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Abstract

Background: Sitagliptin was the first dipeptidyl peptidase-4 (DPP-4) 
inhibitor approved in Japan. Its efficacy and safety have been demon-
strated, both as monotherapy and in combination with oral antidiabet-
ic agents or insulin. However, reduction of hemoglobin A1c (HbA1c) 
by sitagliptin is insufficient in some patients. Therefore, data from 
an observational study of sitagliptin as add-on therapy to insulin in 
patients with type 2 diabetes (ASSIST-K) were used to conduct factor 
analysis of the 12-month changes in HbA1c, body weight, estimated 
glomerular filtration rate (eGFR), and adverse events (AEs).

Methods: At member institutions of Kanagawa Physicians Associa-
tion specializing in diabetes, outpatients with type 2 diabetes receiv-
ing insulin were followed for 12 months after addition of sitagliptin. 
The HbA1c (National Glycohemoglobin Standardization Program), 
blood glucose (fasting/postprandial), body weight, eGFR, and AEs 
were evaluated at each specified time. Multivariate analysis was per-
formed by using sex and age as explanatory variables and the follow-
ing response variables: the change in HbA1c, body weight, or eGFR 
after 12 months of sitagliptin treatment, and occurrence of AEs.

Results: Of 1,168 patients registered in the ASSIST-K study, 412 
patients were included in this analysis, excluding those not receiv-

ing insulin before sitagliptin, those in whom the 12-month change 
in HbA1c could not be calculated, and those with missing data on 
explanatory variables. There was a significant decrease in HbA1c and 
eGFR, but no significant change in body weight. AEs observed in > 
10 patients were severe hypoglycemia (14 patients, 3.4%) and con-
stipation (13 patients, 3.2%). Factor analysis revealed the following 
points: 1) Concurrent dyslipidemia and baseline HbA1c influenced 
the 12-month change in HbA1c; 2) Baseline body mass index and 
HbA1c influenced the 12-month change in body weight; and 3) Con-
current dyslipidemia, baseline sulfonylurea treatment, baseline body 
mass index, and baseline eGFR influenced the 12-month change in 
eGFR. In addition, the risk of severe hypoglycemia or constipation 
was significantly influenced by baseline HbA1c.

Conclusions: Patients with type 2 diabetes showing higher HbA1c 
levels after add-on sitagliptin therapy had concurrent dyslipidemia 
and a lower baseline HbA1c. Severe hypoglycemia or constipation 
was more likely to occur in patients with a low baseline HbA1c.

Keywords: Type 2 diabetes; Dipeptidyl peptidase-4 inhibitor; Sitag-
liptin; Hemoglobin A1c

Introduction

Dipeptidyl peptidase-4 (DPP-4) inhibitors are a class of oral 
hypoglycemic agents (OHAs) that selectively inhibit DPP-4, 
an enzyme involved in metabolism of incretins (glucagon-like 
peptide-1 and glucose-dependent insulinotropic polypeptide), 
thus promoting insulin secretion in a glucose-dependent man-
ner by elevation of endogenous incretin levels [1, 2]. In 2017, 
a total of nine DPP-4 inhibitors were marketed in Japan, in-
cluding two agents that only require once-weekly administra-
tion [3, 4]. Two previous meta-analyses have not identified any 
significant differences among DPP-4 inhibitors with regard to 
improvement in glycemic control [5, 6] and these agents are 
characterized by a low risk of causing hypoglycemia or weight 
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gain [7].
Sitagliptin was the first DPP-4 inhibitor released in Japan 

[8]. Although its efficacy has been confirmed as monotherapy 
and in combination with oral antidiabetic agents or insulin 
[9], significant reduction of hemoglobin A1c (HbA1c) is not 
achieved by sitagliptin treatment in some patients.

To confirm efficacy and safety in the routine clinical set-
ting, we previously investigated outcomes at 1 year after initia-
tion of sitagliptin therapy in patients with type 2 diabetes and 
poor glycemic control who were being managed by diabetolo-
gists. We have reported the results for patients not using insu-
lin (ASSET-K study) [10-15], as well as the findings obtained 
in patients using insulin (ASSIST-K study) [16-18]. A similar 
investigation was also conducted in non-insulin-using patients 
with type 2 diabetes attending medical institutions not special-
izing in diabetes (ATTEST-K study), after which data from 
these three studies were combined for factor analysis of the 
changes in HbA1c, body weight, and estimated glomerular fil-
tration rate (eGFR) up to 12 months of sitagliptin therapy [19].

In the present study, we conducted factor analysis of data 
from the ASSIST-K study to investigate the changes in HbA1c, 
body weight, eGFR, and adverse events (AEs) over 12 months 
after initiation of sitagliptin in insulin-treated patients with 
type 2 diabetes and poor glycemic control who were attending 
medical institutions that specialized in managing diabetes.

Methods

Study design

The ASSIST-K study was a 12-month multicenter observation-
al study performed at medical institutions specializing in the 
management of diabetes that were affiliated with Kanagawa 
Physicians Association.

Patients

The subjects were patients over 20 years old with type 2 dia-
betes attending the outpatient clinics of institutions affiliated 
with Kanagawa Physicians Association who started sitaglip-
tin treatment because of poor glycemic control after receiving 
insulin for at least 1 month. The following exclusion criteria 
were employed: 1) Patients with a history of hypersensitiv-
ity to any component of sitagliptin; 2) Patients with a history 
of severe ketoacidosis, diabetic coma, or precoma within 6 
months before initiation of sitagliptin; 3) Patients with severe 
infection or severe trauma; 4) Patients in the perioperative pe-
riod before and after surgery; 5) Patients on treatment with gli-
nides; and 6) Other patients judged to be inappropriate by the 
attending physician.

Endpoints

The following patient characteristics were assessed: sex, age, 
height, duration of diabetes, family history, smoking history, 

alcohol intake history, and complications. We investigated the 
use of other antidiabetic agents before initiation of sitagliptin, 
at initiation of sitagliptin, and 12 months after initiation of sit-
agliptin. The following efficacy endpoints were evaluated at 
each specified time of assessment: HbA1c (National Glyco-
hemoglobin Standardization Program), blood glucose (fasting/
postprandial), body weight, blood pressure (systolic/diastolic), 
liver function parameters (glutamic oxaloacetic transaminase, 
glutamic pyruvic transaminase, and γ-glutamyl transpepti-
dase), renal function parameters (serum creatinine and eGFR), 
serum lipids (total cholesterol, low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol, and triglycerides), 
and serum amylase. In addition, occurrence of AEs was ana-
lyzed as the safety endpoint.

Statistical analysis

Among the registered patients, those included in the present 
factor analysis received sitagliptin as add-on therapy to insu-
lin, had HbA1c data available up to 12 months, and had no 
missing explanatory variables.

Appropriate descriptive statistics were calculated for 
characteristics such as sex, age, and the presence/absence of 
diabetic complications to compare all patients receiving sitag-
liptin as add-on therapy to insulin in the ASSIST-K study with 
the patients enrolled in the present factor analysis. In addition, 
the number of patients receiving antidiabetic agents (insulin, 
sulfonylureas, biguanides, thiazolidinediones, α-glucosidase 
inhibitors, and glinides) and the frequency of using each drug 
class were calculated before add-on sitagliptin therapy, at initi-
ation of sitagliptin, and after 12 months of sitagliptin treatment 
for the patients included in the present analysis. Descriptive 
statistics were also calculated for the daily dose of sitagliptin 
at the start of add-on therapy and after 12 months of treatment.

The values of HbA1c, body weight, and eGFR measured 
at the start of add-on sitagliptin therapy and after 3, 6, and 12 
months of treatment, as well as changes in these parameters, 
were displayed in graphs, and pretreatment and post-treatment 
values were compared by the one-sample t-test. The incidence 
of AEs was calculated during the 12-month sitagliptin treat-
ment period.

Factor analysis was performed by analysis of variance 
(ANOVA) or with a logistic regression model, using the 
12-month changes in HbA1c, body weight, or eGFR and the 
presence/absence of AEs as the response variables, while sex 
and age were employed as explanatory variables. The initial 
multivariable model was established by including all of the ex-
planatory variables showing significance at P < 0.1 in univari-
ate analysis. Then the final multivariable model was obtained 
by stepwise selection at P < 0.05.

Results

Disposition of the subjects

A total of 1,168 patients were registered, among whom 231 
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patients were not using insulin before initiation of sitagliptin 
therapy. Among the remaining 937 patients, 412 patients were 
included in the present factor analysis, after excluding 116 
patients without sufficient HbA1c data and 409 patients with 
missing data on explanatory variables.

Subject characteristics

Table 1 compares the characteristics of all patients receiving 
sitagliptin as add-on therapy to insulin in the ASSIST-K study 
with those patients included in the present analysis. All vari-
ables showed a similar distribution in the two patient popula-
tions, except that no patient had an unknown outcome among 
those included in the factor analysis.

Use of antidiabetic agents

Antidiabetic agents used by patients included in the factor 
analysis are presented in Table 2. All patients were using insu-
lin before initiation of sitagliptin since this was an enrollment 
criterion and the mean daily number of insulin injections was 
2.7. In addition, the mean number of OHAs prescribed was 
1.0 and the most frequent drug was a biguanide (172 patients, 
41.7%). The mean sitagliptin dose was 46.6 mg at initiation of 
sitagliptin therapy (baseline), while the mean number of con-
comitant OHAs decreased slightly to 0.9. Among concomi-
tant OHAs, a decrease in use by more than 3% from baseline 
was noted for thiazolidinediones (use decreased from 11.7% 
to 7.0%) and α-glucosidase inhibitors (use decreased from 
24.5% to 20.1%). After 12 months of sitagliptin treatment, the 
mean dose of sitagliptin was increased to 52.0 mg. In contrast, 
the mean number of concomitant OHAs was reduced to 0.8, 
which was slightly lower than at baseline. Among concomitant 
OHAs, a decrease in use by more than 3% from baseline was 
noted for biguanides (use decreased from 38.8% to 33.0%).

Changes in HbA1c, body weight, and eGFR

Changes in HbA1c over time are displayed in Figure 1. Mean 
HbA1c decreased from 8.53% at baseline to 7.86% after 12 
months of sitagliptin treatment. The change in HbA1c over 12 
months (mean ± standard deviation (SD)) was -0.70±1.14%, 
and a significant decrease was noted. On the other hand, mean 
body weight was the same at baseline and after 12 months 
(66.4 kg vs. 66.4 kg), and the 12-month change in body weight 
(mean ± SD) was only -0.04 ± 3.64 kg, which was not signifi-
cant (Fig. 2). Unlike body weight, mean eGFR (mL/min/1.73 
m2) decreased from 75.3 at baseline to 71.6 mL/min after 12 
months and the 12-month change in GFR (mean ± SD) was 
-4.1 ± 10.9, which was a significant decrease (Fig. 3).

Occurrence of AEs

Table 3 lists the AEs reported up to 12 months after initiation 

of sitagliptin therapy among the 412 patients included in the 
factor analysis. AEs comprised severe hypoglycemia in 14 pa-
tients (3.4%), constipation in 13 patients (3.2%), gastrointesti-
nal symptoms in three patients (0.7%) and other events in eight 
patients (1.9%).

Factor analysis of 12-month changes in HbA1c, body weight, 
and eGFR

The results of factor analysis of the 12-month changes in 
HbA1c are listed in Table 4. According to univariate analy-
sis, the factors with a significant influence (P < 0.10) on the 
change in HbA1c were baseline dyslipidemia, the duration of 
diabetes, the baseline daily number of insulin injections, and 
baseline HbA1c. Multivariate analysis confirmed a significant 
influence of baseline dyslipidemia and HbA1c. Thus, HbA1c 
was less likely to be improved by add-on sitagliptin therapy in 
patients with baseline dyslipidemia and a relatively low base-
line HbA1c level.

With regard to the 12-month change in body weight, fac-
tors showing a significant influence (P < 0.10) in the univariate 
analysis were baseline myocardial infarction/angina, baseline 
hypertension, the baseline daily number of insulin injections, 
baseline biguanide use, baseline body weight, baseline body 
mass index (BMI), and baseline HbA1c (Table 5). Multivari-
ate analysis confirmed a significant influence of baseline BMI 
and HbA1c. In short, patients with a higher baseline BMI 
tended to lose weight after initiation of add-on sitagliptin 
therapy, while patients with a higher baseline HbA1c tended 
to gain weight.

The 12-month changes in eGFR were also subjected to 
factor analysis (Table 6). According to univariate analysis, the 
factors with a significant influence on the change in eGFR 
were baseline myocardial infarction/angina, hypertension, 
baseline dyslipidemia, the baseline daily number of insulin 
injections, baseline sulfonylurea use, baseline body weight, 
baseline BMI, and baseline eGFR. Multivariate analysis con-
firmed a significant influence of baseline dyslipidemia, sulfo-
nylurea use, body weight, and eGFR. In brief, eGFR showed a 
smaller decrease in patients with baseline dyslipidemia, those 
without baseline sulfonylurea use, those with a baseline body 
weight between 57.2 kg and 74 kg, and those with a lower 
baseline eGFR.

Factor analysis of AEs (severe hypoglycemia and constipa-
tion)

The factors showing a significant influence (P < 0.10) on the 
risk of severe hypoglycemia in univariate analysis were sex 
and baseline HbA1c. Multivariate analysis confirmed that 
baseline HbA1c was significant, with severe hypoglycemia be-
ing more likely to occur in patients who had a lower baseline 
HbA1c level (5.60 to ≤ 7.50%) (Table 7).

When factors with an influence on constipation were as-
sessed, univariate analysis identified a significant influence 
(P < 0.10) of baseline cerebrovascular disease and baseline 
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Table 1.  Profile of the Subjects: All Patients Receiving Insulin vs. Patients Included in Factor Analysis

Patients receiving insulin Patients included in factor analysis
No. of patients 937 (100.0%) 412 (100.0%)
Sex
  Male 508 (54.2%) 216 (52.4%)
  Female 429 (45.8%) 196 (47.6%)
Age at registration 63.9 ± 12.3 64.2 ± 12.1
Diabetic complications
  Retinopathy
    No 508 (54.2%) 238 (57.8%)
    Yes 315 (33.6%) 174 (42.2%)
    Unknown 114 (12.2%) 0 (0.0%)
  Neuropathy
    No 496 (52.9%) 221 (53.6%)
    Yes 324 (34.6%) 191 (46.4%)
    Unknown 117 (12.5%) 0 (0.0%)
  Nephropathy
    No 457 (48.8%) 207 (50.2%)
    Yes 367 (39.2%) 205 (49.8%)
    Unknown 113 (12.1%) 0 (0.0%)
Atherosclerotic diseases
  Cerebrovascular disease
    No 731 (78.0%) 378 (91.7%)
    Yes 72 (7.7%) 34 (8.3%)
    Unknown 134 (14.3%) 0 (0.0%)
  Myocardial infarction/Angina
    No 647 (69.1%) 324 (78.6%)
    Yes 162 (17.3%) 88 (21.4%)
    Unknown 128 (13.7%) 0 (0.0%)
  Arteriosclerosis obliterans
    No 702 (74.9%) 353 (85.7%)
    Yes 87 (9.3%) 59 (14.3%)
    Unknown 148 (15.8%) 0 (0.0%)
Other complications
  Hypertension
    No 325 (34.7%) 154 (37.4%)
    Yes 531 (56.7%) 258 (62.6%)
    Unknown 81 (8.6%) 0 (0.0%)
  Dyslipidemia
    No 274 (29.2%) 128 (31.1%)
    Yes 588 (62.8%) 284 (68.9%)
    Unknown 75 (8.0%) 0 (0.0%)
Duration of diabetes (years)
  17.0 ± 9.2 16.9 ± 9.0
  N 795 412
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HbA1c. Multivariate analysis confirmed that baseline HbA1c 
was significant, with constipation tending to occur in patients 

who had a lower baseline HbA1c level (5.60 to ≤ 7.50%) (Ta-
ble 8).

Table 2.  Use of Antidiabetic Agents

Before sitagliptin At initiation of sitagliptin After 12 months of sitagliptin
No. of patients 412 (100.0%) 412 (100.0%) 412 (100.0%)
Sitagliptin dose
  Mean ± SD - 46.6 ± 9.6 52.0 ± 15.7
  N - 412 405
Daily no. of insulin injections
  0 0 (0.0%) 1 (0.2%) 8 (1.9%)
  1 78 (18.9%) 83 (20.1%) 77 (18.7%)
  2 99 (24.0%) 99 (24.0%) 96 (23.3%)
  3 99 (24.0%) 97 (23.5%) 101 (24.5%)
  4 136 (33.0%) 132 (32.0%) 130 (31.6%)
  Mean 2.7 2.7 2.7
OHAs
  Sulfonylureas 79 (19.2%) 80 (19.4%) 70 (17.0%)
  Biguanides 172 (41.7%) 160 (38.8%) 136 (33.0%)
  Thiazolidinediones 48 (11.7%) 29 (7.0%) 30 (7.3%)
  Alpha-glucosidase inhibitors 101 (24.5%) 83 (20.1%) 83 (20.1%)
  Glinides 5 (1.2%) 0 (0.0%) 0 (0.0%)
Number of concomitant OHAs
  0 159 (38.6%) 179 (43.4%) 199 (48.3%)
  1 136 (33.0%) 134 (32.5%) 117 (28.4%)
  2 87 (21.1%) 80 (19.4%) 86 (20.9%)
  3 or more 30 (7.3%) 19 (4.6%) 10 (2.4%)
  Mean 1.0 0.9 0.8

OHA: oral hypoglycemic agent; SD: standard deviation.

Patients receiving insulin Patients included in factor analysis
Baseline body weight
  66.23 ± 15.51 66.36 ± 14.75
  N 936 412
Baseline body mass index
  25.38 ± 4.61 25.48 ± 4.40
  N 906 412
Baseline HbA1c (NGSP, %)
  8.50 ± 1.35 8.53 ± 1.35
  N 922 412
Baseline eGFR (mL/min/1.73 m2)
  75.9 ± 22.9 75.3 ± 22.5
  N 675 412

Men: 194 × serum creatinine-1.094 × age-0.287; Women: 194 × serum creatinine-1.094 × age-0.287 × 0.739. Data are shown as the mean ± standard devia-
tion unless otherwise noted. eGFR: estimated glomerular filtration rate; HbA1c: hemoglobin A1c; NGSP: National Glycohemoglobin Standardization 
Program.

Table 1.  Profile of the Subjects: All Patients Receiving Insulin vs. Patients Included in Factor Analysis - (continued)
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Figure 1. Changes in HbA1c up to 12 months. SD: standard deviation.

Figure 2. Changes in body weight up to 12 months. SD: standard deviation.

Figure 3. Changes in eGFR up to 12 months. SD: standard deviation.

Table 3.  Adverse Events

No. of adverse events (incidence rate), N = 412
Severe hypoglycemia 14 (3.4%)
Gastrointestinal symptoms 3 (0.7%)
Constipation 13 (3.2%)
Others 8 (1.9%)
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Discussion

In the present investigation, factor analysis of the 12-month 
changes in HbA1c, body weight, eGFR, and AEs after initiation 
of sitagliptin therapy was carried out by using data from the 
ASSIST-K study, which was performed in patients with type 2 
diabetes managed at institutions specializing in diabetes.

Among 937 patients enrolled in the ASSIST-K study who 
received sitagliptin as add-on therapy to insulin, 412 patients 
were included in the present factor analysis after excluding 
those without sufficient HbA1c data and those with missing 
explanatory variables. When we compared background factors 
(age, sex, duration of diabetes, etc.) between the two patient 
populations, we found there was a similar distribution of all 
factors assessed and no significant bias due to selection of 412 
patients for analysis from the 937 patients enrolled in the AS-
SIST-K study.

When efficacy endpoints were investigated, HbA1c and 
eGFR both decreased significantly over 12 months after ini-
tiation of sitagliptin therapy, while body weight showed no 
significant change. These findings were consistent with the 
previously reported results of pooled analysis of three stud-
ies [19]. Assessment of safety revealed that AEs such as se-
vere hypoglycemia (14 patients, 3.4%) and constipation (13 
patients, 3.2%) occurred in more than 10 patients, while the 
overall results supported the good safety profile of sitagliptin 
already reported [7-9].

Analysis of factors influencing the change in HbA1c over 
12 months suggested that add-on sitagliptin therapy was less 
likely to achieve a good response of HbA1c in patients with 
concurrent dyslipidemia and a lower baseline HbA1c level. 
It has already been reported that HbA1c is less likely to be 
reduced by sitagliptin in patients with a low baseline HbA1c 
level [20]. On the other hand, although an association between 
the serum lipid profile and HbA1c was reported previously 
[21], no other study has shown that concurrent dyslipidemia 
may influence the change in HbA1c.

Factor analysis of the change in body weight suggested 
that patients with weight gain had a lower baseline BMI and 
lower baseline HbA1c level. It was previously reported that a 
low baseline body weight and high baseline HbA1c are associ-
ated with weight gain in patients with diabetes [22, 23].

Factor analysis of the change in eGFR indicated that pa-
tients with a higher eGFR after 12 months of sitagliptin thera-
py were characterized by concurrent dyslipidemia, no baseline 
sulfonylurea use, a baseline body weight from 57.2 to ≤ 74.0 
kg, and a lower baseline eGFR. It has already been reported that 
the decline in eGFR is smaller in patients with a lower baseline 
eGFR [24], and other studies have suggested that dyslipidemia 
may be a risk factor for deterioration of renal function [25, 
26]. On the other hand, statin therapy (the main treatment for 
dyslipidemia) has been reported to show a renoprotective ef-
fect [27, 28]. Although the renoprotective effect of statins was 
not directly evaluated in the present study, our results suggest 
such a possibility. Since renal dysfunction is a risk factor for 
hypoglycemia and sulfonylureas are well known to cause hy-
poglycemia, the use of these drugs tends to be avoided in pa-
tients with a low eGFR [29-31]. Our present findings may re-

flect such existing clinical circumstances. It was also reported 
that obesity is a risk factor for renal dysfunction [25, 26]. In 
the present study, both patients with a higher body weight and 
those with a lower body weight tended to have lower eGFR 
values, but there have been no previous reports of a relation-
ship between low body weight and the change in eGFR.

With regard to AEs, the present study suggested that pa-
tients with a lower baseline HbA1c were more likely to devel-
op severe hypoglycemia after initiation of add-on sitagliptin 
therapy, and it has already been reported that low HbA1c is a 
risk factor for hypoglycemia [32].

Our findings also suggested that constipation was more 
likely to occur in patients with a lower baseline HbA1c level. It 
has been reported that hyperglycemia is a risk factor for consti-
pation [33], but the opposite result was obtained in this study. 
Further investigation of this issue will be required because lit-
tle is known about the risk factors for constipation in patients 
with diabetes.

The following limitations of the present study need to be 
considered. First, our factor analysis included less than half 
of all patients enrolled in the ASSIST-K study (412 vs. 1,168 
patients), mainly due to missing information about patient 
characteristics such as comorbidities. Although comparison 
of patient characteristics confirmed that the population ana-
lyzed was representative, our results should be interpreted in 
light of this limitation. Second, no information was available 
about concomitant medications other than antidiabetic agents. 
It seems likely that many patients received concomitant treat-
ment for dyslipidemia or hypertension, but the effects of these 
medications could not be assessed by our analysis.

In conclusion, patients with concurrent dyslipidemia and 
a low baseline HbA1c level were less likely to show a good 
response of HbA1c to add-on sitagliptin therapy. Our findings 
also suggested that AEs (severe hypoglycemia or constipa-
tion) were more likely to occur in patients with a low baseline 
HbA1c.
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