.543

2.144, 6.728

95% CI

-1.474, 2.056

-2.009, 1.201

-7.530

-5.059

-4.279

-9.640, -5.420

-7.090, -3.028

-6.254, -2.305

Reference -

0.291

-0.404

Reference -

4.436

Point
estimate

0.017*

0.446

0.570

-0.672

-11.299

-3.983

-1.749

-4.284, 2.940

0.291

-0.404

-1.474, 2.056

-2.009, 1.201

-7.530

-5.059

-4.279

-9.640, -5.420

-7.090, -3.028

-6.254, -2.305

< 0.001*

0.081

0.715

-0.672

-11.299

-3.983

-1.749

< 0.001**

0.081

(< 0.001*)

< 0.001*

< 0.001*

< 0.001*

(< 0.001*)

0.746

0.622

(0.760)

< 0.001*

Category
P value
(variable
P value)

-4.284, 2.940

0.715

-13.441, -9.156 < 0.001*

-5.987, -1.980

-3.717, 0.218

(< 0.001*) Reference -

< 0.001*

< 0.001*

< 0.001*

-13.441, -9.156 < 0.001*

-5.987, -1.980

-3.717, 0.218

2.144, 6.728

95% CI

Reference -

4.436

Point
estimate

Final multivariate model (stepdown method, P < 0.05)

(< 0.001*) Reference -

0.746

0.622

(0.760)

< 0.001*

Category
P value
(variable
P value)

Initial multivariate model (P
< 0.05 in univariate model)

(< 0.001*) Reference -

0.008*

0.188

0.080

(0.064)

0.868

0.621

(0.885)

-

Category
P value
(variable
P value)

-10.051, -6.108 < 0.001*

-4.377, -0.428

-2.739, 1.206

Reference -

-2.685

-1.344

-1.792

Reference -

-0.152

-0.413

Reference -

-

Point
estimate

Univariate model

*P < 0.05. Factors: study, sex, age (at registration), complications of diabetes (retinopathy, neuropathy, nephropathy), arteriosclerotic disease (cerebrovascular accident, myocardial
infarction, angina, arteriosclerosis obliterans), smoking history, drinking history, duration of diabetes, body weight (at the start of treatment), BMI (at the start of treatment), HbA1c (at
the start of treatment), and eGFR (at the start of treatment). eGFR: estimated glomerular filtration rate; SD: standard deviation; CI: confidence interval.

63

-1.39

   Less than 63.00 338

m2)

14.90

10.75

13.78

13.91

10.27

13.08

14.94

13.45

SD

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

335

   57 or younger

Age (at registration)

Mean

1,418 -4.04

N

  ASSET-K

Study

Intercept

Explanatory
variable

12-month change
in eGFR

Table 5. Factor Analysis of Changes in eGFR After 12 Months
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Analysis of HbA1c Changes With Sitagliptin
Multivariate analysis showed that the study, age at registration,
duration of diabetes, and baseline HbA1c were the four factors 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 changes in BW at 12 months. The factors with a significant influence
according to univariate analysis were the presence of complications (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, patients 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 influence on the change in eGFR by univariate analysis were the
age at registration and the baseline eGFR. Multivariate analysis 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 (ASSET-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, neuropathy, and nephropathy), more non-diabetic complications
(hypertension, dyslipidemia, and fatty liver), a shorter duration 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 compared with ASSET-K both at the start of treatment (46.42 mg
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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 dosage of sitagliptin for patients with or without concomitant insulin therapy. The starting dose of sitagliptin was almost comparable 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, duration of diabetes, etc.). After initiation of sitagliptin therapy, administration 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, probably 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 suggested that sitagliptin is effective for reducing HbA1c irrespective 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 sitagliptin. Also, the reduction of HbA1c was greater in ATTESTK (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 before initiation of sitagliptin therapy to 12 months in ASSETK (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 studies, 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 hypertension, 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 present analysis were not necessarily homogenous and were conducted on an observational basis. This point needs to be taken
into account in the interpretation of our findings.
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Conclusion

6.

The present analysis employed data from the ASSET-K study
(diabetologists/without insulin), ASSIST-K study (diabetologists/with insulin), and ATTEST-K study (non-diabetologists).
Although there were differences in patient characteristics, treatment (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 sitagliptin 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.
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