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Fae) in the culture supernatants and mouse plasma were
measured using a commercially available EIA kit (Cay-
man Chemical). Culture supernatants were directly applied
to EIA, while plasma was applied to EIA after solid
phase extraction purification according to the manufacturer’s
instructions.

2.5. Western blotting

Western blotting was performed as previously described
[30], to detect the expression of VCAM-1 and 4-HNE in
cultured ECs and mouse aortas. Descending aortas were pre-
pared as described in ROS measurements. The antibodies
used in this study were anti-4-HNE monoclonal antibody
(JaICA, Shizuoka, Japan), anti-VCAM-1 polyclonal anti-
body (Santa Cruz Biotechnology) and anti-3-nitrotyrosine
monoclonal antibody (Upstate). Densitometric analysis was
performed using an image scanner and the NIH software.

2.6. Data analysis

All values are express as mean &= S.E.M. Data were ana-
lyzed using one-factor ANOVA. If a statistically significant
effect was found, Newman—Keuls’ test was performed to iso-
late the difference between the groups. Differences with a
value of P<0.05 were considered statistically significant.

3. Results

3.1. Effects of edaravone on Hy0;-induced EC
apoptosis and ROS

As shown in Fig. 1A, edaravone dose-dependently inhib-
ited EC apoptosis in culture, which was induced 24 h after
H> 0, treatment. Edaravone was then employed in arat model
of H,Os-induced EC apoptosis. Consistent with the in vitro
experiment, edaravone of 10 mg/kg/day decreased EC apop-
tosis of the rat carotid artery by approximately 40% (Fig. 1B).

We next examined whether edaravone decreased ROS
production in the process of HyO»-induced EC apoptosis.
For this purpose, DHE fluorescent, a marker of intracellu-
lar production of superoxide anions, release of 8-isoprostane
into the culture supernatants and accumulation of 4-HNE,
a pivotal end-product of lipid peroxidation [31], were mea-
sured using cultured ECs. We also examined the expression
of VCAM-1 as a marker of endothelial injury or activation
[32]. Edaravone decrcased DHE fluorescent, 8-isoprostane
formation and VCAM-1 expression at 3 h after HyOy treat-
ment in a dose-dependent manner (Fig. 2A~C). As shown
in Fig. 2D, multiple bands showing 4-HNE-Michael protein
adducts [33,34] were accumulated after Hy Oy treatment in
a time-dependent manner. Consequently, the effect of edar-
avone on 4-HNE expression was examined at 3 h after HyO»
treatment (4.5 h after HoO» was initially added). Edaravone
decreased 4-HNE expression in a dose dependent manner.
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Fig. 1. Effects of edaravone (Ed) on H»O-induced EC apoptosis in culture
(A) and in a rat model (B). (A) Ed or its vehicle was added to the culture
medium 24 h before H, O reatment until assay. EC apoptosis was evaluated
24 h after H,0; treatment (0.2 mmol/L) by means of DNA fragmentation.
Values are expressed as mean &= S.EM. (n=3). *P<0.05 vs. Hy0, (+)+Ed
(—). (B) Ed or its vehicle was intraperitoneally injected once a day for 3 days
before H;O, treatment. At 24 h after H,O, treatment, apoptotic ECs were
counted per high power field and the ratio of the apoptotic cell number to
the intact cells was calculated using en fuce specimens of the carotid artery
stained with Hoechst 33342. Values are expressed as mean = S EM. (n=7).
*P <0.05 vs. vehicle.

3.2. Effects of edaravone on atherosclerotic lesions and
ROS in ApoE-KO mice

In the next set of experiments, we examined whether edar-
avone could suppress the atherosclerotic lesions in ApoE-KO
mice fed a high cholesterol diet for 4 weeks. As shown
in Fig. 3A and B, atheromatous lesions both in the aor-
tic sinus and the descending aorta were smaller in mice
treated with 10 mg/kg/day edaravone than in those with vehi-
cle. This dose of edaravone did not influence body weight,
blood pressure or plasma LDL and HDL cholesterol levels
(Table 1).

Then, we examined whether the anti-atherogenic effects
of edaravone were associated with the decrease in ROS
production. Peroxynitrite formation was assessed as 3-
nitrotyrosine accumulation in the aorta [28]. Both immuno-
histochemistry and Western blotting showed that edaravone
inhibited nitrotyrosine accumulation in the aorta of ApoE-
KO mice (Fig. 4A(a) and A(b)). Superoxide production
in situ was examined using DHE staining of the descend-
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Table 1
Body weight, blood pressure and plasma lipid levels in ApoE-KO mice
treated with edaravone or vehicle

Vehicle Edaravone
Body weight (g) 214+ 05 21.0 £ 0.5
Systolic blood pressure (mmHg) 106 & 2 103 3
Total cholesterol (mg/dL) 1967 = 38 1872 & 66

HDL cholesterol (mg/dL) 66 £ 6 82%9
LDL cholesterol (mg/dL) 602 & 24 602 £ 12

The values are shown as mean & S.E. (n=14). There were no significant
differences in the values between the two groups.
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ing aorta. As shown in Fig. 4B, ethidium fluorescence,
which was amplified in ApoE-KO mice, was decreased by
edaravone treatment. A quantitative analysis by the super-
oxide dismutase-inhibitable cytochrome ¢ reduction assay
revealed that O,°~ levels in aortic rings of ApoE-KO mice
were decreased by 43% in edaravone-treated ApoE-KO
mice compared to those in vehicle-treated mice (Fig. 4C).
Consistent with these results, plasma 8-isoprostane lev-
els and 4-HNE expression in the descending aorta, both
of which were elevated in ApoE-KO mice compared to
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Fig. 2. Effects of edaravone (Ed) on DHE fluorescent (A) and 8-isoprostane formation (B), VCAM-1 expression (C) and 4-HNE expression (D) in cultured
EC. Ed or its vehicle was added to the culture medium 24 h before H2O» treatment until assay. DHE fluorescent (n2=6), 8-isoprostane concentration (1 =3)
and VCAM-1 expression (n=3) in the cell lysate were measured 3 h after HyO; treatment. Values are expressed as mean == S.E.M. Time dependent changes of
4-HNE expression after H2O5 treatment was detected by Western blotting. Representative image showed that 4-HNE-Michael protein adducts were accumulated
after treatment (D(a)). The major 97 kDa band was measured 4.5 h after HyO; treatment in the presence or absence of edaravone (D(b)). Values are expressed

as mean + S.EM. (n=3). "P<0.05, P <0.01 vs. H,0; (+)+Ed (=).
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Fig. 3. Effects of edaravone on atherosclerotic lesion in ApoE-KO mice. ApoE-KO mice were fed a high-cholesterol diet for 4 weeks with the administration
of edaravone (10 mg/kg daily) or its vehicle by i.p. injection. (A) Oil red O-stained cross-sections of the aortic sinus (bar = 100 um) and morphometric analysis
of the lesions are shown. (B) Oil red O-stained en fuce specimens of the descending aorta (bar =5 mm) and morphometric analysis of the lesions are shown.

Values are expressed as mean £ S.EM. (n=14).
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those in wild-type C57BL/6 mice fed a normal chow, 4. Discussion
were decreased by edaravone treatment (Fig. 4D and E).
Finally, the increase in VCAM-1 expression in the aorta A number of studies have shown that ROS contribute to the
of ApoE-KO mice was attenuated by edaravone as well pathogenesis of endothelial dysfunction and atherosclerosis
(Fig. 4F). formation. In addition to O2°~ that is predominantly pro-
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Fig. 4. Effects of edaravone (Ed) on ROS production (A-E) and VCAM-1 expression (F) in ApoE-KO mice. (A) Nitrotyrosine contents in the aorta was
examined by Western blot analysis (A(a), n=6) and immunohistochemistry (A(b)). Bar=50 pm. (B) Fresh-frozen cross-sections of the aorta were stained
with DHE, and representative fluorescent micrographs are shown (bar =100 wm). (C) Superoxide anion in aortic rings was determined using SOD inhibitable-
cytochrome ¢ reduction assay (n=06). (D) 8-Isoprostane level in mouse plasma was measured with EIA (n=6). (E and F) Representative Western blotting for
4-HNE (97kDa band) and VCAM-1 expression in the aorta and densitometric analysis are shown (n=3). Values are expressed as mean £ S.EM. *P<0.05,
**P<0.01 vs. vehicle (Veh). C57/BL6 mice fed a normal chow serve as the control.
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duced via NAD(P)H oxidase [35], *°OH as well as LOO® [36]
and ONOO™ [37] play a role in atherogenesis. In particular,
°OH is extremely strong in terms of oxidative activity and cel-
Iular damage [38]. Therefore, it might be essential to scavenge
the wide range of ROS for the prevention of atherosclerosis.
As a matter of fact, recent clinical trials have denied the pro-
tective effects of Vitamin E, which predominantly reacts with
LOO* {39], on cardiovascular events [18,19].

Edaravone, a potent free radical scavenger with unique
properties, works by donating an electron from edaravone
anion to free radicals [22]. Edaravone quenches *OH and
inhibits both *OH-dependent and ®* OH-independent lipid per-
oxidation [22]. Edaravone shows inhibitory effects on both
water-soluble and lipid-soluble LOO-induced peroxidation
systems [22]. Edaravone also inhibits ONOO™ -induced tyro-
sine nitration [22]. These properties are different from those
of water-soluble Vitamin C and lipid-soluble Vitamin E.

In the present study, we demonstrated that edaravone
suppressed endothelial apoptosis and fatty streak forma-
tion. Reduced expression of VCAM-1, a marker of vascu-
lar injury and activation [32], were corroborated with these
results. In cultured ECs, protein expression of VCAM-1
was induced as early as 3 h after H, O, treatment (actually
4.5h after addition of HpOs, Fig. 2C). This is reasonable
based on our time course experiments (data not shown),
and is consistent with the previous reports that VCAM-
1 protein has been induced 4-6h after cytokine stimula-
tion through an antioxidant-sensitive mechanism [40,41].
Although the experimental conditions were different between
the cell culture and animal studies, edaravone inhibited both
the rapid induction of VCAM-1 in cultured ECs and the
chronic upregulation of VCAM-1 in the aorta of ApoE-
KO mice, further supporting the vasoprotective effects of
edaravone.
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Edaravone has been clinically used as a neuroprotectant
in the treatment of ischemic stroke in Japan from 2001. The
dose of edaravone used in this study (intraperitoneal injection
of 10 mg/kg) has been reported to be comparable to that of
intravenous injection in clinical use in terms of plasma con-
centration [42]. This compound has been reported to preserve
endothelial function in ischemic brain [43] and ameliorate
ischemia-reperfusion injury in various organs such as kidney
[44] and heart [45]. Also, edaravone has been shown to inhibit
pressure overload-induced cardiac hypertrophy [42]. To our
knowledge, however, the effect of edaravone on atheroscle-
rosis has never been reported till now.

The effects of edaravone on endothelial injury and
atherosclerosis were associated with the decrease in ROS
production including peroxynitrite, superoxide anion and
8-isoprostane, suggesting the mechanistic role of antioxi-
dation in vascular protection. Edaravone also inhibited the
expression of 4-HNE in vascular tissues, further indicating
the antioxidant activity and suggesting the signaling cas-
cade leading to endothelial injury, because 4-HNE triggers
cellular damages through the MAP kinase pathway as an
end-product of ROS [34]. Antioxidant effects of edaravone
on lipoproteins were not determined in the present study
because of the methodological limitation in mice. It has been
reported, however, that edaravone can inhibit oxidative mod-
ification of low-density lipoprotein in vitro and in rats [46].
Consequently, it is likely that reduced lipoprotein oxidation
would have played a role in the anti-atherosclerotic effects
of edaravone in ApoE-KO mice. Furthermore, edaravone has
been reported to stimulate the expression of endothelial nitric
oxide synthase in cultared ECs [46] and the artery [47],
leading to the increased production of nitric oxide. Taken
together with the effects on peroxynitrite formation, edar-
avone might synergistically increase the availability of nitric
oxide, which exerts vasoprotective and anti-atherosclerotic
action. L

The effects of edaravone on advanced.and complicated
lesions of atherosclerosis were not investigated in this study.
Neither, the effects on plaque ruptures nor consequent car-
diovascular events are known. This study demonstrated that
edaravone might be a potential new therapeutic agent for
the prevention and:treatment of early atherosclerosis. For
the purpose of chronic use, however, the innovation of drug
preparation for oral administration is necessary. Another
application of edaravone might be the prevention of restenosis
after percutaneous coronary interventions, since ROS plays
an important role in neointimal formation after angioplasty
[48]. Intravenous injection of edaravone for several days
might inhibit neointimal formation in addition to ischemia
reperfusion injury of cardiomyocytes [45]. Taken together,
edaravone is expected to show protective effect on ROS-
related vascular diseases beyond cerebral infarction.

In summary, edaravone, a free radical scavenger
with unique properties, attenuated oxidative stress-induced
endothelial damage in rats and early atherosclerosis in ApoE-
KO mice in association with the inhibition of ROS formation.

These findings provide new information on the role 0f ROS in
atherogenesis and the therapeutic strategy for atherosclerosis.

Acknowledgements

We thank Ms. Mariko Sawano for her excellent techni-
cal assistance. This study was supported by a Grant-in-Aid
for Scientific Research from the Ministry of Education, Sci-
ence, Culture and Sports of Japan (13670741), and by Health
and Labour Sciences Research Grants (H15-Choju-013, H15-
Choju-015 and H17-Choju-046) from the Ministry of Health,
Labour and Welfare of Japan.

References

[1] Ross R. Atherosclerosis—an inflammatory disease. N Engl J Med
1999;340:115-26.

[2] Griendling KK, Sorescu D, Lassegue B, Ushio-Fukai M. Modulation of
protein kinase activity and gene expression by reactive oxygen species
and their role in vascular physiology and pathophysiology. Arterioscler
Thromb Vasc Biol 2000;20:2175-83.

[3] Zalba G, San Jose G, Moreno MU, et al. Oxidative stress
in arterial hypertension: role of NAD(P)H oxidase. Hypertension
2001:38:1395-9.

[4] Sorescu D, Weiss D, Lassegue B, et al. Superoxide production and
expression of nox family proteins in human atherosclerosis. Circulation
2002;105:1429-35.

[5] Spiekermann S, Landmesser U, Dikalov S, et al. Electron spin res-
onance characterization of vascular xanthine and NAD(P)H oxi-
dase activity in patients with coronary artery disease: relation
to endothelium-dependent vasodilation. Circulation 2003:107:1383—
9.

[6] Rey FE, Li XC, Carretero OA, Garvin JL, Pagano PJ. Perivascular
superoxide anion contributes to impairment of endothelinm-dependent
relaxation: role of gp91(phox). Circulation 2002;106:2497-502.

[7] Barry-Lane PA, Patterson C, van der Merwe M, et al. p47phox is
required for atherosclerotic lesion progression in ApoE(—/—) mice.
J Clin Invest 2001;108:1513-22.

[8] Keaney Jr JE Gaziano JM, Xu A, et al. Dietary antioxidants preserve
endothelium-dependent vessel relaxation in cholesterol-fed rabbits.
Proc Natl Acad Sci (USA) 1993;90:11880-4.

[9] Keaney Jr JE, Xu A, Cunningham D, Jackson T, Frei B, Vita JA. Dietary
probucol preserves endothelial function in cholesterol-fed rabbits by
limiting vascular oxidative stress and superoxide generation. J Clin
Invest 1995:;95:2520-9.

[10] Lamb DJ, Reeves GL, Taylor A, Ferns GA. Dietary copper supplemen-
tation reduces atherosclerosis in the cholesterol-fed rabbit. Atheroscle-
rosis 1999;146:33-43.

[11] Pratico D, Tangirala RK, Rader DJ, Rokach J, FitzGerald GA. Vitamin
E suppresses isoprostane generation in vivo and reduces atherosclerosis
in ApoE-deficient mice. Nat Med 1998;4:1189-92.

[12] LiZ,Iwai M, Wu L, et al. Fluvastatin enhances the inhibitory effects of
a selective AT1 receptor blocker, valsartan, on atherosclerosis. Hyper-
tension 2004;44:758-63.

[13] Fennell JP, Brosnan MJ, Frater AJ, et al. Adenovirus-mediated over-
expression of extracellular superoxide dismutase improves endothelial
dysfunction in a rat model of hypertension. Gene Ther 2002;9:110-
7.

[14] Kirk EA, Dinauer MC, Rosen H, Chait A, Heinecke JW, LeBoeuf
RC. Impaired superoxide production due to a deficiency in phagocyte
NADPH oxidase fails to inhibit atherosclerosis in mice. Arterioscler
Thromb Vasc Biol 2000;20:1529-35.



H. Xi et al. / Atherosclerosis 191 (2007) 281-289 289

[15] HsichE, Segal BH, Pagano PJ, et al. Vascular effects following homozy-
gous disruption of p47(phox): an essential component of NADPH
oxidase. Circulation 2000;101:1234-6.

[16] Fang JC, Kinlay S, Beltrame J, et al. Effect of Vitamins C and E on pro-
gression of transplant-associated arteriosclerosis: a randomised trial.
Lancet 2002;359:1108-13.

[17] Engler MM, Engler MB, Malloy MIJ, et al. Antioxidant Vitamins C
and B improve endothelial function in children with hyperlipidemia:
endothelial assessment of risk from lipids in youth (EARLY) wial. Cir-
culation 2003;108:1059-63.

[18] Lonn E, Bosch I, Yusuf S, et al. Effects of long-term Vitamin E supple-
mentation on cardiovascular events and cancer: arandomized controlled
trial. JAMA 2005;293:1338—47.

[19] Lee IM, Cook NR, Gaziano JM, et al. Vitamin E in the primary preven-
tion of cardiovascular disease and cancer: the Women’s Health Study:
a randomized controlled trial. JAMA 2005;294:56-65.

[20] Study-Group E. Effect of a novel free radical scavenger, edaravone
(MCI-186), on acute brain infarction. Randomized, placebo-controlled,
double-blind study at multicenters. Cerebrovasc Dis 2003;15:222—
9.

[21] Abe 8, Kirima K, Tsuchiya K, et al. The reaction rate of edaravone (3~
methyl-1-phenyl-2-pyrazolin-5-one (MCI-186)) with hydroxyl radical.
Chem Pharm Bull (Tokyo) 2004:;52:186-91.

[22] Watanabe T, Yuki S, Egawa M, Nishi H. Protective effects of MCI-186
on cerebral ischemia: possible involvement of free radical scaveng-
ing and antioxidant actions. J Pharmacol Exp Ther 1994;268:1597~
604.

[23] Sudoh N, Toba K, Akishita M, et al. Estrogen prevents oxidative stress-
induced endothelial cell apoptosis in rats. Circulation 2001;103:724-9.

[24] Akishita M, Nagai K, Xi H, et al. Renin—angiotensin system modulates
oxidative stress-induced endothelial cell apoptosis inrats. Hypertension
2005;45:1188-93.

[25] Paigen B, Morrow A, Holmes PA, Mitchell D, Williams RA. Quan-
titative assessment of atherosclerotic lesions in mice. Atherosclerosis
1987;68:231-40.

[26] Miller Ir FJ, Gutterman DD, Rios CD, Heistad DD, Davidson BL.
Superoxide production in vascular smooth muscle contributes to
oxidative stress and impaired relaxation in atherosclerosis. Circ Res
1998;82:1298-305.

[27] Landmesser U, Dikalov S, Price SR, et al. Oxidation of tetrahydro-
biopterin leads to uncoupling of endothelial cell nitric oxide synthase
in hypertension. J Clin Invest 2003;111:1201~9.

[28] Francia P, Delli Garti C, Bachschmid M, et al. Deletion of p66shc
gene protects against age-related endothelial dysfunction, Circulation
2004;110:2889-95.

[29] Carter WO, Narayanan PK, Robinson JP. Intracellular hydrogen per-
oxide and superoxide anion detection in endothelial cells. J Leuk Biol
1994;55:253-8. ’

[30] XiH, Shin WS, SuzukiJ, et al. Dystrophin disruption might be related to
myocardial cell apoptosis caused by isoproterenol. J Cardiovasc Phar-
macol 2000;36(Suppl 2):525-9.

[31] Esterbauer H, Schaur RJ, Zollner H. Chemistry and biochemistry of
4-hydroxynonenal, malonaldehyde and related aldehydes. Free Radic
Biol Med 1991;11:81-128.

[32] Meigs JB, Hu FB, Rifai N, Manson JE. Biomarkers of endothelial
dysfunction and risk of type 2 diabetes mellitus. JAMA 2004;291:
1978-86.

[33] Uchida K, Toyokuni S, Nishikawa K, et al. Michael addition-type
4-hydroxy-2-nonenal adducts in modified low-density lipoproteins:
markers for atherosclerosis. Biochemistry 1994;33:12487-94.

[34] Usatyuk PV, Natarajan V. Role of mitogen-activated protein kinases in
4-hydroxy-2-nonenal-induced actin remodeling and barrier function in
endothelial cells. J Biol Chem 2004;279:11789-97.

[35] Jiang F, Guo Y, Salvemini D, Dusting GJ. Superoxide dismutase
mimetic M40403 improves endothelial function in apolipoprotein (E)-
deficient mice. Br J Pharmacol 2003;139:1127-34.

[36] O'Donnell VB, Chumley PH, Hogg N, Bloodsworth A, Darley-Usmar
VM, Freeman BA. Nitric oxide inhibition of Jipid peroxidation: kinetics
of reaction with lipid peroxyl radicals and comparison with alpha-
tocopherol. Biochemistry 1997:36:15216-23.

[37] White CR, Brock TA, Chang LY; et al. Superoxide and peroxynitrite in
atherosclerosis. Proc Natl Acad Sci USA 1994:91:1044-8.

[38] Zheng H, Dimayuga C, Hundaihed A, Katz SD. Effect of dexrazoxane
on homocysteine-induced endothelial dysfunction in normal subjects.
Arterioscler Thromb Vasc Biol 2002;22:E15-8.

[39] Terentis AC, Thomas SR, Burr JA, Liebler DC, Stocker R. Vitamin E
oxidation in human atherosclerotic lesions. Circ Res 2002;90:333-9.

[40} Marui N, Offermann MK, Swerlick R, et al. Vascular cell adhesion
molecule-1 (VCAM-1) gene transcription and expression are regu-
lated through an antioxidant-sensitive mechanism in human vascular
endothelial cells. J Clin Invest 1993;92:1866-74.

[41] Park SH, Park JH, Kang JS, Kang YH. Involvement of transcription
factors in plasma HDL protection against TNF-alpha-induced vas-
cular cell adhesion molecule-1 expression. Int J Biochem Cell Biol
2003;35:168-82.

[42] Tsujimoto I, Hikoso S, Yamaguchi O, et al. The antioxidant edar-
avone attenuates pressure overload-induced left ventricular hypertro-
phy. Hypertension 2005;45:921-6.

[43] Amemiya S, Kamiya T, Nito C, et al. Anti-apoptotic and neuroprotec-
tive effects of edaravone following transient focal ischemia in rats. Eur
I Pharmacol 2005;516:125-30.

[44] Doi K, Suzuki Y, Nakao A, Fujita T, Noiri E. Radical scavenger
edaravone developed for clinical use ameliorates ischemia/reperfusion
injury in rat kidney. Kidney Int 2004;65:1714-23.

[45] Tsujita K, Shimomura H, Kawano H, et al. Effects of edaravone on
reperfusion injury in patients with acuie myocardial infarction. Am J
Cardiol 2004;94:481-4.

[46] Yoshida H, Sasaki K, Namiki Y, Sato N, Edaravone TN. a novel radical
scavenger, inhibits oxidative modification of low-density lipoprotein
(LDL) and reverses oxidized LDL-mediated reduction in the expression
of endothelial nitric oxide synthase. Atherosclerosis 2005;179:97-102.

[47] Zhang XH, Matsuda N, Jesmin S, et al. Normalization by edaravone,
a free radical scavenger, of irradiation-reduced endothelial nitric oxide
synthase expression. Eur J Pharmacol 2003;476:131-7.

[48] Cipollone F, Fazia M, lezzi A, et al. High preprocedural non-HDL
cholesterol is associated with enhanced oxidative stress and monocyte
activation after coronary angioplasty: possible implications in resteno-
sis. Heart 2003;89:773-9.



Geriatr Gerontol Int 2006; 6: 223-227
ORIGINAL ARTICLE

Simple screening test for risk of
falls in the elderly |

Jiro Okochi,! Kenji Toba,? Tai Takahashi,® Kozo Matsubayashi,*
Masanori Nishinaga,® Ryutaro Takahashi® and Takashi Ohrui’

"Hara-Doi Hospital, Japan Department of Clinical Research, Fukuoka, *Department of Geriatric Medicine,
Kyorin University School of Medicine, Mitaka, *Department of Medicine and Welfare, International
University of Medicine and Welfare, Otawara, *Center of South-east Asia, Kyoto University, Kyoto,

3Department of Medicine and Geriatrics, Kochi Medical School, Kochi, *Tokyo Metropolitan Institute of
Gerontology, Tokyo, and "Department of Geriatric Medicine, Tohoku University, Sendai, Japan

Background: The aim of this study is to construct a simple screening test for the risk of
falls in community-dwelling elder persons.

Methods: A total of 1378 community-dwelling people aged 65 years and older in five
different communities in Japan were asked to answer a self rated questionnaire including
22 items covering physical, cognitive, emotional and social aspects of functioning and
environmental factors. At a six-month follow-up, the outcome of fall occurrence and the
number of falls was ascertained by social workers, health visitors or nurses.

Results: Five out of 22 items were selected using a logistic regression mode]. Using this
five-itemn version, a screening test was constructed, and at the best cut-off point, the sen-
sitivity and specificity were 68% and 70%, respectively. The validity of this scale was tested
on persons with cognitive dysfunction.

Conclusion: The simplicity and the predictive validity of the screening test support the

use of this test in health check ups or general outpatient facilities.

Keywords: accidental fall, aged, mass screening

Introduction

Falls are rated as the third leading cause of a bed-ridden
state and are among the principal causes of morbidity in
the elderly in Japan.! Previous studies evaluating the risk
factors for falls have used history of falls, results of phys-
ical performance tests,? activity of daily living (ADL)**
and balance and gait* as predictors.
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, reliability and validity, risk factor.

Early identification of falls risk is likely to result in
earlier implementation of interventions and to minimize
development of unwanted sequels such as reduced con-
fidence and activity levels.®

In Japan, the Ministry of Health, Labour and Wel—
fare has put roughly 6000 local home care support
centers around Japan. The task of these centers,
according to Long-Term Care Insurance for the eld-

‘erly, includes screening of the elders at risk of devel-

oping disabilities, including risk for falls. In this
context, it is critical to develop a simple screening test
to adequately evaluate the risk of falls for each elderly
persor.

The aim of this study is to evaluate predictive validity
of a simple questionnaire composed of 22 items, with
the intention of constructing a shortened version that
would be simple, but effective to assess the future
risk of falls daring periodic health check-up or outpa-
tient visits.
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J Okochi et al.

All elderly persons who participated in this research
gave written informed consent.

Methods

The initial 22-item questionnaire was constructed by
the Working Group of Fall Prevention commissioned
by the Japanese Ministry of Health, Labour and Welfare.
Known risk factors are transformed into comprehensi-
ble text for the elderly, as shown in Table 1. These items
were selected by studying both international and Japa-
nese research articles on fall risk factors.®

The interclass coefficient (ICC) of the one month
test-retest reproducibility study of the 22-item ques-
tionnaire score was satisfactory (ICC 0.74, 95% CI
0.46-0.89, n=21).°

Individuals chosen for this study lived in five different
urban and rural communities and they were over
65 years old.

In cases where subjects had cognitive impairment or
difficulty answering, a family member acted as a proxy
to help answer the questionnaire.

The outcome of fall occurrence and the number of
falls were confirmed by social workers, health visitors or
nurses six months after baseline measurement. A fall

was defined as an unintentional change in position
resulting in coming to rest on the ground or other lower
positions.®

Statistical analysis was performed on subjects who
completed the questionnaire both at baseline and at six
month follow-up. One half of the subjects were ran-
domly selected, and the relationship between falls and
potential predictors was examined by x* test for each
predictor separately (developing samples). Items that
achieved statistical significance of P < 0.0S were incor-
porated in the logistic regression analysis to identify
predictors. Then, the questionnaire items considered to
be associated with falls were selected using any falls as
an outcome variable, by forward stepwise selection by
the logistic regression model (P < 0.05).

The predictive power of the set of selected items,
adjusted by the odds ratio, was determined using the
area under the Receiver-Operating Characteristic (ROC)
curve (AUC) on the other half of the subjects as the val-
idating sample. Finally, the sensitivity and specificity of
the model were calculated to obtain the cut-off point.

To test the validity of the scale on persons with cog-
nitive dysfunction, different item functioning (DIF)
analysis was performed on subgroups with and without
cognitive dysfunction using the Rasch measurement

Table 1 The initial 22-item questionnaire constructed by the Working Group of Fall Prevention and commissioned

by the Japanese Ministry of Health, Labour and Welfare

Questionnaire items Answer (%) Incidence P
of fall (%)
Q1. History of fall within one year = yes 107 (16%) 54 (50%) P <0.0001
Q2. History of stumbling within one year = yes 288 (42%) 75 (42%) P <0.0001
Q3. Can you climb stairs without help? = no 261 (38%) 65 (25%) P=10.0001
Q4. Do you feel your walking speed declined recently? =yes 353 (51%) 76 (22%) P=0.0025
Q5. Can you cross the road within the green signal interval? = no 74 (11%) 25 (11%) P=10.0019
Q6. Can you walk 1 km continuously? = no 172 (25%) 46 (27%) P=10.0011
Q7. Can you stand on one foot for about five seconds? =no 180 (26%) 55 (31%) P <0.0001
Q8. Do you use cane when you walk? =yes 123 (18%) 43 (35%) P <0.0001
Q9. Can you squeeze the towel tightly? = no 80 (12%) 26 (33%) P=0.0026
Q10. Do you feel dizzy? = yes 151 22%) 39 (26%) P=10.0076
Q11. Is your back bended? = yes 213 31%) 62 (29%) P <0.0001
Q12. Do you have knee pain? = yes 264 (38%) 64 (24%) P=10.0005
Q13. Do you have a vision problem? = yes 292 (42%) 56 (19%) P=0.2794
Q14. Do you have a hearing problem? = yes 227 (33%) 48 (21%) P=10.0781
Q1S. Do you think you are forgetful? = yes 332 (48%) 73 (22%) P=0.0020

Q16. Do you feel anxious to fall when you walk? = yes

Q17. Do you take more than five kinds of prescribed medicines? = yes

Q18. Do you feel dark walking within your home? = yes
Q19. Are there any obstacles within the house? = yes

Q20. Is there any level difference within your home? = yes

Q21. Do you have to use stairs in daily living? = yes
Q22. Do you walk steep slope around the house? = yes

226 (33%) 60 (27%) P =0.0001
161 (23%) 39 (24%)  P=0.0231

54 (3%) 18 (33%)  P=0.0124

87 (13%) 25 (29%)  P=0.0181
426 (62%) 79 (19%)  P=0.1799
129 (19%) 23 (18%)  P=0.7951
202 (29%) 28 (14%)  P=0.2517

The answers as indicated in the question raw. ¥*The incidence of fall among the relevant answer.
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technique.” Three hundred persons were randomly
selected to obtain adequate sample size for this
analysis.'

In addition, results of the ROC curve were stratified
by the presence and absence of memory problem using
Q15 of the questionnaire to test the validity of the short
version on those with cognitive function problems.

Results

Of 1734 elderly, 1378 (79%) completed the question-
naire both at the baseline study and its six month fol-
low-up. The mean age of the subjects was 75.8 (SD 6.8)
years. The number of elders by five research centers was,
1050, 104, 82, 81 and 61, respectively. At least one fall
had occurred in 208 elderly (15.1%) during the six
month follow-up period. Of these, 103 (50%) suffered
from multiple falls, ranging in number from 2 to 20.

Of eligible samples, 1026 elders provided information
regarding mobility, cognitive status and ADL regarding
eating and toileting. In mobility, no disability was seen
in 69.8% of them, while mild difficulty in climbing stairs
was present in 18.1%, and moderate or severe difficulty
required cane or wheel chair for moving around outside
in 12.1%.

In cognitive status, no memory disturbance was seen
in 62.8%, while mild and severe memory dysfunctions
were in 26.0% and 8.0%, respectively.

Regarding eating ADL, 93.4% showed no problem,
while 4.6% complained they had a mild problem, and
2.0% required assistance. Toileting related ADL was
intact in 89.0% of the elders while mild difficulty and
dependent status on toileting were seen in 6.0% and
5.0%, respectively. Although 8.3% of them were living
alone, 23.0% were with their spouse, and the rest were
with their children.

The samples were then divided into the developing
samples (n=689) and validating samples (n=689).
There was no statistical significance between these two
samples, in distribution of living areas, gender and
response pattern to the questionnaire items examined
by %* test (data not shown). The average age of the val-
idating samples (75.8) was not significantly different
from developing samples (75.7) by t-test.

Table 1 shows the predictors in relation to falls in
developing samples. The incidence of at least a single

fall and multiple falls were 108 (15.7%) and 55 (8.0%),
respectively. Gender did not achieve the statistical
significance to single fall (P = 0.05) and multiple falls
(P= 0.15), respectively. Fallers were elder than non-
fallers (P < 0.01) with average age of 79.1 versus 75.8,
respectively.

Questionnaire items, except for Q13, Q14, Q20, Q21
and Q22, achieved statistical significance and were
entered into the regression model. Table 2 shows the
item selected by the stepwise logistic regression model.

Using the odds ratio at integer level as the weight of
these five items, we constructed a screening test whose
score ranged from 0 to 14, and the AUC was 74% (95%
CI 69-79%) in the validating samples, as shown in
Figure 1. This was at the same level as the AUC of initial
22 items score (72%:95% CI 67-79%)

The maximum sum of sensitivity and specificity
reached <6 (sensitivity 0.68, specificity 0.70) and <7
(sensitivity 0.67, specificity 0.71). If a cut-off score of <6
was applied, subjects identified as positive had a 27.9%
rate of falls (positive predictive value) compared with a

Sensitivity

000 010 020 080 040 050 060 070 080 080 1.0
1 - Specificity

Area under ROC curve = 0.7404

Figure 1 The Receiver-Operating Characteristic (ROC) of
the five-item screening test to detect elderly persons at risk of
falling.

Table 2 Questionnaire items selected by the stepwise logistic regression model

Questionnaire item selected by step wise logistic regression model Odds ratio 95%ClI P
Q1. History of fall within one year = yes 4.5 (2.8-7.2) 0.00
Q4. Do you feel your walking speed declined recently? = yes 1.9 (1.0-3.6) 0.04
Q8. Do you use cane when you walk? = yes 1.8 (1.1-2.8) 0.02

Q11. Is your back bended? = yes 1.8 (1.1-2.8) 0.02

Q17. Do you take more than five kinds of prescribed medicines? = yes 1.7 (1.0-2.7) 0.03

© 2006 Japan Geriatrics Society
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Figure 2 The probability of single and multiple falls by score.

7.2% rate in negative individuals (negative predictive
power: 93%), with an odds ratio of 3.88 (95% CI 3.16—
4.75).

The sensitivity and specificity was 0.63 and 0.67,
respectively, for multiple falls. The positive and negative
predictive value at this cut off score for multiple falls was
0.12 and 0.96, respectively, with the odds ratio of 3.04.
Figure 2 illustrates the probability of fall by score levels.

On Rasch analysis of each itern, some items did not fit
the Rasch Model (Q16, Q20, Q21 and Q22) and these
items were deleted for subsequent DIF analysis. Then
no item showed DIF on cognitive functioning after
Bonferroni adjustment {(data not shown). After stratify-
ing the sample with Q15, the area under ROC curve was
0.74 (95% CI 0.66-0.82) and 0.74 (0.69-0.78) for with
and without cognitive dysfunction, respectively.

Discussion

Falls are considered as having multiple risk factors.™
Previous epidemiological studies have identified the risk
for falls, for example, history of falls>*"*™ activity of
daily living (ADL)*** cognitive and sensory func-
tion, 23121 chronic conditions,'®''” and medication
use.3,16~19

Many studies tried to convert these risk factors for fall
risk screening.>*?® These screening tools for elders have
been developed for various care settings, including res-
idential,'*?* intermediate? and inpatient care®> as well
as for community.*?

Initially, the authors selected a comprehensive ques-~
tionnaire composed of 22 items that can be answered
by yes or no, and then selected several items that can be
applied for mass screening or in general practice
settings® because of the requirement of Japanese long-
term care insurance (LTCI) law.

The items selected by the logistic model in this study
were history of falls, walking speed, cane use, back
deformation and medication use. All of these items were
in concordance with the previous reports.

We also included environmental factors as part of the
questionnaire. On comparison between fallers and non-
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fallers, environmental barriers such as level difference,
stair and slope were not identified as risk factors, indi-
cating the barrier recognized by the elders may not be
associated with falls. All other items, except for vision
problems were associated with incidence of falls.

The use of large prospective validating samples adds
strength to this study. In most similar studies, the pre-
dictive validity is tested only on the developmental sam-
ple of the tools, and thus the predictive performance in
a new sample is expected to be optimistic.”’ Although
the predictive power on the development sample is usu-~
ally high, the predictive power is usually lower in the
validating samples.®® In addition, the sensitivity of the
scale is lower in the validating sample®® and only a few
studies use a large scale validating sample as was used in
this study.* ‘

Finally, the AUC of the initial 22 items were at the
same level of the shortened five-item version. Therefore,
the shortened version is preferred for its simplicity. In
addition, the five-item scale was validated on the elderly
with and without problems of cognitive function.

In the process of item selection using the logistic
regression, inclusion criteria were P < 0.05, and exclu-~
sion criteria were P> 0.10. This procedure resulted in
inclusion of items with weak association, such as Q4
and Q17. However, the adequacy of including these two
items was proved on the validating sample.

In validating samples, the negative predictive value
was 0.92 for single falls and 0.96 for multiple falls indi-
cating that those with negative result have very low risk
of falling in the next six months. This property of the
high negative predictive validity makes the use of the
screening test useful in mass screening.

History of fall was one of the most frequently reported
risk factor of falls.*** Decline of walking speed was
captured with other questionnaire studies, as well as
by physiological measurement.*'*** Cane users and
kolioskiphosis might have relation to bone abnormali-
ties such as osteoporosis or arthritis.”® These Q4, Q8
and Q11 compose a spectrum of physiologic decline
referred to as frailty.®** The relationship between med-
ication use and falls can be explained by the effects of a
drug itself that might cause sensory and balance distur-
bance, and also decreased metabolism, which relates to
the loss of physiologic and metabolic function. Medi-
cation review is a possible intervention to prevent falls.*’

In conclusion, a simple screening tool for falls is con-
structed using a large scale developing and validating
sample. The scale constructed in this study is simple
and valid. Therefore, it can be used as a screening tool of
falls for community-dwelling elders.
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CASE

REPORT

Elderly patient presenting with

severe thyrotoxic hypercalc

An 81-year-old woman with Graves’ disease and osteoporosm'
because of anorexia over one month and i 1mpau ed consciougtie:

rred to the hospital
also presented with
'ma_r ed hypercalcemia (cor-
all§’ suspected to result from

vitamin D toxicity, because she had been taking vitamin D3 (alphacalcidol of 0.5 pg/day)

for the treatment of osteoporosis. However, discontinuation of vita_min D3 and fluid infu—

hyperthyroid state.

calcium level and thyroid function three months 1a
mal bone formation in spite of increased bo

<0.015 ]_LIU/mL) Wlth increased
(30 mg/day) normalized serum
Lizboratory tests suggested that nor-
esorption contributed to hypercalcemia in

Keywords: deoxypyridinoline,
telopeptides of collagen cross-links. *

Introduction

Hypercalcemia has been associated in ap"
20% of the patlents Wlth hyperth

y, we rarely
ercalcemia.

enes such as

polymorphlsms in calcmm—regul ting.
calcium-sensing receptor® and ¥itam receptor® may
influence calcium metabolism in adults. However, no
study has reported the assotiation:of those polymor-
phisms with thyrotoxic hypercalcémia. More studies as
well as more polymorphisms
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hypegitalcermis;

hyperthyroidism, osteoporosis, p-N-

analysis should be performed to clarify the underlying
mechanism.

Here, we report an elderly patient presenting with
severe symptomatic hypercalcemia resulting from
hyperthyroidism.

Case report

An 81-year-old woman was admitted to the Department
of Geriatric Medicine, Kyorin University Hospital
because of hypercalcemia on February 14 2004. She had
Basedow's disease and osteoporosis, and had been tak-
ing thiamazole 5 mg/day and alphacalcidol 0.5 ug/day.
In January 2004, anorexia had gradually developed fol-
lowed by gait disturbance. When she was referred to the
hospital on February 14, she also presented with con-
fusion and low-grade fever of 37.2°C. Her blood pres-
sure was 122/62 mmHg with a pulse rate of 98 bpm.
Physical examination showed a soft diffuse goiter
and a systolic ejection murmur of Levine II/VI at the
apex, while abdominal and neurological findings were
normal.
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Thyrotoxic hypercalcemia

Table 1 Laboratory tests on admission

Table 3 Results of markers of bone metabolisin

Result

Test Marker

Hb 10.5 g/dL Osteocalcin

Ht ’ 32.6% Bone-specific alkaline
RBC 367 x 10%uL phosphatase

PLT 22.2 x 10%uL p-N-telopeptides
WBC 3200/uL Deoxypyridinoline/Cr
Na 144 mEq/L calcitonin 3. Pg
K 3.1 mEq/L 1-25(OH)VitD; 6pg/mL (20-60)
Cl 100 mEqg/L

Ca 11.7 mg/dL.

P 3.4 mg/dL

BUN 19.3 mg/dL

Cr 0.7 mg/dL

TP 6.4 g/dL

Alb 3.3 g/dL

ALP 226 TU/L

AST 37 IU/L

ALT 35 IU/L

LDH 333 UL

CK 25 TU/L

Glu 126 mg/dL

CRP 0.2 mg/dL.

Alb, .., ALP, ...; ALT, ...; AST, ...; BUN, ...; CK,
LDH, ...;PLT, ...; RBC, ...; TP, ...; WBC, ... .

... CRP, ...;

Table 2 Results of thyroid function test

Test Result (normal range
FreeT4 6.69 ng/dL (0.73~1
FreeT3 13.27 pg/mL (1

Thyroid stimulating
hormone (THS)

TSH receptor antibody

TSAD (thyroid stimulatory
antibody)

Antithyroid peroxydase
antibody

Serum thyroglobulin
autoantibodies

3200/uL and serum calciuntof 11,
calcium of 12.4 mg/dL). " ®

tion tests (Table 2) rév marked hyperthyroidism;
free T4 of 6.69 (refere 0-1.70) ng/dL, free T3 of
13.27 (2.3-4.3) pg/mL aritl:thyroid stimulating hormone
(TSH) of <0.018:(0.5-5.0); uIU/mL. Plasma levels of
TSH receptor antibddy,gthyroid stimulating antibody
and anti-TPO antibody were elevated, compatible with
the findings in Graves’ disease. Plasma intact PTH was

© 2006 Japan Geriatrics Society

Figure 1 X-ray of lumbar vertebrae.

13 (10~-65) pg/mL and PTH-related protein was not
detected.

As shown in Table 3, markers of bone resorption
such as deoxypyridinoline (DPD) and N-telopeptides of
collagen cross-links (NTx) were elevated, whereas those
of bone formation such as osteocalcin and bone-type
alkaline phosphatase were not. Bone mineral density of
lumbar vertebrae was -3.29 (T score), and that of femur
was -3.72 (T score). Multiple compression fractures
and remarkable reduction in bone mineral density were
found on spinal lateral X-rays and dual energy X-ray
absorptiometry, respectively (Fig. 1).

Initially, vitamin D toxicity was suspected as a cause
of hypercalcemia; thus, alphacalcidol was ceased with
fluid infusion to wash out calcium. However, the
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‘E\ 1adays 2Bdaye A2days

S6dons Tidays
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discharge

admission

. Figure2 Clinical course of the patient. Thyroid stimulating
hormone (TSH) was below the detection limit throughout the
clinical course. c-Ca, collected serum calcium; u-Ca, urinary
calcium; FT4, free thyroxine; FT3, free trilodothyronine.

hypercalcemia had not improved one week later. Labo-
ratory and imaging tests were carried out to exclude
hyperparathyroidism, humoral hypercalcemia of malig-
nancy, osteolytic bone metastases and multiple
myeloma. Finally, hypercalcemia was considered to be
attributable to the exacerbation of hyperthyroidism
with high bone turnover. Consequently, the dose o
thiamazole was increased to 30 mg/day to normaliz
thyroid function. As shown in Figure 2, free T4 a
free T3, as well as serum calcium were grad
decreased, and the patient was discharged on May’
2004, In August 2004, her thyroid function returfied f
normal (free T4 of 0.95 ng/dL and free T3 of.2.28.pg/
mL) with corrected serum calcium concer o}
9.2 mg/dL. ;

Discussion

been reported to occur more fr
patients than in younger patient

age.

slightly elevated level,® and’
be suspected when serum
R eports have shown that
'monly associated with

ing excluded hyperparathyroidism as well as malignant
neoplasms Furthermore, hypercalcemia was amelio-
rated in parallel with the improvement of hyperthy-
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roidism, indicating that hypercalcemia resulted from
hyperthyroidism. g

Thyroid hormones play a cri
opment because hypothyroidist
the impaired skeletal developm Jn adults, thyroid
hormones are important ifi th ntenance of bone
mass. Thyroid hormone réceptors ate expressed in bone
cells such as osteoblasts teoclasts.” In adult
hyperthyroidism, ther d bone remodelling,
characterized by anincreasein both bone resorption
and formation, and 1mbala ce between bone resorp-
tion and formatio; Sults in bone loss and an
increased risk fi eoporotic fracture.’? In our case,
however, the of bone resorption were elevated
mation were not. This pattern is
he clanges of bone metabolism in

'::Pal role in bone devel-
inichildhood results in

consistent wit

due to the age-related decline in thyrmd hormone sig-
Ieads to bone formation However, no

¢ hypercalcemia. It has been also reported that
blocker, propranolol,'**” and radioiodine therapy'
maisameliorate thyrotoxic hypercalcemia. In our case,
an increased dose of thiamazole normalized both thy-
oid function and serum calcium levels several months
ater, but bone mineral density was not increased.
onger time periods would be necessary to see the
recovery of bone mass if possible.

References

1 Daniel T, Aran B. The skeletal system in thyrotoxicosis. In:
Lewis EB, Robert DU, (eds). Werner and Ingbar’s the Thyrotd,
8th edn. Philadelphia, PA: A Wolters Kluwer Co., 2000;
659-666.

2 Szabo Z§5, Ritzl F. Hypercalcemia in hyperthyroidism. Role
of age and goiter type. Klin Wochenschr 1981; 59: 275-275.

3 Mosekilde L, Melsen F, Bagger JP etal. Bone changes in
hyperthyroidism: interrelationships between bone mor-
phometry, thyroid function and calcium-phosphorus
metabolism. Agu Endocrinol 1977; 85: 515-525.

4 Dittmar M, Kahaly GJ. Immunoregulatory and suscepti-

bility genes in thyroid and polyglandular autoimmunity.

Thyroid 2005; 15: 239-250.

Cole DE, Vieth R, Trang HM et al. Association between

total serum calcium and the A9868 polymorphism of the

calcium-sensing receptor gene. Mol Genet Metab 2001; 72:

168-174.

6 Akcay A, Ozdemir EN, Sezer § et al. Association of vitamin
D receptor gene polymorphisms with hypercalcemia in
peritoneal dialysis patients. Perit Dial Int 2005; 25: §52—
SS55.

7 Ryo M, Shigeru Y, Hyo ES et al. The parathyroid function
in patients with hyperthyroidism. Nippon Naibunpi Gakkai
Zasshi 1984; 60: 892-898.

w

© 2006 Japan Geriatrics Society



Thyrotoxic hypercalcemia

8 Maxon HR, Apple DJ, Goldsmith RE. Hypercalcemia
in thyrotoxicosis. Surg Gynecol Obstet 1987; 147: 694—
696.

9 Inaba M, Hamada N, Itoh K et al. A case report on dise-
quilibrium hypercalcemia in hyperthyroidism. Compari-
son of calcium metabolism with other. patients with
hyperthyroidism. Endocrinol Jon 1982; 29: 389-393.

10 Akihan Z, Singh A. Hyperthyroidism manifested as hyper-
calcemia. South Med J 1996; 89: 997-993.

11 Reular JB, Wise RW, Thorpe JB. Anemia, renal insuffi-
ciency, and hypercalcemia in a man with hyperthyroidism.
South Med J 1985; 78: 59-63.

12 Bassett JH, Williams GR. The molecular actions of thyroid
hormone in bone. Trends Endocrinol Metab 2003; 14: 356~
364.

17

13 Chan GK, Dugque G. Age-related bone loss: old bone, new
facts. Gerontology 2002; 48: 62~71,,

14 Hedman I, Tisell LE. Life-threatening hypercalcemia in a
case of thyrotoxicosis: clinical fedtures and management. A
case report. Acta Chir Scand 1985;.151: 487-489.

15 Diamond T, Julie V, Richard S, lc.B. Thyrotoxic bone
disease in women: a pot versible disorder. Ann
Intern Med 1994; 120: 8-1

Shahshahani MN, Palmieri GM.;Oral propranolol in

16

of the effects of thy
on mineral metab D
noreactivity. Meigbolism 1985; 34: 999-1006.

© 2006 Japan Geriatrics Society



44 :90

E =)

HEmE I B T520 v T7F =

Fll B Wi AT
AR R

SRR U

HEE-  HE

m—?  EA

o) T T v AHERIOD B ET

RE®  Rg AFE
E Ay E—? L A

2 {1 B ERmBEEINRTCEUBEILTFv U TS Y AORENFRETH Y, REEYHD
S, JVTFIvr) T AERER TELBTEBRICKR T A HEREFET A Z L IZHBREE -
HThd. WH: EEEAWEBLETLSEULOBEHET 220 ABERE 434 (BET34
ZHT0% FHERIRLI286H). FE 4B L7 F v 27U T7 3 v ARERP LB LN HEEE 24
B LT7F=r2 )77 YV AOEAEE OB R Lz, BREER: &L LTSEORE T
HEREIIB VT Cockeroft and Gault DT L BHEEI TS L WHEERLE. Bl Lo EiEs
HEICBWTENEL#EEROMMEIMEL, EEROUBILOWTLSBOKRERELEbNA.

Key words : B&#E, 71V 7F=rr0 75 A, #ER Cockeroft and Gault ®3, FHO,

b

EEALROERIZL Y, HRART LT, EHEL
PFEMO—&2 2> Tw5b, BEESEHEOHENCL 5
&, 2004 EEIIB VT oMU L DBEHE L 2734 5
ANEFHEINTVEY, SEHEICEREEERN %57
AW, BEZHAE®RET L -OEHRET EHICTHET
LBLENFDHL. BREELTERITEEL LT AREEEE
KBRS L7 F =275 v X (UTF
Cer $BET) 2MELNTWE, 275 v AREICIT 24
WHERVPVLETH LD, BEZ2ETLI ERHEBEC
PR, ERMEVIEHEIDVEMETH L L0k T
HETAIELRBESTERY. ZOHMEY LT I=
ViE (LLF Ser LBEY) S Ca 2 HEETHW L On
DERIPREIN TS, L2rLIhso#RITERIC
BEOVELRHBRBTETIEHEBICLYTIIDLE, &
AEDWBD R ED/2® Ser 12X 5 Cer B & =R L
P2Cer MV EEN-EEZ2RAZ NS L. DS
BEEIBVT LB RBYRIEZ T 72D Bk

)

1) S.Hirayama @ HEERAZ

2) R. Kikuchi, S. Inoue, D. Tsukahara, Y. Suemitsuy, Y. Ko-
bayashi, Y. Sugiyama, H. Hasegawa, K. Kouzaki, K.
Toba @ TR KREF RS MESE

3) G.Inoue : FFAILE A& — b BEFT AR

FAHH :2006.4.18, #AHHB 1 2006.7.12

(HEESE 2007 ; 44 : 90-94)

e ETRICGFHET 2 LEFH S, 04 DfEERIC
LHHETRARCOEERIRD L BEEHFIEST
L E it o 7z,

HRBCTTE

TR KEHRREHEZENC 2004 £ 9 B 225 2006 48 1
RBOBICARE L7 60 U LOEFIO D 5, FIHAES,
ERATREAZBEAL, REFBEAT-TNVEEHRL
TWABERERIE &M S Nl ER & E &I
L7z, EBRBREICLABRIMNIRT T, BMnEESE, &
i, FROEICRR, FURA, MWMR & OR4 2 HakE
B, BRZETAIERYT (FUEKL29t36% (B
82088 m w3883 EIRIIT o7 B
TRV 84 BT & 85 B EDEFIIE Y 3k h 5
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F1 NEEMON

n

B =y £k

Age (%)

~ 84 42 34 76
85 ~ 31 36 67
N 73 70 143

B, EIFNEE G o EMICDWTIZ, BEOBRERR
HEOTEE, HEBROMBERIIOVWTHEL..

AR, THRREEHEFZOARICEL T, CCr
HEETBRETECERET AL 2OETHBELEAER
BTEfTL.

(1) ZHO

Hik : Cer (m!/min) =
(100X Scr (mg/100m1))

M Cer (mI/min) =
(100 % Scr (mg/100m 1))

(2) Cockeroft and Gault @3

B Cer (m1/min) = (140-Fiw) xHFE (kg) +
(72xScr (mg/100m1))

ik Cer (m1/min) = {(140 — E#) xFE (kg) +
(72 xScr (mg/100m 1))} x0.85

(3) FHHEOK

B Cor (m1/min) = (—=0065x 55— 0493 X
BMI+33) + (#hZE (kg) xScr (mg/100ml)) x144

e Cer (mI/min) = (—0052 x % —0.202 x
BMI+21) = (& (kg) XScr (mg/100m1l)) x144

(4) Walser D

B Cer (m!/min) =757+Scr (mM) -0.103x%
SEHEE+ 0006 x FE (kg) —6.66

i Cer (m!/min) =606+ Scr (mM) —008x%
EE+008XAE (kg) ~481

3

85 mAMOMMBE URPBHER BT, RH,
C&G, i, Walser DIEEE & 4 BBERICL B E
BEOHBERE ) WEBr=0761, C&G r=0761,
WH r=0693, Walser r=0553 L ZH®DR, C&GRT
BRWERD S o7z, BEBEHEICBNT, £40fEEX
CEIAHEBELEENEOMBREIIEE r=0718 C&
G r=0739, FHEr=0697, Walser r=0645 &, LHD
H, C&GRATHEIBVWER D72 (K1, H2).
BEBE 2B IoUmETE L DOEE L EREOH
BEREr 2B LA, BETEHr=0840, C&G
r=0841, #Hr=0791, Walser r=0736, T T%H

(176 — 4E#5) xfRE (kg) +

(158~ 4E i) xHE (kg) +

r=0678, C&G r=0690, FH r=0667, Walser r=
0582 L7y, BEICHWHHEERSH D, KEDOHE
BEIEY» -7z (F3 H4). T, EEHRERIIBL
THEGHE B L 25, BRTEH=079% C&
G=0988, HHE=0577, Walser=0375 ZETLKH=
1.088, C&G=1262, #TH =0.776, Walser=0395 & 7% >
7z,

S5BEHRETBLTHELA-LOTH S, HiEtHix
EEMELEESEOTNOEEGER LI b O ((ERE-#
) x100/EBME) TH B, PiH, Walser DX T,
Bt CHEEEN S MBS N A ERRH 5.

BHmLUEOBEHE TOROMTHIZB T 25 0EE

CBETL, ERENEEL 25 6AOBERFREZHAL.

B A B, FURAIS Ca iz CRMTE 2 NS €
LEH 4P, BAR228, Scr=fE26, LAE2H,

CRP&EfE28ICH o7z, 72, HEEIFTEELLRDHT
FIOBEFRERIz. W68, ERAEIZITER
LEAF, BERELH, EIF, oV FO-VAROHE
RIR L6, MakErE, BOKIFE 160, B 16ITHo 7.

z =

FRASEMEA3E W IE EEERIE EVEA ORI IIE Y
BEMICH S, T7z, ML - TH2OMAEENT
5% FOEEICIEIMEICE S EYEREN - BhEN
R2Efh, ZEGFAIC L AMEER BHEEBETHE
(ADL) - SBHBEBEOERT 2 EEZONEH, FKILE
KEERE LT, EHEOKTICX 2NN EERSP
ZEFbN 5. Scr ik 2BHEOHEEITIZVDPTE
M BVERHE, FIOBERE LS LHAEDETIC
LY Scr WEHEEEOKT L MG R ERMEZ R T Z LA L
BELIERESNh S, CaolleboBrsMESRE LTEHE
BEROTENH D, MEIHE) RIR, REOBEINCE
BEHICIAERONZEICL), ERELR24BHER
PHEZZEFH S LHREWDRWwEE, Cor EH
BLEFBEDOETLOENKREVEOHRELHS. ST
REZBATF—FNVEEAL TR EZRERITREL
HEF SN BEOEFEMSEE L, BOTEEZRRE
Hose, LaLedrS, REITIRESVT I VAED
ERICIIERLZERERETEL, HEICRHM®»25
OEBOSNRSE TIIEBEELZZ & DPE v, £oT
Scr & 0 Cor #HETHE A OFEFMRESINTE .
S E%E L2 RA DR, Cockeroft and Gault O,
Ho®X, Walser DRIIREN L HEERTH Y Scr fE,
R, E#, FEID Cax#EETES. C&GRILEK
KRTEOLELHAVLNTBIEHRACLIWHEEZRLT
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Wa, SEORETHEEIRE BT AMEA0739 &
B LIVHBEZRLL. ZORREE L THEARADEIED
BRAb LT & 722 & C&G AR DX S 4 2 18~
RHmEBEREIDEINTEI &, ERFOMEE
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1dmg/dITOMEZ V7 F =V EEXRTERE IR
ELTRZRKDLD DT, BEALBEFIEDTIIERE
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LEE L 2 5. SHEOKETIE, BRE, fE ZR O
v MU VRRORERR, K, fEKE CEBOREDN
EALAEEMT, FRHEELNEED BAZE LI HEH
Tdhol. TOLIREMCHEBIFETERLZESE
ME7 L7F= v biEEshsd Cor OREFER VT
B H LI LR HETRETHS ). Sl Tk
6O T TOBELEINTVAEY, BEZHRVIHEEE
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EEEBEICHT, HEREERLLECA, BERERET
OHEMBNERICH Y, BEHERCTOSIHREDRE
TOBENTRRENSL, INOZZELTDH, 4B
FEREHAD BRI ED BV C&C AP A B
WEICBITSL CaorEBRE LTHRBELERONL.

BEREBEELBRICHT C&GC 0B/ T LB L
LI A, BiE0841 otk 0690 & BEOHEYE WEE
CHhot. F7-, EREEFZREBRLAEIAEHETI
C&GH, THTRELZHORNF L ICHEWEEZRLZ. 8
Bl EoBEICEBEORE B b & BREHT 5 W
MR, 85U EDHEIZ C&G KE v 5 LB/ FE
THWEEEYRD 5.

—%, BRUCEESHEHORBRET LKLz
CAHBLEDITHEORN LIGEWEEZRLA. Bl
EOHABIZOWTARTOERERT — 513420,
FELICIIE T MU EEE I LB AR, LB
EHEAESFICEST AP LETRIZEAEEDL LW
ZEDPLEEOHRBLER L &b ITBLL, #EEKX
OEBENELONTWANRENS ), SHROKRERE

EEbiie.
AFFEORRE LT, BEREES 7 — T VOHERA
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R IT R EIER e, FBAER EWE T b0, I
SOERICH L THTF—F VEEBERFT-T o LT F =
ZVTI v AFWMEL, BEMESEICHT 50HEEXD
BEZHWTAMEISHORETHA ).
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