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Table |

Clinical charactenistics of the 662 male adolescents and correlation coefficients (r) for HMW adiponectin or leptin

Mean = 5D r vs HMW adip Adjusted for BMI r vs leptin Adjusted for BMI
Height (cm) 171.2£ 5.5 0.051 0.000
Weight (kg) 61,1 =8.5 02142 0.037 0494 %" 0.021
BMI {kg"m"‘n 20,8+ 2.6 -0.262*** - L55] e
Waist (cm) T2%7 -0.236°** ~0.010 0,592 % 0.2674**
SBP (mm Hg) 1159 £ 12.1 -0.054 0.202%** 0.042
DBP {mm Hg) 63,74 80 —0.058 0.123%* 0.065
HR (beats/min) 668= 124 =0.029 0.279 4%+ 0.296 *=*
TC (mg/dL) 171 =27 0.051 0.040
TG (mg/dL)* 52426 0.056 0.275%** 0213 e
HDL-C (mg/dL) 6713 0200 %** (165 —0.233 42+ 174 44+
FPG (mg/dL) LLES -0.012 0.125%** 0.131 **
IRI (ul/mL)® 48+33 =0.063 0.437 %% 361 %=
HOMA-IR*® L4 =073 -0.061 0435 0.363 *=*
TNF-a (pg/mL)* 250+ 1.19 -0.071 Q127" 0.133**
IL-6 (pg/mL)* 4096 £ 41 98 —0,028 0.201%% 02334
MCP-1 (pg/mL) 199.56 < 65.75 0.020 0.107*** 0.094*
Leptin (ng/mlL)* 1.57+ 1.48 ~0.158*** -0.017
Adiponectin (ug/mlL)" 4.18=224 — —0.158*** —0.017

Data are expressed as means = 5D,
* These parameters were analyzed after logarithmic transformation.
* P < 05 by Pearson correlation cocficient.
** P < 01 by Pearson correlation coefficient.
*** P <001 by Pearson comrelation coefTicient

with increased risks of developing type 2 diabetes mellitus
and insulin resistance [9-11], although a recent prospective
study revealed that high leptin levels predict a decreased risk
of diabetes independently of adiponectin, after adjustment
for obesity, hyperinsulinemia, inflammation, and other
metabolic components [12].

The purpose of the present study was to clarify the
associations of HMW adiponectin and leptin with anthropo-
metric and metabolic parameters, insulin resistance, and
proinflammatory cytokines in the general population of
Japanese male adolescents. who might still be in the
development stage in terms of their adipose tissues and
would be less affected by environmental factors, such as
medications, smoking, and alcohol consumption, than adults.
We compared the results of these adolescents with those of
healthy Japanese male adults.

2. Subjects and methods
2.1, Subjects

This study included 662 Japanese male adolescents at
Keio high school, 16 to 17 years (16.1 +0.2) of age, and 282
Japanese male teachers and employees at Keio university, 30
10 6] years (46.4 = 9.2) of age, who received annual health
checkups. All subjects were asked to fast overnight. None of
the adolescents had been prescribed medications for
diabetes, hypertension, or dyslipidemia. The proportion of
adolescents whose body mass index (BMI) was more than
25.0 kgfrn" was only 6.0% (40 subjects). Adult subjects with
cardiovascular disease, endocrine disease, or significant
renal or hepatic disease and those who were taking

medications for diabetes, hypentension, or dyslipidemia
were excluded from the analyses.

The present study was conducted according to the
principles expressed in the Declaration of Helsinki. Informed
consent was obtained from each subject afier a full
cxplanation of the purpose, procedures, and risks of the
study. The protocol was approved by the ethics review
committees of the Health Center and the Department of
Internal Medicine, Keio University School of Medicine
(Tokyo, Japan).

2.2. Clinical variables

Height was measured to the nearest 0.1 cm. Weight was
measured in light indoor clothing with shoes removed. Body
mass index was calculated as weight in kilograms divided by
height in meters squared. Waist circumference was obtained
at the navel level while standing with slight expiration.

2.3. Biochemical measurements

Plasma glucose and lipids were assayed by routine
automated laboratory methods. The serum insulin concen-
tration was measured by an enzyvme immunoassay using a
commercially available kit (Tosoh, Tokyo, Japan) with intra-
and interassay coefficients ranging from 2.9% 1o 4.6% and
from 4.5% to 7.0%, respectively [2]. The msulin resistance
index was calculated based on homeostasis model assess-
ment (HOMA-IR). The serum HMW adiponectin level was
measured with an enzyme-linked immunosorbent assay kil
(Fujirebio, Tokyo, Japan) [13] with intra- and interassay
coeflicients ranging from 4.8% to 4.9% and from 3.3% to
6.8%, respectively, as described previously [2]. The serum
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Fig- 1. Relanonships between serum HMW adiponectin levels and HOMA-
662, A) and male adults (n = 282, B). The
HMW adiponectin and HOMA-IR values were Jog-transformed  for
statistical analysis. Statistical significance was cvaluated by Pearson
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leptin, tumor necrosis factor (TNF) «, interleukin (IL) 6, and
monocyte chemoattractant protein (MCP) 1 levels were
measured in adolescent subjects using a LINCOplex kit
(Linco Research, St Charles, MO) with intra- and interassay
coefficients of 1.4% to 7.9% and <2 1%, respectively

2.4. Statistical analysis

All statistical analyses were performed using the SPSS
program for Windows (version 12.0; SPSS, Chicago, IL).
Relationships between adipokines, HOMA-IR, and other
parameters were analyzed by simple and multiple correla-
tions and by stepwise hinear regressions. Because serum

insulin, HOMA-IR, triglycerides (TG), HMW adiponectin,
leptin, TNF-2, and IL-6 were normally distributed after log
transformation, the logarithm of these parameters was used
for the analyses. All data are expressed as mean = SD, and
P < 05 was considered statistically significant

3. Results

3.1. Relationships between adiponectin and metaholic
paramelers in adolescents

The anthropometric and metabolic parameters and the
proinflammatory cytokine and adipokine levels in male
adolescents are shown in Table |. The serum adiponectin
level in adolescents was 4.18 + 2.24 ug/mL (range, 0.4-
21.0 pg/mL). Adiponectin levels in adolescents correlated
negatively with BMI and waist circumference. Among
metabolic parameters, only high-density lipoprotein choles-
terol (HDL-C) correlated significantly wiath adiponectin
(r=0.200, P < .001). This correlation was significant even
after adjustment for BMI (r = 0.165, P < .001) or waist
circumference (¢ = 0.167. P <.001). Adiponectin levels did
not correlate with HOMA-IR in adolescents (Fig. 1A).

When we separated 171 adolescents (25.8%) whose BMI
were more than 22.0 kg/m’, there was a weak but significant
mverse correlation between HMW adiponectin and HOMA-
IR (r=-0.152, P = .047). However, this was not significant
after adjustment for BMI

3.2. Relationships between leptin and metaholic parameters

in adolescents

As shown in Table |, serum leptin levels correlated
positively with BMI, waist circumference, systolic blood
pressure (SBP), diastolic blood pressure (DBP), heart rate

Aini—
P =045
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Fig. 2. Relationship between serum leptin levels and HOMA-IR in 662 male
adalescents, Loptin and HOMA-IR values were log-transtformed  for
stanstical analysis. Stanstical significance was cvaluated by Pearson
correlation coefficients
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Table 2
Clinical characteristics of the 282 male adults and correlation coefficients (r)
for HMW adiponectin

Table 3B
Stepwise multiple regression analysis for HOMA-IR as the dependent
varable in male adults (n = 282)

Mean £ SD r Adjusted for BMI Standardized P Change in & (%)
Age (y) 464292 -0.029 —0.036 BMI 0320 <001 50
Height (em) 169.7 = 6.1 ~0.041 =0,065 HDL-C -0.269 <001 59
Weight (kg) 66.7 = 9.0 -0.357** —0.059 TC D.151 < (MM 29
BMI (kg/m") 232227 -0387"* - HR 0.126 <001 14
SBP (mm Hg) 1224 16 -0.160"*  =0.010 Adiponectin =0.111 <05 0.7
BP 77+ 134 5 =
R lllj\lﬂ Hg) o “l 0.3 Variables are shown in the order of entry. Entry of the following vanables in
HR (beats/min) T41 11 —0.049 -0.033 ; gl -
=l L regression mode was permitted: BMI, SBP, DBP, HR, TC, TG, HDL-C, and
TC (mg/dL) 201 = 30 ~0.090**  —0.053 Vs ; s ) =
TG (mg/dL)* 1224 77 0358 02358 HMW adiponeetin. The HOMA-IR, TG, HMW adiponcctin, and loptin were
HDL-C (mg/dL) PYRT 04384 0,195+ analyzed after loganithmic transformation
FPG (mg/dL) 04-9 =0.097* —0.034
IRI (uUfmL)* 54=z35 0367 02220
HOMA-IR* 1264083 -0370°* -0223°* HDL-C, IRI, and HOMA-IR were significant even after

Adiponcctin (ug/mL)* 4842320 - -

Data arc expressed as mean = SD
* These parameters were analyzed after logarithmie transformation,
* P < 05 by Pearson corrclation coefficient.
** P <001 by Pearson correlation cocficicnt.

(HR), TG, fasting plasma glucose (FPG), immunoreactive
insulin (IRI), HOMA-IR, TNF-z, IL-6, and MCP-1 and
correlated negatively with HDL-C. Correlation of leptin with
HR, TG, HDL-C, FPG, IRI, HOMA-IR, TNF-a, 1L-6, and
MCP-1 was significant even afier adjustment for BMIL. The
correlation between leptin and HOMA-IR was significant
even after adjustment for both BMI and waist circumference
(r=0.343, P<.001) (Fig. 2). Tumor necrosis factor a, 1L-6.
and MCP-1 correlated with neither BMI nor HOMA-IR.,

3.3. Relationships berween adiponectin and metabolic
parameters in adults

The anthropometric and metabolic parameters and the
adiponectin levels in male adults are shown in Table 2. The
serum adiponectin level in adults was 4.84 + 3.20 ug/ml.
(range, 0.30-26.0 pg/ml). Adult serum adiponectin levels
were significantly higher than those in adolescents
(P = .026), despite adult BMI being significantly higher
(P =.001). The serum adiponectin levels in adults correlated
negatively with BMI, SBP, DBP, total cholesterol (TC), TG,
FPG, IRI, and HOMA-IR and correlated positively with
HDL-C. The correlations between adiponectin and TG,

Table 3A
Stepwise multiple regression analysis for HOMA-IR as the dependent
variable in male adolescents (n = 662)

Standardized [} P Change mn R (%)
Leptin 0.333 =001 18.8
HR 0,185 <001 I8
TG 0181 <.001 2.6

Vanables are shown in the order of entry. Entry of the following variables in
regression mode was permited: BMI, SBP. DBP, HR, TC, TG, HDL.C,
HMW adiponceun, and lepun. The HOMA-IR, TG, HMW adiponcctin, and
leptin were analyzed after logarthmic transformation

adjustment for BML

3.4, Multiple regression analysis with HOMA-IR in
adolescents and adulls

As shown in Table 3A, stepwise multiple regression
analysis revealed leptin, HR, and TG to be significantly
correlated with HOMA-IR in adolescents (R” = 0.252). On
the other hand, BMI, HDL-C, TC, HR, and HMW
adiponectin correlated significantly with HOMA-IR in adults
(R* = 0.359, Table 3B).

4. Discussion

In this study, we have shown that (1) serum HMW
adiponectin levels are decreased and leptin levels are
increased with adiposity variables in the general population
of male adolescents; (2) HMW adiponectin significantly
correlates with HOMA-IR in adults, but not in adolescents;
(3) HMW adiponectin correlates positively with HDL-C in
adolescents, but not with any other obesity-related metabolic
parameters; and (4) leptin is closely associated with HOMA-
IR, obesity-related metabolic parameters, and proinflamma-
tory cytokines in adolescents.

It is particularly noteworthy that our observations were
made in a general population of adolescents, most of
whom were healthy and minimally affected by environ-
mental factors, such as medication, smoking habit, and
alcohol consumption.

The present study showed HMW adiponectin 1o be
decreased in accordance with rising levels of adiposity
vanables while not being significantly associated with
insulin resistance (Fig. 1A) or metabolic parameters except
for HDL-C in adolescents, whereas a close negative
correlation between adiponectin and insulin resistance was
observed in adults (Fig. 1B), as we previously reported [2].
Many clinical studies have demonstrated adiponectin 1o
correlate inversely with insulin resistance in adults. Recently,
several pediatric studies have shown a negative correlation
between total adiponectin and nsulin resistance in obese
children and adolescents [14-22] and in the general
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population of those [23-25], whereas negative data were
reported only in 2 studies [26,27]. Our results are not in line
with those of former reports. This discrepancy might be
attributable 1o the charactenstics of our study subjects.
First, our study was performed in a general population in
which mean BMI averaged 20.8 kg/m’. Second, they were in
the same grade at high school and their lifestyles were
relatively uniform. Third, our subjects were all Japanese.
Bush et al [24] reported a positive correlation between
adiponectin and msulin sensitivity in adolescents from the
general population. In their study, almost half of the subjects
were African Americans. Another reason may be related to
the form of adiponectin measured: we measured adiponectin
by enzyme-linked immunosorbent assay without a denatur-
ing step using a kit capable of detecting only HMW, the more
active form of adiponectin [13]. Recently, Araki et al [22
reported that HMW, rather than towl, adiponectin levels
better reflect insulin resistance and visceral fat area even in
obese children. To our knowledge, this is the first report to
examine the relationship between HMW adiponectin and
insulin resistance in adolescents from the general population.

Previously, we reported that both BMI and serum leptin
levels were lower in adolescents than in adults [28], although
the assay method used was different from that of the present
study. Herem, we found adiponectin levels in adolescents to
be significantly lower than those of adults, despite BMI
being significantly lower in adolescents. This observation
might be related to the difference in plasma testosterone
concentrations because testosterone suppresses adiponectin
levels [29] and [ree testosterone levels are known to increase
drumatically durning puberty and to decrease with aging.

The positive association between leptin and insulin
resistance i adults has been confirmed by many epidemio-
logical studies [30,31]. Whether this is true for adolescents
has not been fully elucidated. Huang et al [32] showed
plasma leptin levels o be positively associated with insulin
resistance independently of BMI in nondiabetic male
adolescents with a mean BMI of 26.6 kg'm" To our knowl-
edge. there is only one study to find a positive correlation
between leptin and insulin resistance in the general
adolescent population [27]. Of note, the present study
revealed a close positive association between leptin and
HOMA-IR (Fig. 2) and many obesity-related metabolic
parameters in a general population of Japanese adolescents
with a2 mean BMI of 20.8 kg.‘m:. Furthermore, stepwise
multiple regression analysis revealed that leptin, but not BMI
or waist circumference, significantly correlated with HOMA-
IR. This finding suggests that leptin resistance may already
exist in such adolescents

In addition, we demonstrated positive correlations
between leptin and proinflammatory cytokines even in this
general population of adolescents, although r values were
weak. This observation may be compatible with the results of
experimental studies that showed that leptin increases the
production of TNF-a and IL-6 in macrophages [33] and up-
regulates MCP-1 expression in hepatic stellate cells [34].

Accumulating evidence suggests that obesity is associated
with a state of chronic low-grade inflammation [35]. Cross-
sectional studies have demonstrated clevated levels of TNF-
a and IL-6 among individuals with obesity [36], and a
prospective study has revealed IL-6 to be a determinant of
risk for developing type 2 diabetes mellitus [37]. Positive
correlations between leptin and proinflammatory cytokines,
as observed in the present study, may provide at least one
explanation for high leptin levels predicting an increased nisk
of developing type 2 diabetes mellitus [9-11].

Taken together, our findings suggest that leptin may be a
more upstream molecule in the mechanism of fal accumula-
ton—related insulin resistance than adiponectn, at least m
male adolescents, Our hypothesis is mentioned below: With
the development of adipose tissue, secretion of adiponectin
and leptin may increase, In the general population of
adolescents, however, only leptin may play a role in
preventing fat accumulation-related nsulin resistance,
which was described in Schrudt et al [12]. In association
with leptin resistance, leptin levels may further increase and
accelerate the production of proinflammatory cytokines,
although proinflammatory cytokine levels in adolescents
were not associated with adiposity vanables in the present
study. In the latter phase of obesity, adiponectin may play an
important role as an insulin sensitizer by inhibiting these
proinflammatory cytokines, at least in part.

In conclusion, serum leptin is suggested to be a more
uscful biomarker of fat accumulation-related insulin resis-
tance, mflammation, and metabolic abnormalities than
HMW adiponectin in the general population of male
adolescents. The inverse comrelation between adiponectin
and insulin resistance may manifest in the later phase of
obesity development.
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Abstract

Objective
glitazone.
Research Design and Methods  Sixty-nine patients with type 2 diabetes received 500-750 mg metformin a
day for 12 weeks as an observation period before the start of the intervention. After an observation period,
nadequately controlled pauents (hemoglobin Alc =7.5%, n=34) received additional treatment with 15 mg

We investigated whether or not “low dose™ metformin could prevent weight gain induced by pro-

pioghtazone (+P, M+P group). The other putients (n= 35) continued metformin monotherapy (Met group). In
addition, another group consisting of 28 patiems treated with 15 mg pioglitazone alone (Pio group) was ob-
served. Body mass index (BMI), as well as several chinical parameters of glycemic control and lipid metabo-
lism, was compared before and after 24 weeks of intervention.

Results  BMI increased significantly in the Pio group [24.0£3.8 vs. 24.8+4.3 kg/m’, (mean = SD), p<0.001],
but not in the M+P group (25,1435 vs. 253434 kg/m’, NS) and Met group (24.043.3 vs. 24.043.5 kg/m’,
NS). In addition to improvement in glycemic control, a sigmficant reduction m the atherogenic index of
plasma (AIP), defined as log [TG =0.0112/HDL-C x0.02586], was observed in the Pio group (0.0620.23 vs,
-0.04+0.27, p<0.05) and M+P group (0,08£0.24 vs, -0.001£0.252, p<(.01), but not in the Met group,
Conclusion This study indicates potential benefits of the addition of pioghtazone to “low dose” metformin
in terms of improvement of glucose and lipid metabolism without weight gain.

Key words: metformin. pioglitazone, combination therapy. weight gain. atherogenic index of plasma (AIP)
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mia, as well us glycemic control, without weight gain is im-

Introduction portant in patients with type 2 diabetes 1o prevent macrovas-

cular disease

Diabetes mellius is 4 common metabolic disorder, affect- Metfornun, a biguamide, and piogltazone, a thiazohdin-

ing more than 190 million people worldwide (1, 2). Type 2
diabetes results from the failure of pancreatic beta cells to
adequately compensate for obesity and insulin resistance (3).
Type 2 diabetes 1s also a nsk factor for macrovascular dis-
case. Patients with type 2 diabetes often have lipid abnor-
malities, such as hypertnglycendemia and low high-density
lipoprotein cholesterol (HDL-C) level, which are associated

with promotion of atherosclerosis. Treatment of dyshipide-
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edione, are regarded as insulin-sensitzing agents, whereas
their target organs and precise mechanisms in increasing in-
sulin sensiuvity are different (4). Biguanides primarily im-
prove glycemic control by decreasing hepatic glucose pro-
duction in the post-prandial state by increasing hepatic insu-
lin sensitivity, Biguanides also enhance insulin-sensitizing
cffects in penipheral tissues and cause an increase in glucose
utilization, In addition, biguamides have been shown to re-
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Table 1.
(Met and M+P)

Baseline Characteristics in Metformin-administered Group

Characleristics Metformin-adminisiered cases
n 69
Men/Women 48/21
Age (years) 588:86
Height (cm) 164.619.2
Body weight (kg) 6691114
BMI (kg/im") 247:33
SBP (mmHg) 129.3 £ 145
DBP (mmHg) 76.9+10.3
FPG {(mg/dL) 1625+ 342
HbAe (%) 74+08
IRI (uJimL) 6.0+3.6
Total cholesteral (ma/dL) 209.4 + 301
Triglyceride (mgidL) 1517+ 79.0
HDL-cholesterol (mg/dL) 5182151

Data are mean + SDaorn

duce body weight, so they are regarded as the first choice
agent for type 2 diabetes with insulin resistance (5-7). How-
ever, because the maximum dose of metformin in Japan is
750 mg/day, which is much lower than that in other west-
ernized countries (up to 2,550 mg/day), treatment with met-
formin alone often results in inadequate glycemic control.

On the other hand, thiazolidinediones improve glycemic
control by increasing insulin sensitivity in the periphery
partly via modulating the transcription of genes that play
important roles in glucose metabolism (8). Activation of per-
oxisome proliferator-activated receptor (PPAR)-y by thia-
zolidinediones has been shown to improve not only glyce-
mic control but also the lipid profile (9-11). We have re-
ported that thiazolidinediones modulate body fat distribution
(12, 13) and have anti-atherosclerotic effects through n-
creasing plasma adiponecun level (13). However, weight
gain has been reported after treatment with thiazolidinedio-
nes m general (10, 11, 13-15).

Both biguanides and thiazolidinediones are widely used
for the treatment of type 2 diabetes with underlying insulin
resistance. Combination therapy with the two agents 1s ex-
pected to overcome the disadvantages of each of the two
agents, with the expectation of better improvement in glyce-
mic and lipid metabolism without weight gain. In this study,
we evaluated the effects of additional treaument with piogli-
tazone for 24 weeks on glycemic and lipid metabolism and
body weight in Japanese patients with type 2 diabetes who
had inadequate control with “low dose”™ metformin as the
first choice, compared with |5 mg pioglitazone monother-
apy.

Materials and Methods

Subjects and protocol

A total of 69 Japanese type 2 diabetic patients (48 men
and 21 women; mean + SD ape 58.848.6 years), altending
our outpatient diabetic clinics at Keio University Hospital or
Saiseikm Central Hospinal, were enrolled. All of them were
naive 1o oral hypoglycemic agents. Before starting met-
formin (500 or 750 mg/day) monotherapy for 12 weeks in
the observation period, all 69 subjects received dictary in-
structions from nutritionists, using a meal-exchange plan,
The ideal dietary caloric intake for each patient was calcu-
lated as the ideal body weight (kilograms)x25 kcal/kg.
Baseline charactenistics (at -12 weeks) of all participants are
shown in Table |. At the start (0 week) of intervention, the
patients who had inadequate conwol (HbAlce 2735%) re-
ceived additonal treatment with 15 mg pioglitazone (M+P
group: n=34, mean + SD age 58.6+8.0 years; BMI 25 1+3.5
kg/m’), while other patients (with HbAlc level <7.5%) con-
tinued metformin monotherapy (Met only group (Met); n=
35, mean = SD age 59.0+9.2 years; BMI 24.0+3.3 kg/m’).

Another group consisting of 28 patients with type 2 dia-
betes, who received pioglitazone monotherapy (Pio only
SD age 60.3x12.4 years: BMI
24.0+3.8 kg/m’), was observed. They were also naive to oral

group (Pio): n=28, mean

hypoglycemic agents, Afler receving the same dietary in-
structions as above, the patients received 15 mg/day piogli-
tazone lone for 24 weeks.

Purameters including glycemic and lipid profiles were
compared between the start and after 24 weeks. The study
protocol is shown in Fig. |, All patients gave informed con-
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12 weeks 0 week 24 weeks
. L |
P
+Piogitazone (n=34)
HbA1c27.5%
Diet +Metformin
fnng et
HbA1c<7.5% {n=35)
Pio
Diet +Pioglitazone (n=28)
(n=28)

Figure 1.

Study protocol. After a 12-week observation period with metformin monotherapy, pa-

tients who had inadequate control (HbAle 27.5% ) received additional treatment with 15 mg piogli-

with |

tazone (+P, M+P group). P

globin Alc <7.5% continued metformin monotherapy

(Met group). Another 28 patients received treatment with 15 mg pioglitazone monotherapy for 24

weeks (Pio group).

sent and the study protocol was approved by institutional re-
view bourd.

Measurements

Blood pressure was determined in the sitting position af-
ter a lO-minute rest. Body weight was measured ar the
clinic under the same conditions for each patent. Blood
samples were taken from each subject before breakfast in
the carly morning, after overnight bed rest. Fasting plasma
glucose (FPG) was determined by the glucose oxidase
method. Hemoglobin Ale (HbA lc) was determined by high-
performance liquid chromatography (Toso, Tokyo, Japan).
Total cholesterol (TC). high-density lipoprotein cholesterol
(HDL-C) and wiglyceride (TG) levels were measured enzy-
matically by an autoanalyzer (Hitachi, Tokyo, Japan).

The atherogenic index of plasma (AIP) was calculated ac-
cording to the following equation: AlP=log [TG x0.0112/
HDL-C x0.02586], with units for TG and HDL-C of mg/dL.

Statistical analysis

All results are presented as mean + 5.0, Differences in
these parameters between the start and after 24 weeks were
analyzed using Wilcoxon's matched-pair signed-rank test
Differences in cach parameter among groups at each tume
point were analyzed using Kruskal-Wallis test. A p value
less than (.05 was considered statistically significant. Statis-
tical analyses were carried out using StatView 5.0 software
(SAS Institute, Cary, NC).

Results

At the start (0 week) of the intervenuon, there were no
statistically significant differences in parameters. except for

FPG (168.9£27.2 mg/dL in M+P vs, 154.2+37.6 mg/dL in
Met vs. 16932259 mg/dL in Pio, p<0.05) and HbAlc
(7.9+£0.8% in M+P vs. 7.1£0.9% in Met vs. 8.1£0.6% in
Pio, p<0.0001), among the three groups.

Changes in parameters between () week and after 24
weeks i all groups are shown in Table 2a-c. There was no
change in blood pressure between () week and after 24
weeks in all groups. Figure 2 shows the changes in body
weight among the groups. While the Pio group showed a
significant increase in body weight (63.0£13.7 vs. 65.2+14.8
kg, p<0.001). the M+P group (69.1£11.8 vs. 69.7£11.9 kg,
not significant (NS)) and Met group (642109 vs. 643+
11.3 kg, NS) showed a shight but non-significant increase in
body weight. And, the changes in body weight (body weight
at 24 weeks - body weight at 0 week) did not depend on
sexual distinction [+1 8+3.0 kg (p<0.05 for body weight at ()
week vs. at 24 weeks) in men and +2.621.3 kg (p<0.01) in
women in the Pio group, +0.8+£2.0 kg (NS) in men and
-(.2£3.1 kg (NS) in women in the M+P group, +0.532.2 kg
(NS) in men and - 0.5£1.6 kg (NS) in women in the Met
group]. Data-driven post-hoc analyses showed that body
weight at 12 weeks (time point for initiation of metformin)
was 69.2+11.9 kg in the M+P group and 64.8+10.5 kg in
the Met group

With regard to glycemic control, FPG decreased signifi-
cantly in the Pio group (169.3£25.9 vs. 140.2+23.1 mg/dL.,
p<0.001) and M+P group (168.9+£27.2 vs, 150.4+31.6 mg/
dL, p<0.01) after 24 weeks, but not in the Met group
(154.2£37.6 vs. 148.2+31.8 mg/dL. NS). HbAlc also de-
creased sigmificantly in the Pio group (8.1+0.6 vs. 69+
0.8%, p<0.0001) and M+P group (7.9+0.8 vs. 7.3£0.7%, p<
(L001), but not in the Met group (7.1£0.9 vs. 7.0£1.0%,
NS)
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Table 2a.  Changes in Glycemic and Lipid Parameters with 24-week Addi-
tional Treatment with Pioglitazone to Metformin (M+P group) [n=34 (25

Men, 9 Women))

Paramelers 0 week 24 weeks p
Age (years) 586+ 80
Height (em) 1658+ 10.1
Body weight (kg) 631+11.8 69.7=11.9 NS
BMI (kg/m?) 251+35 253:34 NS
SBP (mmHg) 13294173 1337+ 129 NS
DBP (mmHg) 779:107 780:88 NS
FPG (mg/dL) 168.9 + 27.2 150.4 + 31.6 p<0.01
HbA1C (%) 79408 73:07 p < 0.001
TC (mg/dL) 2089+ 276 21254268 NS
TG (mg/dL) 1474 + 58.5 131.7 + 49.5 p<005
HDL-C (mg/dL) 50.8 +12.6 55.0 + 15.4 p<001
AP 0.08+0.24 -0.001+ 0.252 p<0.01
AST (iUL) 247+ 134 246499 NS
ALT (UL} 3344262 2931183 NS

Data are shown as mean + SD. Parameters at 0 week and after 24 weeks of

treatment were compared by Wilcoxon's matched-pair signed-rank test.

Concerming lipid profile, all groups showed a mild but
non-significant increase in TC level. A significant decrease
in TG level was found in the M+P group (1474585 vs.
131.7249.5 mg/dL. p<0.05), but not in the Pio group
(141 8+£59.7 vs. 12834585 mg/dl., NS) and Mer group
(149.9290.6 vs. 143.92£66.4 mg/dl., NS). HDL-C level in-
creased significantly in the Pio group (30.6=11.5 vs. 56.2+
13.9 mg/dL, p<0.01) and M+P group (50.8+12.6 vs. 55.0+
15.4 mg/dL. p<0.01), but not in the Met group (53.7x17.4
vs. 53.9+£18.0 mg/dL, NS). Consequently. a significant re-
duction in the atherogenic index of plasma (AIP) was ob-
served in the Pio group (0.06£0.23 vs. -0.04£0.27, p<0.05)
and M+P group (0.08+0.24 vs, -0.001£0.252, p<0.01), but
not in the Met group (0.04£0.30 vs. 0.04£0.26, NS).

All participants completed the tnal, and none of the pa-
tients expenienced adverse events such as hypoglycemia or
pre-tibial edema.

Discussion

In the present study, additional treatment with pioglita-
zone onto “low dose™ metformin in patients whose diabetes
had been inadequately controlled with metformin alone im-
proved not only glycemic control but also lipid metabolism,
with no gain in weight,

Both pioglitazone and metformin have been shown to im-
prove glycemic control in climcal practice. The present
study showed the efficacy of pioglitazone for glycemic con-
trol in not only patients naive to glucose-lowering medica-
ton, but also patients inadequately controlled with met-
formin monotherapy.

Concerning lipid metabolism, a significant increase in
HDL-cholesterol level was observed n pioglitazone-treated
patients (M+P and Pio groups), even at a lower dose of 15
mg. While the decrease in triglyceride level was significant
in the M+P group, the decrease did not reach statistical sig-
nificance in the Pio group. Because lowering the triglycenide
level and increasing the HDL-cholesterol level have been
shown to prevent macroangiopathy (16), the effect of piogli-
tazone on lipid metabolism should be noted

Recently, AIP has been proposed as an indicator of risk
of macroangiopathy (17, 18). Predominance of small dense
low-density lipoprotein (LDL) in plasma is associated with
an increase in risk of macroangiopathy (19, 20). AIP was re-
ported 1o be ncgatively correlated with the LDL particle
size. So, it has been proposed that patents with higher AIP
have a higher risk of macroangiopathy than those with lower
AIP. Tn the present study, pioghtazone sigmficantly de-
creased AIP when used as monotherapy or in combination
with metformin. These results are consistent with other stud-
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Tahle 2b.  Changes in Glycemic and Lipid Parameters with 24-week Met-
formin Monotherapy (Met Group) [n=35 (23 Men, 12 Women)|

Parameters 0 waek 24 weeks p
Age (years) 59.0+£92
Height {cm) 1634 : 83
Body waight (kg) 642+ 109 643+ 113 NS
BMI (kg/m®) 240+33 240+35 NS
SBP (mmHg) 130.4 + 159 131.0+ 150 NS
DBP (mmHgj 781+85 79.2+98 NS
FPG (mg/dL) 1542+ 376 148.2+318 N5
HbA1E (%) 71+08 7T0+10 NS
TC (mg/dL) 2106+ 274 2115+ 296 NS
TG (mg/dL) 1499 + 906 143.9 + 66.4 NS
HDL-C (mg/dL) 537 £ 174 53.9+ 180 NS
AlP 0.04 £030 0.04 £ 0.26 NS
AST (IUL) 245+ 164 265+ 193 NS
ALT (UML) 276+£16.3 285+ 183 NS

Data are shown as mean + 5D. Parameters at 0 week and afier 24 weeks of

treatment were comparad by Wilcoxon's matched-pair signed-rank test,

ies indicating its efficacy as monotherapy (21) and as com-
bination therapy (21-23). Our finding might be related o the
results in the prospectuve pioghtazone clinical trial in
mucrovasculur events (PROactive) study (24), which showed
that pioglitazone reduced macrovascular events in patients
type 2 diabetes, who are at risk of
macroangiopathy.

Pioglitazone 15 generally prescribed as second or third

with developing

choice among the oral hypoglycemic agents. While it is con-
troversial whether pioglitazone should be prescribed as the
first choice or used in the early stage of diabetes (25), the
pioglitazone monotherapy group showed an impressive im-
provement in glycemic and lipid metabolism n our study
HbAlc level at 24 weeks was lowest in the Pio group
among the three groups, even though it was highest at the
start of intervention. From the standpoint of prevention of
macroangiopathy, pioglitazone could be prescribed as the
first choice for patients with type 2 diabetes who are naive
1o oral hypoglycemic agents, although the problem of
weight gain needs to be overcome.

Previous studies also have shown that pioglitazone mono-
therapy has beneficial effects on glucose and lipid profiles
(9-11). On the other hand, weight gain due 10 proglitazone
15 a major chmical concern because it is frequently associ-
ated with major side effects (10, 11, 13-15). It is suggested
that several mechamsms could contribute to weight gain in

patients treated with pioglitazone. First, fluid retention lead-
ing to peripheral edema, which is a well-known symptom,
with the use of pioglitazone might be associated with weight
gain. Chen et al (26) showed that GI262570 (farglitazar), a
PPAR-y agonist, increased sodium reabsorption in the distal
nephron in rats, while its precise mechanisms remain un-
known (27), Secondly, thiazolidinediones sumulate PPAR-y
on adipocytes and promote adipocyte differentiation, espe-
cially of subcutaneous fat cells, leading to an increase in the
number of small fat cells (28) and in the total amount of
subcutaneous fat (12, 13),

To prevent weight gain with the clinical use of thia-
zolidinediones, several approaches have been atempted. Ma-
jima et al (29) showed that 7.5 mg (half dose) pioglitazone
significantly improved glucose and lipid metabolism with
less weight gain, although a study hmitation was that the
subjects were all female. Strowig et al (30) showed tha
weight gain was avoided when “higher dose” metformin
therapy (2,000 mg/day) preceded the addition of thiazolidin-
edione therapy. and the finding 1s consistent with the results
of our study, although there was a difference in the dose of
metformin. Because metformin may cause a reduction of ca-
loric intake and loss of adipose tissue (5), weight gain might
be minimized if metformin is admimstered before the addi-
tion of pioglitazone

Concerning combination therapy with pioglitazone and
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Tahle 2c.

Changes in Glycemic and Lipid Parameters with 24-week Pio-

glitazone Monotherapy (Pio Group) [n=28 (16 Men, 12 Women)|

Paramelers 0 week 24 weeks p
Age (year) 603+124
Height (cm) 1614 + B8
Body weight (kg) 63.0+ 137 6524 14.8 p < 0.001
BMI (kg/m”) 240+38 248+43 p <0.001
SBP (mmHg) 1281+ 16.0 1296+ 18.4 NS
DBP (mmHg) 76.8+ 116 764 +96 NS
FPG (mgldL) 1693+ 259 140.2 + 231 p <0.001
HbA1C (%) 81:06 68:08 p < 0.0001
TC (ma/dL) 210.8 £ 31.1 2123+21.3 NS
TG (mgldL) 14184597 1283+ 585 NS
HDL-C (mgldL) 506+ 115 56.2+13.9 p<0.01
AlP 0.06 0.23 -0.04+ 0,27 p<0.05
AST (IUL) 215+108 202:69 NS
ALT (1UL) 260+ 247 200+157 p <001

Data are shown as mean + SD. Parameters at 0 week and after 24 weeks of

treatment were compared by Wilcoxon's matched-pair signed-rank test

Weight gain (kg)

Mel M+ Pio

Figure 1. Increases in body weight after 24 weeks in each
group. Values are mean = SD. *p <0.001. Weight gain in each
group was calculated as (body weight at 24 weeks - body
weight at 0 week). Body weights at 0 week and at 24 weeks
were compured by Wilcoxon's matched-pair signed-rank
test. Met: Metformin monotherapy, M+P: Metformin + pio-
glitazone, Pio: Pioglitazone monotherapy.

metformn, several studies have been reported. Kendall et al
(311 reported the beneficial effects of a combination of pio-
ghitazone and “higher dose” of metformin (1,500-2.550 mg/

day) on glucose and lipid metabolism in comparison with a
combination of muraglitazar, a dual (o/y) PPAR agomist, and
metformin. They observed a slight increase in body weight
(+0.6 kg/24 weeks) in the pioglitazone + metformin group
Matthews et al (22) also reported the efficacy of combina-
tion therapy of pioglitazone and metformin. They showed
that weight gain appeared o have stabilized by 52 weeks.
Our findings also showed a slight. but not significant weight
gain by additional weatment with pioglitazone onto “low
dose” metformin. One of the problems in the use of met-
formin is that the frequency of digestive disturbance in-
creases when the dose of metformin exceeds 1,000 mg/day
(32). So, the finding that “low dose” metformin (500-750
mg/day), i.e., the maximum dose of metformin used in Ja-
pan, was effective in preventing weight gain by pioglitazone
is climcally important. The differences in magnitude of
weight gain among the several reports and our observation
might be due o differences in baseline charactenstics, dose
of medication, study duration or race.

There are several limnations to the current study. First,
the present study was an open-label prospective observa-
tonal study. bur not a double-blind, randomized, controlled
trial. It s difficult to direetly assess the impact of metformin
on pioglitazone-induced weight gain in comparable groups
with this study design Second, the size of the cohort was
small for companison when we calculated the required sam-
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ple size using the effect size based on our previous study
(13), a level of statistical significance (o) of 0.05, and the
statistical power (1-f) of 0.80. Despite the limitations of this
study, we believe that the results of the present study are
useful in climeal practice

In conclusion, additional treatment with pioglitazone onto
“low dose” metformin might be effective for improvement
of glycemic control, TG and HDL-C levels without weight
gain, leading to prevention of the development of macrovas-
cular disease in pauents with type 2 diabetes. However, this

requires confirmation with a larger number of subjects and a
longer study period. Also, the effects of a different order of
combination therapy, Le., additional treatment with “low
dose” metformin onto pioglitazone, on glycemic and lipid
metiabolism and body weight should be elucidated in further
studies.

Acknowledgement
We thank Dr. Wendy Gray lor editing the manuscript,

References

. King H, Aubent RE, Herman WH. Global burden of diabetes,
1995-2025: prevalence, numerical estimates, and projections. Dia-
betes Care 21: 1414-1431, 1998

Yoon KH, Lee JH, Kim JW, et al, Epidemic obesity and type 2

diubetes in Asia, Luncet 368 1681-1688, 2006,

3. DeFronzo RA. Femmanmim E. Insulin resistance. A multifaceted
syndrome responsible for NIDDM, obesity, hypertension, dyslipi-
demis, and atherosclerotic cardiovascular disease. Diabetes Care
14: 173194, 1991

4. Inzucchy SE, Maggs DG, Spollett GR, et al. Efficacy and meta-

bolic effects of metformin and troglitazone in type 2 diabetes mel-
litus. N Engl J Med 338: 867-872, 1998

. Stumvoll M, Nughan N, Permicllo G, Dailey G, Gerich JE. Meta-

bolic effects of metformin in non-insulin dependent diabetes melli-

tus. N Engl J Med 333: 550-554, 1995.

Bailey CJ, Path MRC, Turner RC. Drug therapy: Metformin. N

Engl ] Med 334: 574-579, 1996,

. Cusi K, DeFronzo RA. Metformin: a review of its metabolic ef-

fects. Diabetes Rev 6: 89-131, 1998,

8. Yki-larvinen H. Drug therapy: thiazolidinediones. N Engl J Med
351: 1106-1118, 2004,

9. Rosenblawt S, Miskin B, Glazer NB, Prince MJ, Robertson KE

Pioglitazone 026 study group: The impact of pioglitazone on gly-

cemic control and atherogenic dyslipid in patients with type 2

diabetes mellitus. Coron Artery Dis 12: 413423, 2001

W

o

&

-3

10, Schemihaner G, Matthews D, Charbonnel B, Hanefeld M, Bru-
neti P Efficacy and safety of pioglitazone versus metformin i
patients with type 2 diabetes mellitus; a double blind, randomized
trial. J Clin Endocrinol Metab 89: 6068-6076, 2004.

1L Hanefeld M, Brunetti P, Schernthaner GH, Matthews DR, Char-

bonnel BH; on behalf of the QUARTET Swdy Group, One-year
glycemic control with a sulfonylurea plus pioghitazone versus o
sulfonylures plus metformin in patients with type 2 diabetes, Dia-
betes Care 27: 141-147, 2004

12. Kawam T, Taker I, Oguma Y, et al. Effects of woglitazone on fat
distribution in the nt of male type 2 diabetes. Metabolism
48: 1102-1107, 1999

13. Hirose H, Kawai T, Yamamoto Y, et al. Effects of pioglitazone on
metubolic parameters, body fut distribution, and serum adiponectin
levels in Japanese male patients with type 2 diabetes. Metabolism
51: 314-317, 2002

14. Pave 1. Jermendy G. Varkonyi TT, et al. Effect of pioghiazone
compared with metformin on glycemic control and mdicators of
insulin sensitivity in recently diagnosed patients with type 2 dia-
betes. J Clin Endocrinol Metab 88: 1637-1645, 2003

15. Buse JB. Tan MH. Pnnce MJ, Enckson PP The effects of oral
unti-hyperglycemic medications on serum hipid profiles in patients
with type 2 diabetes, Diabetes Obes Metab 6: 133-156, 2004,

16. Nutional Cholesternl Education Progrum: Executive summary of
the third report of the National Cholesterol Education Program
INCEP) Expent Punel on Detection, Evaluution, and Treatment of

High Blood Cholesterol m Adulis (Adult Treatment Panel 117)
JAMA 285: 2486-2497, 2005,

17. Dobidsovd M, Frohlich 1. The plasma parameter log (TG/HDL-C)
as an atherogenic index: comelation with lipoprotein panticle size
and  esterification rute  in  apoB-hpoprotein-depleted  plasma
(FERu ). Clin Biochem 34; 583-388, 2001

18. Dobidsovd M. Atherogenic index of plasma [Log(Triglycendes/HDL-
Cholesterol)]: Theoretical and practical implications. Clin Chem  50:
1131115, 2004

19, Coresh ), Kwiterovich PO, Smith HH, Bachonk PS. Association of
plasma trglyceride concentration and LDL particle diameter, density.
and chemical composition with premature coronary arery discase in
men and women. J Lipid Res 34: 1687-1697, 1993

20. Mowat BF, Skinner ER, Wilson HM, Leng GC. Fowkes FG, Homobin
D). Alterations in plasma lipids, lipoproteins and high density lipopeotein
subfractions in peripheral anterial disease. Atherosclerosis 1310 161-166,
1997.

21. Tan MH, Johns D, Glazer NB. Pioghitazone reduces atherogenic index
of plasma in patients with type 2 diabetes. Clin Chem 50: 1184-1188,

2004
22, Matthews DR, Charbonnel BH, Hanefeld M. Brunetti P, Schernthaner G
Long-term therapy with addition of piogli o metf eomnpared

with the addition of gliclazide 1o metformin in patients with type 2 dis-
betes: 4 randomized, comparative study. Diabetes Metubol Res Rev 21
167-174, 2005

23, Benenidge DJ, Vergés B. Long-term effects on lipids and lipoproteins of
poglimzone versus gliclazde add o and |
versus metformun addibon o a0 the
diabetes. Diabetologia 48: 2477-2481, 2005,

24. Dormuandy JA, Charbonnel B, Eckland DA, et al, on behall of the PRO-
active Investigators. Secondury prevention of macrovascular events in
patients with type 1 diabetes in the PROactive Study (PROspective pio-
ghtAzone Clinical Trial In macroVascular Events), a randomized con-
trolled tral. Lancet 366: |279-1289, 2005,

25. Nathan DM. Thinzolidinediones for imitial treatment of type 2 diabetes?
N Engl I Med 355: 2477-2480. 2006

26. Chen L, Yang B, McNulty JA, o al GI262570, 2 peroxisome
proliferator-activated receptor ¥ agonist, change clectrolytes and water
reabsorption from the distal nephron in rats. J Pharmacol Exp Ther 312
TI8-725, 2005

27. Swels B. Flud retention medimed by renal PPARY. Cell Mewbolism 2:
77-78, 2005.

28. Okuno A, Tamemoto H. Tobe K, e1 al. Troglitazone increases the num-
ber of small adipocytes withott the change of while adipose tissue mass
n obese Zucker rats, J Clin Invest 101 13541361, 1998

29, Majima T, Komatsa ¥, Doy K. er al Safety and efficacy of low-dose
progliterone (7.5 mg/day) vs. standard-dose proglitazone (15 mg/day) in
Japanese women with type 2 disbetes mellius. Endocr 1 53: 325-3340,
20006,

30, Swowig SM. Aviles-Santa ML. Raskin P Improved glycemic control
without weight gain using triple therapy in type 2 disbetes Diabetes
Care 27: 15T7-154%3, 2004

31, Kendall DM, Rubin €, Mohideen P, et al Improvement of glycemic

P one

of 1ype 2

1187
—139—




Inter Med 47: 1181-1188, 2008 DOI: 10.2169internalmedicine 47.0969

control, tnglycendes, and HDL cholesterol levels with muragluazar, a 2, Garber AJ. Duncan TG. Goodman AM. Millz DJ, Rohif JL. Eificacy of

dual (@) peroxisome proliferstor-sctivated receplor activator, m pa- metformin in type [l diabetes: results of a double- lind, placebo-

tients with type 2 diabetes inadequately  controlled with metformin controlled, dose-response trial. Am J Med 103 491497, 1997
monotherapy. Diabetes Care 29: 1016-1023, 2006,

C 2008 The Japanese Society of Internal Medicine
hup:/fwww.naika.orp/imindex.html

1 188

— 140 —




Effects of 12-Month Valsartan Therapy on Glycation and
Oxidative Stress Markers in Type 2 Diabetic Subjects
With Hypertension

Naoko Komiva.' MD, Hiroshi HIROSE.'? MD, Yoshifumi SAISHO,' MD,
Ikuo SAITO.'" MD. and Hiroshi IToH.'! MD

SUMMARY

Although it has been reported that angiotensin 11 receptor blockers inhibited the for-
mation and accumulation of advanced glycation endproducts (AGEs) in vitro and in vive,
whether they can do so clinically is not clear. We investigated the effects of 12-month val-
sartan therapy on various markers of inflammation, glycation, and oxidation in type 2 dia-
betic subjects with hypertension

We started 40 mg/day valsartan treatment in 15 type 2 diabetic patients with hyper-
tension. In 6 patients, the dose of valsartan was increased to 80 mg/day after 6 months
and maintained until 12 months. Metabolic parameters including BMI and serum high
molecular weight (HMW )-adiponectin, high-sensitivity C-reactive protein (hs-CRP) as an
inflammation marker, AGEs, paraoxonase activity, platelet-activating factor (PAF)-
acetylhydrolase activity, and urine 8-isoprostane levels were measured at baseline and
after 6 and 12 months of treatment. Urine microalbumin level and carotid artery intima-
media thickness (IMT) were also measured.

Even after valsartan therapy, the blood pressure levels of the patients were not
decreased significantly. Serum AGEs and urine 8-isoprostane levels decreased at both 6
and 12 months (7 < 0.05 for both), although other metabolic and oxidative markers were
unchanged. Though urine microalbumin levels tended to be decreased after 6 and 12
months of valsartan treatment, the changes were not significant. Mean IMT at 12 months
was not changed from the baseline value. In conclusion, the findings suggest that treat-
ment with valsartan, even at a low dose, may ameliorate some glycation and oxidative
stress markers independently of an effect on blood pressure in hypertensive type 2 dia-
betic subjects.  (Int Heart 1 2008; 49: 681-689)

Key words: Angiotensin Il receptor blocker, Advanced glycation endproducts, Oxidative
stress markers, Type 2 diabetes mellitus

T[I[{ prevalence of type 2 diabetes mellitus is increasing worldwide" as well as
in Japan.” predisposing the patients 1o a high risk of developing diabetic microan-
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giopathy and atherosclerotic vascular diseases (ischemic heart disease, cerebro-
vascular disease, and peripheral artery disease). It is well-known that when dia-
betic subjects become hypertensive, the risks of developing microangiopathy and
macroangiopathy are much higher than in nondiabetic subjects.”*

As for nephropathy, it has been shown that an angiotensin II receptor
blocker (ARB), valsartan, has renoprotective effects in patients with type 2 dia-
betes mellitus, independently of blood pressure.” However. the detailed mecha-
nisms of such effects remain unclear. Advanced glycation endproducts (AGEs)
have been focused on as one of the causal candidates, because AGEs are formed
by glycation and oxidation in the Maillard reaction both in vitre and in vivo. and
their levels are increased in diabetic subjects.®” Also, an association between
AGEs and diabetic microangiopathy has been reported. and intervention to
reduce AGEs is considered an important strategy in treating diabetic nephropa-
thy.®

Miyata, er al reported that ARBs or angiotensin-converting enzyme inhibi-
tors (ACE-Is) decreased AGE formation in vitro via radical scavenging and tran-
sition metal chelation,” and it has been shown that some ARBs reduced renal
AGE accumulation and proteinuria in diabetic rodents in vive'™'” to a degree
similar to that of an ACE-1."" Sebekova, ef al reported that treatment with the
ACE-I ramipril for 2 months significantly decreased the fluorescent AGE level in
12 subjects with nondiabetic nephropathy.'"

In the present study, we investigated the effects of valsartan treatment in
Japanese type 2 diabetic subjects for up to 12 months, on various markers of gly-
cation and oxidation as well as metabolic parameters. We also measured serum
high molecular weight (HMW)-adiponectin and high-sensitivity C-reactive pro-
tein (hs-CRP) as metabolic and inflammatory markers, urine microalbumin level
as a marker of nephropathy. and carotid artery intima-media thickness (IMT) to
assess the degree of atherosclerosis.

METHODS

Subjects: Fifteen type 2 diabetic outpatients with hypertension being treated by
the Department of Internal Medicine, Keio University Hospital, Tokyo, partici-
pated in this study. The patients included 14 men and | woman. As shown in
Table I. the mean age was 63.2 + 7.8 (SD) years and the mean duration of diabetes
was 8.1 + 3.8 years. Body mass index (BMI) was 24.8 + 4.0 kg/m’ and the fasting
plasma glucose was 151 + 15 mg/dL. We recruited subjects whose diet therapy or
medication had not been changed for at least 3 months and whose glycemic con-
trol was relatively stable for this period (mean hemoglobin A, 6.7 + 0.6%).

— 42—




Vol 48 -
No & VALSARTAN THERAPY AND OXIDATIVE MARKERS 683

Table I. Subject Profiles at Baseline

Range

n (male/female) 14/1
Age (vears) 632+78 46-T4
Duration of diabetes (years) 8.1+38 2-16
Height (cm) 165.7+4.7 159.0-177.0
Weight (kg) 682+ 114  48.0-90.0
Body mass index (kg/m?) 248+ 4.0 18.1-33.9
Systolic blood pressure (mmkHg) 149+ 15 122-182
Diastolic blood pressure (mmHg) 86+ 11 67-109
Fasting plasma glucose (mg/dL) 151 + 15 118-177
Hemoglobin A (%) 6.7+0.6 5.6-7.6
Microvascular complications

(retinopathy, nephropathy, neuropathy) 4,22

Macrovascular complications

(coronary, cercbral, peripheral) 0,2,0

Current smoking 10 (66.7%)

Therapy for type 2 diabetes

(dict only, oral hypoglycemic agent, insulin) 0,14, 1

Statin therapy 3(20.0%)

Data are n or mean + SD,

Five patients were being treated with a calcium channel blocker and one
with a beta-blocker at baseline. but none with an ACE-I, ARB, or diuretic. Anti-
hypertensive agents being taken by the patients other than valsartan were not
changed during the study. All patients were treated with oral hypoglycemic
agents. but one with insulin. Ten patients were current smokers, and three had
been treated with an HMG-CoA reductase inhibitor (Table I).

The present study was conducted according to the principles expressed in
the Declaration of Helsinki. 1964 and the Declaration of Tokyo. 1975, as revised
in 1983. [nformed consent was obtained from each subject after full explanation
of the purpose, nature, and risk of all procedures used. The protocol was approved
by the ethical review committee of the Department of Internal Medicine, School
of Medicine, Keio University. Tokyo. Some of the study subjects also partici-
pated in one of our previous studies."”’ However, we extended the follow-up
period from 6 months to 12 months, and we examined serum HM W-adiponectin
and hs-CRP levels, as well as measuring carotid artery mean IMT as a marker of

15)

atherosclerosis.

Treatment with 40 mg/day of valsartan in the morning was started. In 6 out
of 15 patients. the dose of valsartan was increased to 80 mg/day (40 mg tablet
twice daily) after 6 months and maintained at that level until 12 months.
Measurements: Various metabolic parameters, namely serum AGEs, paraoxo-
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nase activity, platelet-activating factor acetylhydrolase (PAF-AH) activity. and
urine 8-isoprostane levels were measured at baseline and 6 and 12 months after
initiation of treatment.

BMI was calculated as weight in kg divided by height in meters squared.
Systolic blood pressure and diastolic blood pressure were measured with subjects
in the sitting position after resting for at least 5 minutes. The blood samples were
collecied around 9 AM in the morning after an overnight fast. Plasma glucose,
serum low-density lipoprotein (L.DL)-cholesterol, high-density lipoprotein
(HDL)-cholesterol, triglycerides, and uric acid levels were assayed by routine
automated laboratory methods. as described previously.'*'®

HMW-adiponectin was measured using a commercially available kit (HMW
Adiponectin ELISA Kit, Fujirebio Inc.. Tokyo). This ELISA system does not
need a denaturing step, and the monoclonal antibody (IH7) is reported to react
specifically with the HMW form of adiponectin.'” The dilution curve was paral-
lel to the standard curve. Intra- and interassay coefficients of variation (CV) were
2.4-3.0% and 4.2-5.1%, respectively. Serum hs-CRP level was measured by
nephelometry, using a latex particle-enhanced immunoassay (N Latex CRP I,
Dade Behring, Tokyo) with both intra- and interassay CV of < 5.0%. The assay
could detect 0.005 mg/dL of CRP.

Serum paraoxonase activity was measured by colorimetric assay. as previ-
ously described ®” and PAF-AH activity was also measured by colorimetric assay
(PAF acetylhydrolase assay kit. Cayman, Ann Arbor, MI, USA). Serum AGEs
were measured by ELISA as previously described.” and the intra- and interassay
CV of this ELISA system were 4.8-10.2% and 3.5-6.2%, respectively. Urine-8-
isoprostane was measured by ELISA (8-isoprostane EIA kit, Cayman). Creati-
nine clearance (Cer) was calculated using the Cockeroft-Gault equation.
Assessment of common carotid artery IMT: Ultrasonography of the carotid arter-
ies was performed. as described previously,”?* using an echotomographic sys-
tem (LOGIC S6 and LOGIC 7. GE Yokogawa Medical System Inc., Tokyo) with
a linear transducer (mid-frequency range of 7-12 MHz). Scanning of the extra-
cranial carotid arteries in the neck was performed bilaterally in 3 different longi-
tudinal projections (anterior-oblique, lateral, and posterior-oblique) and in the
transverse projections. This allowed the common carotid artery, carotid bulb, and
internal carotid artery to be scanned bilaterally. All of the images were photo-
graphed.

The common carotid artery IMT was defined as the distance from the lead-
ing edge of the first echographic line to the leading edge of the second echo-
graphic line on the scans, with the first line representing the collagen-containing
upper layer of the tunica adventia. In each longitudinal projection, the site of the
greatest IMT thickness was detected by scanning along the vessel from the com-
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mon carotid artery to the internal carotid artery. Three measurements of the IMT
on both sides were performed at the site of greatest thickness and 2 other points
(1 em proximal and 1 ¢m distal to this site) for each patient. The highest value of
the 6 averaged values of IMT (3 from the right side and 3 from the left side) was
used as the representative mean IMT for each patient. A few specialized physi-
cians performed all the scans and IMT measurements.

Statistical analysis: Statistical analyses were performed using the SPSS*® pro-
gram for Windows (version 15.0-1. SPSS Japan Inc.. Tokyo). P values < 0.05
were considered to denote statistical significance. The Wilcoxon signed-rank test
was used to compare the serum HMW-adiponectin level and carotid artery IMT
before and 12 months after valsartan treatment. Analysis of variance (ANOVA)
followed by the Dunnett test was used to compare the other parameters before to
6 and 12 months after valsartan treatment. Because serum triglycerides. HMW
adiponectin, hs-CRP and AGEs levels, and urine 8-isoprostane level were nor-
mally distributed after logarithmic transformation, we used logarithms of these
data in the analyses.

RESULTS
['he change in each parameter before to after the treatment is shown in
Tables Il and I11. Even after valsartan treatment (40-80 mg/day). the blood pres-
sure level of the patients did not change during the study. In 6 patients. to whom
40 mg/day of valsartan was added in the evening from 6 months to 12 months,
blood pressure levels were still not changed at both 6 and 12 months (from 148 /

Table 11. Changes in Metabolic Parameters Between Before and After Valsartan Treat-
ment (40-80 mg/day) in 15 Type 2 Diabetic Subjects

Baseline 6 months 12 months P
Body mass index (kg/m?) 248+40 258+ 3.3 253£37 NS
Systolic blood pressure (mmig) 149+ 15 145+ 22 146 + 20 NS
Dastolic blood pressure (mmHg) 86+ 11 84412 86413 NS
Hemoglobin A (%) 6.7+ 06 6.8+09 7.0+ 10 NS
LDL-cholesterol (mg/dl.) 133+ 19 132+ 21 123+ 20 NS
HDL-cholesterol (mg/dl.) 52+ 11 S0+ 11 49+ 10 NS
I'riglycerides (mg/dL) 137 £ 69 145+ 64 154 + 71 NS
Liric acid (mg/dL) 59+10 61209 6.1+£12 NS
HMW adiponectin (ug/mL) 56+23 - 57220 NS
hs-CRP (mg/dl.) 0.81 + 0.39 0.91 £ 0.59 1.11 = 089 NS

Values are the mean + SD. **P < 0.01 versus baseline by Dunnett tesi. NS indicates not sig-
nificant; LDL, low-density lipoprotein: HDL, high-density lipoprotein: HMW, high molecu-
lar weight: and hs-CRE. high sensitivity C-reactive protein
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Table 11. Changes in Markers of Glycation. Oxidation, and Diabetic Complications Between
Before and After Valsartan Treatment (40-80 mg/day) in 15 Type 2 Diabetic Subjects

Baseline 6 months 12 months P
AGEs (univL) 2.71 £ 0,62 223+036" 229+028* 0.021
Paraoxonase activity (unit/L) 239+ 68 230+ 74 233 £ 60 NS
PAF-AH (mmol/L/minute) 20,1+ 5.1 189457 17.3£ 5.7 NS
Urine 8-isoprostane (ng/gCr) 347 +£215 190 + 116* 205122 0.025
Creatinine (mg/dL) 0.86+0.14 0.87 £0.14 0.89+0.16 NS
Calculated Cer (mL/minute) 86.7 £ 267 8844272 84.7+2422 NS
Urine microalbumin (mg/gCr) 167 + 258 114+ 218 128 + 247 NS
Carotid artery mean IMT (mm) 0812 0.18 . 0.86 + 0.20 NS

Values are the mean + SD. *P < 0,05 versus baseline by Dunnett test. NS indicates not signif-
icant; AGEs. advanced glycation endproducts; PAF-AH, platelet-activating factor acetylhy-
drolase; Cer, creatinine clearance; and IMT] intima-media thickness.

88 mmHg to 158/91 and 160 /95 mmHg. respectively, P> 0.6). BMI and HbAlc
level increased slightly during the study. though the increases were not signifi-
cant. Serum paraoxonase activity and PAF-AH levels were also unchanged. In
contrast, serum AGE levels significantly decreased at both 6 and 12 months
(from 2.71 £ 0.62 unit/L to 2.23 + 0.36 and 2.29 £ 0.28 unit/L, respectively, P <
0.05 for both) after valsartan treatment (Table III). The urine 8-isoprostane level
also decreased significantly at both 6 and 12 months (from 347 + 215 ng/gCr to
190 £ 116 and 205 + 122 ng/gCr. respectively, P < 0.05 for both).

Neither the serum creatinine level nor calculated Cer changed during the
study. The urine microalbumin level was slightly decreased after 6 and 12 months
of valsartan treatment (from 167 + 258 mg/gCr to 114 £ 218 and 128 + 247 mg/
oCr, respectively), however, the changes were not significant. Carotid artery
mean IMT was not changed at 12 months compared with the baseline value (from
0.81+0.18 mm to 0.86 + 0.20 mm, I = 0.22).

There were no significant correlations between the changes in AGEs or
urine 8-isoprostane levels with the changes in urine microalbumin levels. calcu-
lated Cer, or IMT.

DISCUSSION

INC-7" and JSH 2004°* both recommended that the target blood pressure
in patients with type 2 diabetes mellitus should be below 130/80 mmHg.
Although we increased the dose of valsartan to 80 mg/day from 6 months to 12
months in 6 out of 15 patients. mean blood pressure was not decreased. One of the
reasons why valsartan treatment in this study could not decrease mean blood
pressure might have been the increase in BMI during the study period, or that the
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relatively low-dose valsartan treatment might have been insufficient in diabetic
subjects to achieve the target blood pressure in the morning before taking the
medication.

It has been reported that the ARBs olmesartan™'" and candesartan'* inhib-
ited the formation and accumulation of AGEs in vitro® and in diabetic animal
models.'""* However, whether they can do so clinically is not clear. In our study,
valsartan treatment significantly decreased the urine 8-isoprostane level as well
as serum AGEs. However, other markers did not change during the study.
Although the detailed mechanism(s) of the effects of valsartan on AGEs in vive
are unclear, the antioxidative effect of valsartan might be one of the mechanisms.
Recently, Monacelli, et al described the effects of valsartan on AGEs and oxida-
tive stress markers in 12 type 2 diabetic subjects.”” They found that 3 to 6-month
valsartan treatment (80-160 mg/day) significantly decreased blood pressures,
plasma pentosidine and carboxymethyhl-lysine (CML) concentrations, both of
which are major components of AGEs, and urine 15-F2t-isoprostanes levels.

In the present study, we have shown that relatively low-dose valsartan ther-
apy (40-80 mg/day) decreased serum AGE and urine 8-isoprostane levels, and
also slightly reduced the urine microalbumin level for an extended period of 12
months. It is noteworthy that these beneficial effects were observed even if the
blood pressure did not decrease significantly. Although the lack of a significant
reduction in blood pressure was unexpected, these findings suggest valsartan
therapy has some kind of blood pressure-independent effect. Although the change
in AGE level was not associated with the change in urine microalbumin level or
calculated Cer in our study, a significant positive correlation between renal pen-
tosidine content and proteinuria has been reported in a rat model."”'" Further lon-
gitudinal studies are needed to clarify whether the lowering of serum AGE levels
affects the clinical outcome of diabetic microangiopathy.

Accumulating evidence suggests that oxidative stress may play a crucial
role in the development of atherosclerosis.”®** For example, it has been reported
that circulating levels of 8-isoprostane were an independent risk factor associated
with coronary artery disease in a Chinese population (odds ratio 247, P <
0.001).” and were associated with peripheral artery disease.”””* In this study. we
have shown that valsartan therapy decreased urine 8-isoprostane levels up to 12
months in type 2 diabetic subjects with hypertension, despite the fact that the
blood pressure levels were unchanged. Although carotid artery mean IMT did not
decrease after 12 months of treatment in this study, there is a possibility that val-
sartan treatment of a longer period might inhibit the progression of atherosclero-
sis via suppression of oxidative stress in type 2 diabetic subjects. Further
longitudinal studies of much longer duration with different sex, ethnicity, and/or
ARB would facilitate the understanding of this important issue.




