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Figure 1. The effect of resveratrol on the FGF-2-stimulated osteoprotegerin release in
MC3T3-El cells. The cultured cells were pretreated with 50 pM of resveratrol (e,0) or
vehicle (A,A) for 60 min and then stimulated by 30 ng/mL of FGF-2 (e,A) or vehicle
(o0,A\) for the indicated periods. Osteoprotegerin concentrations of the culture medium
were determined by enzyme-linked immunosorbent assay (ELISA). Each value represents
the mean = SEM of triplicate determinations from three independent cell preparations.
* p < 0.05, compared to the value of control. ** p < 0.05, compared to the value of
FGF-2 alone.
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Figure 2. The dose-dependent effect of resveratrol on the FGF-2-stimulated osteoprotegerin
release in MC3T3-E1 cells. The cultured cells were pretreated with various doses of
resveratrol for 60 min and then stimulated by 30 ng/mL of FGF-2 (e) or vehicle (o) for 48 h.
Osteoprotegerin concentrations of the culture medium were determined by ELISA. Each
value represents the mean + SEM of triplicate determinations from three independent cell
preparations. * p < 0.05, compared to the value of FGF-2 alone.
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2.1.2. Effect of SRT1720 on the FGF-2-Stimulated Osteoprotegerin Release in MC3T3-E1 Cells

SRT1720 is known as a specific and potent synthetic activator of SIRT1 [26]. We investigated the
effect of SRT1720 on the FGF-2-stimulated osteoprotegerin synthesis in MC3T3-E1 cells. SRT1720
significantly suppressed the FGF-2-stimulated osteoprotegerin release (Table 1). Treatment with
SRT1720 (10 uM) caused an approximately 30% decrease in osteoprotegerin release compared to the
levels with FGF-2 alone.
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Table 1. The effect of SRT1720 on the FGF-2-stimulated osteoprotegerin release in
MC3T3-El cells. The cultured cells were pretreated with 10 pM of SRT1720 or vehicle for
60 min and then stimulated by 30 ng/mL of FGF-2 or vehicle for 48 h. Osteoprotegerin
concentrations of the culture medium were determined by ELISA. Each value represents the
mean = SEM of triplicate determinations from three independent cell preparations. * p < 0.05,
compared to the value of control. ** p <0.05, compared to the value of FGF-2 alone.

SRT1720 FGF-2 Osteoprotegerin (pg/mlL.)

- - 57549

- + 3,590 + 299 *
+ - 514 + 38

+ + 2,665 + 72 #x

2.1.3. Effects of Resveratrol or SRT1720 on the FGF-2-Induced Expression of mRNA Osteoprotegerin
in MC3T3-E1 Cells

In order to elucidate whether the inhibitory effects of resveratrol or SRT1720 on the FGF-2-stimulated
osteoprotegerin release were mediated through a transcriptional event, we examined the effect of
resveratrol or SRT1720 on the FGF-2-induced osteoprotegerin mRNA expression by real-time RT-PCR.
Resveratrol significantly suppressed the osteoprotegerin mRNA expression levels induced by FGF-2
(Figure 3A). In addition, SRT1720 markedly attenuated the FGF-2-induced osteoprotegerin mRNA
expression (Figure 3B).

Figure 3. The effects of resveratrol or SRT1720 on the FGF-2-induced expression of
osteoprotegerin mRNA in MC3T3-E1 cells. (A) The cultured cells were pretreated with 50
uM of resveratrol for 60 min or vehicle, and then stimulated by 30 ng/mL of FGF-2 or
vehicle for 3 h; and (B) The cultured cells were pretreated with 10 uM of SRT1720 or vehicle
for 60 min and then stimulated by 30 ng/mL of FGF-2 or vehicle for 6 h. The expression
of osteoprotegerin mRNA and GAPDH mRNA was quantified by real-time RT-PCR.
The osteoprotegerin mRNA levels were normalized to those of GAPDH mRNA. Each
value represents the mean = SEM of triplicate determinations from three independent cell
preparations. * p < 0.05 compared to the value of control. ** p < 0.05 compared to the
value of FGF-2 alone.
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2.1.4. Effects of PD98059, SB203580, SP600125 or Akt Inhibitor on the FGF-2-Stimulated
Osteoprotegerin Release in MC3T3-E1 Cells

In our previous studies [11-13], we have shown that FGF-2 stimulates the activation of the major
three MAP kinases, p44/p42 MAP kinase, p38 MAP kinase and SAPK/JNK, in osteoblast-like
MC3T3-El cells. In addition, we recently reported that the FGF-2 stimulates the synthesis of VEGF
through the Akt pathway in these cells [18]. Therefore, to investigate whether p44/p42 MAP kinase,
p38 MAP kinase, SAPK/INK or Akt are implicated in the FGF-2-induced osteoprotegerin synthesis
in MC3T3-El cells, we examined the effects of PD98059, a specific inhibitor of the upstream kinase
that activates p44/p42 MAP kinase [27], SB203580, a specific inhibitor of p38 MAP kinase [28],
SP600125, a specific inhibitor of SAPK/JNK [29], or Akt inhibitor (1L-6-hydroxymethyl-chiro-inositol
2-(R)-2-O-methyl-3-O-octadecylcarbonate) [30] on the osteoprotegerin release stimulated by FGF-2.
PD98059 failed to suppress the osteoprotegerin release with or without FGF-2. On the contrary,
SB203580, SP600125 or Akt inhibitor significantly decreased the FGF-2-stimulated osteoprotegerin
release, suggesting that p38 MAP kinase, SAPK/JINK and Akt are involved in the osteoprotegerin
synthesis in MC3T3-E1 cells (Table 2).

Table 2. The effects of PD98059, SB203580, SP600125 or the Akt inhibitor on the
FGF-2-stimulated osteoprotegerin release in MC3T3-E1 cells. The cultured cells were
pretreated with 50 uM of PD98059, 30 uM of SB203580, 10 uM of SP600125, 30 uM of
Akt inhibitor or vehicle for 60 min and then stimulated by 30 ng/mL of FGF-2 or vehicle
for 48 h. Osteoprotegerin concentrations of the culture medium were determined by
ELISA. Each value represents the mean + SEM of triplicate determinations from three
independent cell preparations. * p < 0.05, compared to the value of control. ** p < (.05,
compared to the value of FGF-2 alone.

Inhibitors FGF-2 Osteoprotegerin (pg/mL)

- - 1,052 £52
- + 2,143 + 80 *
PD98059 - 1,088 +£48
PD98059 + 2,791 £ 104
SB203580 - 609 =29
SB203580 + 1,005 4 13 s
SP600125 - 879 + 28
SP600125 + 986 + 64 =
Akt inhibitor - 693 + 28
Akt inhibitor + 086 + 64 #x

2.1.5. Effects of Resveratrol on the FGF-2-Induced Phosphorylation of p44/p42 MAP Kinase, p38
MAP Kinase or SAPK/JNK in MC3T3-E1 Cells

In order to clarify whether resveratrol could modulate the activation of p38 MAP kinase or
SAPK/INK stimulated by FGF-2 or not, we examined the effect of resveratrol on the FGF-2-induced
phosphorylation of p38 MAP kinase or SAPK/INK in MC3T3-E1 cells. However, resveratrol failed to
attenuate the FGF-2-induced phosphorylation of p38 MAP kinase (Figure 4A) or SAPK/JNK
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(Figure 4B). Additionally, we found that resveratrol did not affect the p44/p42 MAP kinase
phosphorylation stimulated by FGF-2 (Figure 4C).

Figure 4. The effects of resveratrol on the FGF-2-induced phosphorylation of p38 MAP
kinase (A), SAPK/JNK (B) or p44/p42 MAP kinase (C) in MC3T3-E1 cells. The cultured
cells were pretreated with various doses of resveratrol for 60 min and then stimulated by
30 ng/mL of FGF-2 or vehicle for 10 min (A) or 20 min (B,C). The cell extracts were
then subjected to SDS-PAGE with subsequent western blot analysis with antibodies against
phospho-specific p38 MAP kinase, p38 MAP kinase, phospho-specific SAPK/INK,
SAPK/INK, phospho-specific p44/p42 MAP kinase or p44/p42 MAP kinase. The histogram
shows a quantitative representation of the levels of FGF-2-induced phosphorylation obtained
from a laser densitometric analysis of three independent experiments. Each value represents
the mean = SEM of triplicate determinations. * p < 0.05, compared to the value of control.
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2.1.6. Effects of Resveratrol or SRT1720 on the FGF-2-Induced Phosphorylation of Akt in
MC3T3-El Cells

Furthermore, we next investigated the effect of resveratrol on the phosphorylation of Akt
induced by FGF-2. Resveratrol significantly attenuated the FGF-2-induced phosphorylation of Akt in a
dose-dependent manner in the range between 10 and 50 uM in MC3T3-El cells (Figure 5A). In
addition, we examined the effect of SRT1720 on the FGF-2-induced phosphorylation of Akt. SRT1720
significantly suppressed the FGF-2-induced phosphorylation of Akt (Figure 5B). SRT1720 mimicked
the suppressive effect of resveratrol on the FGF-2-induced phosphovrylation of Akt.

Figure 5. The effects of resveratrol (A) or SRT1720 (B) on the FGF-2-induced
phosphorylation of Akt in MC3T3-E1 cells. The cultured cells were pretreated with various
doses of resveratrol (A), 10 uM of SRT1720 (B) or vehicle for 60 min and then stimulated
by 30 ng/mL of FGF-2 or vehicle for 5 min. The cell extracts were then subjected to
SDS-PAGE with subsequent western blot analysis with antibodies against phospho-specific
Akt or Akt. The histogram shows quantitative representation of the levels of FGF-2-induced
phosphorylation obtained from a laser densitometric analysis of three independent experiments.
Each value represents the mean + SEM of triplicate determinations. * p < 0.05, compared to the
value of control. ** p <0.05, compared to the value of FGF-2 alone.
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2.2. Discussion

In the present study, we showed that resveratrol significantly reduced the FGF-2-stimulated
osteoprotegerin release in osteoblast-like MC3T3-E1 cells. In addition, we demonstrated that FGF-2
increased the levels of osteoprotegerin mRNA, and resveratrol reduced the mRNA expression levels of
osteoprotegerin up-regulated by FGF-2. Taking our findings into account, it is most likely that the
inhibitory effect of resveratrol on FGF-2-stimulated osteoprotegerin release were mediated through
a transcriptional event. In co-cultures of spleen cells and osteoblasts, it has been reported that FGF-2
suppresses osteoprotegerin production [31]. The discrepancy may be due to the differences of
experimental conditions. Therefore, we further investigated the exact mechanism behind the
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resveratrol-effects on the FGF-2-stimulated osteoprotegerin synthesis in osteoblasts. It has been
proposed that the effects of resveratrol are exerted through SIRT1 activation [32]. SIRT1 is an
essential modulator of pathways downstream of caloric restriction that has beneficial effects on
glucose homeostasis and insulin sensitivity [33]. SRT1720 is known to be a synthetic compound that
has been identified for its ability to activate SIRT1 [26]. We showed that SRT1720 suppressed the
FGF-2-induced osteoprotegerin release and expression of osteoprotegerin mRNA, as well as
resveratrol in MC3T3-E1 cells. Thus, our findings suggest that the inhibitory effect of resveratrol on
the FGF-2-stimulated osteoprotegerin synthesis is mediated at least in part by the activation of SIRT1
in osteoblast-like MC3T3-E1 cells.

The MAP kinase superfamily plays an essential role in a variety of cellular functions, including
proliferation, differentiation and survival [34]. Among the MAP kinase superfamily, it is generally
known that three MAP kinases, p44/p42 MAP kinase, p38 MAP kinase and SAPK/JNK, are central
elements used by mammalian cells to transduce the diverse messages [35]. As for the intracellular
signaling system of FGF-2 in osteoblasts, we have previously demonstrated that p44/p42 MAP kinase,
p38 MAP kinase and SAPK/JINK are activated by FGF-2 in osteoblast-like MC3T3-E1 cells [11-13].
Additionally, we have reported that the Akt pathway plays a negative role in the FGF-2-stimulated
VEGF release in these cells [18]. Therefore, we examined the effects of PD98059 [27], SB203580 [28],
SP600125 [29] or Akt inhibitor [30] on the osteoprotegerin release induced by FGF-2 and showed that
SB203580, SP600125 or the Akt inhibitor, but not PD98059, significantly reduced the FGF-2-stimulated
osteoprotegerin release in MC3T3-E1 cells. Therefore, it is probable that p38 MAP kinase, SAPK/JNK
and Akt act as positive regulators in the FGF-2-stimulated osteoprotegerin synthesis in osteoblast-like
MC3T3-E1 cells. In addition, we showed that resveratrol attenuated the FGF-2-induced phosphorylation of
Akt, without affecting the FGF-2-induced phosphorylation of p38 MAP kinase or SAPK/JINK in these
cells. We further found that resveratrol had little effect on the FGF-2 induced phosphorylation of
p44/p42 MAP kinase. Therefore, these results strongly suggest that resveratrol affects the FGF-2-signaling
in osteoprotegerin synthesis at a point upstream of Akt in osteoblast-like MC3T3-E1 cells. In these cells,
we have recently shown that resveratrol down-regulates prostaglandin Da2-stimulated osteoprotegerin
synthesis through inhibiting p38 MAP kinase and SAPK/JNK [36] and that the osteoprotegerin
synthesis induced by prostaglandin Faq is attenuated by resveratrol through the suppression of p44/p42
MAP kinase, p38 MAP kinase and SAPK/INK [37]. It is generally recognized that prostaglandin
receptors belong to seven-transmembrane helical receptors, also known as G protein-coupled receptors,
whereas FGF-2 receptors are tyrosine kinase-including single-span transmembrane receptors [38,39].
Therefore, it seems likely that the discrepancies between the present findings and these previous studies
are due to the difference of receptor structure and the following signaling system. Furthermore, we
demonstrated that SRT1720 reduced the FGF-2-induced phosphorylation of Akt, as well as resveratrol.
Based on our findings as a whole, it is most likely that resveratrol suppresses the FGF-2-stimulated
osteoprotegerin synthesis, at least in part by activation of SIRT1 in osteoblast-like MC3T3-E1 cells,
and that the inhibitory effect of resveratrol is exerted at a point upstream of Akt. With regard to the
mechanism of the SIRT1 effects, it has been reported that SIRT1-mediated deacetylation of Akt
regulates its binding to phosphatidylinositol (3,4,5)-triphosphate and its activation [40]. Thus, it is
possible that SIRT1 regulates Akt activity through the deacetylation in osteoblast-like MC3T3-E1
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cells. The potential mechanism of resveratrol in FGF-2-stimulated osteoprotegerin synthesis in
osteoblasts is summarized in Figure 6.

Figure 6. Schematic illustration of the regulatory mechanism of resveratrol on the
FGF-2-induced osteoprotegerin synthesis in osteoblast-like MC3T3-E1 cells. Resveratrol
reduces FGF-2-induced osteoprotegerin synthesis by inhibiting the Akt pathway without
affecting p38 MAP kinase or SAPK/JNK and functions at a point upstream of Akt.
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FGF-2 is synthesized by osteoblasts and embedded into bone matrix in the process of bone
remodeling [10]. During bone resorption by osteoclasts, the embedded FGF-2 is released and
affects osteoblast precursors as a local osteogenic factor. The potent anabolic effects of FGF-2 on
osteogenesis and bone fracture repair are firmly established [6,10]. On the other hand, osteoprotegerin,
which has been identified as an osteoclastogenesis inhibitory factor, is known to function in the
regulation of RANKI -mediated osteoclastic bone resorption, the initial step of bone remodeling [1].
To maintain the quality and quantity of bone, proper bone remodeling is required to remove old fragile
skeleton and to renew the construction. Taking these findings into account, our present results showing
the inhibitory effect of resveratrol on the FGF-2-stimulated osteoprotegerin synthesis by osteoblasts
might provide its new aspect as an up-regulator of bone tissue quality through suppression of excessive
bone turn over and the initiation of the adequate bone remodeling process. Further investigation would
be necessary to clarify the detailed mechanism behind the effects of resveratrol on bone metabolism.

3. Experimental Section
3.1. Materials

Recombinant human FGF-2 was obtained from Invitrogen BV., (Breda, Netherlands). Resveratrol,
SRT1720, PD98059, SB203580, SP600125 and the Akt inhibitor (1L-6-hydroxymethyl-chiro-inositol
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2-(R)-2-O-methyl-3-O-octadecylcarbonate) were obtained from Calbiochem-Novabiochem Co. (La Jolla,
CA, USA). Mouse osteoprotegerin enzyme-linked immunosorbent assay (ELISA) kits were obtained from
R&D Systems, Inc. (Minneapolis, MN, USA). Phospho-specific p44/p42 MAP kinase antibodies,
p44/p42 MAP kinase antibodies, phospho-specific p38 MAP kinase antibodies, p38 MAP kinase
antibodies, phospho-specific SAPK/JNK antibodies, SAPK/JNK antibodies, phospho-specific Akt antibodies
(Thr308) and Akt antibodies were obtained from Cell Signaling Technology, Inc. (Beverly, MA, USA).
An ECL western blotting detection system was obtained from GE Healthcare (Buckinghamshire, UK). Other
materials and chemicals were obtained from commercial sources. Resveratrol, SRT1720, PD98059,
SB203580, SP600125 and the Akt inhibitor were dissolved in dimethyl sulfoxide. The maximum
concentration of dimethyl sulfoxide was 0.1%, which did not affect either the assay for osteoprotegerin
or the western blot analysis.

3.2. Cell Culture

Cloned osteoblast-like MC3T3-E1 cells, which have been derived from newborn mouse
calvaria [41], were maintained as previously described [42]. Briefly, the cells were cultured in
a-minimum essential medium (a-MEM, SIGMA-ALDRICH, Co., St-Louis, MO, USA) containing
10% fetal bovine serum (FBS, PAA Laboratories GmbH, Pasching, Austria) at 37 °C in a humidified
atmosphere of 5% C02/95% air. The cells were seeded into 35 mm-diameter dishes (5 x 10* cells/dish) or
90 mm-diameter dishes (2 x 10° cells/dish) in a-MEM containing 10% FBS. After five days, the medium
was exchanged for a-MEM containing 0.3% FBS. The cells were then used for experiments after 48 h.

3.3. Assay for Osteoprotegerin

The cultured cells were pretreated with various doses of resveratrol, SRT1720, PD98059,
SB203580, SP600125 or the Akt inhibitor for 60 min, then stimulated by 30 ng/mL of FGF-2 or
vehicle in 1 mL of a-MEM containing 0.3% FBS and then incubated for the indicated periods. The
conditioned medium was collected, and osteoprotegerin concentration in the medium was measured by
a mouse osteoprotegerin ELISA kit according to the manufacturer’s protocol.

3.4. Real-Time RT-PCR

The cultured cells were pretreated with 50 uM of resveratrol, 10 uM of SRT1720 or vehicle for
60 min and then stimulated by 30 ng/mL of FGF-2 or vehicle in a-MEM containing 0.3% FBS for the
indicated periods. Total RNA was isolated and transcribed into complementary DNA using the Trizol
reagent (Invitrogen Co., Carlsbad, CA, USA) and the Omniscript Reverse Transcriptase Kit (QIAGEN
Inc., Valencia, CA, USA), respectively. Real-time RT-PCR was performed using a Light Cycler
system in capillaries with the Fast Start DNA Master SYBR Green I provided with the kit (Roche
Diagnostics, Basel, Switzerland). Sense and antisense primers for mouse osteoprotegerin or
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA were purchased from Takara Bio Inc.,
(Tokyo, Japan) (primer set ID: MA026526). The amplified products were determined by a melting
curve analysis and agarose electrophoresis. The osteoprotegerin mRNA levels were normalized to
those of GAPDH mRNA.
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3.5. Western Blot Analysis

The cultured cells were pretreated with various doses of resveratrol or SRT1720 for 60 min and
were then stimulated by 30 ng/mL of FGF-2 or vehicle for the indicated periods. When indicated, the
cells were washed twice with phosphate-buffered saline and then lysed, homogenized and sonicated in
a lysis buffer containing 62.5 mM Tris/HCI, pH 6.8, 2% sodium dodecyl sulfate (SDS), 50 mM
dithiothreitol and 10% glycerol. SDS-polyacrylamide gel electrophoresis (PAGE) was performed by
the method described by Laemmli [43] in 10% polyacrylamide gels. A western blot analysis was
performed as described previously [44] by using phospho-specific p44/p42 MAP kinase antibodies,
p44/p42 MAP kinase antibodies, phospho-specific p38 MAP kinase antibodies, p38 MAP kinase
antibodies, phospho-specific SAPK/INK antibodies, SAPK/INK antibodies, phospho-specific Akt
antibodies or Akt antibodies, with peroxidase-labeled antibodies raised in goat against rabbit IgG being
used as secondary antibodies. The peroxidase activity on the polyvinylidene difluoride (PVDF)
membrane was visualized on X-ray films by means of an Enhanced chemiluminescence (ECL) western
blotting detection system.

3.6. Densitometric Analysis

A densitometric analysis of the expression was performed using a scanner and an image
analysis software program (ImageJ version 1.32, National Institutes of Health, Bethesda, Maryland,
USA). The background-subtracted signal intensity of each phosphorylation signal was normalized to the
respective total protein signal and plotted as the fold increase in comparison to control cells without
stimulation.

3.7. Statistical Analysis

The data were analyzed by an ANOVA, followed by the Bonferroni method for multiple
comparisons between pairs, and values of p < 0.05 were considered to be statistically significant. All
data are presented as the mean + SEM of triplicate determinations from three independent
cell preparations.

4. Conclusions

In conclusion, our results strongly suggest that resveratrol suppresses FGF-2-stimulated osteoprotegerin
synthesis through the down-regulation of the Akt pathway in osteoblasts and that the suppressing effect of
resveratrol is mediated at least in part by SIRT1 activation.
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M. thBU. BMI, Ak, MRUE, BHE. AERE,
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i, HbAlc fti, eGFR i, Mtk .C# M, B,
S 2%, RREUE, TrHLRE, BRSHEMEE MMSE &
LTHEIKSHZITo 72 RO ELHMOEH, -
HERA LS AT S%KECAHFEAHAZ O Y
AT 4 v TEMGH (A7 v 774 X)) L. Ao X
 (Odds ratio: OR) & £ 95 %45 HIX I (95 %
confidence interval : CI) % 3EH L 7= #EatHEATIZIZ,
SPSS ver.19 I L 720
6. fmBIMERLIIR

B GRS & — BRI RN ER & 0K
ZHTEBLL GHRELERS Nod75), ML /-7—
FIEXNELROPHD B CRE L. WESHIE AV

RHEOH5BHHBREHEORHEEORE

BML MuCAf Btk ORE, REE 5om, SR
fE. B2MA¥E. MMSE i, M52 EEofi ek
ALz S, B o ENNC, BRKNAITR T
S, BERRMNEIEE, AR WMGE, AREMUGE, THE
LB, HbAlc fifi, eGFR fifi. KCL 5 L= E85Ic
DV, R OFEFNU A ZBERFIENH E LTk2
IZRL7

TRl 0 EEE, fEE e LIRS LT, EM25w <,
LEAEC, MW2HY, REYEEAT L, MMSE st
v kv HifAMBSahl (p<005), 7 MR
MBNTH BT, EmRD ) RIEE L LRICHS
LC, i oHRED W <, HHRBREBEMI L, 8

FIOMEL, F—IRINICORER L. AWRIZH

5T FRI & KCL 2B XD M7 L. GRS TR L R1 HAREOEFRFH

RO 157z, sl IS A
SER (R) 755 (66) | 731(57)] 0005
Mg NS 40/55 109/96 | 0075
S E (cm) 1535 (8.8) | 1565 (87) | 0011
HRE 300 BOBEMIL, FEEH CE¥x SD) 11738 %I (kg) 555 (23) | 56.1(105) | 0530

BMI (kg/m°) 234 (42) ] 228(37)| 0254
UL IIME (mm/Hg) | 1358 (184) {1341 (176) | 0085
WERRMME (mm/Hg) | 748 (11.7) | 785 (138) | 0441

6.1, HE () (21556 + 88cm. tkik (F) 11559

* 1Llkg, BERM PRI (F) 12115 = 98 4

Th oo MWE 1 EMIER OB, 95 #AUERD D, LT LA 16 (168) | 33 (161) | 0.868
e JEaiE 12 (12.6) 24 (11.7) | 0849

205 %ﬂ{%ﬁl& Lilﬁ“ﬁéﬂf:o fﬁiﬁ% (S}Zj‘é] x SD) ‘i. 2).9%" 3 (32) 5 (24 ) 0711

EED OB 755 66/, B ULEET3) £57ET 'g’ggﬁ 27 Eg‘i; 82 2 40 ; 0.054
, 3 23(242) | 26 (126) | 0;
Y. TOEGHRTHo7 (Do 8HDHE vs i ﬁMSE &) 247 (32) | 256 (36) g.gﬁ

16 (444) | 22 (232) | 0.030

B LBEO FRI A 27 (101 + 45vs64 + 35) & KCL R
237 (106 = 54vsd9 = 44) THh-o7 (p < 0001), BMI : Body Mass Index

MMSE : Mini Mental State Examination
HEBFOWRKTTH S, Fib RN SR HHE Average (SD) n () HS¢ (%) #i %Ki p < 005

#®2 HRHOBENCHIHERHEEE

HiH mHE EfdHY (n=95 | EHEZL (o= 205) p

PRBRBE () 13.7 (104) 105 (95) < 0001

wiltdin (%) U - D 22 (23.2) 57 (27.8) 0459

[:ImE S 48 (505) 118 (576) 0.327

LAY > 14 (14.7) 17 (83) 0078

4R+ 0¥ 11 {11.6) 13(63) 0.222

HIWYE n (%) SRSAE R L 44 (46.3) 129 (62.9) 0004

L 24 (25.3) - 45(22) 0.287

Lkl 14 (14.7) 20(98) 0.130

sk 13 (137) 11 (54) 0.003

FEEMEE 0 (%) 44 (46.3) 73 (356) 0.077

W4E n (%) 1 25 (26.3) 82 (40) 0049

il 45 (474) 82 (40) 0.387

i 14 (14.7) 33 (16.1) 0.058

v 8(84) 6(29) 0018

v Vv 31(32) 2(10) 0.143

il n (%) 24 (25.3) 24 (11.7) 0.004
HbAlc % 72(12) 69 (1.1) 0024

eGFR, ml/min/1.73m"2 585 (19.5) 63.8 (185) 0010

B n (%) 59 (62.1) 49 (239) < 0.00)

HbAlc : Hemoglobin Alc
eGFR : estimated glomerular filtration rate
Average (SD) n (%) H¥ (%) HiZ@AEP <005




