
Japan Society of Physiological Anthropology

NII-Electronic Library Service

JapanSociety  of  Physiological  Anthropology

tlvurftalof

PHYSIOLOGICAL
ANTHROPOLOGY

Influenceof Long-Term Exposure to an  Aipconditioned Environment

                   Diurnal Cortisol Rhythm

                 Tomoko  Ueno and  fadakatsu Ohnaka

            1)epartnzent qfLii,ing Enviivnnientai Science, Fitkuoka nlpmen 3' Unii,essiA;

Abstract In thc prcscnt study,  the intluencc ofthe  long-term
use  of  air-conditioning  in summcr  on  thc cortisol rhythm  was

examined  by mcasuring  thc rhythm  in subjects  who  had been
exposed  to air-conditioning  fbr a short [S] or long [L] time,
Investjgations were  conducted  twice  in ju]y and  September.
Atmospheric temperature and  re]ativc humidity near  the

sub.jects  were  measured  [br three days in each  seasen.  Sa]iva
samp]es  for cortisol  analysis  were  cellected  every  2 hours

during the daytirne beginning at  8:OOh with  subsequent

sampling  times  at 1O:OO. 12]OO, l4:OO, 16:OO. 18:OO, 20]OO and
22iOOh. A  questionnaire on  sleep and  duration of air-

conditioning  use  was  also  undertaken.  Ambient  mean         v
temperature was  higher in the S group Cmean±SD:
30,8± 1,20C in July, 28.0± O,SOC in Septembcr) than in the L

group (28,O± ],2"C in July, 27.3± 1.00C in Septembcr)

(p<O.Ol), while  mean  relatiL,e  humidity did not  dM'ez There
were  no  diffbrcnces in bedtime, waking  time  and  sleeping

hours either between groups or  months.  Diurnal patterns ot'

salivary cortisol rhythm  in July and  Septctnber were  similar  in

the S group, but the L group had a delayed rise  of  morning

cortjsol secretion  in Septcmber compared  with  July. These

results suggest  that long-term exposurc  to an  air-conditioned

environment  might  advcrsc]y  affect  the human cortisol  rhythm.
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Introduction

  Cortigol is the principal hoiTnona] preduct of  the

hypothalamic-pituitary-adrenal (HPA) uxis  in humans. It

aifects glucose production ['rom protein, fat metabolism,

infiammatory responses,  vascular  regpensiveness,  the central

nervous  system,  immune I'unctioning, and  so  on  (Chrousos and

Geld l998I Heim et al.; 2000; McEwen, 1998). In most

humans, there is a brisk increase of cortisol fo11owing waking,

on  the

and  the peak level is reached  about  30 min  later (Kunz-Ebrecht
ct a]., 2004; "rUst et al., 2000). In the absence  ot' external

stimuli. cortisol  levels decrease throughout  the day (Ice ct  al,,

2004). Its high early  rnorning  level is considered  to help
sustain the energy  availab]c  for action and  stimulate thc

appetite  for carbohydrate  intake (Smyth et a]., 1997). It is
thought that cortiso]  ]eve] is a useful  marker  of  HRA  axis

activfty, and  scycral  recent  pieces ot' research  have
demonstrated individual variation  in diurnal cortisol  patterns
(Ice et al.. 2004; Smyth et  al,, 1997: Stone et ul., 2001).

  In addition  to its circadian  rhythm,  the increase in cortisol  in

rcsponse  to stressors establishes  it as  onc  ef  the stress-related

hormoncs (Dahlgren et  al., 2004; Miluk-Kolasa et al., 1994;

Uedo et al,, 2004). Although increased cortisol  secretion  is
considered  to be an  adaptivc  mechanism  against  environmentat

strcssors  {by supporting  encrgy  mobilization),  chronjc

eEevation  of  cortisol can  lcad to several  disorders, such  as

depression, immuno-suppression, cardiovascular  diseasc,

diabctes, and  osteoporosis  (Deuschle et  al., 199g; Ice et a[,.

2004; Meaney ct al,, 1991; Y]huda  et  al., 1991). Cortiso] is

also  observed  te bc a  sensitive  index ot' heat strcss  (Fo]lcniius
et al., 1982), Severa] workers  have measured  cortisoHevels  to

study  the influences of  an  extremely  hot environmcnt

(Fo]leniius et al,, l982: Vangeloi,a et  al,, 2002), Hewever, no
other  studicg  of  cortisol rhythms  concerriing  the long-tet'm
thermal  stress  under  rcgulav enviTonment  (e.g. heat of  summcr

and!or  conditions  under  long-term usc of  air-conditioning)

have appeared  in the literature. Thereforc, this study  was

conducted  te invcstigate the infiuences on  diurnal sulivary

cortisol leyels of  the long-term usc  o{' air cenditioning  in
summer  Wd  investigated individuais' arnbicnt temperature  and

relatiye  humidity and  their cortiso] rhythm  in the eurly  summer

and  then measured  these i,ariablcs again  in the late summer

after  subo'ects  had spent  eithcr  a  long or a short time in an

envirenmcnt  which  was  air-eonditjoned.

Metheds

Sultiects

  Initia]ly. wc  interx,icwcd volunteers  who  were  studcnts  in
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Fukuoka  WOmen's  University about  their exposurc  to air-

conditioning  in the summer,  and  we  sclccted  from those who
had been exposed  fbr a  shert  or long time. As a result, 17
healthy fetnale Japanese studcnts  (aged 20 to 23 years)
participatcd in the present study. The subjects received  yerbul

and  written  instructions about  this field study  and  gave
infbrmedconscnt,

Procedures

  The  expcrimcnts  xN'ere conducted  in the middle  oi' July and
September. Subjccts carried thermemeters (Thcrmo-Rccorder
RS-11, Espcc) for three consecutive  days whilc  performing

their normal  datly activ{ties, so that ambient  tempcraturc and

relatii,e  humjdity could  be measured  at two-minute  intcrvals.

For cach  ofthe  tw'o months  ofstLidy, saliva  samples  for cortisol

analysis were  collected  every  two  hours from  8:OOh to 22iOOh

during the course  of a singlc day that excluded  the time  of

mcnstruation  (because some  sub.jects rcported  periodic taking

of  anatgesics  during that perj od>,

  A  questionnaire was  also givcn on  th¢  days of  sampling  the

saliva. Thc questionnaire items were  exposure  to air-

conditioning,  bedtime, waking  time and  quality of  sleep

(ranging from 1, slept well, to 5. couldn't  sleep at a]1), In

addition,  age, body  height and  weight  were  askcd  in the

questionnairc given in Juty, and  the  use  of  air-cenditioning

during August was  also questioned in September. Sub.iects

were  asked  to undertake  their usuat  daily activities  during the

experimcntaldays.

Cortisolmeasuretnents

  Saliva satnp[cs werc  used  to assess the cortiso] [evels; they

have bccn rcported  to correlate with  scrum  and  plasma cortisol

(Umeda et al., 1981: K{rschbaum  and  llcllhammcr, 1994;

Wedekind et a],, 2002), and  collection  of  saliva  is relatively

non-invasive  and  suitcd to studies under  field conditioris.

  Subjccts were  instructed in saliva co]lection using  saliva

collection tubes 
`tSa]ivetteg"

 <Sargtedt, RommelsderC

Germany) prior to the cxperimental  days. Subjects were

instructcd to store the saliva samples  in domcstic ['rcezers unril

returning  thcm  to the laboratory (up to thrcc days after

col]ection). The salivu samples  were  subsequentty  stored at

-20eC  in the laboratory until  thawed  fbr assay,  Thc amount  of

cortisol secrction  was  determined wjth  the sa[ivary  cortisol

ELISA kit (DRG lnstruments GmblI, Germany).

  On  days of  saliva sampling,  subjects  ",ere  asked  to avoid  the

intake of caffeinc, alcehel  and  medieine  both during the

daytime and  the previous night.  Thcy  wcrc  also  asked  not  to

eat. drink or brush their teeth for the 90 min  befbre sampling

times, to avoid  atTecting cortisol Levels and,'or contaminating
the samptes  (Fcderenko et al,, 2004; Ice et a[., 2004; Kunz-

Ebrccht et al., 2004; Lovallo et  al.. 1996: Rosmond  and

Bjorntorp, 1998; Shirtclifl' et al., 2001). All subjects  were  non-

smokers,

  In addition, to verify compliance  with  the protocol, subjccts

fi11ed in a diary to record  the time  they  took  each  sample  as

Air-conditioned Enviromncnt  uiid Cortisol Rhyt]im

well  as  the trme  and  contcnts  of  any  meals  they had eaten  on

days of  saliva  sampling,  Subjects also  recorded  any  physical or

mcntal  stresses They  had experienced,

Data  analvsis

  1]wo-way analysis  of  variance  (AXOVAL) was  used  to

cxaminc  any  ditl'erences in atnbient  temperaturc,  relative

humidity and  cortisol  bctwecn the times uf  day and  groups,
and  two-way  repeated  measures  ANOVA  was  used  to

investigatc differcnces between the times of  day and  menths,

Any  difTerences w'ith  thc main  cffk]cts were  then  investigated

using  Student's t-tcst. Statistical significance  ",tts aceeptcd  at

p<O.05.

Results

Age, pA--'sical chavaeteristics  and  resultv (tf' the sleep

questionnaitw b.v gioup
  Based en  the results  of  the qucstionnairc, subjects were

dividcd inte two  groups; those who  had used  air-conditioning

in July for less than 4 hours a  day (n=8, shert-tinie  [S] group)
and  those who  used  it fbr more  than 6 hours (n=9, leng-time

[L] group). Tlible 1 summarizes  the regults  from the

questiennaire. Apart f'rom thc use of  air-conditioning. the

groups did not  diffbr in any  variable.  Concerning the amount
of  exposure  to air-conditioning,  there were  significant

diff'crences between the groups in each  month  (p<O.05), i.e.
the L group used  it for longer than thc S group. The L group
had significantly  different exposures  between July and

September (paircd t-tcst, p<O.Ol), and  August and  Septembcr

Table 1 Age, physical characteristies  und  results oi' slecp  qucsriennaire
       by groupS

 group (n=8)Lgreup(n=9)

Age

 Hcight

 Weight

 BMEJul}･

 Liseofair-conditioning
  withina-,eek**

 Bedtime

 ""aking time

 Sleepinghours

 Qua]ityofsleep
Scptcmbcr

 Useofair-conditioning

  inAugust**

 Uscol'air-conditioning

  withinaweek*

 Bcdtime

 Wakingtime

 Sleeping hours

 Qua]jtyofsleep

 !T,o±o,gvrs

156,1±.SJcm

 47.g±. 2.1 kg
 t9J± tl

  2.1± 1.0heursiduy

l/06h ± 90min
7/19h± 26min
  6.e+1.5hours
  2.1± 1.2

  T,7± 1,1 heursiday

  T,3± 1.6hours,iday

O/49h± 68min
7/14h+4Smin

  6.4±O.9hours

  2,e±o,g

 21.4rl.Oyrs

IS8.9± 4.4cm

 49.1± 3.4kg
 19.S± 1,1

 tl.4±4.Shours.iday

1:11h±63rnin
7/15h±37min
  6.3± O.7hours
  1.8± 1.0

 14.0 ' 5.S hours.idav

  4.3L3.2hours,iday

1/OOh±47min
7/37h=40min

  6.6±O.5 hours
  1.7± ].O

\*
 p<O.Ol,

each  group,*

 p<O.05,  respectively,Student'st-test,

      mean!SD

comparing  values  fbr
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Fig. 1 Ambicnt temperature and  relative humidiLysurreunding sub.iects in July and  Septcmbcr in each  group.
   Values are  means ± SE.

 -.122:OOh

(paired t-test, p<O.O[). Slccp rhythm  and  thc quatity of  sleep

were  not  influenced by the season  in spite  of  the different

amountoi'uscol'air-conditioning.

Ambient tempenttui'e  and  ietative  httfnidit.v- sttrrounding

sulu'ects

  The  average  of  ambient  tempcraturc  was  highcr in thc S

group (mean± SD; 30.8± 1.20C in July. 28.0±O.80C in
September) than  the L group (28.0± 1.20C in Julyl 27.3±

1,O OC

 in Scptcmbcr) in both months  (p<O,O1). Figure 1 shows

daytime ambicnt  tcmperature  and  relative  humidity, ANOVA

of  ambient  temperature  revea]ed  significant  differences
between months  in the S group (p<O,Ol) and  bctwccn the

groups jn Ju]y U)<O,Ol), and  a significant  interaction betwcen
thc times and  groups in July (p<O,05). The  average  retative

humidities were  56.9±5.80/e in july, 63.5±5.1% in Scptcmbcr
tbr the S group and  S2.7±S,S%  in July, 61.7± 5.5%  in
September for the L  group. k'o-way  ANOVA  revealed

significant  differences between the months  in each  greup CS
group: p<O.05; L group: p<O.O1  ), and  a significant  interaction
betwccn the times  and  months  in the L group Cp<O,O1).

Riu･'thms and  ievets oj'sativa-･, cortisot  secretion

  Ag indicatcd by inspcction of  lhc diary, all subjects

complied  iiv'ith the prolocol; with  regard  to cortisol sampling,

all samplcs  wcrc  takcn  within  lOmin ofthe  tirnes required  by
the protocel. A]theugh three subjects rcportcd  physical or

mental  strcsscs  in thc aftcrnoon  (two in July and  one  in
September). there -'as  no  efTect  upon  cortisol levcls at this

time or thereafter, Fjgure 2 shows  the rcsults of salivary

cortisol  analysis.  The maximum  values  ef cortisol secretion

were  not  significantly  different between the two groups or

months  (Table 2), The S group had typical rhythms  in both
July and  Septernber. In July, thcrc were  no  significant

diiTL)rences between the two groups, In September. howcvcr,
whereas  cortisol  levels wcrc  highcst at  08:OOh and  decreased
rhereafter in the S group, the L group had pcak lcvcls at

10:OOh, IWo-way ANOVA  of eortjso] leve]s revealed  a

significant  interaction bctwecn the times and  groups in
Scptcmbcr (p<O.05); cortisol  levels of  the L group were

significantly  lower at 08:OOh O)<O,05) and  higher at 10:OOh

Cp<O.05) than corresponding  values  from the S group,

Discussion

  The S and  L greups ",crc  diffbrcnt in their exposure  to air-

conditioning,  mean  ambient  temperature und  in thcir corLisol

pattcrns. There were  no  differences in agc. physical
characterjstics,  mean  relative  humidity, bedtime, waking  time.

slccping  hours and  quality of  sleep between groups.
  Prcvious studies have showed  higher cortisol levelg in

workers  under  extreme  hot environments  such  as in a glass
manufacturing  unit  (Folleniius et al., 1982; Nlangelova et al.,

2002), Although thc S group N-･as  exposed  to a hotter

enNironment  than the L group, basal levels of salivary eertisol

rhythm  during thc daytime did not change  or become unstable
in either  July or  September in the S group, Therefore, it can  be
considered  that seasonal  variations  ot' ambicnt  remperature  and

relative huinidity in these months  did not  increase cortisol

secretion during the daytime.

  In several reeent studies, the cortisol rcsponse  on

awakening,  i.e, the change  in cortisol lex,cls that typicaily occur

20-4e rnin after waking  up  in the morning,  has been mcasurcd

(WUst et al., 2000a; WUst et al., 2000b; Kunz-Ebrecht et  al.,

2004; Williams et al., 2005). These studics fbund that the
magnitudc  of the rnorning  cortisol level was  related to

psychosocial strcss;  increases ot' cortisol Lei,els in the morning

were  greater on work  dayg than  weekend  days (Kunz-Ebrecht

NII-Electronic  
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The rnaximuni  s,alucs ol' eortisol mcasLLrcmcnt  in caeh  season

                                             morning  levels of cortisoi  secretion  are  considcrcd  te
andgreup  , .
                                             sustain  energy  for activity  and  to stimulate  the  appetite

Sgroup(n=g) Lgroup{n-9)

julySeptcmber 12.97+4,10,8iOOh
11,30± 3.67,SiOOh9,76=3,53,8!OOb10.32=3.20. iUIOOh

                          mean ±SD(ng,'m[.),timeofday

et al.. 2004). and  -,ere enhanced  under  conditions  of chronic

psychesecial stress (WUst ct aL., 2000b). By contrast, Bailcy

and  1Ieitkempcr (200[ ) reportcd  that thc  timc  of  pcak morning

cortisol rhythns  occurred  later in eyening  ehrenotypes  than  in

morning  chronotypes,  and  Aesehbach et al. (2003) rcported

that the cortisol maxirnum  was  related to habitual wakc-up

time. which  occurred  later in long-sleepers than in short-

sleepers. In the present study, subo'ects were  asked  te continuc

their norma]  daily ]ife during the experimental  days, and  sleep

paramcters (bcdtime, waking  tirne, sleeping  hours and  quality
or  sleep) were  not  signillcantly ditl'erent between the S and  L

groups, Neverthe]ess, there were  no  significant  differences

betwccn the two  groups in July and  September "ith  regttrd  to

the morning  peak levels of cortisol secretion. while  cortisol

levels of  the L group were  significantly lowcr at 08iOOh

(p<O.05) and  higher at 10:OOh (p<O.OS) in Septcmber. Thcse

data suggested  that the L group had a relatix,e]y  delayed peak
time  of  morning  cortisel  secretion  in September rather  than  an

inerease in amplitude,  Although the current  study  did not

mcasurc  the  habitual slcep-wake  rhythms  in August (during the

summer  i,acation  taken  by suQjects),  Jelinkova-Yk]ndrasova et

al, (1999) indicated that circadian  phase shifts  of  cortisol

eccurred  within  6 days ot' a shifting  of  the sleep  pcriod under

dim tis,ht,

  In conclusion,  awukening  imposes a burst of  secretory

activity  fi-om the HRAL axig  CEdwards ct al., 200t). High  carly

                                             help
                                              fbr

carbohydrate  intake (Smyth et al., 1997), so  ascribing  an

essentia) ro]e to this morning  increase. In the present study,

however, the L greup had a later increase in cortisel  in the
morning  in September. These data suggest  that long-term

exposure  to an  air-cenditioned  environment  may  weaken  or

de]ay HPA  axis  activity,  egpecia]ly  in the morning.  The HRA

axis  is of  ma.]'or  importancc with  regard  to an  organism's

response  to physical or  psychosociai stimulation,  and  morning

awakening  should  be associated  with  bursts of  cortisol

secretion  CFederenko et al,. 2004). Thc use  ofair-conditjoning

in summer  seems  to provide comfort  and  to reducc

physiological stress from the summet  heat, but it is also  seems

that [arge varjations  of  ambicnt  temperature  and  relutive

humidity between indoors and  outdoors  might  act  as

cnvironunental  strcssors,  and  might  adversely  affbet  cortiso]

rhythms.
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