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We constructed an informing system to users for the heatstroke risk using a wearable 
perspiration ratemeter and the users’ thirst responses. The sweating ratemeter was 
constructed with a capacitive humidity sensor in the ventilated capsule. The timing point for 
informing heatstroke risk was decided to change from positive to negative on the second 
derivative of sweating curve. In addition, a wearable self-identification and -information 
system of thirst response was constructed with a smartphone. To evaluate the validity of 
wearable apparatus, we aimed to conduct human experiments of 16 healthy subjects with the 
step up and down physical exercises. The blood and urine samples of the subjects were 
collected before and after the 30-min physical exercise. The concentrations of TP, Alb, and 
RBC increased slightly with the exercise. In contrast, the concentrations of vasopressin in all 
subjects remarkably increased with the exercise. In almost subjects, they identified their  
thirst response until several min after the informing for heatstroke risk. In conclusion, the 
wearable ratemeter and self-information system of thirst response were suitable for informing 
system of heatstroke risk. The validity of timing point for informing heatstroke risk was 
confirmed with changes in the thirst response and concentrations of vasopressin in blood. 
 
1 .A im  o f  R ese arc h  
To  i n fo rm  the  r i s k  t o  ex pos e  
he a ts t rok e  to  t he  u se r  v i a  a  
s oun d  f r om the  sm ar tpho ne ,  we  
c ons t ru c te d  (1 )  a  new  des ign ed  
we a rab l e  pe r sp i ra t i on  ra te me te r  
by  mod i f y i ng  th e  o r i g i n a l ,  ( 2 )  a  
w i re l es s  s e l f - i den t i f c a t i o n  and   
s e l f - i n fo rma t i on  s y s te m w i th  t he  
s ma r t ph one  fo r  t h i r s t  re sp ons e ,  
an d  (3 )  a  s y s te m th a t  i n fo rms  the  
he a ts t rok e  r i sk  t o  t he  u se rs .  I n  
ad d i t i on ,  t o  e va lua t e  t h e  v a l i d i t y  
t he  t i m i ng  po in t  t o  i n fo rm  
au toma t i c a l l y  f o r  t he  hea ts t r ok e  
r i s k  to  t he  u se r  us i ng  a  c ha ng i ng  
po in t  o f  ne ga t i ve  va l ue  on  se co nd  
d i f e re n t i a t i on  o f  s w e a t i ng  cu rv e ,  
we  co ndu c ted  hu ma n  ex pe r i men ts  
w i t h  a -30  m in  s tep  up  a nd  do wn  
ph ys i c a l  ex e rc i s e  a nd  s imu l tane -
ou s l y  re c o rd ed  e xe rc i s e - i nd uc ed  
s wea t i ng  on  the  n e ck  a nd  the  
th i r s t  re sp ons e .  Te  c h ang es  i n  t he  
c onc en t ra t i ons  o f  va so -p res s i n ,  
b l ood  an d  u r i ne  s amp le s ,  bod y  
we igh t ,  an d  hea r t  r a te  be fo re  a nd  
a f t e r  t h e  ex e rc i s e  a re  me as u red  
to  e va lua te  t h e  re l a t i on sh ip  
be twee n  the  va so -p re ss i n  r e l eas e  
an d  the  s e l f - i d en t i f c a t i on  o f  t h i r s t  
r es pons e  re l a ted  to  t h e  ac t i v a t i on  
o f  o smo - re c ep to r s  i n  t he  
hy po th a la mu s .  
2 .Meth o d  o f  R ese a rc h  

2 -1 .E th ic a l  ap p r o v a l   
T he  s tud y  w as  app ro ve d  by  t he  
E th i c a l  Co mmi t t ee  fo r  H uman  
C l i n i ca l  S tud i es  a t  th e  S ch oo l  o f  
Med i c i ne ,  Sh ins h u  U n i v e rs i t y  
(CRB 32 000 10 ,  a pp r ov a l  no .  44 45  
on  6 th  A ugu s t  2 01 9 ) .  A l l  s tud y  
da ta  and  p ro ce du res  we re  
pe r fo rmed  i n  ac co rd anc e  w i th  t he  
p r i n c i p l e s  o u t l i ned  i n  t he  
De c l a ra t i on  o f  H e l s i nk i .  T he  
s tudy  i s  re g i s te red  i n  t he  WHO  
In te rna t i o na l  C l i n i ca l  Tr i a l  
Re g i s t r y  P la t f o rm  (13 th /A ugu s t /  
20 22 ,h t tp s : / /w ww.who . i n t / c l i n i c a l
- t r i a l s - r eg i s t r y -p l a t f o rm:  j RCT-  
10 322 202 70 ,  A na l y s i s  o f  men ta l  
an d  the rma l  sw ea t i ng  i n  h uman  
s ub j ec ts  us i ng  g a l v an i c  s k i n  r es -
po ns e  and  d ome s t i c -made  p e r -
s p i r a t i o n ra teme te r ) .   
2 -2 .Co n s t r u c t io n  o f  wear ab le  
p er sp i ra t io n  r a t eme ter  an d  
se l f - in fo r mat io n  ap p ar a tu s  w i th  
a  s mar t -  p h o n e .   
P re v i ous l y  we  c ons t ruc ted  a  h i gh -
s ens i t i ve  pe rs p i ra t i on  ra te me te r  
wh i c h  i s  s u i t ab l e  f o r  mea s u r i ng  
ac t i v e  pa l ma r  s wea t i ng .  Tu s ,  a  
max imu m  v a lu e  i n  t he  s tep  res -
po ns e  i s  o b ta i ned  a t  app ro -
x ima te l y  0 .6 3  s .  T h e  s ens i t i v i t y  o f  
t he  e l ec t r i ca l  p e r fo rman c e  i s  
0 .1 /1  mg  w a te r  l os s /1  m i n .  W i th  
t he  mod i f c a t i o n  o f  o r i g i na l  p e r -
s p i r a t i o n  ra te me te r,  w e  co ns t ru -



c ted  a  we a ra b le  c onc i s e  ra te -
me te r  w i t h  a  c apac i t i ve  h um id i t y  
s ens o r,  a  s ma l l  f an ,  and  a  l i t h i um -
i o n  ba t te r y  i n  t h e  ve n t i - l a ted  
c aps u l e .  To  i n fo rm  the  s e l f -
i d en t i fe d  t h i r s t  r es pon se  to  t he  
ob se rv e r,  w e  a l s o  co ns t ruc ted  a  
we a rab l e  se l f - i de n t i f c a t i on  a n d  
s e l f - i n fo rma t i on  a p pa ra tu s  o f  
t h i r s t  r es po ns e  w i th  a  
s ma r t ph one .  
2 -3 .S u b jec ts .   
I n  t o ta l ,  16  hea l t h y  pa r t i c i pan t s  
(mea n  age :  4 1 .6 ± 3 .3  y ea rs  o l d ;  
e i gh t  ma l es  and  e i g h t  f em a l es )  
we re  e n ro l l ed  i n  t h e  p res en t  
ex pe r i men ts .  T he  bod y  mas s  
i n dex  (B MI )  o f  t h e  ma le s  a nd  
fema le s  we re  2 3 .7±0 .7  a nd  
21 .5±0 .5 ,  re sp ec t i v e l y.  T he  
m in i mu m nu mb er  o f  pa r t i c i pan t s  
wa s  rec o mme nde d  b y  th e  e th i c a l  
c ommi t te e  fo r  t he  c l i n i c a l  obs e r -
v a t i o n  s tud y.  H enc e ,  t h e  m in i mu m 
nu mb er  w e  c hos e  w as  su i t ab l e  f o r  
ob ta i n i ng  a  v a l i d  c o nc lus i o n .  A l l  
t he  p a r t i c i pa n ts  p ro v i ded  w r i t t en  
an d  o ra l  i n fo rmed  con se n t  a f t e r  
t he  d e ta i l e d  ex p l ana t i on  a nd  
tab l e  sh ow i ng  o f  ex pe r imen ta l  
de s i gn ,  me th od s ,  exp ec ted  
res u l t s ,  sc i e n t i f i c  b ack g rou nd  
an d  va l ue ,  c ompe ns a to r y  med i c a l  
t oo l s  f o r  h a rm fu l  damag e ,  a nd  
s topp i ng  g u id e l i nes  by  t he  
c o r res po nd i ng  a u t ho r.  A l l  t he  
da ta  and  p ro ce du res  we re  
c on f i rmed  t o  t he  t en e ts  o f  t he  
De c l a ra t i on  o f  H e l s i nk i .  T he  
c o l l ec ted  d a ta  w e re  s to red  i n  
S h in sh u  Un i v e rs i t y  S c hoo l  o f  
Med i c i ne  w i th  re sp ons ib i l i t y.  A l l  
hu ma n  e x pe r i me n ts  we re  
c ond uc te d  i n  t he  a f t e rn oon  f ro m 
1 :0 0  to  4 :00  p m,  co ns ide r i ng  
max ima l  and  s ta b l e  a c t i v i t y  o f  
s ympa th e t i c  ne rv e  f i be r s  i n  
hu ma n  c i r c ad ian  rh y th m.  T he  
tempera tu re  and  m o i s tu re  o f  t he  
ex am in a t i on  ro om were  
ma in ta i ne d  w i th i n  t he  rang e  o f  
22 –23  ° C  a nd  4 0–5 0% ,  
res pec t i v e l y,  us i n g  a i r  co nd i -
t i o ne rs .  
2 -4 .E xp er imen ta l  p r o to co ls   
T h i s  s tu dy  wa s  a  r a n dom iz ed  t r i a l  
hu ma n  ex pe r i me n ts .  A to ta l  o f  16  
he a l t h y  pa r t i c i pan ts  we re  
en ro l l e d  i n  t h i s  s tu dy.  T he  
s ub j ec ts  we re  i nh i b i t ed  f ro m 
wa te r  i n tak e  a nd  exc re t i o n  o f  
u r i n e  fo r  1  h  b e fo r e  and  du r i ng  
the  ex pe r imen ts .  Immed i a t e l y  
be fo re  a  3 0 -mi n  s te p  u p  an d  do wn  
ex e rc i se ,  b l o od  a nd  u r i ne  

s amp le s  we re  c o l l ec te d  f rom  the  
pa r t i c i p an ts .  A w ea rab le  p e r -
s p i r a t i o n  ra teme te r  and  a  s e l f -
i d en t i f c a t i on  and  se l f - i n fo rma t i on  
ap pa ra tus  w i th  a  s ma r tph one  fo r  
t h i r s t  r es pons e  w e re  po s i t i on ed  
on  the i r  n ec ks  a nd  f o re a rms .  T he  
s tep  up  a nd  do wn  phy s i c a l  
ex e rc i se  l as ted  fo r  30  m in .  T he  
s t ren g th  o f  t he  ex e rc i se  wa s  
ap p rox i ma te l y  70  N m,  t ha t  i s ,  a  
mode ra te  l ev e l ,  an d  th e  a ve ra ge  
o f  t he i r  pu l s e  ra te s  wa s  
ap p rox i ma te l y  120 . 9  bea ts  pe r  
m in .  A f te r  t he  30 - m in  e xe rc i s e ,  
t he i r  b l o od  a nd  u r i ne  s a mp le s  
we re  co l l e c ted .  I n  a dd i t i on ,  t he i r  
bo dy  we i gh ts  we re  me as u red  
be fo re  a nd  a f t e r  t he  phy s i c a l  
ex e rc i se .  To  e v a lu a te  t he  
ex e rc i se - i ndu ce d  
he mo con ce n t ra t i o n ,  t he  c onc en t -
r a t i on s  o f  t o ta l  p ro te i n  (T P ) ,  
a l bum in  (A lb ) ,  an d  r ed  b l oo d  c e l l s  
(RB L)  i n  t he i r  b l oo d  sa mp les  we re  
meas u red  b y  a  c l i n i c a l  ex am in -
a t i on  l abo ra to r y  i n  S h i ns hu  
Un i v e rs i t y  H os p i t a l .  I n  ad d i t i on ,  
t o  i nv es t i g a te  t he  re l a t i on sh ip  
be twee n  the  th i r s t  r es pon se  a nd  
c han ges  i n  t he  co n c en t ra t i on  o f  
v as op res s i n ,  t he  c on cen t ra t i on s  
o f  v as op res s i n  i n  b l oo d  we re  
meas u red  b e fo re  a nd  a f t e r  t he  
30 -m in  phy s i c a l  e x e rc i s e  b y  S R L 
Co .  I n c .  ( ISO  15 1 8 9 -a cc red i t ed  
by  J ap an  A cc re d i t a t i on  B oa rd ,  
RML 0 0080 ,  To ky o ,  Ja pan ) .  To  
i n ve s t i ga te  t he  re l a t i on sh ip  
be twee n  wa te r  l o s s  p e r  bod y  
s u r fa ce  a re a  and  t h e  d ec re as ed  
l e ve l  o f  b ody  we igh t ,  we  u se d  the  
fo rmu la  71 .84×  he i gh t0 .725 ×  
we igh t0 .425 ×  10−4 1 6 .  T he  bod y  
mas s  i nde x  (B MI )  wa s  a l s o  
c a l c u l a ted  by  bo dy  we igh t /bod y  
he igh t2  (k g / m 2  ) .  
2 -5 .S ta t is t ic a l  an a l ys is   
A l l  t he  d a ta  we re  re p re se n ted  a s  
t he  me an  ±s tand a rd  e r ro r s  o f  t he  
mean .  S ta t i s t i ca l  s i gn i f i c anc e  
wa s  an a l y z ed  us i ng  th e  S tu den t ’s  
t - t es t  f o r  un pa i red  o bs e rva t i on s  
(M i c ros o f t  E xc e l ,  ve rs i o n  16 .5 4 ) .   
p<0 .05  w as  c ons id e red  
s ta t i s t i c a l l y  s i g n i f i ca n t .  T he  
re l a t i ons h i p  be t wee n  the  
we a rab l e  ra teme te r  ou tpu t  a nd   
wa te r  l o ss  i n  t he  s wea t i ng  wa s  
c ompared  us i n g  l i n e a r  re g res s i on .  
T he  P ea rs on  c o r re l a t i on  
c oe f f i c i e n t ,  r  was  o b ta i ne d   
(M i c ros o f t  E xc e l ,  ve rs i o n  16 .5 4 ) .  
3 .R esu l ts  o f  Res ear ch  
3 -1 .Co n s t r u c t io n  o f  wear ab le  



p er -sp i ra t io n  ra te m eter  
To  meas u re  l a rge  amou n ts  o f  
ex e rc i se - i ndu ce d  s wea t i ng ,  we  
c ons t ru c te d  a  n ew  wea rab le  
pe rs p i ra t i on  ra te me te r  (F i g .  1 ) .  I t  
i s  ex t re me l y  s ma l l  (5 5  mm×17  
mm×46  mm )  a nd  l i g h twe igh t  ( 35  
g ) .  I n s tead  o f  t he  a i r f l o w   
c i r cu l a t i n g  s ys te m o f  t h e   
o r i g i na l  r a teme te r,  a  s ma l l  f an  
(UB 393 -70 0 ,  S un o n ,  Jap an )  i s  
eq u ip ped  on  the  top  o f  t he  v en t i -
l a ted  ca ps u le  to  pe r fus e  a i r  f ro m 
the  up pe r  t o  t he  l ow er  c ha mbe r.  A 
c apa c i t i ve  hum id i t y  s en so r  
(BME 280 ,  B os ch ,  U SA )  i s  f i xe d  i n  
ea ch  cha mb e r,  an d  a  l i t h i um- i on  
ba t te ry  i s  us ed  fo r  t he  p owe r   
s upp l y.  B o th  t he  d i f f e ren ce  o f  
hu mi d i t y  be twe en  t h e  l ow er  a nd  
up pe r  c hambers  and  the  
tempera tu re  o f  t he  pe r fus ed  a i r   
a re  ca l c u l a ted  i n  t he  sw ea t i ng  
ra te  u s i n g  a  m i c roc ompu te r  
s ys tem .  T hus ,  t he  abs o l u te  
amou n t  o f  wa te r  l os s  p e r  co ns tan t   
t ime  a nd  a re a  o f  t h e  s k i n  s u r fac e  
i s  re g i s te red  on  a  c h a r t  rec o rde r.  

 
F i g u re  1  
3 -2 . Wea rab le  se l f ‑ id en t i fc a t io n  
an d  se l f‑ in fo r ma t i o n  ap p a ra tu s  
o f  th i rs t  r esp o n s e .   
To  ev a lu a te  th e  re l a t i on sh ip  b e t -  
we en  th i r s t  r e s po ns e  a nd  
ex e rc i se - i ndu ce d  s wea t i ng ,  we  
c ons t ru c te d  a  s e l f - i de n t i f c a t i on  
an d  se l f - i n fo rma t i o n  ap pa ra tu s  
f o r  t h i r s t  r es pon se  du r i ng  p hy s i -
c a l  ex e rc i se  us i ng  the  w ea rab le  
s ma r t ph one .  F i gu re  2  s how s  th e   
s ch ema t i c  o f  t he  a ppa ra tu s .  
Whe n  th e  pa r t i c i pan ts  we re  
th i r s t y,  t he y  s e l e c te d  a  t h i r s t  
l e ve l  among  th ree  l ev e l s  o f  t h i r s t  
(m i l d+ ,  m i dd l e++ ,  a n d  se ve re +++ )  
an d  su bs eque n t l y  t ouc he d  the  

l e ve l  on  th e  d i s p l ay  o f  t he  
s ma r t ph one .  T he  a pp a ra tus  wa s  
p l ac ed  on  the  p a r t i c i pa n ts ’  f o re -
a rms .  By  u s i ng  th e  a ppa ra tu s ,  
bo th  t he  l ev e l  a nd  t i m i ng  p o in t   
we re  rec o rded  s imu l tane ous l y  on  
the  s we a t i n g  c u rve  o f  t he  us e rs .  

F i g u re  2  
3 -3 .E va lu a t io n  o f  th e  
co n s t ru c te d  s ys te m  in fo r min g  
th e  h ea ts t ro k e  r i s k  in  h u man  
su b je c ts  w i th   
p h ys ica l  ex erc ise .   
To  eva lua te  t he  v a l i d i t y  o f  t i m i ng  
po in t  f o r  i n fo rm i ng  t he  hea ts t r ok e  
r i s k  t o  u se rs ,  w i t h  h uman  
ex pe r i men ts  we  i nv es t i g a ted  the  
re l a t i ons h i p  be t wee n  the  
i n fo rm in g  po i n t  f o r  t he  hea ts t r ok e  
r i s k  an d  t he  se l f - i de n t i f i ca t i on   
po i n t  o f  t h i r s t  re spo ns e ,  a nd  
re l a t i ons h i p  b e twe e n  the  s e l f -
i d en t i f i ca t i on  o f  t h i r s t  re sp ons e  
an d  ch ang es  i n  t h e  c onc en t ra t i on  
o f  v as op res s i n  i n  b l ood ,  u r i ne  
v o l u me  a nd  u r i ne  o s mo l a l i t y.  
E f f e c t s  o f  phy s i c a l  ex e r c i se  on  
s wea t i ng  on  th e  n e c k  and  th i r s t  
l e ve l  o f  pa r t i c i pan t s .  F i g u re  3A 
i l l us t r a tes  t he  r ep res en ta t i v e  
ex e rc i se - i ndu ce d  s wea t i ng  
c u rves  meas u red  us i ng  th e   
we a rab l e  pe r sp i ra t i on  ra te me te r  
on  th e  ne ck s  o f  two  pa r t i c i p an ts :   
( a )  40 -y ea rs  o l d  fe ma le  an d  (b )  
40 -y ea rs  o l d  ma l e .  I n  ad d i t i on ,  
t he  t i m i ng  p o in t  o f  t he  t h i r s t   
l e ve l s  i s  sh own  us i n g  th ree  l ev e l s  
o f  t h i r s t  r es po ns es  (g rade ; + ,  
m i l d ;++ ,  s t r ong ;+++ ,  s ev e re )  on  
the  same  s we a t i n g  c u rv e s .  T he  
pa r t i c i p an ts  we re  th i r s t y  f o r  
s ev e ra l  m in u tes  f o l l ow in g  the  
i n fo rm in g  po i n t s  o f  hea ts t r ok e  
r i s k  (● ) ,  w h i c h  w e re  e l ec t r i ca l l y   
de c i ded  as  t he  v a l u e  o f  t he  
s ec ond  d e r i v a t i v e  o f  sw ea t i ng  
c u rve  c ha nge d  f r o m  pos i t i ve   



t o  ne ga t i ve .  
F i g u re  3B  d emons t r a tes  t he  d a ta  
o f  12  pa r t i c i p an ts  f o r  t he  
re l a t i ons h i p  be twee n  the  i n fo r -
m ing  po i n t  f o r  he a ts t ro ke  r i sk  a nd  
the  s e l f - i d en t i f i c a t i o n  o f  t h i r s t  
r es pons e .  T h e  res t  4  pa r t i c i pan ts  
d i d  n o t  i de n t i f y  t h e  th i r s t  
r es pons e  du r i n g  th e  30  m in  
ph ys i c a l  e xe rc i s e .  T h e  t ime  po in t  
i n fo rmed  th e  he a ts t r ok e  r i s k  
r ep res en ts  z e ro  i n  t he  a bs c i ss a   
o f  F i g .  3B .  T he  p l us  a nd  m inu s  
v a l u es  i n  t he  a bs c i ss a  s how  the  
t ime  i den t i f i ed  t h i r s t  r es pon se  i n  
ea ch  p a r t i c i pa n t   
a f t e r  an d  be fo re  i n fo rm i ng  t ime  
fo r  he a ts t ro ke  r i s k  (z e ro  va l ue ) ,  
r es pec t i v e l y.  Se ven  pa r t i c i pan ts  
i d en t i f i ed  th e i r  h i r s t  r es pon se   
du r i ng  0–1 0  m i n  a f t e r  t he  
i n fo rm in g  t ime .  O n l y  3  pa r t i -
c i pa n ts  n o t i c ed  the  th i r s t  
r es pons e  a ro und  1– 3  m i n  be fo re   
t he  i n fo r m ing  t ime .  

F i g u re  3A  

F ig u re  3B  
 
4 .C o n c lu s io n  
S ev e ra l  s tu d i e s  o n  th e  adv an -
tag es  o f  f l u i d  i ng es t i on  on  
the rmo regu la to ry  and  c a rd i o -

v as cu la r  re sp ons es  du r i ng   
p rog res s i v e  d eh yd ra t i on - re l a ted  
he mo con ce n t ra t i o n  hav e  be en  
repo r ted .  Ho wev e r,  t he  c on t r i -
bu t i on  o f  ex e rc i se - i ndu ce d   
s wea t i ng  i n  d eh yd ra t i on - re l a ted  
he mo con ce n t ra t i o n  a nd  
i n fo rma t i on  s ys tems  fo r  
he a ts t rok e  r i sk s ,  t o  th e  b es t  o f  
ou r  k now led ge ,  h as  n o t  y e t  be en  
ev a l ua ted .  T he re fo re ,  we  
de ve lop ed  a  w ea rab le  s we a t i ng   
r a teme te r  f o r  i n fo rm ing  the  us e rs  
o f  he a ts t ro ke  r i sk .  
5 .F u tu re  Are a  to  Ta ke  No te ,  an d  
Go in g  F o r war d  
T he  c on s t ruc ted  sy s tem  w i l l  be  
ne ede d  i n  t he  fu tu r e  t o  ev a lu a te  
i n  de ta i l  w i t h  ad d i t i ona l  c l i n i c a l  
ex pe r i men ts  i nc l u de d  o l d  pe rs on s .  
E sp ec ia l l y,  we  s hou l d  re ev a lu a te ,  
i n  th e  fu tu re ,  t he  s u i t ab i l i t y  t o   
de c i de  th e  i n fo rm i ng  po i n t  f o r  
he a ts t rok e  r i s k .  
6 .Mean s  o f  O f f ic ia l  An n o u n c e-
me n t  o f  Res ear ch  Re su l ts  
I n  t he  f u tu re ,  w e  hav e  a t t e mp ted  
to  pu b l i sh  t h e  p res en t  r es u l t s  i n  
t he  o f f i c i a l  i n te rn a t i ona l  j ou rn a l .  
We  a l s o  ha ve  a  p l a n  to  
de mo ns t ra te  t he  p r es en t  r es u l t s  
i n  t he  new sp ape rs  o r  u s i ng  the  
te l ev i s i on  s y s te m.  
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