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Abstract Ob.iective: The  aim  of  this study  was  to evaluate

the  effbct  of  a  cool  environment  on  the peripheral skin  blood

flow and  subjcctivc  thcrmal  sensations  of  female officc

workers  and  female students.

  Methods: The  subjects  were  26 female bank employees

(mean age,  38 years) who  worked  in a  cool  environment  and

10 fernale college  students  (rnean age,  22 years). The

peripheral skin  blood fiow was  measured  using  a  laser Doppler

blood flow meter,  In each  bank employee,  peripheral skin

blood fiow was  measured  at three time  points during the

workday  in the medical  treatment  room  at  their workplace.  In

the college  students,  peripheral skin  bloed flow was  measured

every  hour between 9:OO andi  17:OO in a  laboratory. In both the
medical  treatment  room  and  the laboratory, thc room

temperature  was  centrolled  at 24-260C  with  a  relative

humidity of  55 ± 10%. The bank employees  and  students  were

each  divided into those with  hypersensitivity to cold  (Group A)

and  those  without  hypersensitivity to cold  (Group B).

  Results: When  the 10 college  students  were  in the cool

environment  (24-260C), their peripheral skin blood fiow

generally decreased over  time. The rate  of  decrease of  this

blood flow was  greater in Group A  than in Group B.

  In the female bank ernployees,  the peripheral skin blood

flow was  the  lowest at 12:OO Cbefore lunch), was  increased at

13:OO (after lunch), and  then  was  decreased at  17:30. However,

the degree of  the increase frorn befbre ]unch to after  lunch in

Group A  was  about  halfof that in Group B.

  Conclusion: Among  female ornce  workers  and  students,  a

cool  envirenment  reduced  the  peripheral skin  blood flow of

individuals with  hypersensitivity to celd  to a greater degree

than in those  without  hypersensitivity to cold.  J  Pdysiol

Anthropol 27r3): 153-159, 2008  http:"www,jstage.jst.gojp/

browseijpa2

[DOI:10.2114ijpa2.27,153]
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Introduction

  A  number  of  studies  on  the arrangement  of  workplace

environments  have been conducted  and  as  a  result  they have
improved workplace  environrnents  and  allowed  people to work

in comfortable  conditions  (Miura, 1975; Tbnaka, 1999;

Takahashi et  al., 1998; Ardcshir and  Ulla, 2005; Dear and

Brager, 200L; Muzi  et  al., l998). In particular, artificial  control

of  room  environments  has been highly acclaimed  as  a  method

to reduce  discomfort in the hot and  humid  summer  conditions

of  Japan. On  the other  hanct unsuitable  physical conditions,

such  as  too much  cooling  with  an  air  conditioner,  may  lead to

the development ofcooling  disorder.

  When  the room  temperature  is lower than the outside  air

temperature by five degrees Celsius or more,  a skin  therrnal

receptor  recognizes  a  change  in temperature and  activates the

body ternperature controlling  rnechanism.  
"Cooling

 disorder'i

is defined as an  autonomic  irnbalance due to abnormai  and

continuous  cooling  stimulation  by excessive  air conditioning

(Miura et al., 2001).  Considering that females are  more

vulnerable  to cold  environrnents  and  that a  greater number  of

females are  sensitive  to cold than males  (Tanaka et al,, 2003),

symptoms  associated  with  cold  temperatures  are  intensified in

females when  they  work  in not  only  cold  working

environments  but aiso  cooL  oMces,  and  indefinite health

cornplaints  by fernale workers  are  expected  to increase.

Therefore, the aims  ofthis  study  were  to survey  the status  quo
of  females working  in cool  environments  and  to elucidate  the

relationship  between cooling  and  hypersensitivity to cold.

  In a  preliminary survey,  the health conditiens  of 1200

working  females in Saga Prefecture, Japan were  examined  and

it was  fbund that more  than half of  the working  fernales had

some  physical problems. Some  females required  clinical

treatment. However, in other  workers,  their symptoms  could  be
alleviated  by an  improvement in their Life environment,

including their work  environment,  Stiff shoulder, lumbago,

chilling  of  the  body, and  fatigue are  among  the  symptoms  that
can  be alleviated  by lifestyle changes.  These syrnptoms  were
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found significantly  more  often  among  females working  lon.g

hours in a cool  cnvironment.

  Service providers such  as banks and  departrnent storcs arc

among  workplaces  that require  iong hours of  work  in

excessively  cool  environments.  In these workplaces,  the

temperature  is sct  a  little iower than  norrnal  to create an

atmosphere  where  customers  entering  from the hot and  humid

outdoors  with  marked  discornfort lose heat-associated

discomfort and  fee] comfortable.  Such a setting is expected  to

greatly affect  the body condition  ofthose  who  work  long hours

in such  workplaces  as  opposed  to general oMces,

  In the first part of the present studM  a field survey  of  26
females working  at  the  ornce  of  a bank was  carried out. This

study  was  desigtiated as Study 1. In the field survey, the

hypersensitivity to cold  ofthe  females werking  at  the bank, as
well  as  subjective  thermal  sensations  and  peripheral skin  blood
flow were  examined.  To supplement  this, ten female college

students were  examined  in a  laboratory, where  the teinperature,
humidity, and  airfiow  were  adjusted  to be the sarne as those  at

the oMce  in the bank, This study  was  designated as  Study 2,

  The objectives  of  this study  were  to categorize  the subjects
based on the presence or absencc  of  hypersensitivity to coLa

and  elucidate thc influence of  a  cool  environment  on  such

hypersensitivity.

Subjects and  Methods

Subjects

  The subjects  were  26 femalc bank employces  aged  22-51

years (mcan age,  38 years) and  10 femaLe college  students

aged  21-25 (inean age,  22 years). Fernale college  students

often  stay  all day long in an  air-conditioncd  environment.  The

charactcristics  of  the subjects  are  summarized  in Table 1.

Written informed consent  was  obtained  from all of  the subjects

after  they  were  providcd with  an  explanation  of  the

backgrouna  purposes, and  methods  of  thc study  and  the

method  ofpublication  of  the  study  results,

  The presence of  hypersensitivity to cold  was  assessed  as

described in reports  by Miyamoto  et  al. (1992, 1993, 1995).

The bank employees  and  students  were  each  divided into those

with  hypersensitivity to cold  (Group A), in which  the subject

thought  that she  was  vulnerable  to cold,  and  those without

hypersensitivity to coid  (Group B), in which  the subject  did not

think that  shc  was  vulnerable  to cold  according  to a

questionnaire  on  lifestyle status.  In subjects  who  answcred  that

they did not  know which  was  more  appropriate,  those who  had
three or rnore  syrnptoms  of hypersensitivity to coLd  (feeling of

coldness  in arms  or Legs during the sumrner,  feeling of

coldness  in arms  and  legs during the winter,  feeling of

coldness  in lirnbs in air-conditioned rooms  during the summer,

dienculty sleeping  due to chilliness  of  limbs during the

summer,  diraculty sleeping  due to chilliness  of  limbs durjng

the winter)  werc  categorized  into Group  A, while  those who

had two  or  fewer symptoms  were  categorized  into Group B. As

a  result,  among  thc 26 bank employees,  Groups  A  and  Group

B  comprised  16 and  1O employees,  respectively.  Among  the 1O

college  students,  Groups A  and  B  consisted  ef5  students  each.

Stud.v J. FVeldsto'vcy qfl12imate bank enuilayees

  A  field survey  was  conductcd  in the  oMce  ofa  bank in Saga

City, Japan. Thc otiice  was  located jn an  eight-story  oMce

building and  air  conditioning  was  used  in alL areas.  Thc

ternperature of  the workplace  was  24-260C  with  a  humidity of

55± 10%  RH  and  an  airflow  of  O.5mlsec. The subjects  were

assessed  in the rnedical  treatment  roorn.  The rooin  temperature

of  the medical  trcatment  room  was  controlled  at thc same

tempcrature and  humidity. The physicaL activity index

correspended  to 1.5 METs  (light otfice  work)  CAinsworth et

al., 2000). The bank employees  worked  mostly  at desks either

from 9:OO to I7:30 or  from 8:30 to 17:OO.
  Skin blood flow was  measured  three times/ before lunch

(11:30-12:OO), after ]unch (12:30-13:OO), and  after  work

(17:OO-17:30). IM] did not  impose any  restrictions  other  than at

the times  of  ineasurement,  and  the subjects worked  a  regular

job. They  ate lunch at the company's  diner or  their own  box

lunch in their break room,  and  there was  no  restriction  on  the

intake of  caLories.  From  the menu,  it was  estimated  that their
lunch consisted  of450-550kcal,  The  lunch break was  60 rnin.

  At the tirnes ofmeasurement  of  skin  bLood fiow, the subject
was  asked  to sit on  a chair  and  remain  relaxed.  Skin blood flow

was  measured  by a  Laser Doppler blood flow meter  (AFL21D,
Advance, Japan), A  round  probe of  10mm  in diameter was

fixed at the  cushion  of  the left big toe on  the outer  side  and

blood flow l mm  deep from the skin  surface  was  measurcd.

Five minutes  after  placement of  the probe, blood flow was

measurcd  over  a  one-minute  period and  the average  was

Tnble 1 PhysicaTcharacteristicsofthesubicctsAge

 (yr) Hcight(cm) "leis,ht (kg) Body  fat (%) BMI  (kg,rm2)

Female  bank employees  (n=26)
 GroupA{n=16)

 GroupB(n=1O)

Femate students  (n!1O)
 GroupA(n=5)

 GreupB(n==5)

37.9± 10.9

38.4± 10.622.4

±2.122.1
± O.8

152.4 ± 7.3IS3,8

±7,9159.l

±4.5J60.1
± S,9

50.1± 9.I51,6

±4151.0

± S.948,1
± 6J

25.0± 5.02S.8

±4,324.7

± 5.421.1
± 2.7*

21.5± 3.12t9

± T,220.2

± 2.718,7
± t,6

Group  A  (with hypersensitivity to cold)  and  Group  B  (witheut hypersensitivity to cotd)  were  categorized  according  to the report  ofMiyamoto  et al, Data

arc  exprcsscd  as mean ±SD, *p<O.05
 versus  Group A  in femate students.
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adopted.

  The clothjng  of  the  bank employees  consisted  of  a bra,

shorts,  stockings,  and  a  uniform  designated by the bank <a
short-sleeve  blouse: polyester 809'e and  cotton  209i6; a  skirt  and

a  vest,  polyester 80%  and  wool  20%). At the  time  of  the pre-
lunch measurement,  the eMce  tcmperature  was  evaluated  on  a

seven-point  scale:  1, very  cold;  2, cold;  3, slightly  cold;  4,

comfortab}e;  5, slightly  hot, 6, hot; and  7, very  hot.

  30a-og

 25Ell

 2o:.I

 15EE

 10f,

 sdi

 o

Bankeinployee$

r/

LasGroupAc:ri6)
MGroupBCn=IO)p-

r*]
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Stucly 2. Measunement  ofskin btood.flow in the college

students  in the  lahoratoiy

  Thc ten female college  students  were  assessed  in a

laboratory of  size  5.9× 10.5m2 (lengthXwidth). Most  studies

on  the relationship  bctwccn thc thermal  environment  and  the

human  body  have been conducted  in a  room  where  the room

temperature  and  humidity are  strictly  controlled  (fanaka et  al.,

2003; Sadakata et al., 2000; Nishimura et al., 1993; Isaji et  al,,

2000; Y)neda, 1993; Hasebe and  lriki, 1993). In this study,

however, changes  mimicking  the temperature  and  relative

humidity in the ornce  during the daytime working  hours wcre

evaluated  using  a  large room  that would  not  cause  feelings of

claustrophobia.

  The  subject  entered  the laboratory at 8:50 and  stayed  there

fbr the whole  day. The first measurement  of  peripheral skin

blood flow was  performed at  9:OO. After that, they were

aLlowed  to read  and  write  except  fbr an  hourly measurement.

The  last measurement  was  rnade  at 17:Oe. All of  the students

ate the  same  lunch (about 500 kcal) bought at a  shop,  and  500

ml  oftea  was  supplied  during the ceurse  of  day. For clothing,

they  wore  a  shirt  or  biouse that provided thermal  comfort  Cnot
hot or  cold),  a skirt,  and  a  pair of  stockings,  Thcy  wore  shocs

with  open  toes.

  For measurement  of  peripheral skin  blood flow, the same

apparatus  and  method  was  used  as  in Study 1.

  Comfort was  evaluated  subjectively  by assessing  room

ternperature and  thermal  sensation  of  toes using  in the  sitting

position and  the seven-point  scale  in Study 1.

  These measurements  were  repeated  four times  (on four
separate  days) in the 1O subjects,  and  the avcrage  vaLues  were

used  for analysis.

  In all of  the subjects, the percentage of  body fat was

rneasured  by bioclcctrical impedance analysis using  a body fat
anaLyzer  (TBF-1 1O, [[ANITIA, Japan).

Statisticalanalysis
  The  physical characteristics  ofthe  subjects  were  analyzed  by

an  unpaired  t-test. Skin blood flow between the groups and  its

time-course  changes  within  the group were  analyzed  by a two-

way  ANovA  with  repeated  measurement.  When  the

interaction between the group and  the time  was  found to be

signifieant,  a  pair-wise difference was  identified using  an

unpaired  t-test at each  time  point, Subjective thermal

sensations  were  compared  by the non-parametric  t-test. A  p-
value  tess than O.05 was  considered  to be statistically

significant.

          11,30.12,OO 12/3e-13/OO IZOO.17,30

         (before lunch) (aftcr lu"ch) {at'ter work)

Fig. 1 Time  course  of  changes  in peripheral skill blood fiow in 26

   femate bank employees  in a cool  environment.  Nla]ues are  mean ± SD.

   
'p<O.05,

 Unpaired t-test cempared  with  vaTucs  for between Group  A

   (with hyperscnsitivity to eold)  and  Group B  {without hypersensitivity

   to cold).

Results

  Thc changcs  in peripheral skin  blood flow ofthe  26 fomale

bank employees  over  time  arc  shown  in Fig. 1. A  two-way

ANOVA  with  rcpcated  measurement  revealed  that thc skin

blow fiow was  significantly  different between the groups

(p<O.Ol) and  between the  time  laps (p<O.05). Even  though

the  interaction between the group and  the tirne was  not

significant,  the skin  b]ood flow was  greater in Group B  than in
Group  A  at all time  points (unpaired t-test,p<O.05).

  Befbre lunch, the  mean  peripheral skin  blood flow was  3.4
mllminllOOg.  Lt increased to 8.9mllminllOOg after  lunch,

although  there was  large inter individual variation.  After work,

the mean  peripheral skin  blood flow decreased to  S.5
mVminllOOg.

  When  Group  A  (with hypersensitivity to cold) and  Group  B

(without hypersensitivity to cold)  werc  compared  among  the

bank employees,  the mean  peripheral skin  blood flow befbre

lunch was  2.4mVmirVIOOg  in Group A  and  5.l mVminflOOg

in Group B, showing  a significant  difTerence. After lunch,

blood flow increased in both groups,  to 5.7mVmin/100g  in

Group A  and  14,OmllminllOOg in Group  B. The increase in

Group A  was  about  half of  that in Group  B, so  there was  a

significant  difference. From  Iunch to the end  of  work,  the

blood flow decreased in both groups, to 3.4mltrnin/100g in

Group A  and  9.0 ml/minl1OO  g in Group B, with  the difference

between the groups becoming  greater and  reaching

significance.

  Cooling had a  greater impact on  skin blood fiow in the

group with  hypersensitivity to cold  than  in the other  group.

  The time-course  changes  in skin  blood flow exhibited  a

significant  difference within  Group  B  Cp<O,OI), but not  withln

Group A.

  The thermal  cornfort  of  the room  temperature  in the

workplace  is shown  in Table 2. The rating  averaged  3.8 fbr all
subjects;  in Group  B, it was  evaluated  as  4.1-`Lcornfortable",

whereas  it was  rated  as  3.6 in Group A-"a  little chilly'i.

However, there was  no  significant difference between the two

groups.
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1'able 2

                               Health Effects ofa  Cool Environment on  FemaTes

Thermal  rating  ofthe  room  temperature at the workplace  as eva]uated  according  to the seven-grade  scale  by the 26femalebankemployees

Time Total (n=26)
Subgroup'lt

GroupA{n=t6) Group  B (n-1O) p  value

11/30-12/OO {before lunch) 3.8±O.9 3.6±O.8 4.1± O,8 O.14

Data are exprcsscd  as  meun ±SD. lt, Group  A/

                       C'ollegcstutirn[s

  ]o

 25Tte-rt-

 i,-ttEg.

 
iSErt

 i,2ij

 5

  o

with  hypersensitivity to cotd  Group  B/

          gloo ]o,oo 11,oe 1?loo [j/oo 141oo ls/oo leloe [7/oo

                           limeofdai

Fig. 2 The  time-eourse  of  changes  in peripheral skin  blood flow in 10

    female col]ege  students  in a  cool  environment.  Values are  inean ±SD.

    
'p<O.OS,

 Unpaired t-tcst compared  with  values  for between Group A

    (with hypersensitivity to coad)  and  Group B  (without hypcrscnsitivity
    to cold).

  The time-coursc  changes  in peripheral skin  blood flow in the

ten female students  are  shown  in Fig. 2. A  two-way  ANOVA

with  repeated  measurement  did not  show  any  significant

differences in the muin  effects  and  the intcraction between the

group and  the timc, but the skin  blood fiow was  significantly

greater in Group  B than  in Group A  at  13:OO and  14:OO

(unpaired t-test,p<O.05  in all cases),

  When  the presence or absence  of  hypersensitivity to cold

was  eonsidered  the mean  blood flow was  11.0mVminl1OOg  in

Group A  and  14.5 ml/minflOOg  in Group B  at  9:OO, and  then  it

decreased in both groups to 1,7mlfminllOOg in Group  A  and

2. 1 tnltrninl1OO  g in Group B  at  noon  before lunch. However, at

13:OO after  lunch, it increased to 3.7 mVminllOOg  in Group  B

without  hypersensitivity to cold  whereas  it remained  low aT  1.5

mltminllOOg  in Group  A  with  hypersensitivity to cold,

showing  a significant difference. At  l5:OO or  later, it gradually
decreased in Group B  and  it was  1.4 rnVminflOOg  in Group A

and  1.5mVminl100g  in Group B at  17:OO, not  showing  a

significantdifference.

  The time-course  changes  in the evaluation  of  subjeetive

thermal feeling by the female students  are  shown  in Fig, 3

(room temperature) and  Fig. 4 (toes). For  room  temperature,

Group A  tended to be more  sensitive to cold  than  Group B, but

the difference was  not  significant.  As  to thermal  feeling in the

toes, Group  A  felt significantly  chi]lier  than  in Group  B at

1 1:OO and  16/OO (non-parametric t-test,p<O,05  in all cases).

  In the summer,  when  the outside  temperature  exceeds  300C,

odfi.EntI!･:E.gsJm

withouthyperscnsitivitytecold.pvaluebynon-parametrict-test,

                       ColTeEe students
ven'  hot

  huLalittlehotpleasant

 chillv

  celdvc",

 cold

Fig.

veww.!-egE2-v･:6.v-D'Jop

76s43!1

         g,oo lo,oo 11,oo i2,oo T3xK} 14,oo ls,ee 16,oo 17,eo

                        Thneofday

3 The  time-course  changes  in the  evaluat{on  of  subjcctivc  thermal

feeling by the female students  (room temperature).  Data are  expressed

as  mean ± SD. Graup A  (with hyperscnsitivity to cold);  Group B

(vL'ithout hypersensitivity to cold). There were  no  significant

differences between Groups A  and  B  by non-parametric  t-test.

                        Collegestudents
       7-eryhoT

 h"taliTTLehot

pLeasaill

 ch/IL.'

 e"idte"

 ctt[d

E

41!]

              gloo lo/oo 11/oo L]loo =./oo 1･#/oo li･oo L6oo 17,oo

                              Timeot'day

Fig. 4 The  time-eourse  changes  in the evaluation  of  subjective  thermal

    fee]ing by the femalc studcnts  (tocs). Values are  mean ± SD. "p<e.05,

    Non-parametric t-test compared  with  vatues  for between A  (with
    hypersensitivity to cold)  and  Group  B  (without hypersensitivity to

    co]d).

those  who  stayed  all day in a  room  with  the temperature  air-

conditioned  to 24-260C  felt comfortable  only  at  9:OO or  at  the

beginning of  work,  and  they  felt a  little cold  or  a  little chilly

during the rest  ofthe  day.

Discussion

Signijicance of'skin blood.fio", measurement

  Skin temperature  and  skin  blood fiow are  important markers

NII-Electronic  
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fbr evaluating  thermal  reaction  in humans, In a study  on  the

objective assessment  of  sensitivity  to cola  Sadakata et al.

(200e) examined  the validity  of  two  parameters, 
"skin

 surface

temperature"  and  
t`skin

 blood flow;' as  objective  biological

indices of  subjective symptoms  of  chilling.  The skin  surface

temperature  at  10 sites  and  at  the umbilicus  were  found to

provide usefu1  information, but there was  a  problern in
reproducibility  because of  inaccuracy in securing  the sarne

measurement  sites. On  the other  hanct it was  concluded  that

the extrernities (hands and  feet) were  appropriate  fbr
measurement  of skin blood fiow, because the data obtained

were  stable.

  As  long as the environmental  temperature  is constant,  skin

b]ood fiow is the major  determinant of  thermal  temperature

(Hasebe and  Iriki, 1993; Nilsson, 1987), and  a  difference in

skin  blood flow is expected  to cause  differences in the

peripheral skin  temperature (Nishimura et  al., 1993). Since

skin  blow fiow has been reported  to be the most  important

marker  for the evaluation  ofcomfbrt  in a  given errvironmental

temperature  (Hasebe and  Lriki, 1993), it was  considered

appropriate  to examine  the therrnal reaction  in the ornce

environment  by measuring  skin  blood fiow.

Status 4uo qffZ]males working  in cool  environntents

  The  changes  in skin blood flow in the fernale bank

employees,  who  workcd  long hours in a  cool  environment

(Study 1), were  examined  at  three time  points during an  eight-

hour work  shift, and  skin blood flow was  found to be the lowest

before lunch. Recovery of  blood fiow after  lunch may  bc

attributed  to an  increase in peripheral skin  blow flow due to the

energy  intake. With the female college  students  (Study 2), skin
blood flow changed  in a  similar  manner  as  that in the bank
employees  before and  after  lunch and  at  the end  of  the

workday.  We  were  not  permitted to make  measurements  in the

bank employees  at the beginning ef  work  because it would

disturb work  at  the bank. However, taking  into account  the

results  from the fema!e college  students,  it is assurned  that skin

blood flow would  be thc highest at  thc bcginning of  work  and

gradualLy decrease throughout  the day in the female bank
ernployees.

  As  to thermal  cornfort  in the workplace,  the results  in the

fernale college  students  demonstrated that they  feit that the

room  temperature  was  most  chilly  before lunch, when  the

cooling  effect  was  largest, and  a  relationship  with  skin blood

flow is indicated.

Relationship with  the presence or  absence  Qf'

hMpengensitivity to cold

  As  to skin  blood flow and  temperature,  Group  A  (with
bypcrsensitivity to cold)  and  Group B (without hypersensitivity

to cold)  were  compared.  However, it is first necessary  to define
"hypersensitivity

 to coldY

  In modern  medicine,  there is no  disease terrn fbr
"oversensitive

 to coldl'  In Western medicine,  
"oversensitive

 to

cold"  corresponds  to 
"hypersensitivity

 to cold"  which

represents  the condition  o'f feeling cold  in some  parts of  the

body (Sadakata et al., 2000). In the present study,  the subjects

were  divided into Group A  (with hypersensitivity to cold)  and

Group  B  {without hypersensitivity to cold)  according  to the

criteria  used  in previous studies  (Miyamoto et  al,, 1995;

Sadakata et aL,, 2000; Nagashima  et  al., 2002; Maeda  et al.,

2003), but there has been, to date, no  definite methed  fbr

catego-zatlon.

  As  shown  in Fig. 1, when  skin  blood fiow was  compared

during the daytjme among  the fema!e bank empleyees,  the

peripheral skin blood fiow was  significantly lower before

lunch, after  lunch, and  at  the end  of  work  in the group with

hypersensitivity to cold  than  in the group without
hypersensitivity to cold.  Similar results  were  obtained  among

the female college  students.  In particular, among  the college

students,  the skin blood fiow after  lunch was  significantly

lower in the group with  hypersensitivity to co!d  than in the

group without  hypersensitivity to cold.  In the group without

hypersensitivity to cola  the peripheral skin  blood flow
decreased befbre lunch but increased after  lunch, whereas  the

peripheral skin  blood fiow remained  low after  lunch in the

group with  hypersensitivity to cold.  These results  suggest  that

the group with  hypersensitivity to cold  is more  susceptible to

excessive  cooling  by air  conditioning  than  the group without

hypersensitivity to cold,

  
L`Cbilling"

 is a phenoinenon that we  feel as  a  physio]ogical
response  when  we  are in cold  enviromnents,  and  blood vesscls

in the  extremities  contract  to maintain  core  temperature  and

preyent  a  loss of  body temperature.  Consequently, the

peripheral skin  temperature  decreases and  chilling  ofthe  body

is felt. In general, it is thought  that this 
"chilling"

 reaction  is

attributable to the  decrease in peripheral skin  ternperature

because contraction  of  peripheral blood vessels  causes  the

spasm  of  capillaries  and  local blood fiow disturbance. In

addition, when  one  is "oversensitive
 to coid;' time  is required

for the peripheral skin  temperature  to reeover  and  there is a

decrease in the temperature  of  the body trunk. As  a  result,

autonornic  ncrve  systern  disorder is induced, In the present
study,  skin  blood flow decreased befbre lunch irrespective of

the presence or  absence  of  hypersensitivity to cola  but there

was  no  sign  of  recovery  of blood flow in Group  A  (with
hypersensitivity to cold),  unlike  the case  with  Group  B

(without hypersensitivity to cold).  In other words,  it was

established  that jn individuals with  hypersensitivity to cold  it

took  many  hours for the peripheral skin temperature  to recover.

 It is assumed  that continuation  ofthis lifestyle would  intensify

 symptoms  of hypersensitivity to cold  and  aggravate  the

 problem.

Relationship with  percent hoclyfat

  When  categorized  by the presence or  absence  of

hypersensitivity to cold,  there were  no  significant differences in

physical characteristics  such  as  height, body weight,  percent
body  fat, and  BMI  between Group A  and  Group  B  among  the

bank ernployees  (Table 1). However, among  the female college
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students,  the percent body fat was  significantly  higher in
Group  A  than in Group  B. Sincc it was  expected  that body t'at
was  relatcd  to skin  blood fiow and  hypersensitivity to cold  the

college  students  werc  divided into two  groups on  the basis of
their percent body  fat, Student$ who  had a  percent  body fat of
22%  or  higher were  placed in the higher percent body fat
group (Group O), while  those who  had a percent body  fat of
less than  22%  were  placed in the lower percent body fat group
(Group L). Four out  ofthe  5 students  in Group A  belonged to
the higher percent body fat group (Group O), while  4 out  of

the 5 students  in Group B were  categorized  into thc lower
percent body 

'fat
 group (Group L). When  Group O  (percent

body  fat, 26.1± 3.5%) and  Group L (percent body  fat,
19.5± 2.2%) were  compareq  the skin  blood flow volume

tended  to be largcr in Group  L  than  in Group Q  although  there

was  no  significant  difference,

  Nishimura et  al. (I993) reported  a  relationship  between

percent body  fat and  skin  blood flow in males.  They  observed

that as  the pcrccnt body fat increascd, thc skin  temperature  in
the body trunk  decreased, and  conversely  the pcripheral skin

temperature  increased, They  explaincd  that body heat
emissions  were  physically inhibited by subcutaneous  fat in the
body  trunk but were  promoted in the peripheral body areas  by

physiological blood flow regulation to maintain  a temperature

balance in the entire  body.

  The results  ofthe  prcsent study  tended  te be contradictory  to
those  in the repert  by Nishimura et  al, (1993). Compared  with

the current  studM  the background ofthe  subjects  jn the report
by Nishimura et  al. (1993) was  different in that the percent
body fat in Group  O  (19.5± 2.2%) was  much  higher than  that

in Group  L (10.7± 6.39t6) and  al} of  their subjects  were  male,

and  therefore simple  comparison  is diMcult.

  Even under  thc same  percent body fat conditions,  fat
distribution was  reported  to be markcdly  different among

individuals (Saito and  famura, 1994), and  detailed data such  as

distribution of  body  fat arc  required  to fu11y discus$ thc

relationship  between percent body fat and  hypersensitivity to

cold. For this rcason,  the relationship  between percent body  fat

and  hypersensitivity to cold  was  not  fu]ly discussed with  the

data ofthe  current  study.

Summat:y

  As the working  environment,  such  as  thc room  tempcrature

ofan  oMce,  has been arranged  to improve the health and  safety

of  employees,  it has become  possible to work  in a comfortable

atmosphere.  Hewever, the  amenities  provided to bank and

department store  customers  incLude a  comfortabie  feeling at

the entrance  of  the facility; since  the  body  temperature  of

customcrs  is elevated  by the outdoor  heat during the summer,

banks and  dcpartment stores  are cooled  to a  lower ternperature
than  necessary. According to a  repoTt  on  the temperature  in

buses and  trains in metropolitan  areas.  a comfortable

temperature  was  23ZC  in some  trains. Thc  tcmperature was  set

at  240C in the oMce  ofthe  bank examined  in the present study,
which  was  markedly  low The low temperature  in the bank is

an  amenity  to customcrs  coming  in from the outdoors  as

previously described, Therefbre, for employees  working  all day
long in a  low-temperature environment,  it is expected  that too
much  chiLling  will  cause  some  physical problcms. The results

of  this study  support  this expectation,  Furthermore, it became
ciear  that a cooL  workplace  environment  during the summer

greatly affects  employees  with  hypersensitivity to cold.
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