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Social engagement and intake of green-yellow vegetables
among community-dwelling older adults
- From Kashiwa-study -

Aki Kuroda, Tomoki Tanaka, Tetsuo Tsuji and Katsuya Iijima
Institute of Gerontology, The University of Tokyb

Objective: To examine the association between social engagement (eating alone, living arrangement
and social support network) and intake of green- yellow Vegetables among commumty dwelling older
adults. :
Methods: This study was based on 1,400 (724 male and 676 female) randomly selected community-
dwelling older adults aged >65 (mean 7 3.7i5.4) years old who participated in the cohort health study
in Kashiwa-city, Chiba-prefecture. Green-yellow vegetable intakes were assessed with the Food
Frequency Questionnaire Based on Food Groups. For social engagemeht, social support network
(Lubben Social Network Score) and eating alone by living arrangement were examined. Eating
- alone was evaluated with a question “Do you eat your meals with someone else, at least once a day?”
and was crossed with the living arrangement (hvmg alone or living with families). As covariates,
age, gender, depressive symptoms (Genatrlc Depression Scale>6) and cognitive functlons (M1n1
Mental State Examination) were assessed. ’ .

Results: 349 (24.9%) subjects were in the “low intake” group. Binomial logistic regression analysis
showed that the factors independently associated with low intake of green-yellow vegetables were:
‘living with families yet eating alone’ [odds ratio (OR)=1.95, 95% Confidence Interval(CD)=1.2-3.1],
social ties with families [OR=0.953, 95% CI=0.92-0.99], age [OR=0.970, 95% CI=0.95-0.99],
depressive symptoms [OR=1.49, 95% CI—I 1-2.0] and cognitive functions [OR—O 922, 95% CI=0.86-
0.99]. , :
Conclusion: The social ties Wlth families and Tliving w1th families yet eating alone’ were
independently associated with the low intake of green-yellow vegetables. This indicates the
importance of preventive strategies that focus on alleviating social isolation, particularly during
mealtimes and in relations with families.

Key words - Social engagement, green-yellow vegetables, eating alone, community-dwelling older adults

—516—



HAFXRS AT LAERME Vol.20 No.1

SE20EIHARTS AT LFE
ljD/-74/013

/ N
'T‘] B

Yo HROBF AN L %%(ﬁ%ﬁa@%ﬂﬂ & fzkréﬁbﬁf\@ﬂk

ok Y M kD

R

sl 272 Fal BTV #RE E%%D

3 )

BHEHROETIIEROY X2 28055, BREOY =7 3 HHEHEIMET LIk ) EEEONT v R E
EAfERENG. 2 THEORTIZOLI L T%W(ﬁ@jgﬁw‘: DI HIERLL, %@%%ﬁlﬁ\% ED XD RN

B BTN

P B AR l,f’esoﬁiw:@ VT I6RIEEREAY v 7 & Lmjv’*komf Do\, BYOHBTEE
EBE - AR - m¢W&%%@ME%LL it%%%T&LEﬁ@E?E%LOWTDbmﬁ%G ZEIConTT

Y= N REBLE.

R L L TSMETsELE GBS iEJ‘E%”EﬁZl 5[13,33]4/H (*%{E[IQR]) DEH1£29.2[21,40153/B L 2 Y, HE
HEI L 72 (p=0.020). XY A15592[4568,737415/ H A, B3 7223(4885,975014/H & 72 Y HE RN L

© 7z (p=0.017) .

DEERNE SN,

I B SMI 1310.30[9.0,10.9] ke/m? %> 5 10.33[9.0,10.8] kg/m2 & ZLIE R & M do o 72 IR I
16.3[13,21]kg 7 5 13.6[13,20]kg~ L L H R TH BT L7z (p=0.004)
5.4[3,61% TH o 0%, BHHICIE5.7[4,61% L £ T L7

4 .EMWMwmwamhmm@@%%ﬁ
Ty — N TRER OB REEROWEDLD HhSbh

DEOX S CHEHH THo TOIRFIC L o THAFHEIFFEIEML, 2ORR, GEHESARIEI L. £
TR X o TREICH T 2 EROEDL S Z LT, MHHPWT LTrb b S RESROMMIMRE L LEZON
%. FHEEHIC L 5 MENBRREOET I EE S W/, HRBEBPD 7%  MENBRIETHER SN2 TRENS 2

ZEBSoTz.

PBEXy, v= Tt!i‘ﬁkﬂﬁ“%?t%lié‘n%#m%fﬁbétﬂﬁ#k BREHEOYINC L 2HEROUBFICLFST

LEZHNS.

Key words i, 25, SHIGHE, AR, 4KV vy v Fu—a

Ik

ELEREHE T EEOVOLDD HKIFEHHHEE
2013] DIz BV CHEEHEZ BT I LBV 2T 04
ERBET (DaEF4 73y Fu—2a) 02 7R
KoudsE L, BEESEOETIEROGRET L
LTwa, FhEECAVS )Iﬂ\)lx}%i{ﬁ@ﬁkom
THERLTS

T Zﬁiﬁn“( i%’f&?ﬁ?)ﬁ%@f&ﬂ:ﬁéw B
BT TRL, FHEEONT v ABRAFEERINE R
By T7TERRE L, BEOBRFICOLZIETHE
EEENREDO LB, FOBEIMEMER - BN
BRBEOHUBIIFEST L2z ST THhE
By L, [OBE - S - EE - s - OHEICER L EE
%E@xﬁy7kLT##b%btf,E%Kﬁ?%%

BICEDE ) RE %#%6#%7/& Ffﬁ«t

(2] # #

TREEMHEEDOEEERK L 260U LN =70
b, MRICHEL16% (FHE#R66.9:4.05, & &
=11:5) x5 e Lz, MBARIIRATHN ORI
E2A5v7 (9F~11R) £ LT, %%%@%ﬁ%A%‘
B ETh ot SHBEREAOEN P EERE

LR HEF &2 &Y, PEgEl Lo %’ﬁ-‘(ﬁﬁgﬁ’?@ﬂi

N5, RGEOFEEBISHAL DAL CEEL, ¥
Z 7 HRIEE L S AEEE L 22 LB L. 8A
PR BT TR EIRESL, 1IATH2»512R
ST TR BRI F L7z, RENFILERBEIE
ME N EAREEORATH ) 5 ORI T OEA % fFAT

D EEAFERSRATIERE  2) BETREEEIH B REES R

20134E12A 110 %%  2014%2H20H ZH

—517—



BARR S X T AFEEMEE

20.(1):1-5,2014

L7z, 72 BRI EE O W o7 BdG B & 8T H

BEAEL LC2MMEL TS, (k)
AWFFEIRFURF DM Z B S ORE LB THR

HFEBORBELZER L TEML .

1. E’Wﬁ?ﬂﬁ@fﬂﬂﬁ

BAREEIRE O W H Lo ARt 2 L
72 2O BHEERREHIKen Kawamoto & 12 X - T2k
ROMBATIZ S VSR TWw A BEGEHEE I siio
I E & NS I, 0 F — 7 9 5 Metabolic
equivalents (DLTFMETs) &S8afiih L/

KRB VI PG A TR0 & T HD
B2 2,8, Bt S @iFdn et 228 Uil Lz, #8355
R RE TR L OV TH bV, IOV H B4
€ L7z, 2E O S HEBEWED ) bEIicowvizH &
[B%H] L LT, SRR ZEEEENED D b
[E%H ] 2wzl % M) & LT8R L. [k
RS T R BARIE BN E O 5 Hkss H & B/ H
% [l & UCTEE L

METs O 4 #1771 (TR & OYMETs & 55 o i
Wik sE L L, SMETsPL OSBRI & [ i
BYEEM ] & LCHERN L7

2. RAERCEITE

e OMZE 1213 Dual-energy X-ray absorptiometry
(ZEZ AV F— XHIIGHEE - DUTDEXA) IS L 58
FEOWEL VEIKOICHESNL 7= 4 PRI CE
7z L Lol 48 & 943 38 < 58 2 i 4 72 Bioelectrical
Impedance Analysis (EEES A v E—F v A DT
BIA:) #SER L% o Twb. C Verdich 5134 AUC &

% BRI BT OB RET S BIA & DEXA 2 H L &2 E
OMsERH A L Twa.

P78 TUEBIAEC X SR 0S4 F AR— X
3 InBody430) %A L% L7z, W%EEH X Body
Mass Index (BFBMID) (2%, (RIRT: & TURE 8
firSkeletal Muscle Mass Index (PUFIUESMI) & H
L7z,

3. MENEHEEEDATE

I PR B E O 52 12 I UNEX B FMD S 8 % v, 1
TSPV MAE HETR SUGHR L2 CFlow Mediated Dilation
(LUFFMDAE) #ii% L72. Maruhashi T 5 135 22
ICEAFMDIEZ.LMED Y A7 7y 78— ) 95 5
ELTwh, FMDEOME 3B S L ) ROk
FERMWET 5. ZOWAN % 55 BRI LB RICIR L
7z Lo SR A WES 5. BRI O BIREEI K3 5 BR
IR OBIREOILIRFE 2 FMDIE & L T% TET.

4 fREEICH T B EMAD

AT Lz b7 v — MBS CE & DR E
DR - AR, f BEIR, ARIBOMR, WEEIEASICOWT
BHET L E L0100, HMRANK CREETE - BT
B ORI DV T 157, V
X TBM SPSS Statistics21 % £V > Wilcoxon
DEENERIMSE % FV 7o, BRI %ERE L

3] 1 2

EitRs e (ED TR

QRT BHERIETORERR

wETE B A SR

L fE IQR HLfiE QR gl IQr ARE

LS HEREEETIEEE 4/ H O 215 13, 33 24.2 9, 44 29.2 21,40 p=0.020
B $/H 5592 4568,7374 6599 4749, 8382 7223 4885, 9750  p=0.017

AR BMI kg/m? 242 23,26 NA NA 23.9 23,26 p=0.004
TR E R TE S kg/m? 1030 9.0, 10.9 NA NA 10.33  9.0,10.8 . p=0.642

R kg 163 13,21 NA NA 136 13,20  p=0.004
MmEMNEEHERR FMD f& % 5.4 3,6 NA NA 5.7 4,6 =0.277
BIREEE RO R RiehiE kg 13.4 13,19 NA - NA 13.4 12,19 p=0.686
BAEBEEINE SRl kg 182 15,21 NA NA 175 13,20 p=0.004

¥NA i “not available” /R

—518—



BARASRT LF

BHEE

Vol.20 No.1

1. BEENR

HEB R b EH S N/ IR EBIER - i
BRI AR & BN L7 SRR & B
BT REEEESE - SR b ICEEER B THML
Twh ..

2. (hHERK

mEESMLIE SR O RO R D oTe L
L, ERDEEIGRS B TE B L. & 5 IRy
BN HABRH RO SRES RN LB (114) LR
DUTBE (5%) B L, BEREBIEMIECOKE
Rk Evepo ﬁ&bt#%@ﬁﬁ;ﬁ&ﬁfuﬁgﬁﬁ
Bonihosz.

ﬁ%%kﬁﬁﬁ%ﬁfmﬂqumw&#otm
BMIZH ¥ % I3 ERICET LT 7z 24T bR
BMI25 D ETdH > 7"6550) Y %4%L_BMHE&”F75> 393>
nre.

&m%w&%ﬁ

FMD/E 355715 b?‘fﬁtﬁisﬁ#& 5 hf’

4@%ﬁﬁ?5%%‘

AV F AN ZREEDEOR EIZDOWTOREIZD
W iQ%IJU,t#f%tE&@ﬁJ:%E@L, HEHEATIE [
By A EREE] TNL024d%) | EEEEOR

- REPTREPIR L,

uréﬁmif@ﬁﬁ%@ﬁtjk%Téﬁiﬁa
AS 7’_ ‘

m%i@

ERELTL POREBMOBE L LELY =T 135
 EBROBRFRIFOLI Vo T — Xt
FL, Eﬁéff@ﬁﬁﬁﬁgwﬁMLﬂ%T%tk%

z5. :
%%%tﬁ%$®%¢ﬁ@§®%%%ﬁtaém,%
BHHEESRIMINT B BT 2B 55 2 L
Girotc. BHHOBEIY LD &L MMBECILEEE
BN S ER R BN S ¢ 5
EopF Lokl LN B NG. FIOBIED
L LIEESEDTH Y, EIRITRRD OME S S
ot HLCTEFETEAENICY +—%> 7 - iE
¥-AR-VELTBY, HEFRDL Y AHFRBEOK
VEH IOV 0 A FERROBTICO% 07 &
DBIED &b LRI RAMEC S bR 2 HAOHERR
S, D% DR OYE bR OMREL LTRIE
2 BDTHIL, %A@Eﬁ@%@ﬁﬁgém%bfﬁ
HWA L IET B LEHS

Ei??ﬁubgkt«fﬁtwfﬁiiéﬁit LTABCHHESE

AL TH ) (D), o —BEONAFRIC L L ¥

s HRENED 1BOBSH e HEDEGE
7 EBEBEGY/E) s@ B/E) 30 EARTA
140 :"""" "“";,':'d‘o‘z‘d‘é 20’000 p=0.017 H p=0.004
120 e ‘ 25
100 ’ : 15,000 - 20
80 :
1 I 15
IG,OOO e
60 . %
i :
40 - :
. , 5,000 ’
20 -
0 ; - o] oy : . 0 —
MEE MIE #M¥E FHE BMFHE Rk AR MIH
DE1 RHCLDSEEHBESE - AIEHOZIL

—519—



EARRS AT LERMEE 20 (1) :1 -5, 2014

LEBMBFFHRT LCh6 b Z0HBEOMEI MRETE
B, —EEE RO O A L AR B E fr Ak
TeEBREFOHPEORYPEZONL, L LR
7 BARIGEI R OWINITE A (O =7 O B Rt TEE)
W& Bb0% 5, FOFEORR & BN 25T T
5L TR AEAEE NS,

PRRERE B DA F 75 WA A BRI T & o 2o R
FICHEF RSN ZOWFISMIOH AR S L
W RS b, R R D WEEN 2L TH B,
Ryu M 5 3 B AGEE &V 0~ =7 OGRS L
TWABHDS, REZE 5 b B EIGEE OB L DL
BIHESL, AFEY v 7Ty Fu— ARHBEN R
DY A7 &SNS,

F 2B L A BRI R OB A 02 bk b
o TR TR L, TV — MERD ST 5
BHOE LIS bR DH D 2 L5 pavbiL, EHOK
MEDEoTEAl)H DI ENghol. RIZZD
B OM EATES T $o b BARIE B R 2SR A3 L
TWLHE—RELoTHLDTIH vt Ebhs.

FEIEBC X 5 MENEERE O T2 EE S s,
FERIIITE A EEE Dol THTIZERETD
BAEDHERE S T REMEA D B

ZOXHCTT = TIEHERBEHEOMIICO LI LT,
BT LA BEFEEHETHEINSELIEPTESL. £
DFRERY=THMY L REEOMIEE 2 ) D Ak
DB ORD D T EWGh o,

* 3CHR
V) JEA SR T ) D78 O BAREEHIE #2013 D httpy/
/www.mhlw.go.jp/stf/houdou/2r9852000002xple-att/
2r9852000002xpqt.pdf

2) Ken Kawamoto, Hiroyuki Kuriyama, and Seiki Tajima, :
Actigraphic Detection of REM Sleep Based on Respiratory
Rate Estimation: Journal of Medical and Bioengineering
vol. 2, no. 1, pp.20-25, 2013

3) Aoyagi Y, Shephard RJ. Habitual physical activity and
health in the elderly: the Nakanojo Study. Geriatr
Gerontol Int 2010 Jul;10 Suppl 1:5236-43.

4) Verdich C, Barbe P, Petersen M, Grau K, Ward L,
Macdonald I, et al. :Changes in body composition during
weight loss in obese subjects in the NUGENOB study:
comparison of bioelectrical impedance vs. dual-energy X-
ray absorptiometry. Diabetes Metab 2011 Jun;37(3):222-
229.

5) Maruhashi T, Soga J, Fujimura N, Idei N, Mikami S,
Iwamoto Y, et al.’ Relationship between flow-mediated
vasodilation and cardiovascular risk factors in a large
community-based study. Heart 2013 Dec;99(24):1837-
1842. .

6) Ryu M, Jo J, Lee Y, Chung YS, Kim KM, Baek WC.
Association of physical activity with sarcopenia and
sarcopenic obesity in community-dwelling older adults:
the Fourth Korea National Health and Nutrition
Examination Survey. Age Ageing 2013 Nov;42(6):734-740.

—520—



EIA /ZTA;%M Vol.20 No.1

Beneficial effects of active wdrking during second life
on physical activity and body composition in the elderly

Masashi Suzukil) Tomoki Tanakal) Koji Shibasaki2),
H1roko Ak1yama1) and Katsuya I1Jlma1)

1) Institute of Gerontology, The Unlvers1ty of Tokyo

2) Department of Geriatric Medlcme Graduate School of Medlcme, The University of Tokyo

Retirement of ‘elderly causes a decline in physical activity. It may be attributed to physical,
mental and social frailty. We examined whether active working during second life beneficially affect
physical activity and body composition in the élderly.

In this study, the participants worked as research staff of large-scale prospecﬁve cohort study, so
called Dealing with community-dwelling older adults. The participants were over 60 years old,
1lmale and 5 female. The examinations, including physical activity, body composition and flow-
mediated dilation (FMD), were performed before and just after the work of research staff.
~ Physical activity time of 3METs or more showed 21.5[13,33]min/day (Median [IQRI) before the
work, and 29.2[21, 40] min/day just after the work. This increased difference was statistically
significant (p=0.020). In addition step count showed 5592[4568, 7374lstep/day before the work,
7223[4885, 9750]step/day just after the work. Its difference was also significantly increased
(p=0.017). Notably, body fat mass showed 16.3[13, 21]ke before the work, and 13. 6[18 20lkg just
after the work. This reduction was statistically significant (p=0.004). The s1gn1f1cant 1mprovement
of FMD was not observed. '

In summary, our observations might suggest that working during second life improves the body
composition, especially body fat mass, via an increase in physical activity. This contribution to
society with the sense of purpose may play a beneficial role in physical and mental healthcare in
the elderly.

Key words physical activity, body composition, elderly, frailty, second life
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Introduction

Metabolic syndrome (l\/[ctS) is a constellation of cardlovascular
risk factors which include abdominal obesity, dyshpldemla
hypertenswn and. elevated glucose [1]. Insulin  resistance ‘and
chronic inflammation are considered central mechanisms respon-
sible for MetS -[2] and inextricably correlate with each other to
exert detrimental metabolic effects and lead to cardiovascular
morbidity ‘and mortality [3-5]. Accumulating epidemiological
evidence ‘suggests that both " insulin resistance “and chronic
inflammation cause adverse effects on skeletal muscle. Diabetes,
or even insulin resistance without diabetes, is associated with
greater declines in skeletal muscle mass and strength [6,7]. A link
between inflammation and muscle weakness has been reported in
several studies [8,9]. Therefore, we postulate that MetS can
accelerate age-related loss of muscle mass and strength, leading to
the development of sarcopenia, a syndrome characterized by loss

of skeletal muscle mass and function with a risk of physical -

disability - [10]. Indeed, recent studies showed that MetS is

PLOS ONE | www.plosone.org

associated with physical capamty Jmpalrment and increased risk
of developing physical and functional disabilities [11-13].
Several recent studies have suggested that the effects of MetS

may vary depending on age and sex. Cardiovascilar risk factors,

whose adverse effects have been established in younger people,
may have different impacts in the elderly or frail population.
Obesity -did nét seem to be a risk factor for increased mortality in
elderly hospitalized patients with or without diabetes [14,15].
Elevated blood pressure was associated with lower mortality risk in
physically frail elderly adults who could not walk 20 feet [16].
MetS was associated with lower probability of prevalent and
incident functional disability in older adults [17]: The association
between MetS and cardiovascular events was observed only in
patients younger than 75, but not in patients aged 75 or over [18].

With regard to sex-related differences in the effects of MetS, MetS
was associated with lower muscle strength in elderly men but not
in elderly women [19]. However, data on sex- or age-related
differences in the effect of MetS on sarcopenia are still scarce.

November 2014 | Volume 9 | Issue 11 | 112718
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" In the present study, we assessed the associations of MetS with
sarcopenia and its components in functionally-independent
community-dwelling Japanese older adults, and examined whether
the associations were modified by sex or age. We hypothesized
that MetS is positively associated with sarcopenmia and its
components, and that the associations are more pronounced in
relatively young men. We also examined whether any of the
individual MetS components could explain the associations and if
the same MetS components contributed to the associations across
sex and age.

Methods

Subjects

The Kashiwa study is a prospective cohort study designed to
characterize the biological, psychosocial and functional changes
associated with aging in a community-based cohort of 2044 older
adults (1013 men, 1031 women). Those aged 75 and older
accounted for 36.3% of men and 35.0% of women. The sampling
and data collection process has been described in detail elsewhere
[20]. Briefly, the inclusion criteria were age equal to or older than
65 years and functional independence (i.c., not requiring nursing
care ‘provided by long-term care insurance). The subjects were
randomly selected from the resident register of Kashiwa city,
Chiba, Japan, enrolled in 2012, and followed annually. The
current study is a cross-sectional analysis of the Kashiwa study
baseline data. Seventy three subjects who did not undergo
bioimpedance analysis (BIA), usual gait speed or hand grip
strength measurements were excluded, leaving an analytic sample
of 1971 older adults (977 men, 994 women). Those excluded from
the analysis were older compared to those included in the analysis
(mean age 75.9 years vs. 72.9 years, p=0.001), but did not
significantly differ with respect to other characteristics including
sex, height, weight, and prevalence of MetS.

The study was approved by the ethics committee of the
Graduate School of Medicine, The University of Tokyo. All
subjects provided written informed consent.

Definition of Sarcopenia

“ We followed the recommendations of the European Working
Group on Sarcopenia in Older People (EWGSOP) for the
diagnostic definition of sarcopenia [10]. The proposed diagnostic
criteria required the presence of low muscle mass plus the presence
of either low muscle strength or low physical performance. Muscle
mass was measured by BIA using an Inbody 430 machine
(Biospace, Seoul, Korea). Appendicular skeletal muscle mass
(ASM) was derived as the sum of the muscle mass of the four
limbs [10]. ASM was then normalized by height in meters squared
to yield skeletal muscle mass index (SMI) (kg/m?. SMI values
lower than two standard deviations below the mean values of
young male and female reference groups were classified as low
muscle mass (SMI <7.0 kg/m? in men, <5.8 kg/m” in women)
[21]. Muscle strength was assessed by hand grip strength, which
was measured using a digital grip strength dynamometer (Takei
Scientific Instruments, Niigata; Japan). Hand grip strength values
in the lowest quintile were classified as low muscle strength in this
study (cutofl values: 30 kg for men, 20 kg for women). Physical
performance was assessed by usual gait speed. Subjects were
instructed to walk over an 1l-meter straight course at their usual
speed. Usual gait speed was derived from 5 meters divided by the
time in seconds spent in the middle 5 meters (from the 3-meter line
to the 8-meter line) [22]. Usual gait speed values in the lowest
“quintile were classified as low physical performance in the current
study (cutoff values: 1.26 m/s for each sex).
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Definition of metabolic syndrome

MetS was defined based on the National Cholesterol Education
Program Adult Treatment Panel I (NCEP-ATP III) criteria [1].
The presence of any three of the following five abnormalities
constitutes a diagnosis of MetS: (i) abdominal obesity; (i) elevated
triglycerides (TG) with fasting plasma triglycerides =150 mg/dL;
(iti) low high density lipoprotein cholesterol (HDL-C) with fasting
HDL-C <40 mg/dL in men and <50 mg/dL in women; (iv)
elevated blood pressure with systolic blood pressure =130 mmHg
and/or diastolic blood pressure =85 mmHg; (v) elevated fasting
plasma glucose with fasting plasma glucose =100 mg/dL.
Abdominal obesity was defined by waist circumference using the
thresholds recommended by the Japanese Obesity Society (=
85 cm in men and =90 ¢cm in women) [1].

Waist circumference was measured at the umbilical level using a
measuring tape with the subject in an upright position. Blood
pressure was measured using a standard technique with an HEM-
70801IT automated measuring device (Omron Co., Tokyo, Japan).
Blood samples were obtained after an overnight fast. Total
cholesterol, HDL-C and T'G were analyzed by enzymatic methods
using a JCA-BMB8060 automated analyzer (Japan Electron Optics
Laboratory Ltd., Tokyo, Japan). Fasting plasma glucose level was
measured using a JCGA-BM9030 automated analyzer (Japan
Electron Optics Laboratory Ltd.).

Other measurements

Demographic information, medical history of doctor-diagnosed
chronic conditions, use of medication, and food intake were
obtained using a standardized self-reported questionnaire. Physical
activity was assessed using the Global Physical Activity Question-
naire, and metabolic equivalents (METs)}-minute per week was
computed [23]. Height and weight were measured with the subject
wearing light clothing and no shoes using a fixed stadiometer and
a digital scale, and used to compute body mass index (BMI).

Statistical Analysis

Differences in subject characteristics between those with and
without sarcopenia were examined using Student’s t-test or
Wilcoxon rank-sum test (for continuous variables) and chi-square
test (for categorical variables).

First, we employed logistic regression analysis to evaluate the
association of MetS with sarcopenia. Our preliminary analysis

suggested that the association of metabolic syndrome with -

sarcopenia was modified by sex (p<<0.01), and therefore the
following analyses were stratified by sex.

The model was initially adjusted for age only (model 1). We
added height and weight to remove the confounding effect of body
size (model 2). We then further adjusted for life-style risk factors for
both sarcopenia and MetS, including physical activity and food
intake (model 3). In the fully-adjusted model, the interaction
between MetS and age was examined to test the hypothesis that
the effect of MetS on sarcopenia varies by age.

To test if any MetS component could explain the MetS-
sarcopenia association, we initially fitted a fully-adjusted logistic
regression model to examine the association between each
component of MetS and sarcopenia, followed by other logistic
regression models between MetS and sarcopenia adjusted for
MetS components. '

Second, to examine the association of MetS with each
component of sarcopenia (i.e., muscle mass, grip strength and
usual gait speed), we employed multiple linear regression models.
If the association between MetS and any one of the sarcopenia
components was statistically significant, another multiple linear
regression model with MetS components as independent variables
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Table 1. Characteristics of all subjects and according to sarcopenia status in men and women.

All : R Sarcobenia' - No sarcopenia ' Cp

A

SMI (kg/m?) R T 728068 . 634*048 7.44%0.58 <0.001

&

Usual gait speed (m/s) ‘ : 147+026 128+024 ; 1512024 <0.001

40908+40267 0.01

Physical activity (Mets)

Height (cm) . : 151.4%55 148.2+5.6 . 152.3£5.1 <0.001

MetS ; ' : 28.9% ' 236% - 304% 0.052

T

e

Abdominal obesity Co 24.0% 14.6% 267% <0.001

High FPG 33.7% . 34.1% 33.6% ‘ 0.89
Very large 2.0% 1.4% C2.2% <0.001
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Table 1. Cont.

Metabolic Syndrome and Sarcopenia

All

CAD

Medication use

Sarcopenia

No sarcopenia

instead of MetS was conducted to evaluate the association between
MetS components and the sarcopenia component. Finally, cach
component of MetS was introduced as a covariate to the multiple
linear regression model between MetS and the sarcopenia
component to test if the MetS component could explain the
association between MetS and the sarcopenia component.
Cionsidering that the number of combinations between MetS
components and sarcopenia components is quite high, the analyses
between MetS components and sarcopenia components were
considered supplemental and carried out only when the associa-
tion between MetS and any of the sarcopenia components was
statistically significant, in order to decrease the possibility of
finding associations that were significant just by chance alone.

There were no missing values of any variable in the entire
analytic sample.

Mean and standard deviation are shown for continuous variables, and proportions as percent for categorical variables. Percentages may not add up to 100 because‘of
rounding.
Abbreviations: BMI, body mass index; SMI, skeletal muscle mass index; MetS, metabolic syndrome; TG, triglycerides; CAD, coronary artery disease; HDL-C, high density
lipoprotein cholesterol; BP, blood pressure; FPG, fasting plasma glucose.
doi:10.1371/journal.pone.0112718.t001 o

All analyses were conducted using SAS version 9.3 (SAS
Institute Inc., Gary, NC) and R statistical software version 2.15.2
(R Foundation, Vienna, Austria). Two-sided p<<0.05 was consid-
ered statistically significant.

Results

Subject characteristics

The prevalence of sarcopenia was 14.2% in men and 22.1% in
women, and 43.6% of men and 28.9% of women were classified as
having MetS. The characteristics of the study subjects by the
sarcopenia status in cach sex are shown in Table 1. Those with
sarcopenia were older and had smaller body size compared with
those without sarcopenia in each sex. Those with sarcopenia were
physically less active and had smaller food intake in each sex. The
prevalence of MetS was higher in those without sarcopenia, but

Table 2. Adjusted associations of metabolic syndrome with sarcopenia in men and women.

Model 1

Model 3

Model 3b 4.99 (1.73, 14.40)

Women

0.003 1.03 (0.52, 2.04) 0.93

Abbreviations: OR, odds ratio; Cl, confidence interval.

Model 1: adjusted for age.

Model 2: adjusted for age, height and weight.

Model 3: adjusted for age, height, weight, physical activity and food intake.

doi:10.1371/journal.pone.0112718.t002
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Model 3a: Adjusted for the same covariates as in Model 3, restricted to those aged 75 or over.
Model 3b: Adjusted for the same covariates as in Model 3, restricted to those aged 65 to 74.
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Figure, 1. Fully adjusted odds ratio and 95% confidence

interval of sarcopenia by individual metabolic syndrome
components in all subjects and according to age group. Black
bars: all subjects, dark-gray bars: subjects aged 65 to 74 years, light-gray
bars: subjects aged 75 years or over. All models are adjusted for age,
height, weight, physical activity and food -intake. AO, abdominal
obesity; TG, elevated triglycerides; HDL, low high density lipoprotein;
Glu, elevated fasting plasma glucose; BP, hlgh blood pressure A) Men.
B) Women. .

doi:10. 1371/Joumal pone 0112718, gOO1

the diiferente was signiﬁ(:ant only in men (p = 0.048 in men, 0.052
in women). Among the five MetS components, abdominal obesity
was significantly more prevalent in those w1thout sarcopenia in
each sex.

Association between MetS and sarcopenia

“In multiple logistic regression adjusted for age, MetS was
significantly associated with decreased risk of sarcopenia in each
sex (Table 2, Model 1). However, after additional adjustment for
body size (i.e., height and weight), MetS was significantly
associated with increased risk of sarcopenia in men, while the
association between MetS and sarcopenia became non-significant

PLOS ONE | www.plosone.org
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in women (Table 2, Model 2). Further adjustment for life-style risk
factors had little effect on the association (Table 2, Model 3).
Exclusion of subjects who did not mieet the criteria for MetS but
had one or two MetS components (i.e., comparing those with
MetS and those with 70 MetS component) yielded stronger MetS-
sarcopenia - association in men (OR 8.25, 95% CI 2.17-31.37,
p =0.002), but the association remained non-significant in women
(OR 1.10,-95% CI 0.48-2.94, p=0.83). In the fully adjusted
model, the interaction between MetS and age was" statistically
significant in men (p = 0.02), suggesting that the effect of MetS on
sarcopenia may vary by age. We then divided the subjects into two
groups according to age: “‘young old” (65—74 years) and “old old”
(=75 years). The characteristics of the subjects by the sarcopenia
status in each subgroup (young-old and old-old) are shown in
Table-S1. In the age-stratified analysis, MetS was significantly
associated with sarcopema in youhg old” men only (Table 2,
Model 3b).. s [ :

Associations of MetS components with sarcopenia
Multiple logistic regression models demonstrated that, of the
five MetS components, only abdominal obesity was significantly
associated with increased risk of sarcopenia in men (odds ratio
[OR] 2.98, 95% confidence interval 1.55-5.63, p=0.001) while

-none of the MetS components was ‘significantly associated with

sarcopenia in women (Figure 1). Abdominal obesity was. signifi-
cantly and independently associated with sarcopenia in men in ‘the
model including all five MetS components simultaneously (OR
2.89, 95% CI 1.51-5.53, p = 0.001). When abdominal obesity was
added as a covariate to the logistic regression model between MetS

and sarcopenia, the MetS-sarcopenia association became statisti- '
cally non-significant (p = 0.12), suggesting that the MetS-sarcope-
hia association was mainly mediated by abdominal obesity. In the
age-stratified analysis, abdominal obesity and elevated TG were
significantly associated with sarcopenia (OR 6.22, 95% CI'1.82—
21.22, p=0.004 and OR 3.37, 95% CI 1.23-9.28, p=0.02,
respectively) inn young-old men, but no significant associations were
observed between MetS components ‘and sarcopenia in old-old
men or women. Abdominal obesity and elevated TG remained
significantly associated with sarcopenia in young-old men in. the
model including all five MetS components simultaneously (OR

' 16.32, 95% CI 1.81-22.06, p = 0.004 and OR 3.30, 95% CI 1.19~

9.13, p=0.02, respectively). Addition of abdominal obesity and -
elevated T'G to the model between MetS and sarcopenia in young-
old men made the MetS- sarcopema association stanstlcally non-
SIgmﬁcant (P=0.13).

, ‘Associations of MetS with sarcopenia components

In fuﬂy—adjusted multiple linear regression models, MetS was
associated with lower grip strength in each sex and lower muscle
mass in men (Table 3). When ana1y51s was stratified by age, the
inverse associations of MetS with muscle mass and grip strength in
men remained 31gn1.ﬁcant except for the association between MetS
and muscle strength in the old-old group, which became
statistically non-significant (Table 3). In women, the inverse
association between MetS and grip strength was observed in the
old-old group only The association between MetS and muscle
mass became significant in old-old women in the age -stratified

‘analysis.

In the subsequent supplementary analysis, abdominal obesity
was significantly associated with lower grip strength in each sex
and with lower muscle mass in men (Table S2). In addition, low
HDL-C was associated with lower grip strength, and high TG was

;assomated with lower musele mass in men. These associations

observed in men were s1gmﬁcant in the young-old group only in
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groups in men and women*'.
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Table 3. Adjusted associations of metabolic syndrome with individual sarcopenia components in all subjects and according to age

Men

Skeletal muscle mass index

Grip strength

Old-old

Usual gait speed

Old-old --0.006 (—0.06, 0.05

Abbreviations; Cl, confidence interval.
*All the models were adjusted for age, height, weight, physical activity and food intake.

TThe young-old group refers to those aged 65 to 74 and the old-old group to those aged 75 or older.
doi:10.1371/journal.pone.0112718.t003

the age-stratified analysis. For women, the only significant
association observed was between high TG and lower muscle
mass in the old-old group.

The association between MetS and grip strength became
statistically non-significant after introduction of abdominal obesity
into the model in each age group and sex. The introduction of
abdominal obesity attenuated the association between MetS and
muscle mass (i.e., decreased the magnitude of the regression
coefficient) in each age group and sex by more than 10%, more
markedly than did any other MetS component, consistent with
abdominal obesity dominating the association of MetS with
sarcopenia components (data not shown).

Discussion

In this cross-sectional analysis of 1971 functionally-independent,
community-dwelling adults older than 65, MetS was associated
with increased risk of sarcopenia, particularly in “young-old” men
(aged 65 to 74), after adjustment for potential confounders
including body size. Without adjustment for body size, MetS
was associated with decreased risk of sarcopenia, suggesting that
body ‘size can confound the association between MetS and
sarcopenia and should be taken into account when considering the
impact of cardiovascular risk factors on muscle.

We demonstrated that MetS was associated with lower muscle
mass and lower muscle strength, but the effects varied by sex and
age. The adverse effects of MetS on muscle mass and strength
were mainly observed in the young-old group for men. In stark
contrast, women were mostly insusceptible to adverse effects of

- MetS on muscle, except for the marginally statistically significant
associations of MetS with muscle mass and strength in the old-old
group (age 75 or older). The mechanisms underlying the age- and
sex-related differences in the associations between MetS and
muscle mass/strength need to be explored in future research, but
possible explanations may include the effects of sex hormones on

PLOS ONE | www.plosone.org

Women

skeletal muscle. MetS is associated with lower testosterone level
[24]. Considering that testosterone is positively related to muscle
strength [25], it is conceivable that one of the pathways through
which MetS exerts its adverse effects on muscle is via testosterone.
Since testosterone decreases with age [26] and is lower in women
than in men, younger men, with relatively high levels of
testosterone, may be especially vulnerable. Another possible
explanation is cytokines secreted by adipose tissue, so-called
adipokines. Adipose tissue produces and releases adipokines such
as- adiponectin and leptin as well as pro-inflammatory cytokines
such as IL-6 [27]. Skeletal muscle is an important target tissue for
these molecules, and circulating levels of such molecules are
influenced by the amount of adipose tissue as well as age and sex
[28,29]. )

Several studies have reported an inverse association between
MetS and muscle strength in younger men and women [30,31].
One small cross-sectional study of older adults revealed an inverse
association between MetS and muscle strength in men, but not in
women [19]. This study also demonstrated that the association
between MetS and muscle strength was more pronounced in men
aged 65-74 compared to men aged 75 or older, consistent with
our findings. Low muscle mass, with or without the presence of
obesity, is associated with MetS in younger men and women [32—
34]. Several studies in older adults showed an inverse association
between MetS and muscle mass [35,36], but these studies did not
assess men and women separately. 4

We also demonstrated that the observed associations of MetS

“with the summary definition of sarcopenia or its individual

components were mainly driven by abdominal obesity regardless
of sex and age. Neither high BP nor elevated FPG showed a
statistically significant association with sarcopenia or its compo-
nents. Only a few studies have assessed which MetS components
are main contributors to the association between MetS and the
summary definition of sarcopenia or its components. An inverse
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association between MetS and physical performance was found in
the cross-sectional analysis of a large-scale cohort study of older
men, with obesity having the highest regression coefficient on
physical performance among five MetS components [37].
Likewise, another large-scale cohort study of older adults found
an association between MetS and poor physical performance, with
abdominal obesity explaining the largest fraction of the variation
in physical - performance [38]. Our findings confirmed these
previous studies and additionally demonstrated that abdominal
- obesity may be the main contributing factor for the associations of
MetS with sarcopenia and its individual components regardless of
sex and ‘age, suggesting that there is a common mechanism
underlying the adverse effects of MetS on muscle, for which
abdominal obesity may parﬂy be a marker, and that additional
factors are at play causing sex- and age-related differences.
Visceral fat accumulation, or abdominal obesity, is hypothesmed to
play an essential role in the development of MetS, given its
propensity to cause insulin resistance, chronic inflammation and
lower adiponectin levels [39-42]. All these factors may also be
involved in the pathophysiological process of development of
sarcopenia [6-9,28], and we postulate that abdominal obesity may
represent a clinical phenotype that is associated with increased risk
of developing both MetS and sarcopenia. This study had several
limitations. - First, “it could not be free of unmeasured or
uncontrolled confounders due to its observational nature. In
addition, since this study was cross=sectional, we could not infer a
causal relationship between MetS and sarcopenia. Low muscle
mass is associated with physical inactivity .[10] and insulin
resistance [43], and therefore could lead to the development of
MetS. We speculate that, in reality, sarcopenia and MetS are
deeply intertwined and cause adverse effects. on each other,
leading to frequent co-existence of these two syndromes. Second,
medical history, use of medication and food intake were self-
reported. Even though we used a standardized questionnaire,
reporting bias was possible. Third, we did not collect information
on or adjust for food composition such as total calories; which may
confound the sarcopenia-MetS association. Finally, since the
subjects were exclusively functionally-independent Japanese older
adults, our findings may not be able to be generalized to older
adults from other racial/ethnic groups.

In conclusion, this study comprehenswely examined the
associations of MetS with sarcopenia and its individual compo-
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