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Abstract  :  Co ld  p ressor  t e s t  (CPT)  i s  a  s imple  and  we l l  documented
laboratory test to evaluate the propensity for hypertension and sympathetic
autonomic functions. Role of sex hormones was tested in the present study
for the cold pressor response (CPR) in young adults of both sexes and in
elderly population.  The subjects comprised of young male (n=55),  female
(n=32) medical students of 17-25 years and elderly males (n=39) and females
(n=25) of 50-70 years of age. The CPT was carried out in young and elderly
males  and females  wi th  one  minute  immers ion of  one  hand in  ice  cold
water (0-4°C). Both in young males and females the absolute rise in SBP
and DBP in response to Cold pressor test (CPT) was highly significant, with
diastolic percent rise exceeding systolic. In comparison to young males, the
females showed greater percent rise in SBP and DBP. Similarly, in elderly
groups of both sexes, CPR was associated with significant absolute rise in
SBP and DBP with diastolic percent rise more than systolic in males only.
Bo th  in  young  ve r sus  e lde r ly  ma les  and  young  ve r sus  e lde r ly  f emales
comparison yielded comparable percent rise in SBP and DBP. The SBP and
DBP percent rise was again comparable between elderly males and females.
The greater responsiveness to CPT in young females could be attributed to
increased pain  sensi t iv i ty  to  cold ,  and/or  genet ic  and heredi tary  fac tors
overwhelming the hormonal protection offered by estrogen and nitric oxide
(NO).
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INTRODUCTION

The r i se  in  b lood pressure  in  response
to  local ized cold  exposure  is  ref lexogenic ,
media ted  th rough  hypotha lamus  wi th

augmented  sympathe t ic  ac t iv i ty ,  re leas ing
norep inephr ine  (NE)  a t  vascu la r  smooth
musc le  ce l l s  (1–4) .  However ,  age  may
inf luence  the  quant i ty  of  NE re leased  and
vascular  react iv i ty  (5) .  Vasoconst r ic t ion is
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fur ther  accentuated  by concomitant  re lease
of endothelin 1 (1, 2, 6, 7). Ethnic variations
a l so  ex i s t  as  b lacks  o f  bo th  sexes  show
greater rise in blood pressure (BP) and total
per iphera l  res i s tance  (TPR)  in  response  to
CPT as compared to whites (2, 8).

Wi th  the  ag ing  the  process  o f
atherosclerosis may attenuate the production
of EDRF i.e. Nitric Oxide (NO) and vessels
a re  l ike ly  to  exh ib i t  g rea te r  cons t r i c to r
response  even  to  the  same leve l s  o f
vasocons t r ic to rs  as  in  young  (9) .  Fur ther ,
the  in f luence  of  gender  var ia t ion  on  CPT
response  is  a lso  repor ted  in  the  l i te ra ture .
(2, 10). To the best of our knowledge these
var iab les  have  no t  been  s tud ied  in  Ind ian
Popula t ion .  We a t tempted  to  t es t  these
hypotheses by studying cold pressor response
(CPR)  in  young  medica l  s tudents  o f  bo th
sexes  and  a l so  compared  wi th  h igher  age
group of 50–70 yrs.

MATERIALS AND METHODS

Subjects  comprised of  medical  s tudents ,
young males  (n=55) in  age range of  17-25
(19.6) yrs and young females (n=32) in age
range  of  17–22  (19 .3)  y rs .  The  e lder ly
population included males (n=39) aged 50–70
yrs  (55 .3)  y rs  and  females  (n=25)  aged
50–70 (55.16)  yrs .  The younger  populat ion
ha i led  f rom upper  middle  c lass  and  upper
c lass  o f  soc ie ty  shar ing  common hos te l
accommodation and food. None of the young
volunteers  were  smokers  or  suffer ing f rom
any organic disease. They were also not on
any medication affecting heart or circulation.

The elder ly  populat ion belonged most ly
to  middle -middle  c lass .  They  were  e i ther
normal  o r  non  card iac  pa t ien t s .  By  a
ques t ionna i re  any  in take  of  ca rd iac ,
ant ihyper tensive,  bronchodi la tors ,  analgesic
and ant ihis taminic  drugs  were  excluded.  A
written informed consent was obtained from

al l  the  volunteers  and non invas ive  nature
of  exper imenta l  pro tocol  was  expla ined  to
them. The study plan was approved by Ethics
Commit tee  of  the  Ins t i tu t ion.

Exper imenta l  protoco l

All  the  s tuden t  vo lun teers  repor ted  to
the laboratory between 2–4 pm in batches .
Their  height  and weight  were recorded and
body surface area (11) and body mass index
(BMI)  were  ca lcu la ted .  The  sub jec t s  were
allowed to relax on the couch for 15 minutes.
The i r  Basa l  Sys to l ic  and  Dias to l ic  Blood
Pressure  (SBP & DBP)  were  recorded  by
sphygmomanometer .  Al though ,  minor
variations in BP do occur during two phases
of menstrual  cycle a general  single reading
was taken in young females, lest comparison
of  CPR would  have  been  i r re levan t  wi th
la rge  number  o f  e lder ly  pos t  menopausa l
females of 50–70 years. Subjects were asked
to  immerse  the i r  l e f t  hand  in  a  bowl
conta in ing  ice  cub ic les  and  wate r  (0 -4°C)
up  to  wr i s t  fo r  one  minute .  The  SBP &
DBP were  aga in  recorded  in  con t ra la te ra l
hand  a t  the  end  of  one  minute .  The
anthropometric  parameters  and cold pressor
response  in  the  e lder ly  sub jec t s  were
recorded in the clinic.

Analys i s  o f  data

All the data were expressed as Mean±SD.
Intra group comparisons were made between
absolute  r i ses  in  SBP and DBP from thei r
base l ine  va lues  in  response  to  CPT.  The
percen t  r i se  in  SBP & DBP to  CPT were
also compared.

For inter-group comparison,  the percent
rise in SBP and DBP of different groups to
CPT were compared. The data was analysed
by  one  way  Anova  wi th  pos t  hoc  tes t .
Statist ical  significance was assigned for al l
the values of P<0.05.
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significant difference between elderly males
and females in percent rise of SBP and DBP.
Comparison between young and elderly males
and  young  and  e lder ly  females  revea led
comparab le  increments  in  SBP & DBP
percent r ise (Table II) .

DISCUSSION

The BMI of  a l l  g roups  of  our  sub jec t
population was evenly matched (Table I). The
CPR in both genders  of  young and elder ly
are in  conformity with ear l ier  observat ions
that  cold stress increases both systol ic  and
diastolic blood pressure significantly (1–4).
Most of the previous authors have reported

TABLE I : Age  and  an th ropomet r i c  p ro f i l e  o f  d i f f e ren t  s tudy  g roup  sub jec t s .

P a r a m e t e r s Young  males Young  f emales Elder ly  males Elder ly  f emales
(n=55) (n=32) (n=39) (n=25)

Age  (y r s ) 19 .61± 1 .7 1 9 . 3± 1 .0 5 5 . 3± 4 .7 55 .16± 4 . 5 2
Weigh t  (kg) 69 .78± 8 . 1 1 58 .61± 9 . 9 8 64 .34± 10 .92 58 .40± 14 .07
BMI (kg/m 2) 24 .16± 2 . 4 6 23 .45± 3 . 2 8 23 .23± 3 . 4 2 25 .48± 5 . 1 0

Data  p resen ted  a re  mean±SD.

RESULTS

Resul ts  are  summarized in  Table  I  and
Table II .  The anthropometric  parameters  of
all the groups were fairly similar (Table I).
The cold pressor  tes t  e l ic i ted a  s ignif icant
absolute  and percent  r ise  in  SBP and DBP
in young males  and females  (Table  I I ) .  In
bo th  DBP percen t  r i se  exceeded  sys to l ic
percen t  r i se .  In  compar i son  to  males  the
females showed greater percent rise in SBP
and DBP Table II).

S imi la r ly ,  the  e lder ly  sub jec t s  o f  bo th
sexes also exhibited significant absolute and
percent rise in SBP and DBP. There was no

TABLE I I : Basa l  sys to l i c  b lood  p ressure  (SBP) ,  basa l  d ias to l i c  b lood  p ressure  (DBP)  (mm Hg)  and
the i r  co ld  p ressure  r e sponses  (CPR,  a f t e r  1  min)  in  d i f fe ren t  s tudy  g roup  sub jec t s .

Para- Y o u n g Y o u n g Elder l y E lder l y P Values P Values
meters males females males females Intra-group A N O V A Inter-group A N O V A

(n=55) (n =32) (n=39) (n=25)

Basal 124.69 118.81 123.12 126.08 Young males – Young males Vs
S B P ±10.18 ±5.90 ±17.80 ±17.21 Basal SBP Vs 1 min SBP P<4.22 E-08 Young females

Basal DBP Vs 1min DBP P<3.88 E-08 % SBP Vs % SBP P<0.022
% SBP Vs% DBP P<0.008 % DBP Vs % DBP P<0.001

C P R 136.29 132.94 134.51 140.12 Young females – Elderly males versus
S B P ±10.44 ±5.90 ±22.21 ±20.55 Basal SBP Vs 1 min SBP P<7.77 E-14 elderly females

Basal DBP Vs 1 min DBP P<3.40 E-11 %SBP VS% SBP P<0.17
% SBP Vs% DBP P<.001 % DBP Vs% DBP P<0.41

% change 9.44 12.04 9.18 11.24 Elderly males – Young males Vs
in SBP ±4.81 ±5.41 ±6.17 ±7.24 Basal SBP Vs 1min SBP P<0.014 Elderly males

Basal DBP Vs. 1 min DBP P<0.0001 % SBP Vs % SBP P<0.81
% SBP Vs% DBP P<0.0427 % DBP Vs % DBP P<0.96

Basal 84.62 77.72 80.10 81.52 Elderly females- Young females Vs
D B P ±9.16 ±5.62 ±9.89 ±9.40 Basal SBP Vs 1min SBP P<0.011 Elderly females

Basal DBP Vs 1min DBP P<0.0006 % SBP Vs % SBP P<0.62
%SBP Vs %DBP P<0.238 % DBP Vs DBP P<0.17

C P R 94.80 91.19 89.89 92.92
D B P ±8.88 ±7.63 ±11.81 ±12.60
% change 12.33 17.46 12.46 14.23
in DBP ±6.43 ±7.67 ±7.64 ±10.22

Data  p resen ted  a re  Mean±SD.  In t ra -g roup  and  in te r -g roup  compar i sons  were  done  by  one-way  ANOVA.
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a greater CPR for both blood pressures and
TPR in  males  than  in  females  i r respect ive
of age (2, 12) and this was attributed in part
to greater release of endothelin - 1 in males
(2, 7, 13).

In a recent report also in equally matched
males  and  females ,  the  responses  o f  an
increase  ca l f  vascular  res i s tance  (CVR) to
co ld  p ressor  were  s ign i f ican t ly  smal le r  in
women than  in  men desp i te  s imi la r
increments  in  e f fe ren t  sympathe t ic  nerve
ac t iv i ty ,  thus  sugges t ing  d i f fe ren t ia l  NE
re lease  o r  ro le  o f  o ther  vasoreac t ive
substances, in two sexes (14)

However ,  the  g rea te r  CPR in  young
females of present study has contradicted the
presumed hypothes i s  tha t  the  es t rogen
should  a t t enua te  the  vasocons t r i c to r
response  by  a )  re ta rd ing  the  p rocess  o f
atherosclerosis due to its hypocholesterolaemic
effects (15), b) by increased production of NO
(15), and decreased production of endothelin
1 (2, 13). We have observed greater diastolic
rise than systolic in young females which is
contrary to the earlier study (10) on twins,
where  females  showed grea te r  vascu la r
reactivity for systolic blood pressor to Cold
Pressor Test (CPT). Akin to our observations
these  au thors  (10)  a l so  repor ted  grea te r
vascular  react ivi ty  to  CPT in  females  than
in  males .  In  th is  regard  young females  of
our  s tudy  have  responded  more  c lose ly  to
young African females to CPT (12). However,
we agree with  the  proposi t ion (10)  that  in
young  females  the  gene t ic  fac tors  may  be
more  impor tan t .

The exaggerated CPR in young females
of our study could be attributed to following
probable factors, a) As proposed earlier (10)
the  gene t ic  fac tors  may  overwhelm the
protec t ion  of fered  by  hormone es t rogen in
females ,  b )  I t  i s  qu i te  l ike ly  tha t  o ther

vasoreact ive  substances  v iz .  pros taglandins
and angiotensin  may be getting released in
d i f fe ren t  p ropor t ion  in  two sexes  by  co ld
exposure  (1 ) ,  c )  The  a lpha  adrenocep tor
population in female vascular smooth muscle
may exceed  tha t  in  males  thus  they  may
contract more to same levels of NE released
during CPT in males (5), d) The young upper
middle class and upper class Indian females,
l ead  a  more  pro tec ted  l i fe  as  compared
to  the i r  male  counter  par t ,  who by  na ture
are  ex t rover t  and  exposed  more  to  soc io-
envi ronmenta l  s t resses  wi th  be t te r
adapta t ion  to  them.  I t  i s  o f  common
knowledge  tha t  nor th  Amer ican  and
European young females lead a more outdoor
life and they may show diminished response
to  s t ress .  However ,  these  propos i t ions  a re
highly conjectural and need confirmation in
fu ture  s tud ies .

The  CPR for  SBP and  DBP in  e lder ly
males was not significantly different (P<0.5)
f rom young  males .  This  i s  con t ra ry  to  a
prev ious  repor t  (5 )  where  increased
norep inephr ine  respons iveness  and  up
regulation of adrenergic tone was suggested
for greater CPR in elderly males as compared
to young males.  In another  s tudy (16),  NE
respons iveness  o f  cu taneous  b lood  vesse l s
(Vasoconstr ic t ion)  was found to  be less  in
elderly people as compared to young and this
was attributed to less availability of Ca2+ and
decreased  func t ion  of   adrenoceptors .
However ,  the  observat ions  and explanat ion
of  both these  authors  (5 ,  16)  are  mutual ly
cont rad ic to ry .  Our  observa t ions  sugges t
equal vasoreactivity in young and old except
in  young  females  p resumably  the  gene t ic
fac tors  (10)  a re  over r id ing  the  advantages
conferred by biochemical (hypocholestrolemic;
15)  and  humora l  ( Increased  NO;  15  and
decreased  endothe l in  (2 ,  13)  fac tors .
Alternatively, young female subjects may be
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hypersensi t ive to  pain sensat ion evoked by
CPT (17, 18).

Evolutionari ly,  the black (Africans)  and
brown (Asian Indians) are product of tropical
climate, while whites (North Americans and
north Europeans) have evolved in temperate
zones  there fore ,  the  gene t ic  regu la t ion
was  d iver ted  towards  be t te r  adap ta t ion  to
cold for the whites and lesser to black and
brown. It is evident from  the present study
tha t  vascu la r  reac t iv i ty  i s  gender  re la ted .
However ,  the  exac t  mechanism remains  to
be elucidated and lack of hormonal assay in

this study is a limitation to be addressed in
the  fu ture .
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