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Interaction between Pre-sarcopenia and High Iron Intake on the Risks of Arterial Stiffness

Huang KEQIN*, Toshiyuki KURIHARA*, Natsuki HASEGAWA*, Kanako HAMAGUCHI*,
Motoyuki IEMITSU*, Kiyoshi SANADA*

Abstract

Sarcopenia as well as dietary iron intake in animal protein associate with arterial stiffness. However,
it is unclear whether the coexistence of sarcopenia and high iron intake further increases the risks of arterial
stiffness. The purpose of this study was to investigate the interaction between pre-sarcopenia and dietary iron
intake on arterial stiffness in Japanese women. The participants included 126 Japanese women (44-77 yrs)
in whom skeletal muscle index (SMI; appendicular muscle mass/height2) was measured by dual-energy X-ray
absorptiometry. Pre-sarcopenia was defined as the cut-off value of SMI based on Asian Working Group for
Sarcopenia. We assessed brachial-ankle pulse wave velocity (baPWV) for arterial stiffness and nutritional status
by Brief-type self-administered Diet History Questionnaire, and the subjects divided into high- and low- dietary
iron intake based on the mean values of this study. Two-way ANCOVA with adjustment for age, body mass index
and physical activity as covariates indicated that high dietary iron intake and pre-sarcopenia interacted to produce
a significant effect on the baPWYV in Japanese women (P<0.05) . This result suggests that to prevent arterial

stiffness, it is important to maintain the appropriate dietary iron intake in women with pre-sarcopenia.

FECHERFNER

PN =T B LORHEREE, WE & BRI & OREAREH SN TS, LM LBEDE 25, Hii=
N7 B L OSGREHEROEEN S 5 HEARELO U A7 ZHEINES 5008 5 IS0 TI S0 TR,
TR HIE, BN & iAot & 5 BRI BRE R 5t 7 L b a =T L SHE R & 0
REAEMIZOWTHET 52 &L Lz, HARALMEL264 (44 ~ T95%) 4L Lz, BT R L¥F— X Bk
POEIC L0 MG w2 E L, BRAER SMD 28 Lz, RFRICBT 527 L a_=71%, Asian
Working Group for Sarcopenia (AWGS) @ SMI 2 Wi L #E A FI T U7, BhREE L BE L fa i 13 2 & LR (s
FEHE (baPWV) A3 L, 72 528 B R AR 1L 2 0 B fU A R SRR L B R ZE BDHQ I &L 0 37l L7z, s Bl
FRARIIARBIIEIZ 381 D RE OB S-S %, High BE & Low BEICA M L 72, 4, BMI 3 L O IKISE &%
AR L Ule Znfe @ I BT OFE R, baPWV Tk LT, LY ax=7 L gBRE - ORICHE R H
VERIRZRD BTz (p <0.05). ZOFEEMNS, FLHALaX=T2HT 5 AR FOMEREZ ST = L1
Ko C, @RI D THIICERRT 2 aletE mE S s.
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[ZRNT Z 205 OO L ¥ L (Cardiovascular disease :
CVD) A HAARNDEREICKE 2L RIF LTV
(E4 5184 , 2018). CVD X, @ik & & Hich
HIBEFLOBEMB TR ENTND Z b, miind
DOREEE 2R TR ZHERF9 5 720121, LR B O fER
K Th LR THAEE L 725 (FHE,
2018). —7F°C, MEHIC & D ik L OGO T
ELTERIN TV DL a~X=7 % (Cruz-Jentoft et
al, 2010), OMERBEOIEIEY A7 ZMRKEED &
LB, DIEREBICKDECY A7 NS E5 2
R E XN TW S (Vetrano et al., 2014; Kim et al.,
2014). Chin IE 72> (2013) 1%, Mk £E{F O & 41,578
B &SRB =T bR B SRR - oo B
ARG L2, ZORE, 65l Eo @i ok &
3B L aX=TThd L b, Pra=T
TR ME BRI 72 & O o BN - & ks LT
CVD i &L OFBERBEEMERRD bz, 2F D,
P aR=T MR BISIE DS L= U A7 [
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73 (2019) 1%, HuIAE £ D45k LA _E o 92 [H A3664 %
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W (A, 2014). AR THDLEHTIE, BE
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XS EZ FICBIRT 522 ERiETHD. LiL,
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3. ME%EE

BB 1L, HIRZ RO REEIERE CRAIC S
L7z, BRIMIIHEHEMIZ LY, AL LZEFIRRE CINIE P i
R BTz, MifwalL ATo— L ZalL AT
v — LK #ERESE (UV) 35, S HDL 2 L A7 17—
JVITEBEE, g A AR T I SR 15 (GK-GOP - 7
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9. #HEtnig
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1. HWEREOEFIFHS LOREERIEE
Wb O B KB A, Table IR L7-. SEEE N
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BB oT. Felow BEOR T X ILEX—, A
IE<E, IBE, RIS X O Na #HUE 3 Fe-High
LY AEICEWEEZ R LTz,

2. BRFE{LRESEIREICN T 2T LY AT
ERE L DOXEER
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fRBTICIE, TR EEY 7 b (Stat View version5.0, BC & 3L B AT OFER, baPWV I3 5 7 L YL =3
N7 BLOSEBREO ZHRITBD S
Table 1 Characteristics of the subjects
Normal Pre-sarcopenia P value

Fe low Fe high Fe low Fe high Pre- .

(n=61) (n=4§7;) (n=10) (n=8g3 Fe sarco Interaction
Age (yrs) 66.246.5 66.7+5.4 60.38+8.0 64.5£3.5 0.19° 025  0.77°
Hight (cm) 155.1£6.1 155.3£5.5 153.8+3.9 157.1+4.2 0.06 0.98 0.11
Weight (kg) 56.0+10.2 54.3+8.7 47.4+4.4 47.2+7.3 0.03 0.96 0.13
BMI (kg/m?) 23.3+4.1 22.4+2.8 20.1+2.2 19.14+2.2 0.53> 0.43° 0.63°
SMI (kg/m’) 6.1£0.7 6.1+0.4 5.2+0.2 5.1+0.3 0.66 0.65 0.87
WC (cm) 85.5+12.2 83.8+10.1 77.7+6.6 79.3+8.8 041 0.2 0.89
AMM (kg) 14.7£2.2 14.6+1.6 12.2+0.3 12.541.1 0.08 0.86 0.24
Body fat percentage (%) 32.548.1 31.3£7.6 30.7£5.7 29.8+6.7 0.50 0.66 0.28
Grip strength (kg) 24.5£3.8 23.243.4 22.143.1 22.343.1 0.00 0.60 0.03
Walking speed (m/s) 1.5+0.2 1.5+0.2 1.6+0.2 1.5+0.1 0.37 0.82 0.98
baPWV(cm/s) 1592.7+308.8 1511.3£221.4 1539.8+518.2  1694.2+191.4  0.12 0.96 0.02

Proportion of high physical

- 27, 44.
activity (n,%) 7,443

20, 42.6

3,30.0 4, 50.0

Data are presented as mean+SD; baPWV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerid; HDL, high density lipoprotein; When a significant difference was observed in the interaction,
comparisons between groups were tested by the unpaired Student’s t-test. P values are the significant effects by two- way

ANCOVA (Pre-sarcopeniaxFe) with adjustment for the covariate of age, BMI and physical activity. * P values are the significant

effects by two- way ANCOVA (Pre-sarcopeniaxFe) with adjustment for the covariate of BMI and physical activity. ® P values are
the significant effects by two- way ANCOVA (Pre-sarcopeniaxFe) with adjustment for the covariate of age and physical activity.
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Table 2 Nutritional status of the subjects

Normal Pre-sarcopenia P value

Fe low Fe high Fe low Fe high Pre- .

(n=61) (n:4§) (n=10) (nzz;g) Fe  qarco 1Meraction
Energy (kcal) 1556.8+314.1 2117.5+454.5 1644.2+£522.3  2152.9+636.5 0.79 0.94 0.35
Protein (g/day) 64.4+11.8 98.3+23.3 63.7£16.6 91.9+24.8 0.67 0.36 0.94
Fat (g/day) 50.7+11.4 71.9+21.3 48.8+11.7 69.1£20.0 0.63 0.46 0.61
Carbohydrate (g/day) 199.0+£52.6 258.4+£70.6 228.3+88.0 281.2+121.8 0.58 0.37 0.09
Na (mg/day) 3824.7+656.6  5387.4+1076.9  3781.1+982.8  5485.7+1410.2  0.82 0.28 0.85
Fe (mg/day) 7.1+1.3 12.0£2.5 6.8+1.8 11.0+1.8 0.85 0.61 0.97

Data are presented as mean+SD; baPWYV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerid; HDL, high density lipoprotein; P values are the significant effects by two- way ANCOVA (Pre-
sarcopeniaxFe) with adjustment for the covariate of age, BMI and physical activity.

Table 3 Interaction between pre-sarcopenia and Fe intake with respect to the risk factors of arterial stiffness

Normal Pre-sarcopenia P value

Fe low Fe high Fe low Fe high Pre- .

(n=61) (n:4§) (n=10) (nzsg) Fe o Imteraction
baPWV (cm/s) 1592.7+308.8 1511.34221.4  1539.8+518.2  1694.2+191.4 0.12  0.96 0.02
SBP (mmHg) 130.4+19.0 128.1+18.8 135.4+24.2 124.9+16.1 0.35 0.28 0.39
MBP (mmHg) 99.4£15.6 97.0+13.8 100.7+17.8 94.9+14.0 0.73  0.26 0.96
DBP (mmHg) 77.0£11.1 76.9+£10.0 79.4+14.1 72.3+£12.8 0.44 0.04 0.43
Cholesterol (mg/dl) 239.4439.7 245.3+34.8 247.0+30.1 268.0+46.9 0.01 0.1 0.02
TG (mg/dl) 101.4+43.0 102.4+43.9 76.2+35.4 102.4+34.5 0.36  0.99 0.09
HDL cholesterol (mg/dl) 79.6+19.2 79.2+18.2 83.0+20.5 71.8£11.3 0.12  0.57 0.00
LDL cholesterol (mg/dl) 139.7+36.7 145.4+29.9 154.8+31.1 169.7+44.1 0.1 0.15 0.11
TG/HDL 32.6+7.1 33.547.2 31.849.0 29.4+£5.6 0.72  0.42 0.35
Blood glucose (mg/dl) 99.7+20.5 101.3+13.0 95.8+13.2 95.349.2 0.16 0.28 0.54

Data are presented as mean+SD; baPWV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerid; HDL, high density lipoprotein. P values are the significant effects by two- way ANCOVA (Pre-
sarcopeniaxFe) with adjustment for the covariate of age, BMI and physical activity.

HERZHAER (T LI as=7 X giBERE)

PNER 8 5 U7z (Table 3, P<0.05). 4RERIICITA B 7275
R B o 72 (Fig. 1).

it,%nvxrm—W’ﬁﬁéﬂﬁﬁgmzﬁi

TR bz (P<0.05) 28, F'LHaxX=7DE%R)
RICIIHEMEITRD N2 o7,

IRT LT LY a7 LB E ORICITAE
&ﬁﬁﬁﬁ(fvﬁwnﬁz7x%§ﬁi)#WW6
7z (P<0.05). ABERIICITABERZZA SN2 2T
(Fig. 2). 5612, HDLIZXF 27 L¥rax=7%
FOGEREO FHHRITED Se o720, AR
RHAER (F L a=7 X SEBEIE) BRH b
72 (P<0.01). ABEMIICIFAERZTR bR o T
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Fig.1 : Interaction between Fe intake and pre-sarcopenia with respect to the
baPWV. Fe intake and pre-sarcopenia effects and interaction (Fe x Pre-sarcopenia)
were assessed by 2-way ANCOVA with adjustment for age, BMI, physical activity
as covariates. Data are expressed as means + S.D. NS, not significant.
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Fig.2 : Interaction between Fe intake and pre-sarcopenia with respect to the total
cholesterol. Fe intake and pre-sarcopenia effects and interaction (Fe x Pre-sarcopenia)
were assessed by 2-way ANCOVA with adjustment for age, BMI, physical activity as
covariates. Data are expressed as means + S.D. NS, not significant.
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Fig.3 : Interaction between Fe intake and pre-sarcopenia with respect to the HDL
cholesterol. Fe intake and pre-sarcopenia effects and interaction (Fe x pre-sarcopenia)
were assessed by 2-way ANCOVA with adjustment for age, BMI, physical activity as
covariates. Data are expressed as means + S.D. NS, not significant.
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INFETEL ORKBELE THWLH N TE 7= (Asmar et
al,, 1995 ; [UEL, 2007). HbaX=7 L @fRaE (kB
HEHE (baPWV, CAVI 72 &) & ORIRIZ DWW THRF L
AT T, L a=T 2L a=7 LY
L BB R S A B mVMEE R L, Praas
STIEEREE LY A 7 R ESE D Z EnHlE ST
V% (Kirkham et al., 2019 ; Sanada et al., 2010).
Kirkham (% 7> (2019) D %eATWF7EIC L 2 &, 1894 O
BEE N v i A M 2 6421 CAVI & SMI & @ B4R % 1
FLizE 2 A, MEOMICHEZRMHEBENED b2
LMD, P aX= T EIARE(LEIEY XD 1ok
LI ENRESN TS, £, Sanada H O HAR
Nl &5t 4 & LT JE I sV T b [RkRIC,
NaNX=T LD baPWV L, VL aX=T L 0H
BT E WE N 7R & 7z (Sanada et al, 2010). L2 L
KIS TIE, baPWV Tt T A5 LY L aX=TDOf
BERITHREAONR -T2, OB E LTI, W
B OBV ERT S LB HND. RIFED
N BE O 4 i O - ) 8 1366.4+6.15% T H - 72 7%,
Sanada & DAFFEXf G244 TlE59.8+8.65% &, ARHFIED
N B O ER T LR & . R TFF%E T, Ef e
baPWV & ORBIIZHE R EOHEBENED b TEY
(Tomiyama et al., 2003), & i ¥ D baPWV (X 45 4
X bmuwiizrmdeEZExonsd. RKIFSED baPWV
O Y E I, 1,657+ 276em/s T & - 7= 73, Sanada
B DOWFFE 6 % # TIE1,340 + 219em/s &, ABFZE D
N BEO BRI LA (Xl 0 72 D A <, 22
EMFATHIIE L ITBNTRE LR B 2 b d.
ABFZEIC BV TIE, baPWV IZHT 2 HEHERR D
HERIHRIARON R -T2, BIFERILEICB T
2105 LA EO@EEmE OSHEREOHESE R X 6g L S
TEY, AHFEOSIEREORDITORAE (9g) L1
HOIRMETH 72, AT THE STV 5
FRHERFIC LB A0 R e 8 57 (8.7Tmg/day) & I1FITFSE T
o722 L5 (Mendonca et al., 2016), $RIERE O
DT OREMEL LIRS RETH -T2 BEZIBND.
RBFICKAEIERELE CVDRIEY 27 L OBRICE
T 5 A ZRHTTIE, SGRRHETUEL CVD RIE & AR
B2 = & N ST D (Fang et al., 2015).
Z DA AN TRV BTV BRFZEICIE B L OB

DEENTHD. LML, BHTAOBARANEZXGE L
To RHBELIGEI L D &, BHEICR W TREHETUE
DEOVEEY, BB EEL D © CVD RIAEY A 7 231.3
fEAEICEDP ST EHE SN TNDN, ZHEIZEB N T
15 ORRITFE® H L7 H> o 72 (Zhang et al., 2012).
ZOWRIZ K D ERIE, FElmt et R L LA
R L B L TWA. FOHBEE LTIE, SHEE
MBVEL Y LHEDIT D DRV EREHESNATVWD
(Sullivan, 1981). MAEICE END 7 = U F 1L 8k0T
BEAERKMRT L EELREE LD LEDRATWDS
(Cook et al., 1986). #ki7j & & B RHEE 1L D BI4R 12 BY
T ORI LY, BIRE(L A A D NTENREE A A
LRWAXY b7 2 ) F U REITLSHEAEICHEVE
DRBHOENDZ Emb, M7 =Y F U ITEIRE LD
fi K 1 (OR, 1.7 ;95 % CI, 1.25-2.35, P <0.001)
D12 E#HE STV D (Kiechl et al., 1994). & &
2, B0 O X 5 & BB HUE 2310.2mg/day LA
TOBETIE, BEOSBIELMATE DN, ST
EEITH ISR N ERE SN TS, RIFFEOXIG:
FHITH T DR B RUE139.223.0mg/day T - 7= =
ED D, BREECICREE KT TIE L OSRTRR A
MUTH o afREENE 2 Hivd

ARWFFETIE, baPWV IZX LT, L rat=7
LSRR & OMICABRZAMFHNPRD Bz, W
NARZT DIIEIDONTD A=A, BlED L
ZAFTAFITH SN EN TRV, BRI T
ZB| & 2 FEML A b L A DN (Hagen et al., 2004)
2, B MRIE D &L (Roubenoff et al., 2003), A > A
U v &P (SRikanthan et al., 2010) 72 ¥ 8% 1F b
TWb. ZhoOERE, FRHCEIIREELOFIEIC b
B3 L T3 Y (Ochi et al., 2010), H i a~X=7 L&
IREEAEREIED A 77 = A BE—EBEM L T\ 5. EEHR
SERONMED, E 7o IR RCNIENG 72 ST K0 EPERSE R
LD E, TORBILBEHMICH KDY, ZORERI L
aX=T EEASELARERERIATND
(Tornatore et al., 2012) . ZAEMEAMAE-CHR MR AR C A=k
EHNT-TINF a, IL-1°IL-672 EDRIEMEY A b h A
NE, BRSBTS 2 RN BN RIS E S
7= % (Roubenoff et al., 1998), WL a~X=7|Z%f L T
REERNCAER T 5. —J7, SRlRHEECS F 7218 M E
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& OBEME A STV S (Tappel et al., 2017). 4E
RO ERIFR D BRI U7, sk 2 Hn &
o, TORR, WSk A g L CLDL 2 L AT
72— /L OE{ (de Valk et al., 1999) °Z¢E St~ (Tappel,
2007 ; K42, 2012 ; Yuan et al., 1996) & {t L, @iz
SLUTHEZ L A5 Z ERARBEIN TS, Lizno
T, AT L axX=7 L gRRIEROEEIC
Ko TERMELE & BT R &8 hm & LTl 18
YERIEDOTLHENBIET 5 6 O L HELZ2 S5 (Yuan et
al., 1996 ; Tappel, 2017 ; Roubenoff, 2007 ; Sun,
2015). AWFFED & 5 7o iAotk TITPAR AT 2o &

O ERITREENEWNZ LoD, WREELDO Y AT XD
IREESEmRELZEZ bND.

AHZETIE, AL AT — i LT Lo
N7 EEHERE & OMICAE B R ZAERANRD B
o WEARIA DA Lok 2 b G SRR IR & i IR
07 ¢ — )V OBRE R LIS TRE T, SRR
L=zl 27w —), HDL 2L A7 1 —/L L TO'LDL
L RAT )L & ORIITA R R BEMENRO b
Mol &R ST % (Zaribaf et al., 2014) . L 7>
L, ¥ aX=7 gtz 5 L Uis A uE
IZBWTIE, MaLrx5o—/, HDL 2 L A5 1 —
JLKRONLDL 2 L 2T 2 — Lkt LT H L rat=
7 & SRR L ORICA B R AL BEARNRRD bz
L7223 TEHEREILX, 7L axX=T L EET D
Z & Ko TEORAEAL A {23 S D ATREME M HER = 41
5.

AWFFETIE, WS OORBRRFRET NS, &
T, ARFFETIE, SHEEOWBREL NS4 LV
A ADPINS o Tz, AFFRDOFERT 7 N J LT
& % baPWV DOIEHERRFEILIITH W Y et 7L
e LTiF60Ll L EEND. LinL, 7VT A
BV AL AR=T ORERKITL~11%THY, %
Y2V INB MR T 2 72 0 121H1,00040 LL_E D %)
BEOFEENMIEL 72D, 10 KRB 2 % 5 &
LicBptn s munE s B2 b, HU2, K
WFFE T, MREOMA 7 = U F B ORIE A
NAA L ERTE LD o Toizd, RIEVA N A I
ST H TV a=T EERREERE O EEMIX
HOEMIUTTE otz LER-T, S#%iEP o

F3TE SF3EI1LA

NET R E LTIT 7 = U F PR R OYIE Y A
1A > DWNTE % & D T B RAR AL B RS AR & oo B 2
BT 2 0ERHDHEEZOND. FHIA, SRR
IEFEA A8k E OBFEMEITRD BRI, ~AgkED
BHIEME GRS H TV % (Timmer et al., 2019). Fang
5 (2015) (T LD~ LEEIAE L CVDBIE Y R 7 &
DERIZDONT DA X RITIZ L D &, ~LEHERRE L
CVD i U A 7 13 B2 BEEMENRO bk, ~4
PR R X Img/day 2 HAN9 5 Z LKLY, CVD %
JEU AZIX6 %EEDH I ENWESINTND. ~4k
X, REA, f, BARE, btbl~ESBEVE
GLEER NI DI, FRUCK L CIEA~ AR
Wtz % < &£ T3 (Hurrell, 1997). 2 %
D, SHEEUE L CVD RIE Y 27 L OBRICIE, B
HRME L BT D X0 R AEORAEENREFRLT
Wb EEZLND. S5KkIE, FEmatEE g s Lz
R LB RIS T B YL a =T LA LB
BLOZHEEMIOWTOMRICHFEND. KEZIC
AL CTHWIZEHEREIY, =X -G EOPE
MBI N TVWRNIZD, RIFFEOFMERITT R ¥ —
BIREOEB LT AEEREZ NS, LnL,
ARIFFEO SFEL NFEE OBIC =3 L F —EREOF
BRI LR - 72 2 LK Fe-low i & Fe-High
BEE OIS OFBEN /2o T2 2 b7 8, =
FILX— B EOFEL Z T - aREMIR RV E B 2 5
ns.

VA -t

ARFSEIE, baPWV, =L 25 1 —/LfE & HDL =
VAT a— U T 57 P aX=7 L EERE L
OB RZAERANRD . 2O Enb,
TP aX=T EAT D NESHERERIC LY, #)
WREE b2 b S E DR E 2 bivd. Lieho
T, T ax=TE2HT 5N Tl EOHEIR
BERZ VAL, SEEIREZH ST 2 &I K o THERE
LD TFHHICERRT 2 ATREER B 2 Hivd.
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Development of an Integrated Unit for Health and Physical Exercise Subject Areas
in Elementary School Physical Education:
Exercises for Improving Flexibility as Part of Physical Fitness

Junko YAMADA *, Nobuhiro TSUJIT **

Abstract

The purpose of this study was to develop and examine the effects of an integrated unit for the health subject
“Prevention of disease” and exercise subject “Physical Fitness (exercise for improving flexibility) ” for students in
sixth grade. For the health unit, we designed an activity for students to learn about their relationship with exercise,
and to consider their physical fitness-related issues.

In relation to skills, the results revealed that after the unit, both classes demonstrated significant
improvement in flexibility as assessed by the measurement of a seated forward stretch. Regarding awareness, both
classes displayed an awareness of their bodily changes. In particular, the students in the classes where the unit
was implemented showed a willingness to take responsibility for issues related to physical fitness and health and
make exercise part of their daily lives. Furthermore, in relation to attitude, both classes demonstrated significant
improvement in their Physical Education Class Diagnostic and Summative Assessment scores. These results
suggest that integrating health and exercise subject areas helps students to understand that daily exercise is an
important method of disease prevention. Furthermore, it is thought that this unit raises their interest in physical
fitness and health, thus enabling them to engage in exercise independently. Accordingly, the effectiveness of the
program was confirmed.
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(n=33) S.D. 0.54 0.55 £ ] 0.264 0.61 0.004
MERPH  Mean 2.56 2.79 REEA 0.441 0.51 0.007
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