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  Pive healthy young  and  eiderly  female volunteers  slept  froiTi 23/OO to 7/OO in a climate  charnber  that

xvas  controlled  at  13℃ 6096 RH  followed  by  the  heating  ef  the  lovaer extrerrtities  for 30 min, The  heart

rate,  skiii  temperatLve  (T,D, body  rnoyement  and  bed chrnate  weTe  measured  contiitueusly  through  the

nlght.  A  subjeetive  sensational  evaluation  and  a subjeetive  sleep  evaluation  were  cQnducted  before and

after the recording  sessions.  Dllring heating, the  fingcr Ikk "es  slgnlficantly higher  in the elderly  ivhUe

the  ehe$t,  leg and  inean  TLk were  higher iii {he  young, During  sleep,  a  signlfieant  clifference  in 7kk was

observed  o"1>'  in the  chest,  and  it -as  Lo"eT in the  elderly,  No  significant  differeTice -as  observed  in

ikeart rate  and  bed climate.  The  subjective  slecp  eva]uation  was  good  beth in the young  and  in the

elderly. These results  indicate the  posslbility that the heaithy elderly  whose  sleep  is foVowed  by  the

heating of the lo-er  ext,remities  can  rnaiiitain  sllbjective  sleep  evaluation,  7k. Cexeept foT the chest),

and  bed climate  at  the sanie  levcl as  the youllg.

                         {Heceived jaiiuary B, 1998; Aecepted  in reviseri  form August 5, 1998)
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               INTRODUCrTION

  According  to Yanase  (l981), the most  frequent

factor swhich  disturbs the  sleep  onset  among  young

females in "inter  are  cold  sensations  in the feet. Due

to this problem,  mere  than  33%  of young  females

wuar  socks  or  use  electric  heaters inside the bedding,

such  as  electrie  b}ankets O'oshizkimi et  aL  1993).

Previous studies  have shoum  the effieiency  of  using

eiectrjc  blankets (Okamoto 1993a) and  heating the

feet before sleep  in regard  to reducing  s}eep  onset

latency CTsuchie 1992), Considering that sieep  onset

}atency (Spiegel 1981} and  thermal  corafort  before

s]eep  COkada et  al, l984) are  closely  ljnked with sleep

dissatisfaction, avoiding  cold  in the feet, before sleep

can  be one  of the important factors foT contfortable

sleep  in ivinter.

  In sptte ef  the fact that 6096 ol  elderly  people  use

heating equipment  inside {heir bedding COkamoto
1993b), the efficiency  of  avoiding  cold  sensations  in

the  foot before sleep  in the elderly  is yet iinkiio-m.

This  is because  most  previous studies  have used

healthy young  subjects.  Difficulty in falling asleep  and

sleep  dissatisfaction increases with age,  due  ta an

(]30

tncrease m  stage  wake,  a deerease in s]ow  svave  sleep,

and  fragmentation  in sleep  (Spiegel 1981). In animal
studies  in cold  envirenments,  transient aTeusal  was

found te have increased slgnificantly  in the aged

(Bo-ersox et  al.  1988). It is extremely  important to

find oLit  the efficiency  of  avoiding  cold  sensations  in

the foot before sleep  in the  elderly  in order  to achieve

comfortable  sleep  in winter.

  In this sLudy,  the LoNver extrernities  yvere  heated

before sleep,  The  obiective  of  this study  ivas to

compaTe  the effects  of heating  the  lower extremities

before sleep  in terms  of  heart rate, skin  temperature,
bed  clknate  and  subjective  sleep  evaluation  between

the young  and  the elderly.

                  METHOms

Conditions  and  materials

  five healthy young  and  elderly  female volunteers

served  as  subjects.  The  mean  (S.D.) physical charae-

terlstics of  the young/e]derly subjeets  were  age  21,8

 (O,64)/60,3 (3.97) y.ears, height 158.2 C3.99)1153.5
 (2,20) cm,  weight  5e,62 C6.50}159.1 C9.96) kg  and  BSA

 1.45 CO.10)ll,52 (e.ll) m2.  They  weTe  informed  of  the

conditions  before  the experirnent  and  agreed  to be
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  Table  1, Procedtire of the  experiment

Materia]   S//ze Weigbi Thiekness

[lenth-vidthcm) ptg) (crn)

Futon<Oyerthebod)')

BtanketSheetFuton

 {Undcr the body}

Cotlon gO%  210iloo

PoLyester iO%
Cotlofi 100%  200,,140

Cetlon 100% 36etl4S
Co"on  gO%  200tl]4

Po[ 'estet IO%

6.90t,sso,ss4,SC6.g]e.g4e.pt5.el

iilg. 1, Bedding  condition  and  ineasuring  peints of

       bed etimate

tested in the  laboratory for tsva nights,  In order  to

avoid  the effecLs  of the menstrual  cycle,  the )'oung
subjects  participated in the experiment.  -hen  they

"ere  in the foLlicular phase. They  were  askecl  to -uke

and  sleep  at a regular  tirme before the experirnent.

Intake of alcohol,  caffeine  and  rnedicine,  as  "'ell  as

intense exercise  -ere  forbidde"  before and  dvr'ing
the  sessions,

  The experirnent  "ns  perrornied from  FebrT]ary to

March, T"v  c]ifnate  chambers  were  used,  The  first

chan'Lber  stimtdated  a Living room  and  the second

chamber  a bedrooin, They  vvTre  controlled  separately

and  the terrtperature and  relative  huntldity "ere

controlled  at  20℃ 6096 lth for the  first chamber  and

]3℃ 60%  RH  for the second.  Temperature and

humidity  were  establjshed  aecordjng  te a  surve.v

wttich  ivas  conducted  in winter COkamoto et  aL

1993b). Subjects wDre  long sleeve  p}tamas  {100%
cotton)  and  shorts.  They slept  ofi a futon that -es

eovered  with a sheet,  a  blanket, and  a  futon. The

charaeteristics  and  cenditions  of the bedding are

sho-]  in fig. 1, ln order  to keep  the bed conditions

as  consistent  as  possibte, the fut,ons were  dried with a
futon drying machine  (FD-6PR, National) ior 1,5 h

startii'ig aL  9/OO.

Measurements

  Heart  rate  was  recorded  by using  a multiple

reeorder  (RMP-6008, Nihon  Kohden)  in titne iiitervals

of 1 min.  The  skin  tcmperature  CTkk) of the flitger,
ann,  chest,  thigh, leg and  toe were  recorded  in tirne

intervals of 3 min  by using  a  thermometer  (Data
Cellector AM7002,  Anritu), Mean  T,k was  calculated

by Ramanathan's four poMt  met.ILod  (Ramanathan
1964), Body  movement  wa$  ineasured  with a  pressure

sensor  made  of piezoe]ectric elements  following the

procedure of  Suenaga et  al. C1987) in wheh  Lhe

sensor  was  placed  en  the waist  area.  The  senser  "as

 36 C, 1308)

Asle[iskindicatesthemeasuringpslnL

connected  te a  mulLiple  recorder  (RN{P-60e8, Nihon
Kohden) aiid  the artifacL  ivas ccunted  as  body

movement.  Bed  climate  "as  measured  by using  a

therinometer  and  a  hydrometer (Data Stoker TRii-
I)M2, Shnei) continuously  threugh the night  in time
interva]s oi 3 min,  The foltoswhg tihree areas  of  bed
cLimate  were  measured;  the chest,  foot area  over  the
foot, (foot ove!'), and  foot area  under  t,he foot (foot
under).  The  measuring  areas  for bed climate  are

$ho"･n  in Fig, 1. Tyinpanie  ternperature "es  rneusured

befere and  after  s]eep  with a  theriTioincler (First
Temp, IMS), Sllbjective sleep  evaluations  xsere

conductcd  afLer  sleep  by uslng  an  OSA  sleep

questionnaire  (Osuri et at.  1985). Subjects "ere  askc:d

to describe their therrnal  sensaticns  of the leg,
shoulder,  and  the  elltlre  body (+3/ very  hot to 

-3:

very  cold).  humidity  sensat,ions  (+3/ very  db'  to -3:

vnr}r  humid)  and  comfort  sensations  (+3/ ver-.v

comfortable  to 
-3:

 very  uncontfortable)  just after

they had  e]itered  chamber  1, 30 fitin after  heating

their lnwer extremities,  just before s!eep,  and  just
after  sleep.

  The experime]ita1  procedure  is shown  in Table ].

Subjects entered  chamber  1 at 22:30 and  immediately

put on  a  -nist  length long sleeve  gown  CIOD% cotton)
and  their lower exLremities  s･vere  heated with a

Kotatsu. The  temperature ]evel of the Kot.atsu was

adjusted  te a  moderate  Level "inere  all the  subjects

did not  feel toe hot and  felt comfortab]e  as

determiiied in a prior survey,  At 23:OO, subjects

rnoved  to c]iainber  2 and  were  asked  to sleep  frorn
23,OD to 7/OO. The  heart rate, TkL, bady inovement,  and

bed  c]irnate wei'e  measured  continuall}f,  Subjects  slept

for two  nights,  wi'th  the i'lrst night  being an  adaptation

night.

  In order  to analyse  the stat,istic: signifieance  of  the

data, t"o ivay  analysis  of  varia]ice  for repeat,ed

measures  and  one  -ny  analysis  ef variance  Mere  used.

The  factors foT the tive "ly  analysjs  of  variance  were
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          Fig. 2. Changes of  heurt rate

          Average  of  five subjects.

age  (young and  elderly)  and  time. The  leve] of

significanee  Lvas  considered  as  p<O,05.

                  RESULTS

  As  for heart rate,  only  the effect  of  time xvas

significant  (F{7.s6)=4,07; p<e.Ol).  ThE heart rate

decreased both in the young  aTid  in the elderly  (Fig.
2).

  Figure 3 shows  the results  of  T,k and  Table 2 shosus

the results  from tsvv "-y  analysls  of  variance  for

repeated  measures.  T,k before  sleep  show ℃d a

stgnificant  effect  of  age  in the chest,  finger, leg and

mea]  7kk. Finger  1}k "zs  higher in the elderLy  wiule

the chest,  leg and  mean  7kk were  lower in the elderly,

lnteraetion was  observed  in the thigh  and  toe  %k.
Althoagh  the temperature  iwas higher  in Lhe elderly  at

the beginning, i£ was  higher  in the young after

heating, In 71,k during sieep,  a  sigrtificant  effect  of  age

"as  observed  on]y  in the ehesL.  Chest TLt "Bs  kept

lower in the  e}derly  than  in the  young,  The toe T,k

tended  to be lower  from  5/OO-6/OO in the  elderly,  as

three out  of  five subjects  -ent  to the lavatory.

  The mean  {S.D.) number  of  body inoveinents

during sleep  tended  to be  lower in the elderly  (27,64
± 123) than in the young  (37.7± 18.85),

  The  results  
'for

 the ehest  and  feot under  ai'en of the

bed climate  ave  sho-n  in Fig, 4. In the chest  area,  no

sigRificant  effect  of  age  }yas  observed  and  t,he

temperature  "ns  inaintained  at  32-33 ℃ ,
 exeept  for

5/OO-6/OO in the elderly.  The  relative  huiTLidjty of  the

ehest  area  tended  to be higher in t.he elderly,

however,  there  was  no  significant  difference. In the

foot under  area,  temperature  and  humidity  did not

show  any  significant  effect  ef age  and  were

maintained  at  28-32℃ ,
 35-4596 RH.

  Tynpanic  temperature  before  and  after  sleep

e Lower Extrernities
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Average  of  five subjects,  The  asterisk  indicates  the ievel of

significant  effect by age  ('p<O05; 
"p<O.Ol).
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tended  to be lo-er in the eldcr]y  (before, 37,O± 030;

after, 36.7±O.49) than  in the yeung  Cbefore, 37.3±
029; afLer  36.9± O.23) but there }sRs no  significant

effect  of  age.

  Thermal sensations  ef  the  leg and  shoulder  are

shown  in Ng  5, As fur thermal sensations  of  the leg,

the effeet  of tiJne (Fe,i6)=11,96; p<O.OOI)  Nwas

significant.  Concerning thermal  sensations  of thc

shoulder,  although  there "es  a  tendency  tD increase

during  the heating, no  significant  effeet  of  time sses
observed,  Ho-ever, seiisations  after  sEeep  -'ere

significantly  higher in the elderly  (Fc]s)=5,72; p
<O.05).  There  "us  no  significant  effeet  of  age  in
subjective  sleep  Evaluation.  All factors accounted  for

geod scores  of  around  50 points.

                DISCUSSION

  Our first objective  svas  to observe  the effeet  of

Table  2,F-ratios and  associated  probabllity levels

from analysis  of  variance  for repeated

tneasures:  c'tge  Cyoung and  elderly}  by  tiine

  -s
Grov  Tirne 

'Tn{eiactiei

VoL  49No,  12 (1998)

  t h
Grou TimeInteTactibn

FingerArmCheslmghigToeMeandis,6g,O,5t8,Ll,O,771.50,}.7?E4.13,,lrs4.ll- D.60

5,81I,, O.6S
 ].49 1,3S

8],S2"t 17.0Dil-
22.07-,t s.o6"t

3311"-  44,89,t,

31,S2,"  44,S91--

sr4o st4o

2.60o,z]]1.g9i,O.]6O,09159O.0211S1.97i.8.S9".22,14+,.

 1.e9s.e7-iO.942.097iS6

227,O.632.8],o.g]O.!4O.7SO,9171S6

TheO05;asterisk indieates the level of

,.p<O.Ol;i.,p<O.001).

signifjeance  Cp<

heating the lo"er extremities  befere s]eep  on  7Isk.
Regarding 7',k before sleep,  that of the finger iwas

significanLly  higher in the  elderly.  This was  in

agreeinent  ivith  previolls studies  that feund  tltaL

vasQconstrictiuii  ability jn a  cDld  environment  de-
creases  in the  aged  swhich  leads to higher peripheral
7kk CXLiagner et  al, 1974; Wagner  and  Horvath  1985).

Leg  7Lk was  higher in the young  during heating.
Although the heat exposure  in oup  study  -as  Iimited

Lo the  losver extremittes,  tliis agreed  with a  previous
study  that reported  a smatler  inc/rease in leg Lk by
heat expesure  in the elderly  (Tocltihara l994) -hich

ean  be due to tlie inability of the vasornotor  systern  to

maintain  the cutaneous  bleod fioNv at  the  same  leveL
as in the. young  (Sagaivri et  at.  1988), The 7kk change

in ttLe lower extTemities  svere  accornpanied  by
subjective  thermal sensations  of  the leg both in the
yo  ung  and  in the elderly.

  It is notable  that in spite  of these differences in 7Lk
before sleep,  a significant  effect  of  age  was  observed

only  in the chest  T,k du['ing sleep.  Jennings et  al.

{l993) examined  finger ternperature responses  dur-
ing sleep  in young  and  elderiy  subjects.  They  did not
find aiiy  decrease  in eapability  of  retaining  heat by
peripheral vasoconstr'iction  during  NREM  sleep  in t,he
clderly  and  the average  eore  body temperature  were

comparable,in  spite  of  the increased  stage  wake  and

decreased  REM  in the elder]y.  They  concluded  that a

decrease in REM  is one  of  the  reasens  for maintained
tinger 7}k in the elderly.  The  decrease jn inean  T,k by

cooling  stimu]ation  is smaller  during  REM  than
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3
 maintained  at  32-33 ℃ , 35-50%  RH  both in the

z        }roung and  the elderly,  Although 71,k in the chest  was

          signficantly  higher  in the young,  Lhis was  not
i
         refiected  in the bed climate  temperature.  One  reason

o        may  be  the  tendeney  of  fewer body movements  in the

        e}derly.  These results  mdicate  that when  the elderly-1
        had  subjectively  good  s]eep  evaluatjon,  there are  no

'Z
 

'
 

'ficant
 differences in bed climate.  Some  studies
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Fig, 5, Average  of  thermal  sensatien  befare aRd

       after  sleep

Average  of  five subjects. Xiertical line indieates the

standard  deviation. The  asterisk  indicates  the  level of

significant  effect  of  age  C'p<O.05),

during slov-' "7ve  sleep,  which  indicates that thermal

transients are  more  disTupted duFing  REM  CCandas et
al.  1982). REM  duration  in each  sleep  cycle  decTeases
in the elderly  (Okudaira 1984), It is possible to

consider  that no  significant  difference in 7}k rnay  be

related  to sleep  construction  differences, Further

study  on  comparing  our  data with sleep  constructien

and  core  body  ternperature  is needed.  However, our

findings suggest  that, at ]east when  lower extremities

"ere  heated  before s!eep,  the e!derly  can  rnaintain  Tkk

(except for the chesO  at  the sanie  leve] as  the young.

  Our seeond  objeclive  was  to observe  the relatioit

betiveen subjective  sleep  evaluation  and  bed e!iJnate

in the young  and  the elderly.  Altheugh three  out  of

five elderly  subjects  went  to the lavat,or)' aft,er sleep

onset,  there was  no  significant  effecL  of  age  in regard

to subjective  sleep  evaluattoii  and  their  scores  were

good, It can  not  be considered,  however, that there

were  no  differences im obiective  sSeep  construction  as

subjectjve  s]eep  evaluation  of  the  healt,hy aged  does

not  alx4ays  deteriorate in spite  of sleep  disturbances

caused  by  aging  (Buysse et  al. 1991). On  the other

hand,  the  bed  cliraate  of  the  chest  arca  vvas

slgnLhave

 showri  that bed clirnate  is malntained  at a  lo"er

temperature  in the e}derLy  CMizunoe 1991). Although

our  results  showed  a tendency  to be lo-er, they were

not  statistically  significant.  One  reason  may  be the

effects  of  heatmg the loweT extremities  before sleep.

AnoLher  reason  mjght  be the characteristics  of the

subjects.  In this study,  all  subjects  -ere  healthy and

four out  of  five Lvere  still working.  Hewever, previous
studies  have not  gone  inte detafl about  the back-

graund of their subjects.  The selection  ef  elderly

subjects  may  be very  important, as  individual

differences in physiological respenses  increase  in the

elderly  (Ogaiva l994).

  Although further study  on  sleep  construetion  and

core  body  temperature  is needed,  our  results  suggest

the  possibility that at ieast when  the louer extremities

are  heated  befere  s}eep,  the healthy elderly  can

maintai]  a  good subjective  sleep  evaluation,  nk level

(except for the chest)  and  bed  clirnate  during sleep  at

the  san)e  ]evel as  the young.
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年齢差が 下肢加温後の睡眠 中の 生理反応 お よ び寝床内気候に 及ぼす影響

　　　　　　　 岡本一枝，永井由美子
’

，飯塚幸子
”
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＊
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　　　 原稿受付 平 成 10年 1 月 8 日 ；原稿受理 平 成 IO年 8 月 5 日

　就寝前の 下肢加温が，睡眠 中の 生理反応お よび寝床内気候，睡 眠感に 及 ぼ す影響 を若年者 と

高年者で比較 し た．対象は
， 健康 な若年女性 5 名 （平均年齢 21．8 歳），高年 女性 5名 （平均年

齢 60．3歳）と した．実験 は， 2 室の 人 工 気候室を用 い ， ］室は店間 を想定し 2a℃，60％ RH ，
2 室 は 寝室を想定 し 13℃，60％ RH に保 っ た．就寝前 に 1室で炬燵を用 い て 30分 下肢 を加 温

し，そ の 後 2 室で 23 ：00− 7 ：00 まで 就寝 して もら っ た．心拍数，皮膚温 ，体動，寝床 内気候
は 連続測 定 し

，
温 冷感 ， 快適感，湿潤感，睡眠感は就寝前 ， 起床時 にそれ ぞれ申告を行 っ た ．

就寝時 の 心拍数 に 有意差は み られ なか っ た ．下肢加温時 の 皮膚温 は，指は高年者で有意に高 く，
逆に 胸，下 腿，平均皮膚温 は 有意に 低 か っ た ．就寝時で は高年者で 胸が 有意に低い 以外，年齢
に よ る 差 は み ら れ な か っ た，寝床 内気候は着年者，高年者 ともに 32〜33℃，35−・50％ RH に

保たれ，睡眠感 もよ く，有意差 は み られな か っ た．下肢加温後 の 睡眠 で は ，高年者は睡眠感 ，

胸以外の 皮膚温，寝床内気候 は若年者と 同 じ レベ ル を保 つ 可能性が 示唆さ れ た．
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