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INTRODUCTION

ABSTRACT

Aims/introduction: Elevation of 2-h plasma glucose (2-h PG) levels keeps step with
fasting plasma glucose (FPG) levels elevation, but some individuals show dominant eleva-
tion of 2-h PG and others FPG. We analyzed dependent and independent relationships
between 2-h PG and FPG, and investigated the factors regulating 2-h PG and FPG.
Materials and Methods: In 1,657 Japanese participants who underwent a 75-g oral
glucose tolerance test at the initial examination for a medical check-up, we carried out
simple linear regression analysis between 2-h PG and FPG levels on the three pattemns of
independent variables. We divided the participants into two subgroups: the 2-h PG-side
group and the FPG-side from the regression line, and examined the relationships between
2-h PG-FPG and factors responsible for elevation of plasma glucose levels.

Results: There was a significant positive correlation between 2-h PG and FPG levels.
The regression line of both 2-h PG and FPG as independent variables was in accordance
with the regression line of 2-h PG as an independent variable and FPG as a dependent
variable. In 2-h PG-side group, age was the independent factor affecting 2-h PG in addi-
tion to insulinogenic index and insulin sensitivity index (ISl composite). In the FPG-side
group, triglyceride was the independent factor affecting FPG in addition to insulinogenic
index and ISl composite.

Conclusions: Two-hour PG was an independent predictor of FPG. In addition to the
importance of decreased insulin secretion and insulin sensitivity, age was the strong factor
to elevate 2-h PG levels in the 2-h PG-side group and triglyceride was the strong factor
to elevate FPG levels in the FPG-side group in the early stage of development of type 2
diabetes.

step with FPG levels elevation; however, individuals showing

Diagnosis of diabetes is based on 2-h plasma glucose (2-h PG)
and fasting plasma glucose (FPG) levels during a 75-g oral
glucose tolerance test (OGTT). Elevation of 2-h PG levels keeps
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dominant elevation of 2-h PG levels and showing dominant
elevation of FPG levels exist. In addition, subjects with
borderline hyperglycemia are categorized as impaired glucose
tolerance (IGT), and subjects with impaired fasting glucose
(IFG) are reported to have different pathophysiologies and
phenotypes™?. As IGT and IFG are reported to have a different
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incidence of the development of diabetes and microvascular
complications®™®, hyperglycemic status in view of 2-h PG and

FPG levels shows a wide variety of pathophysiology,
development of diabetes and complications.

Type 2 diabetes consists of two main factors: decreased
insulin secretion and insulin sensitivity. There is a significant
linear relationship between 2-h PG and FPG levels, but there is
also a mechanism to regulate differently. It is still controversial
as to which factor is responsible for the elevation of 2-h PG
and FPG levels. Some researchers described various factors,
such as insulin secretory capacity, insulin resistance, age, body
mass index (BMI), triglycerides and ethnicity, that influenced
the elevation of 2-h PG levels"* ™ In contrast, insulin resis-
tance, decreased insulin secretory capacity, BMI, ethnicity and
triglycerides were reported as factors influencing the elevation
of FPG levels™ 1>,

Elevation of 2-h PG levels is an important factor, having a sig-
nificant impact on cardiovascular disease (CVD) risk of patients
with type 2 diabetes and borderline hyperglycemia. Large popu-
lation studies, such as DECODE, Funagata and the DECODA
study’™, reported that post-challenge blood glucose levels are
recognized to be crucial because IGT patients have a higher risk
of CVD and mortality than IFG patients. Recently, Ning et al.®
reported that elevated 2-h PG level is associated with increased
CVD mortality within the normoglycemic range in Europeans.
Therefore, investigation of the factors elevating 2-h PG levels will
be helpful to understand the pathophysiology and preventive
strategies of diabetes and cardiovascular complications.

In the present study, we analyzed the relationship of 2-h PG
and FPG levels using mathematical analysis. We investigated
the dependent and independent relationships between 2-h PG
and FPG levels from the OGTT examinations, and the mecha-
nism regulating 2-h PG and FPG levels. We analyzed the fac-
tors responsible for elevation of 2-h PG and FPG levels
dividing participants into two subgroups: dominant elevation of
2-h PG levels and dominant elevation of FPG levels.

METHODS

Participants

We obtained cdlinical data from 1,657 participants who
underwent 75-g OGTT owing to a positive urine glucose test;
>5.5% glycated hemoglobin (HbAlc) level; family history of
diabetes at initial examination for medical check-up at Kyoto
University Hospital, lkeda Hospital, Kansai Electric Power
Hospital, Kansai Health Management Center, Center for Preven-
tive Medicine of St. Luke’s International Hospital and Kyoto Pre-
ventive Medical Center from 1993 to 2011. We excluded data
from patients with hypertension, hepatic or renal dysfunction,
endocrine or malignant disease, and a history of heavy exercise,
gastrostomy or medication, which are known to affect glucose
metabolism. Originally, 358 patients who had hypertension;
hepatic, pancreatic or renal dysfunction; endocrine or malignant
disease; or a history of heavy exercise, gastrectomy or medication
known to affect glucose metabolism were excluded from the

2,193 patients. Among 1,853 patients, 196 patients were excluded
because of FPG levels <60 mg/dL and >140 mg/dL or 2-h PG
levels <60 mg/dL and >250 mg/dL for the present study to ana-
lyze the factors involved in the early stage of development of
type 2 diabetes, and 1,657 patients were included. The study was
designed in compliance with the ethics regulations of the Helsinki
Declaration, and the study protocol was approved by the ethics
committee of Okayama Prefectural University.

For measurement of plasma glucose and serum insulin dur-
ing OGTT, we obtained fasting, 0.5-h, 1-h, 1.5-h and 2-h blood
samples after oral administration of 75-g glucose. Standard
OGTT with 75-g glucose was administered according to the
National Diabetes Data Group recommendations, which
requires subjects to fast overnight for 10-16 h before blood col-
lection'®. We measured HbAlc, triglyceride (TG), total choles-
terol and high-density cholesterol (HDL-cholesterol) levels at
fasting samples.

Laboratory Procedures

We measured plasma glucose and serum insulin levels in the
blood samples during OGTT. Plasma glucose level was deter-
mined by the glucose oxidase method using a Hitachi Automatic
Clinical Analyzer 7170 (Hitachi Co. Ltd., Tokyo, Japan). Serum
insulin level was measured by chemiluminescent immunoassay
(ARCHITECT insulin assay; Abbot Laboratories, Abbot Park,
IL, USA). Serum total cholesterol and TG levels were measured
as reported previously'®. HbAlc was measured by HLC-723G7
(Tosoh Corp., Tokyo, Japan); and the HbAlc value, estimated as
a National Glycohemoglobin Standardization Program equiva-
lent value, was calculated by the formula: HbAlc (Japan Diabetes
Society) +0.4% following the previous Japanese standard mea-
surement methods'’. Early insulin secretion was calculated using
the formula for insulinogenic index: (insulings — insulin, [pmol/
L]) / (glucoseys — ghucose, [mmol/L])*®. Insulin sensitivity was
evaluated by insulin sensitivity index (ISI) composite:
10,000 / ([glucosey x insuling] X [mean  glucose, , X mean
insuling ,])*. Disposition index (DI) was expressed as the multi-
plex of the indices of insulin secretion and insulin sensitivity”.

Analytical Procedures and Statistical Analyses
We carried out simple linear regression analysis between 2-h
PG levels on the x-axis and FPG levels on the y-axis. We drew
a straight regression line based on the least squares method
according to the three patterns of independent variables:
Analysis A: Minimize the distance parallel to the y-axis; 2-h
PG levels as an independent variable and FPG levels as a
dependent variable.
Analysis B: Minimize the distance parallel to the x-axis; 2-h
PG levels as a dependent variable and FPG levels as an
independent variable.
Analysis C: Minimize the vertical distance from the regres-
sion line; both 2-h PG and FPG levels as independent vari-
ables, which was drawn by the MATLAB system (Math
Works, Natick, MA, USA).
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Figure 1| (a) Simple linear regression analysis between 2-h plasma
glucose (PG) and fasting plasma glucose (FPG) levels. The solid line
(regression line A) indicates a regression line of 2-h PG levels as an
independent variable, obtained by the least squares method
minimizing the residual sum of squares; sum of distances from the
regression line in parallel with the y-axis {y = 0.16x + 81.70). The
dashed-dotted line (regression line B) indicates a regression line of FPG
levels as an independent variable, obtained by the least squares
method minimizing the sum of distances from the regression line in
parallel with the x-axis {y = 0.62x + 20.80). The dotted line (regression
line C) indicates a regression line of both 2-h PG and FPG levels as
independent variables, obtained by the least squares method
minimizing the sum of vertical distances from the regression line

{(y = 0.17x + 80.11). (b) Grouping of participants according to regression
line A. The plots located below regression line A belong to the FPG
side group, and the plots located above regression line A belong to
the 2-h PG side group. According to the position of the plot, the plot
located above the regression line belongs to the FPG side group
shown by the large open arrow surrounded by a double line; in
contrast, the plot located below the regression line belongs to the 2-h
PG side group shown by the large closed arrow surrounded by a
heavy line. () The view illustrates a frame format to show the method
for regression line A, line B and line C. Setting the regression line by
the least squares method means that the attracting force proportional
to the distance from the each plots represents the strength (drawing
power) of the spring. Distance A means the distance from regression
line A in parallel with the y-axis, distance B means from regression

line B in parallel with the x-axis and distance C means the vertical and
shortest distance from regression line C.

As shown in Figure la, the regression line A corresponds to
analysis A, the regression line B corresponds to analysis B and
the regression line C minimizes corresponds to Analysis C.
Figure 1b is a frame format illustrating the method for regres-
sion line A, line B and line C. Setting the regression line by the
least squares method means that the attracting force in propor-
tion to the distance from each plot represents the strength
(drawing power) of the spring. Distance A means the distance
from the regression line A in parallel with the y-axis, dis-
tance B means from the regression line B in parallel with the
x-axis, and distance C means the vertical and shortest distance
from the regression line C.

We divided the participants into two groups by the linear
regression line A; locating above (y-axis side) or below (x-axis
side) the regression line, with 2-h PG levels as an independent
variable in the analysis A. According to the position of the plot,
the plot located above the regression line belongs to the FPG
side group shown by the large open arrow surrounded by a
double line; in contrast, the plot located below the regression
line belongs to the 2-h PG side group shown by the large closed
arrow surrounded by a heavy line as shown in Figure 1c. We
defined the FPG-side group as deviated to the y-axis, namely,
the FPG-side; and the 2-h PG-side group as deviated to the
x-axis, namely, the 2-h PG-side. To examine the clinical charac-
teristics of the 2-h PG-side and FPG-side groups, we carried out
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an unpaired Student’s t-test between the two groups. Simple lin-
ear regression analysis was carried out for all participants to
investigate the associations between 2-h PG/FPG levels and the
other clinical factors, such as age, BMI, plasma glucose level,
serum insulin level, HbAlc, TG, total cholesterol, HDL-choles-
terol, insulinogenic index and ISI composite. P < 0.05 was con-
sidered as statistically significant. We carried out multivariate
regression analysis to estimate the factors responsible for eleva-
tion of 2-h PG and FPG levels. All other statistical analyses were
carried out using SPSS version 14.0 (SPSS, Chicago, IL, USA).
All data are shown presented as mean + standard error.

RESULTS

Clinical Characteristics of Participants

The number of participants was 1,657 in total; 954 had normal
glucose tolerance (NGT), 525 had impaired glucose regulation
(IGR) and 78 had diabetes mellitus (DM), according to World
Health Organization criteria. The mean age of the participants
was 52.8 0.3 years, and BMI was 23.2 £ 0.1 kg/m* Parame-
ters for glucose metabolism for the mean FPG, 2-h PG levels
and HbAlc were 1024 % 0.3 mg/dL, 131.0 = 1.0 mg/dL, and
5.7 £ 0.02%, respectively.

Simple Linear Regression Analysis Between 2-hPG and FPG
Figure la shows the simple linear regression analysis between
2-h PG (x-axis) and FPG (y-axis) levels. The series of formulas of
the simple linear regression analysis are as follows: (a) analysis A:
2-h PG levels as an independent variable and FPG levels as a
dependent variable; (ii) analysis B: 2-h PG levels as a dependent
variable and FPG levels as an independent variable; and (jii)
analysis C: both 2-h PG and FPG levels as independent variables.
Regression line A: y = 0.16x + 81.70
Regression line B: x = 1.61y — 33.39 (y = 0.62x + 20.80)
Regression line C: 0 = 0.17x — 0.99y + 7897 (y = 0.17x +
80.11)

There were positive correlations between 2-h PG and FPG (A:
r = 0.504, P < 0.0001, B: r = 0.504, P < 0.0001). The residual
sum of squares was A: 1.195 x 10 B: 1.198 x 105, respectively.

Clinical Characteristics of participant Groups With 2-h PG-Side
and FPG-Side Groups

Clinical and metabolic characteristics of 2-h PG-side (n = 885)
and FPG-side (n = 802) groups from the regression line are
listed in Table 1. Age (54.5 % 0.4 years vs 51.2 + 0.5 years;
P <00001), BMI (23.6+0.1kg/m* vs 22.8 % 0.3 kg/m>
P < 0.0001), HbAlc (5.8 * 0.02% vs 5.5 + 0.02%; P < 0.0001)
were higher in the FPG-side group than that in the 2-h PG-
side group.

Regression Analysis Between 2-h PG and Factors Responsible

for Elevation of 2-h PG in the 2-h PG-Side Group

In the 2-h PG-side group (n = 855), insulinogenic index (r =
—0.348, P < 0.0001; Figure 2a) and ISI composite (r = —0.328,

Table 1| Clinical characteristics of participants

Total FPG-side 2-h PG-side  P-value
group group

n 1,657 802 855 -

Age (years)** 528+ 03 545+ 04 5124+ 05  <00001

BMI (kgy/m?y* 232401 236401  228+01  <00001

FPG (mg/dLy* 1024 £ 03 1M1 +£04 942 +£03 <0.0001

2-h PG (mg/dl) 1310+ 10 1306 £ 14 1314+ 13 NS

Fasting insulin 56 £+ 0.1 59 £ 0.1 53+ 0.1 <0.001
(LU/mL)*

HbATC (90)** 57 £ 002 58 £ 002 55+ 002 <0.0001

Triglycerides 1230 £ 3 1252 + 4.2 1207 £ 43 NS
(mg/dL)

Total cholesterol 2082+ 11 2077+ 16 2088+ 16 NS
(mg/dL)

HDL cholesterol 612 + 06 61.1 £ 08 613+ 09 NS
(mg/dL)

Insulinogenic 035+001 030+£001 039001 <00001
indextt

ISI compositett 826 + 0. 7304£013 9174015 <0.0001

Disposition 263 £+ 008 196 £ 008 326+ 014 <00001
indextt

Data are presented as mean + standard error. Significant differences
between the 2-h plasma glucose (PG)-side and fasting plasma glucose
(FPG)-side groups, tested by unpaired t-test are: *P < 0001,

**P < 00001 (2-h PG-side <FPG-side), t1P < 00001 (2-h PG-side >FPG-
side). BMI, body mass index; HbA1c, glycated hemoglobin; HDL, high-
density lipoprotein; IS, insulin sensitivity index; NS, not significant.

P < 0.0001; Figure 2b) showed significant correlations with 2-h
PG levels in simple linear regression analysis. Age significantly
correlated with 2-h PG levels (r = 0.329, P < 0.0001; Fig-
ure 2¢). According to the multivariate regression analysis, age
was a strong factor to predict 2-h PG levels (f = 0.211) in
addition to insulinogenic index (B = —0.453) and ISI composite
(B = ~0.337; Table 2).

Regression Analysis Between FPG and Factors Responsible for
Elevation of FPG in FPG-Side Group

In the FPG-side group (n = 802), insulinogenic index (r=
—0.374, P < 0.0001; Figure 2d) and ISI composite (r = —0.236,
P < 0.0001; Figure 2e) significantly correlated with FPG levels
in simple linear regression analysis. TG significantly correlated
with FPG levels (r = 0.206, P < 0.0001; Figure 2f). According
to the multivariate regression analysis, TG was a strong factor
to predict FPG levels (f = 0.101) in addition to insulinogenic
index (B = —0.482) and ISI composite (B = —0.359; Table 2).

DISCUSSION

This is the first study to elucidate the dependent and indepen-
dent relationship between 2-h PG and FPG levels mathemati-
cally, and analyze the causative factors of elevated 2-h PG and
FPG levels. The regression line of both 2-h PG and FPG levels
as independent variables was in accordance with the regression
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Figure 2 | (a) The relationship between insulinogenic index (log) and 2-h plasma glucose (PG) in the 2-h PG-side group {r = —0348, P < 0.0001).
(b) The relationship between insulin sensitivity index (ISI) composite and 2-h PG in the 2-h PG-side group (r = =0.328, P < 00001). (c) The
relationship between age and 2-h PG in the 2-h PG-side group (r = 0329, P < 0.0001). (d) The relationship between insulinogenic index (log) and
FPG in the FPG-side group (r = —0.347, P < 00001). (e) The relationship between ISI composite and FPG in the FPG=side group (r = —0.236,

P < 0.0001). {f) The relationship between triglyceride and FPG in the FPG-side group (r = 0.206, P < 0.0001).

line of 2-h PG levels as an independent variable and FPG levels
as a dependent variable, showing that 2-h PG level is an inde-
pendent predictor of FPG level. In the 2-h PG-side group, we
showed that age was the independent strong factor for predict-
ing 2-h PG levels in addition to insulinogenic Index and ISI
composite. In the FPG-side group, we found that TG was the
strong factor for predicting FPG levels in addition to insulino-
genic index and ISI composite. The differences of the mecha-
nism to elevate 2-h PG and FPG levels are shown by dividing

the participants into two subgroups from the regression line; 2-

h PG level is associated with age and FPG level is associated
with TG.

When we set 2-h PG levels as an independent variable and
FPG levels as a dependent variable, the regression line followed
the linear shape in the scatter plot. In contrast, when we set
FPG levels as an independent variable and 2-h PG levels as a
dependent variable, the slope of the regression line was oblique,
as shown in Figure 1, and the residual sum of squares was
10-fold as large as that of the regression line in which 2-h PG
levels were independent (1.195 x 10° vs 1.198 x 10°). The 2-h
PG independent regression model fits to the scatter plot in
comparison with the FPG independent regression model. When
we set both 2-h PG and FPG levels as independent variables,
the regression line approximated the line with 2-h PG as an

© 2014 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd
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Table 2 | Relationship between 2-h plasma glucose and fasting plasma
glucose and factors responsible for elevation of 2-h plasma glucose
and fasting plasma glucose levels

Variable Multivariate regression analysis

2-h PG levels as a dependent variable

B-coefficients Standard P-value
errors
2-h PG-side group from the regression line
Insulinogenic -0453 4370 <0.0001
index (log)
ISI composite -0.337 0423 <0.0001
Age 0211 0.125 <0.0001
BMI 0122 0599 <0.05
TG 0101 0017 <005
Variable Multivariate regression analysis
FPG levels as a dependent variable
B-coefficients Standard P-value
errors
FPG-side group from the regression line
Insulinogenic -0482 1.030 <0.0001
index (log)
ISI composite -0.359 0.129 <0.0001
TG 0101 0.004 <005
BMI 0083 0127 NS
Age 006 0037 NS

BMI, body mass index; IS, insulin sensitivity index; PG, plasma glucose;
TG, triglyceride.

independent variable and FPG as a dependent variable. These
results showed that the 2-h PG level is an inherent independent
variable for representing an individual’s ability to reduce blood
glucose levels after the administration of exogenous glucose (ie.,
glucose tolerance), and the FPG level is a dependent variable
affected by a variety of factors in addition to glucose tolerance.
To further analyze the factors responsible for elevation of
2-h PG in the 2-h PG-side and FPG in FPG-side group, we
investigated the relationships between 2-h PG/FPG and the fac-
tors responsible for elevation of plasma glucose. In the 2-h PG-
side group, setting 2-h PG as a dependent variable, we found
age was an important factor next to insulinogenic index and
ISI composite among the factors responsible for elevation of
2-h PG in multivariate regression analysis. Thus, it is consid-
ered that age was a strong factor affecting 2-h PG in addition
to insulin secretion and sensitivity in multivariate regression
analysis. Qiao et al*! reported that age was more strongly asso-
ciated with IGT than with IFG in normal Europeans. Szoke
et al” reported that insulin secretion decreases dependently on
age linearly at a rate of 0.7% per year in NGT subjects evalu-
ated by the hyperglycemic clamp. They also described IGT sub-
jects showing a larger decrease in insulin secretion compared
with NGT subjects™. Bando et al”® reported that the 2-h PG

levels are strongly determined by age compared with FPG in
Japanese subjects. Together with these observations, aging is
associated with f-cell dysfunction and decreased insulin secre-
tion, followed by 2-h PG elevation.

In the FPG-side group, setting FPG as a dependent variable,
we found that TG was important next to insulinogenic index
and ISI composite among the factors responsible for elevation
of FPG in multivariate regression analysis. Thus, it is
considered that TG was a strong factor for affecting FPG in
addition to insulinogenic index and ISI composite. We
previously reported that serum TG levels per se are associated
with insulin action, and bezafibrate significantly improved TG
levels, insulin resistance and blood glucose control in patients
with diabetes** 2%, It is considered that hypertriglyceridemia is
associated with the elevation of FPG levels, and the reduction
of serum TG levels improves insulin sensitivity and FPG
elevation.

Insulinogenic index was the strong determinant responsible
for 2-h PG and FPG levels in both the 2-h PG-side and
FPG-side groups in the present study. It is still controversial as
to whether decreased insulin secretory capacity or insulin sensi-
tivity is the primary factor for elevating plasma glucose levels.
Decreased insulin secretory capacity had a stronger effect to
2-h PG elevation in the studies of Japanese, Korean and Chi-
nese subjects''>” %, whereas decreased insulin sensitivity had
a stronger involvement in 2-h PG elevation in the studies of
Pima Indian, American, Finnish and Caucasian studies>'?,
As there are ethnic differences in the contribution of insulin
secretory capacity and insulin sensitivity to plasma glucose
elevation and glucose intolerance as documented previously,
further studies are required to establish whether similar results
are observed in other ethnic populations.

The reason for differences of metabolic characteristics
between the 2-h PG side group and the FPG side group in the
present study is not known at present. To compare the differ-
ence of pathophysiology between both groups, it is necessary to
compare the groups to include showing the dominant elevation
of only FPG levels (such as isolated-IFG) and showing the
dominant elevation of only 2-h PG levels (such as isolated-
IGT). In addition, a longitudinal study is necessary to show
how each group will deteriorate to diabetes, respectively.

We have elucidated 2-h PG levels as an independent predic-
tor of FPG levels. We found that 2-h PG is an inherent value
representing the ability to reduce blood glucose levels after the
administration of exogenous glucose (ie., glucose tolerance),
and FPG levels are the result of regulation by complex factors
in addition to factors affecting glucose tolerance. Age was asso-
ciated with elevation of 2-h PG levels in the 2-h PG-side group
and TG was associated with elevation of FPG levels in the
FPG-side gfoup, in addition to decreased insulin secretion and
insulin sensitivity. These observations will be helpful for the
prevention and treatment in the early stage of development of
type 2 diabetes under the consideration of the pathophysiology
and phenotype of each individual.
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Introduction

Successful diabetes care requires ecffective approaches to
supporting behavior change of patients. Based on existing theories
developed mainly in Western countries, a variety of behavioral
and psychosocial interventions are implemented. Review of these
interventions shows a philosophical foundation provided by
“empowerment” of patients and a patient-centered approach
enabling internal motivation to change [1]. Most theories
emphasize changing patient behavior through the patient’s own
intention and ability {1]. The internally motivated “Losing weight
is really important to me.” replaces the externally motivated “My
doctor wants me to lose weight.” [2]. This concept is widely
accepted and utilized by many certified diabetes educators [3].
However, external motivation may be more relevant in different
cultural contexts.
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Recent evidence in cultural and social psychology indicates that
substantial cultural differences exist in a globalized world. In
different cultural contexts, people exhibit different ways of
thinking, feeling, and behaving. [4]. In the past two decades, a
line of research using experimental methodologies has formed a
theoretical framework comparing Western cultures (as exemplified
by North American culture) with Eastern cultures (as exemplified
by East Asian cultures) [5]. Western cultures are characterized by
social orientation valuing “independence” or a model of agency
that emphasizes self-direction and autonomy. In such cultures,
people’s internal attributes such as their own goals, desires and
judgments form the predominant basis of their action [5]. This
view is consistent with the existing theoretical foundation in
diabetes intervention that focuses on the patients’ internal
motivation to health. In contrast, Eastern cultures such as China,
Japan and Korea tend to place a higher value on “interdepen-
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dence” or a model of agency emphasizing harmony, relatedness,
and connection with others. In such cultures, people tend to act in
consideration of the expectations, desires, and needs of others as
the predominant basis of their action [5]. In these cultures,
patients with diabetes often may focus on the potential deleterious
effects of their lifestyle change on the people around them.
Patients’ perception of the cxpectations of others may have more
impact on the ahility to change their lifestyle in Eastern cultures
than is found in Western cultures.

Indeed, results from social and cultural psychology indicate that
these cultural differences lead to  correspondingly  divergent
consequences in people’s motivation and emotion. For example,
North Americans arc found to be more strongly motivated to
maintain personal control while Japanese are found to be more
strongly motivated toward rclational harmony [6]. Attaining
personal goals leads to enhanced well-being among European
Americans while attainment of relational goals is more closely
linked to enhanced well-being among Asian Americans and
Japanese [7]. This emphasis on social relations is also shown in the
result that East Asians” well-being is strongly predicted by social
harmony, socially engaging cmotions, and perceived emotional
support from close others [8]. Perceived emotional support is a
perception of receiving encouragement, compassion, and other
forms of emotional support from the persons close to the
respondent such as family members and friends. This result
suggests that in an interdependent society people are more
sensitive to the expectations of others. Similar results are shown in
patients with diabetes. In Mexican Americans, who are charac-
terized by a rclatively higher tendency to interdependence than
European Americans, social context reflected by the patients’
perception that their family understands their diabetes is
associated with patients’” higher attention to self-care [5,9,10]. A
family-centered approach in Taiwanese patients enhances pa-
tients’ positive attitude toward diabetes [11].

The increasing rate of diabetes among Asians worldwide and
Asian Americans calls for understanding the unique neceds of
diabetes care in Asian patients [12,13]. Onc notable qualitative
study suggested that interdependence and reciprocal role respon-
sibility additionally complicate discase management in Chinese
American patients with type 2 diabetes [14]. The interdependent
cultural contexts of East Asian society may be an important way to
conceptualize the unique needs of Asian patients with diabetes.
However, not all members of a culture internalize its values to the
same degree; people within a culture vary in their relative
agreement with interdependent or independent values [15].
Therefore, it is important to test for within-culture associations
of individual difference in interdependence/independence values
and individual variation in coping with diabetes.

Psychosocial assessment is recommended in routine care of
patients with diabetes; emotional well-being is associated with
positive diabetes outcomes [16]. Diabetes-related distress is a
psychosocial issue known to impact health outcomes: it is
independently associated with self-management behaviors and
perceived burden of diabetes and also predicts future glycemic
control [17,18]. Interdependent social orientation in Eastern
cultures might therefore play a role in other psychosocial aspects of
diabetes care. Strongly held personal values of interdependence
may complicate diabetes care because changes in diet and lifestyle
are magnified in such settings; patients who are interdependent
may be more solicitous of their potential impact on others. On the
other hand, perceptions of emotional support, encouragement and
compassion from people around them may be especially effective
for those in interdependent cultural contexts. Such emotional
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support may decrease the psychological burden of diabetes care on
the patients personally.

In the current study, we explore differences in interdependence
and perceived emotional support in relation to diabetes-related
distress in two cultural backgrounds, Japan and the United States.

Methods

Participants

Participants were recruited from the Kyoto University hospital
in Kyoto, Japan during the period of November 2009 through
October 2010 and the Christiana Care Health System in
Delaware, United States during the period of April 2010 through
April 2012. Patients aged =30 years with type 2 diabetes for more
than one year were cligible. Patients with depression were
excluded from the following analysis.

Procedure

Kyoto University Graduate School and Faculty of Medicine,
Ethics Committce and the Institutional Review Board of
Christiana Care Health System approved the study protocol.
Participants were recruited at the diabetes outpatient clinic of each
hospital. All participants provided written informed consent prior
to participation. The survey measuring diabetes-related distress,
interdependence, and perceived emotional support were complet-
ed by all participants. The participants then completed the
sociodemographic questions (age, sex, ecducation level, and
occupational status). Years from diagnosis, treatment, history of
attending a diabetes patient education program and presence of
diabetes complications (retinopathy, nephropathy, neuropathy,
stroke, coronary heart disease, and foot ulcer) or other comorbid-
ities needing treatment or self-management such as hypertension,
heart disease, malignant tumor, and depression, were also
measured by a self-report checklist. Recent glycemic control
(HbAlc) was obtained from medical records.

Measurements

Diabetes related distress was measured using the Problem Arcas
in Diabetes scale (PAID), a well-validated 20-item self-report
questionnaire [17]. Items are rated on a 5-point scale ranging from
0 (not a problem) to 4 (a serious problem). Summed scores are
converted to a 0-100 scale by multiplying by 1.25 [19]. The PAID
was translated into Japanese by Ishii et al. and the Japanese
version also showed high internal consistency (Cronbach’s
0=0.93) and validity [20]. Interdependence was measured by a
well-established English and Japanese version of the Self-Construal
Scale [21,22]. Participants indicated how much they agreed with
10 independent statements (e.g., “‘I am not concerned if my ideas
or behavior are different from those of other people”, “I do my
own thing, regardless of what others think.”) and 10 interdepen-
dent statements about the self (e.g., “I am concerned about what
people think of me”, “I often have the feeling that my relationships
with others are more important than my own accomplishment.”).
This scale has successfully measured independence and interde-
pendence in many cultures including Japan and the United States.
It distinguishes not only cultural variation but also individual
variation in one culture. Measured scores are associated with
psychopathological symptoms and neural activity in general
population [23-25]. The score is the mean rating given to
interdependent statements minus mean rating given to indepen-
dent statements, which shows substantial internal reliability (split-
half correlation=0.53) [22]. Perceived emotional support was
measured by a well-established English and Japanese language
version of a 16-item scale assessing the perception of receiving
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encouragement, compassion, and other forms of emotional
support from close others. Participants were asked to think about
close others and then to indicate the extent to which these close
others provided each of 16 types of emotional support (Cronbach’s
=0.91,.92, and.91, for Americans, Filipinos, and Japanese,
respectively)[8]. Self-esteem was measured by Self-Competence
scale, a well-established scale in English and Japanese [26,27].
HbAlc measured in US was expressed according to National
Glycohemoglobin Standardization Program (NGSP) and HbAlc

measured in Japan was expressed as NGSP equivalent value [28].

Data analysis

Participant characteristics and survey responses are presented as
means and SD or sample size and percent. Distribution of
variables was checked visually and by Shapiro-Wilk tests.
Independent-sample t tests and Mann-Whitney U tests were used
to explore group differences for normally distributed variables and
for non-normally distributed variables, respectively. Fisher exact
test was used for categorical data. Pearson’s correlation coefficient
was used to identify correlation among PAID, interdependence,
perceived emotional support, self-esteem, and potential confound-
ers such as sex, age and education level. The associations between
PAID and interdependence and between PAID and perceived
emotional support were assessed by two-way scatter plots and
Pearson’s correlation coefficient after adjusting for the identified
confounders by regression model. To evaluate constructed factors
of PAID that may have association with interdependence or
perceived emotional support, the factor structure of PAID was
analyzed in the Japanese data. In principal component analysis, an
eigenvalue of>1.0 was used to identify the possible numbers of
components. An exploratory factor analysis with promax rotation
was performed. A loading level of> 0.40 was used for the items to
be included in each component. The association between the
identified factors of PAID and interdependence, perceived
emotional support, self-esteem, sex, age, education level, HbAlc,
years with diabetes, medications and complications were exam-
ined by multiple regression analyses. All analyses used Stata 11.0
(Stata Corporation, College Station, TX). Statistical significance
was set at P<<0.05 (2-tailed). Missing data were not imputed, with
the exception of a maximum of 2 missing values of PAID, which
were estimated using the mean of their remaining items [29].

Results

Eligible participants who completed the surveys were 152 in
Japan and 64 in the United States. All 152 participants recruited in
Japan were of Japanese ethnicity. Of these, three were excluded
from analyses because of missing data, two for occupation and one
for education. The longest experience living abroad reported by a
Japanese patient was four years. Only about 21 participants
recruited in the United States during the period of September
2011 through April 2012 were able to confirm ethnicity; fifteen
(71%) were European Americans, four (19%) were African
Americans, and two (10%) were Asian Indians. Two of the 64
participants in the United States were excluded because of
depression. Twelve were excluded because of missing data, one for
HbAlc, one for education, five for interdependence and five for
self-esteem. Of the remaining 50 participants, one reported that
she had lived in Puerto Rico for 36 years, two of them had lived in
India for 35 and 21 years respectively, one had lived in Ireland,
England and Germany for 30 years total, one in India and Canada
for 25 years total, one in England for 11 years, and others had
lived abroad for no more than one year. In this study, these 50
participants comprised the American patients. Finally, 149
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Japanese patients and 50 American patients were included in
the analyses (Table 1). No significant differences were observed
between the two groups in sex, age, education level, HbAlc,
treatment, or diabetes education history. Japanese patients had
lower BMI and slightly fewer years with diabetes than American
patients. More American patients had nephropathy and neurop-
athy. Japanese patients had a higher score of interdependence and
PAID and a lower score of perceived emotional support and self-
esteem than American patients.

In Pearson’s correlation analysis, PAID had significant corre-
lations with interdependence, perceived emotional support, self-
esteem, sex and age in Japanese, and with self-esteem and age in
Americans (Table 2). Interdependence had significant correlations
with perceived emotional support, self-esteem, sex, age and
education level in Japanese, and with self-esteem in Americans.
Perceived emotional support had significant correlations with sex
and age in Japanese, and with self-esteem in Americans. Based on
these results, association between PAID and interdependence was
assessed after adjusting for perceived emotional support, self-
esteem, sex, age and education level. The association between
PAID and perceived emotional support was also assessed after
adjusting for interdependence, self-esteem, sex, age and education
level. Adjusted interdependence showed a weak but significant
positive association with PAID in Japanese (n =149, r=0.18,
P=0.025) (Fig. 1A), while it did not in Americans (n =50,
r=0.00, P=0.990) (Fig. 1B). Adjusted perceived emotional
support showed a significant negative association with PAID
in Japanese (n=149, r=—0.24, P=0.004) (Fig. 1C), but in
Americans it had no association with PAID (rn =50, r =0.02, P
=0.917) (Fig. 1D). The two-way distributional patterns of adjusted
perceived emotional support and PAID were strikingly different
between Japanese and Americans. The more emotional support
Japanese paticnts perceived, the less distress they reported. On the
other hand, American patients who perceived more emotional
support did not as frequently report less distress. Confining the
analysis to patients without missing data of PAID did not influence
the results. Confining the analysis to those who had not lived
abroad more than 5 years also did not influence the results [30].

In the Japanese patients, principal component analysis identified
four factors of PAID with eigenvalue of 9.25, 1.36, 1.17, and 1.06.
Each factor accounted for 46.3, 6.8, 5.8 and 5.3% of the variance,
respectively. Assuming 2 to 4 factors, exploratory factor analysis
was performed with promax rotation. In the 2 and 4 factor
solutions, each factor was not homogeneous and hard to interpret.
The conceptual congruency of items supported the 3 factors
solution. The first factor included 8 items with loadings from 0.40
to 0.77, and could be interpreted as negative feelings about total
life with diabetes (Table 3). The second consists of 8 items with
loadings from 0.43 to 0.74, and could be interpreted as negative
feelings about living conditions with diabetes. The third consists of
2 items with loadings of 0.75 and 0.77, and could be interpreted as
negative feelings about treatment of diabetes. Cronbach’s o as a
measure of internal consistency for the 3 factors were 0.90, 0.84,
and 0.82, respectively. The mean score of the items was calculated
for each factor and used as a score of each subdimension of PAID.
The score of the first subdimension, “negative feelings about total
life with diabetes”, was 1.5£0.9 (meanzsd), and ranged 0 to 4.
The second, “negative feelings about living conditions with
diabetes”, was 0.8%+0.7, and ranged 0 to 3.25. The third,
“negative feelings about treatment of diabetes”, was 1.2x1.0,
and ranged 0 to 4.

The association between the three subdimensions of PAID and
interdependence and perceived emotional support was further
evaluated by multiple regression analysis. As potential predictors of
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Table 1. Characteristics of patients.

Japanese American P

Female 58 (39) 25 (50) 0.187

Education (years) 14.0%2.9 (9~23) 14.6x2.4 (10~21) 0.094%

Full-time job 66 (44) 22 (44) 1.000

Without job or retired 63 (42) 27 (54) 0.189

HbA1c (%) 6+1.2 (54~11.2) 616 (5.6~12.3)

Years with diabetes (years) 10.1£84 (1~38) 12.0%7.4 (2~35) 0.030%

Diet alone 21 (14) 2 (4) 0.072

Insulin alone 17 (11) 7 (14) 0.621

Diabetes education history 74 (50) 27 (54) 0.627

Retinopathy 24 (16) 3 (6) 0.094

Neuropathy 14 (9) 11 (22) 0.027

CHD 15 (10) 9 (18)

Major comorbidity

Heart disease 10 (7) 5(10) 0.535

0.001%

Interdependence — 0.52%1.20 (-2

Perceived emotional support 3.8%0.6 (1.9~5.0) 4.3%0.6 (3.0~5.0) <0.001%

Data are n (%) or mean = SD (range).

“n=47.

OHA, oral hypoglycemic agent; CHD, coronary heart disease; PAID, the Problem Areas in Diabetes scale.

P values are of group differences by independent-sample t tests for normally distributed variables’, Mann-Whitney U tests for nonnormally distributed variables¥, and
Fisher exact test for categorical data.

doi:10.1371/journal.pone.0109323.t001

the identified three subdimensions, sex, age, education level, diabetes” was significantly associated with perceived emotional
HbAlc, years with diabetes, medications and complications were support and HbAlc.

considered to add to the three main predictors, which are

interdependence, emotional support and self-esteem. Since age Discussion

and education level were not significant predictors for all three
subdimensions, they were removed from the model. “Negative
feelings about total life with diabetes” was significantly associated
with interdependence, perceived emotional support, self-esteem,
sex, oral hypoglycemic agent, insulin and complications (Table 4).
“Negative feelings about living conditions with diabetes” was
significantly associated with interdependence, perceived emotional
support, HbAlc and insulin. “Negative feelings about treatment of

We investigated the contribution of social orientation empha-
sizing harmonious relations with others to diabetes-related distress
in Japanese and American patients. The results indicate that a
patients’ tendency to interdependence may increase diabetes-
related distress, and that a perception of encouragement and
compassion from people around them may decrease the distress
especially in Japanese patients living in an interdependently
oriented society. In the current study, Japanese patients with
higher personal values for interdependence reported higher levels
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Figure 1. Distribution plots and Pearson’s correlation coefficients to show the association between PAID and interdependence
after adjusting for PES, self-esteem, sex, age and education level in Japanese (A) and Americans (B), between PAID and PES after
adjusting for interdependence, self-esteem, sex, age and education level in Japanese (C) and Americans (D). PAID, the Problem

Areas in Diabetes PES, perceived emotional support.
doi:10.1371/journal.pone.0109323.g001

of distress, and Japanese patients who perceived more emotional
support reported lower levels of distress.

Such cross-sectional correlations need to be cautiously inter-
preted. An interdependent social orientation is reflected in one’s
generalized pattern of thought, feeling, and action [5,15]; among
patients who value harmonious relations with the people around
them, diabetes self-care requires adjustments to relationships that
will add additional distress to the patients. Japanese patients who

are interdependent may be especially conscious of, and concerned
about, the impact of their required lifestyle changes on close
others.

Notably, the association between perceived emotional support
and diabetes-related distress observed in Japanese patients was not
observed at all in American patients. Although the perceived
emotional support addressed in the survey was general and not
specific for diabetes, there was a significant negative association

Table 2. Correlations between diabetes-related distress, interdependence and perceived emotional support.

PAID Interdependence

- 0.11

— 0.07

- 027 0.07

PES Self-esteem Sex Age

0.00 0.04 — 0.08 —

=012 - 007 0.15 0.10

Sex, male=1, female=0.
doi:10.1371/journal.pone.0109323.t002
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Table 3. Factor loadings of the 20 items of PAID for the three extracted factors after promax rotation in Japanese.

Factor 1 Factor 2 Factor 3

Feeling depressed when you think about living with diabetes 0.77 0.03 0.21

Worrying about the future and the possibility of serious complications

Feeling overwhelmed by your diabetes 0.55 0.32 0.01

Feelings of guilt or anxiety when you get off track with your diabetes management 0.40 0.35 0.01

4)

Factor 2: negative feelings about living conditions with diabetes («=0.8

Feeling that your friends and family are not supportive of your diabetes management efforts - 0.09 0.62 017

Feeling “burned out” by the constant effort needed to manage diabetes 0.17 0.51 0.19

Feeling unsatisfied with your diabetes physician

Worrying about low blood sugar reactions 0.23 043 - 0.20

Not having clear and concrete goals for your diabetes care 0.12 - 0.01 0.77

Unclassified items

Coping with complications of diabetes 0.30 0.12 0.38

PAID; the Problem Areas in Diabetes scale.
d0i:10.1371/journal.pone.0109323.t003

Table 4. Standardized partial regression coefficients of potential predictors for the three PAID subdimensions in Japanese.

Predictor variables Dependent variables

Interdependence 0.21 (0.009) 0.17 (0.047) 0.11 (0.215)

Self-esteem — 0.21 (0.008)

HbA1c 0.14 (0.062) 0.20 (0.012) 0.26 (0.002)

OHA 0.19 (0.012) 0.12 (0.126) 0.04 (0.598)

Complications

PAID, the Problem Areas in Diabetes scale; PES, perceived emotional support; Sex, male =1, female = 0; OHA, oral hypoglycemic agent, use =1, nonuse = 0; Insulin,
use =1, nonuse =0; Complications, if any=1, none=0.

Data are standardized partial regression coefficients of each predictor with P values in parenthesis and adjusted R? of overall model with P values in parenthesis.
Age and education level were removed from the models because they were insignificant predictors for all three subdimensions.
doi:10.1371/journal.pone.0109323.t004
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with diabetes-related distress. This suggests that patients’ feelings
that close others encourage and empathize with them may play an
especially important role in diabetes self-care in a highly
interdependent culture. This finding replicates past studies in
which perceived emotional support was positively related to
subjective well-being among Filipinos and Japanese, but not
among Americans [8].

Japanese patients with higher interdependence were more likely
to experience distress related to life with diabetes than to treatment
of diabetes. This seems reasonable considering that interdepen-
dence affects total life and living conditions with diabetes but not
treatment of diabetes. In addition, higher self-esteem may be
effective in reducing the distress related to total life with diabetes,
but the effect of self-esteem was smaller and was not related to the
distress related to living conditions with diabetes and treatment of
diabetes. Self-esteem measured in this study was confidence in
one’s ability not specific for diabetes. The result indicates that
Japanese patients with high confidence in their general ability may
be relatively resistant to distress related to total life with diabetes,
but that their tendency to interdependence may increase the
distress related to total life with diabetes.

Perceived emotional support had a general positive effect in all
three subdimensions of distress. In an interdependent society such
as Japan, encouragement and compassion from people around
them may have a wide range of effects on diabetes-related distress.
Among other potential contributors to diabetes-related distress,
male sex was significantly associated with a lower level of distress
about total life with diabetes, and poor control was significantly
associated with higher level of distress about living conditions with
diabetes and treatment with diabetes. Duration of diabetes was not
a significant contributor to diabetes-related distress in this study.
These results accord with a previous report [18,19,29].

Patients treated by medication had a higher level of distress
related to total life and living conditions with diabetes but not to
treatment. This result suggests that negative feelings about
treatment do not necessarily stem from the medication itself.
However, the result also suggests that medication itself may
nevertheless be an important factor in increasing distress related to
total life and living conditions with diabetes. We also found a
counterintuitive association between diabetes complications and
distress. Patients without any diabetes complications showed a
higher level of distress related to total life with diabetes. One
possible explanation is that patients without any complications
were more anxious about developing complications than were
those already having omne or more complications. In this
subdimension analysis, we used only Japanese data because of
the small sample size of American data for factor analysis.
Previously reported factor structures of PAID vary from study to
study, and one to four factors are identified. Our results are
relatively similar to the results in Dutch and Swedish patients
[29,31].

We used well-established measures of interdependence, per-
ceived emotional support, and diabetes-related distress and a
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ABSTRACT

Introduction: Dipeptidyl peptidase-4 (DPP-4)
inhibitors including alogliptin are categorised as a
newer class of oral hypoglycaemic, antidiabetic drugs
to suppress the degradation of incretin hormones
((glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP)) by DPP-4.
We have scheduled a large-scale, multicentre,
prospective, observational study (Japan-Based clinical
ReseArch Network for Diabetes Registry: J-BRAND
Registry) to construct an extensive database over a
long-term clinical course in patients with type 2
diabetes receiving oral hypoglycaemic agents (OHAS)
and to evaluate the safety and efficacy of alogliptin in
Japanese population.

Methods and analysis: 20 000 patients with type 2
diabetes will be registered into two groups of 10 000
each: group A patients will be treated with alogliptin,
while group B patients will be treated with non-DPP-4
inhibitor OHA(s). Approximately 300 institutions
nationwide will enrol and assign eligible patients equally
to either group. Each patient’s data will be collected
every 6 months for a 3-year period, during which time
treatment with OHA(s) may be changed or discontinued,
as per package insert for each OHA. Primary end points
are safety variables to be compared between the two
groups and their subgroups, with respect to
hypoglycaemia, pancreatitis, skin disorders, infections
and cancer. Secondary end points are efficacy variables
including from-baseline changes of A1c, fasting
glucose, fasting insulin and urinary albumin, which will
be compared between groups/subgroups. New onset
and progression of microangiopathy will also be
evaluated against OHA(s). Overall, the J-BRAND Registry
will evaluate the safety and efficacy of antidiabetic OHA
(s) including alogliptin, based on a large-scale database.
Ethics and dissemination: This study will be
conducted with the highest respect for individual
participants according to this protocol, the Declaration
of Helsinki, the Ethical Guidelines for Clinical Research
(Japan Ministry of Health, Labour and Welfare, 2008)
and relevant laws/regulations. The present study will
construct a valuable database of patients with type 2
diabetes treated with OHA(s) including alogliptin.

Trial registration number: UMINO00007976.

INTRODUCTION

Type 2 diabetes mellitus is a metabolic
disease in which patients experience chronic
hyperglycaemia and is very often associated
with various complications including macro-
vascular as well as microvascular diseases,
such as cardiovascular disease, retinopathy,
nephropathy and neuropathy. As of 2011, an
estimated 366 million people have been
affected with diabetes globally including
Japan, where more than 24 million people
have been diagnosed or are suspected to
have diabetes' * and the prevalence is rapidly
increasing worldwide.'™

There have been different classes of agents
developed for the treatment of type 2 diabetes
including insulin and oral hypoglycaemic
agents (OHAs).! *° Among those, incretin-
related drugs have been noted in recent years
as a novel class of antidiabetic agents™ and
are widely used in daily clinical practice,
expanding the range of treatment options for
patients with type 2 diabetes. Specifically,
dipeptidyl peptidase4 (DPP-4) inhibitors have
attracted clinical attention because of the con-
venience of oncedaily or twice-daily oral
administration and the pancreatic B-cell pro-
tective effect,® which conventional OHAs for
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type 2 diabetes do not usually provide. Additionally, DPP-4
inhibitors do not induce weight gain but may cause hypo-
glycaemia, though not frequently.” As a consequence, the
amount of DPP-4 inhibitors prescribed has been increas-
ing exponentially and many patients with type 2 diabetes
currently receive a DPP-4 inhibitor concomitantly with
other drug classes in daily clinical practice.

In order to promote appropriate use of DPP-4 inhibi-
tors, it is necessary to investigate the safety and efficacy of
combination therapies with this drug class and various
other agents. For example, hypoglycaemia is one of the
issues of interest, but no such data have yet been
systematically obtained in association with the use of
DPP-4 inhibitors. In recent reports, the possibility of an
increasing risk of pancreatitis, skin disorders, infections
and cancer has been suggested in DPP-4 inhibitor-treated
patientslo‘lz; however, these events are rare, and it seems
difficult to associate the drug class with such risks on the
basis of non-clinical and clinical data currently available.

A considerable number of diabetesrelated databases
were constructed in the USA and Europe, and their strati-
fied analyses have provided results that associate specific
drugs with efficacy or safety data."® '* These results have
been reflected in clinical practice guidelines to establish
standard treatment, making a contribution to the develop-
ment of pharmacotherapy. However, there are no data-
bases worldwide with regard to DPP-4 inhibitors, because
this drug class has only recently been launched. This situ-
ation presents an urgent need to accumulate safety and
efficacy data to support evidence-based medicine (EBM)
for treatment with DPP-4 inhibitors and other OHAs. We
therefore have scheduled a prospective, observational
study (Japan-Based clinical ReseArch Network for
Diabetes Registry: ]-BRAND Registry) of actual cases with
long-term experience in daily clinical practice: this type of
research may be as useful for practising EBM as is an inter-
ventional, randomised study. Since DPP-4 inhibitors, par-
ticularly alogliptin (Nesina), have recently been implicated
in a beneficial, antiatherogenic mechanism to reduce the
risk of cardiovascular events,'®” alogliptin was chosen as
a representative DPP-4 inhibitor throughout the J-BRAND
Registry study. The drug will be administered to the
planned 10 000 patients, as per its package insert (25 mg
once daily, except for in patients associated with
moderate-to-severe kidney malfunction, who are to receive
either 6.25 or 12.5mg daily at physician’s discretion),
while OHAs other than DPP-4 inhibitors will be used in
another 10 000 patients for comparison (see Methods and
analysis). Based on safety and efficacy information to be
obtained through this research, we expect to construct a
database of cases from daily clinical practice and hence to
promote appropriate use of DPP-4 inhibitors when used
alone or in combination with other agents.

METHODS AND ANALYSIS
The objective of this prospective study is to construct a
database regarding the long-term (3-year) clinical

course in patients with type 2 diabetes who receive
OHAs in daily clinical practice and to evaluate the safety
and efficacy of alogliptin, a novel DPP-4 inhibitor.

Primary end poinis

The incidence, type and severity of adverse events will be
compared between group A patients initiated with aloglip-
tin treatment and group B patients initiated with OHA
treatment other than DPP-4 inhibitors at the time of regis-
tration (between-group comparison) and among sub-
groups defined by baseline characteristics and by
concomitant medication (between-subgroup comparison).
All adverse events will be included in the safety evaluation,
and major safety concerns will include hypoglycaemia,
pancreatitis, skin disorders, infections and cancer.

Secondary end poinis

Efficacy variables will be compared according to patient
grouping or subgrouping as above. The efficacy variables
will include the changes from baseline values (at the
time of registration) in the levels of Alc (glycated
haemoglobin  (HbAlc); National Glycohemoglobin
Standardization Program (NGSP)), fasting blood
glucose, fasting insulin and urinary albumin, as well as
the effect of OHA(s) on the new onset of microangiopa-
thy (diabetic retinopathy, diabetic nephropathy, diabetic
neuropathy) and its progression.

Other measurements

Laboratory tests include serum lipids such as high-
density lipoprotein cholesterol, low-density lipoprotein
cholesterol and triglycerides. Standard 12-lead ECGs,
weight and diastolic and systolic blood pressure in a
sitting position will also be measured.

Overall study design

This is a large-scale, multicentre, prospective, observa-
tional study in which 20 000 patients with type 2 diabetes
will be consecutively registered by a central registration
procedure. An OHA should be newly started, added to
previous treatment or switched from the previous OHA(s)
in patients at the time of study registration. The type of a
newly prescribed OHA will be designated hereinafter as
‘start’, ‘addition’ or ‘switch’. Patients will be treated in
daily clinical practice and followed up for 3 years.

A total of 20000 patients will be registered and
divided into two groups (A and B) consisting of 10 000
each, according to the type of OHA that has been
started, added on or switched at the time of registration
(see figure 2). Group A will include 10 000 patients
treated with alogliptin, while group B will include 10 000
patients not treated with any DPP-4 inhibitor but with
other OHA(s). Each participating patient will choose
either treatment group according to his or her free will.
Approximately 300 medical institutions nationwide will
participate in the present study, and each investigational
site is expected to enrol eligible patients at a 1:1 ratio as
assigned to groups A and B, respectively. See Statistical

2
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Figure 1 Schematic of study
design (OHA, oral hypoglycaemic
agent).

Informed cousent
Subject registrarion
OHA start, addition,
or switch

3 years

1 year (end of study)

2 years

6 months 1.5 years

2.5 years

visit -1

and analytical plans for the rationale for planned
sample size.

The study design is schematised in figure 1.

Each participant’s data will be registered every
6 months, totalling 7 times of data registration for a
3-year follow-up period (also see table 1). The 6-month
interval of data registration appears reasonable to
observe safety and efficacy parameters, e.g. plasma
glucose control in participants who will be in daily clin-
ical practice along with diet and exercise therapy after a
change in pharmacotherapy (e.g. ‘start’, ‘addition’,
‘switch’ or dose increase or reduction) and to ease the
burden on each participant.

Participant eligibility

Participant eligibility will be determined as summarised

in box 1 (also see figure 2 for participant grouping).
Participation of a participant will be discontinued at

the discretion of the principal investigator or subinvesti-

gator if any of the following conditions occur: major

protocol  deviation, lost to follow-up, voluntary

Figure 2 Schematic of
participant grouping (DPP-4,
dipeptidyl peptidase-4; OHA, oral
hypoglycaemic agent).

ii: Add

ili: Switch

i: Start

ii: Add

iii: Switch

3 months before
registration

withdrawal, study termination, pregnancy or any other
reason for which the investigator judges that discontinu-
ation would be necessary.

Treatment

Treatment with an OHA will be provided in daily clinical
practice and may be changed or discontinued within the
3-year observation period, as per the package insert for
each OHA. Similarly, non-OHA antidiabetic therapies as
well as treatment for concurrent medical conditions will
be provided in daily clinical practice, as needed.

Study procedures
The principal investigator and subinvestigator will
observe and assess each participant from the time of
informed consent through the completion of observa-
tion according to the procedures depicted in table 1.

All examinations, observations and evaluations should
be performed by the principal investigator (or subinves-
tigator) at the designated time points.

Informed cousent
Subject registrarion

Start

Alogliptin

Add
N

Alogliptin

Switch of a part or all

of OHAs
Alogliptin >
Start
OHA other than DPP-4 inhibitors >
Add
2

OHA other than DPP-4 inhibitors

Switch of a part or all
of OHAs
2

OHA other than DPP-4 inhibitors
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Informed consent and participant registration

The principal investigator (or subinvestigator) will con-
secutively provide an explanation regarding the study to
each eligible participant, using the informed consent
document. Participants who give written consent will be
registered in the electronic case report form in order,
and then observations will be initiated. Participant regis-
tration will be closed at each investigational site at the
time the target number of participants has been
enrolled in alogliptin-treated group (group A) and
DPP-4 inhibitor-untreated group (group B). The partici-
pant registration for the entire study will also be closed
at the time the planned total number of participants for

each group (10000 participants) has been reached
nationwide. The principal investigator will prepare a list
of participant identification numbers and assign a study-
specific, anonymised and uniquely given number to
each participant at the time of informed consent to
protect the participant’s private information. These
unique numbers will be used and not changed through-
out the study.

Data collection

Demographics, medical history and medication history
Demographic information to be obtained will include
date of birth, gender, height, weight, waist circumference,

4
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