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Effocts of acwie caposure gnd sechmalisation o
cold on eardio-respiratory functlons wore lovestigated on
70 hoalthy tropical ndipn men luken lo the arclie, Soven
Russilan Migranis (RM) and & Russlon Natives (RN) were
wlve  studied. In Indiin  Subjects (I5), splamehic
measvres ol VO, FVC, FEV,, PEFR und MVV showed initial
decresses that significantly Increased aftor 9 weoks of
sty ol the srelic region. N & A sulijects alsa shawed
fmprovomants ater 8 weoks of stoy. Roesting heord rote
(HI), systofic (SBP) and dissralic blood pressure (ORF)
showed neredse on sewle cold cxpesvre; Kerdo™s indox
indicated Increased sympathellc activity. On scluen o
Dethl, ol the physiclogical parameters reached near
baseline volues, RN subfeets lud sigmiicantly higher DOP
ax compared o initlal values af Indian veluntecrs at Doethi
; ey wlse showed prominence of pulmonary arterfes and
putmoenary vascular markings.

Key wards @ Acellinatizatlon o Cold, Avtoncmic
Changes, Ventilstory Mechanics.

Man may be exposcd to extreme lreazing
lemperature  either o 1heir nalural habilal of
during cccupation at snow bound areas, and
sometimes due to acclidents. Scientists have
observed changes in cardio-respiratory _system
during exposure 1o extreme cold climate ™.

In the present study, ellects of acule
exposure and acclimatization fo cold stress during
GD days’ stay al the arclic on cardig-respiraiory
functions were Investigaled on healthy tropical
Indian saldicrs (IS, n=10). The results have been
compared with the initial baseline responses al

Delly and en return to Delhi. An attamp! has also
been made to compare the samea physiclogical
variabiles with those of Nussian Migrants (RM)
and Nussian Natives (BN) in the arctic region

some specilic envirgnmental (aclars in the
Arcte are extrerme cold climate and disturbance of
prioloperodicity (polar day and night) leacling 1o
disgynchronous syndrome

Matarial and Methods

len Indian soldiers (5) of wapical engm, 7
Hussian Migrants (RM) fram temperale zone and
§ Russlan Matives (RM) from the arctic in the age
group ol 20:40 yrs wolunteered as subjects
Physical characleristics of the subjects are shown
in lable | They were maintained on g diel
supplylng aboul 4000 K cals and a controlled
physical activity. Snow clearing, telching water
larm Ihe frozen river nearby, marching on snow
lerrzin dnd physical exercise constituted some of
the routing activily schedule which  provided
amgle cold  exposure in the natural cold
environment hroughout the period of study. For
their daily routine activities they were exposed to
environmental temperalure ranging trom -8.5°C to
-37%

Aller completion of initial studies at Delhi in
the month of November, 1S subjscts wera airlilled

Table 1 : Physical Characteristics of Subjects (m +5D)

Weight BSA

{Kgs) {Supam)
LR L = 1.71+£090
B1.09t 14.48 1.94+0.13
7550 £ 15.27 1.90 £ 014

Subjects figa Height

(Yrs) {Cm=)
I3 {n=10} 25.0+ 3.20 170.0 £+ .66
FM (n=7) 29.0 + 7.44 1/4.8 ¢ 554
HH (n= §) 31.01 2,96 178.0+ 654
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to the arctic region of Russia (70°N 38°E). RM
subjecls were also airlifted to the arctic region
from Moscow and RN ware permanent residenls
of the arctic region. All the three groups of
subjects lived in tempeorary wooden huls
{termperalure maintained between 15 lo 20°C) tor
10 weeks,

They were rested in a room maintaingd at
21 1 1°C lor 15 min belore cardio respiratory
funclions were recorded. Resting heart rate (HR),
blood pressure (BP) and respiratory rate (1)
werg measured. Vital gapacity (VC), lerced vital
gapacily (FVC), lorced expiralory volume in 151
second (FEV1), peak expiralory How rale (PEFT),
and maximum voluntary ventilation (MVV) were
recorded on a Vilalegraph (LK) using slandard
methodology.

Kerde's autonomic Index  (KAI®  was
calculated by the formula: KAI={1-D/R) x 100,
where D s diastolic blood pressure in mm Hg and
R is heard rate In bpim.

In 15, cardlovascular measuremenis were
made on 10th and 50th day atter their aroval and
spiromelric parameters were recordad during 15t
Eth and oth week ol arclic slay and on return 10
Delhi,. On RM and RN, cardivascular
measurements were performed only once on the
10th day of their slay al the arclic and spirometric
parameters during 1,5 and 8 week of stay. X-ray
chest (PA view) was done on 15 once at Delhi and

twice at the arclic and once al the arclic on BM
and AN subjacts.

Roesults

Table | presents mean values of HA and
BP in 15, BM and RN under resting conditions.
HR, SBP and DBP showed trends 1o Increase in
IS duning their initial part of stay at the arctle. By
B week, SBR and DBP showed decrements
when DUF was lound lower than that noted al
Delhi. HA and SBP reverled 1o near inilial values
on return to Bel. AN subjeets showed a
signiticantly tugher DBP as compared to initial
values ol 15 at Deltn (p<0.01).

Imitially, VC and FVG showed decremants
in 15, therealler amproving and reaching peak
values by 9th week (p<0.01) (Table I}, RM and
NN subjects revealed higher values of VO as
compared o baseline valugs of IS (p=0.01).
Intergroup dillerence between Russian volunteers
(BM and RN} was not signilicanl. Both the groups
showed improvements during stay at the arctic.
FEVy. PEFR and MVV lollowed similar trends in
15 (Table 1V). M revealed higher values of FVC,
FEVi, PEFR and MYV whereas RN had a highar
vaive of MVV [p«<0.05) as compared lo baseline
values of 18 al Delhi. Intergroup difference in BM
and BN during the lirst week at the arclic was
significant (p<0.01). Significant improvements
were cbserved In 15 and RN in all the parameters
during heir stay at the arctic: (p=0.01), BM

Tabla Il : Cardiovascular Changesin Indlan
Sojourners and Russian Volunteers {m = SD)

15 in=10) A Rl
Para- Initial Siay ar Arcic Raturn
meters &t Delhi {Weeks) Delhi (n=7) in=§)

Second Exghth ) B

HR 558 86.6 67.9 53.4 588 69.3
{barm) + 4.6 7.6 150 +5.7 +8.7 +49.4
S5BF 121.7 13256 126.9 123.6 121.4 130.0
{mmHg) 1200 +17.3 +17.5 + 16.8 +=8.4 +63
DBP 75.8 76.0 72.4 74,6 78.0 325"
(mmHg) +7.4 t88 +5.8 t6.6 t 4.9 t+4.2

* p=0.01 as compared to initial 15 value at Dali
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Tabtz Il + VC and FVYC of Indian and
Russian Subjects (m + SEM)
Parameters Izl M Arclic Helurn to
At Delhi ! Waek 5 Weok 9 Waak Dl

Ve (L) 1S 4034014 3844017 4371013 452+ 013 4204012

Eth 5.80+ G258 5.08 + 0.3 5.96+ 0.27

=1 505038 5.64+0.45 5.96 | 0.27
FVCIL) 5 3952012 38141017 4062014 a2a 014" 306+ 0,15

R 5434030 5.35:+0.29. 45+ Q.34

RH 477+ 030 5141004 520+ 0.38

————

Stalistical significance for comparison of Inhal with Arctic (1,5 & 0 weeks) values In 15 and  Arctie 1at weak with

5th,9th weeks valuas in HM and RN arg indicated by

el 05,

D00

Table IV : FEV,, PEFR ond MVV in Indian and

Russian Subjects (m = SEM)

Faramelers fritial Al Archic et 1o
J-‘LI_ el - T Week 5 Wesk 9 Wael [elhi

FEV, 15 2261014 206= 015 141 £ 012 342+ 011 326 £ 013
(L) Fnd £ 4.4%= (14 43540 25 4,38+ 0,20 -

RN 3.74 1030 4,12+ 0,36 4.051 0,33
PEFR 5  54B0x 167 S04.0+ 455 G210+ 023  627.8+8.7 5643229
(Lémin} RM 61984252 AZ1£211  &MMT 1151

=5 4820+ 209 5724+ 487 5613+33.3
MY IS 1248+ 7.0 13018 18609+ 7.8 166.7+9.7 4520 11,1
{Lfmnin) RM . 1914+ 6.1 1950198  2163+114 -

RN - 151.8+ 14.4 1773182 180, 7+ 181" =

Siatistical significancs for comparison ot Initial with Arciic (1.5 & 9 weaks) valuesin IS and .-i‘umu: 151 waek with

Sth,9th weeks valuss in BM and AN are indicated by 5:1-,.(} B5,

showed improvements in BEFR  and  avv

{p=0.05) during these days.

Table V shows individual values of Kerdo's
index in 15, BM and BMN. Many of the IS showed
increased sympathetic activity during their arctic
stay which reveried to baseline values on return
o Delhi.

A-ray chest (PA view) in all three groups
did not show any lung parenchymal changes.
Each lung field was divided into four guadrants at
lhe hyla and each lung field was crilically

p-:-'."l 05

examined tor air entry and parenchymal changes,
interstitial disease and pneumonic consolidation’
Three 15 subjects showed minimal cardiac
enlargement and one showed & significant
eniargement of more lhan 2 cm (Fig 182). RM did
nol show any appreciable changes. AN showed
promingnce of pulmonary artery and pulmonary
vascular markings (Fig 3).
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Table V : Kerdo's Autonomic Index Changes (KAl) in
indian and Russian Volunteers

Subjects Initial A Auctic Raturn o ik HN
At Dalh 10th day S50th day Dalhi

T -20.0 39.0 -38.0 -13.4 320

2. 05.0 -12.0 -ga 00 -24.0 -13.0

a, -40.0 5.0 05,0 04,0 52.0 0.0

4. =150 n.o +12.0 14.0 10.0 -18.4

5. -16.0 -13.0 0.0 33.0 Q.0 -12.40

B. -06.0 -28.0 +08.0 56.0

7 o0 $12.5 +22.0 -02.0

g, -30.0 09.0 030 -25.0

9. +15.0 +25.0 +40.0 -16.2

10 -10.0 0.0 3N 29.0

'!\

|
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Fig. 1 X-Ray ;ZI'IES';--.P.'—“'- Views) 0148 (50 hoo. iy Latiy Figg. 3 X-Ray Chest {PA View) of HN Subject Showing
Pramneat Pulmoanary Artery and Vasoular Markings,

Discussion

During shat tarm stay of human in the
palar region. mobilisation ol adaptive reactions of
the aroulatory system manifests ltself as an
increase in HR and elevatad blood pressurea. In
the present study on IS, aguts esposure o colgd
resulted in an ingrease in HR due to sympathetic
activation and declined to normal values on roturn
o Telhi due lo reduced sympathatic tone
achieved during sojourn in the arclic®. Scientists
all over have roported an Increase in blood
pressure® Y in IS subjects, Ihere was a tendency
1o inoresss i blood prassure which showad
reduciion at the end of arclic stay. BP reverled to
normal on return to Dethi
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KAl values Indicaled a predominance of
parasympathetic activity al Delhi. Majority of the
subjects (8 out of 10) revealed ncgative KAI
values indicating parasympathetic  overlone
(Table V). During arclic stay (10th day), out of
these 8 subjects, 4 showed increascd or
suslained parasympathelic dominance, 2 had
decreased parasympalhelic dominance and olher
2 subjects sympathetic dominance (KAl being 0 or
positive). Initial sympathetic dominance rovealed
In wo subjeets was increased during 10th day o
arclic stay. On 50Ih day, 7 out of 8 IS subjects
showed increase in sympathelic dominance and
in the olhe¢r 2 sympathetic denunance was
maintained. Strengthening of sympathelic activity
enhances individual's capacity lor adaptation The
lindings could be an indicator of adaptive process
laking place'" to overcome the adverse elects of
exlreune cold, Both RM and N exhibited a
parasympathetic dominance similar 1o the inilial
response of 1S at Delh,

VC and FVC declined immediately on
expesure 10 cold. Mehler and Loke'® concluded
thal a decrease in VC on cold exposure could be
due to poor effen, airway cbstiuction, changes in
pulmenary compliance and respiratory muscle
fatigue. Poor eflorn iz unlikely 10 account for the
declineg as the subjects in the present study were
highly molivated and co-operative. A minimal
airway obstruction due to engorgement of nasal
mucosa and upper respiralory iract s logically
feasible, In addition, the reflex increase in
bronchomotor tone could have led 10 an increase
in airway obstruction'®  Respiratory muscle
fatigue might have also contributed, as a canstant
ingrease in tonus of muscles of thoracic cage
does occur as a result of acute exposure lo
cold'®. Landyshieva et al'® opined that ditatation
of pulmonary capillarics took place as 2 result of
acule cold exposure leading to pulmonary
hypcrension. In turn, the decrease in compliance
of the lung as a result of restrictive changes led lo
signilicant decrease in VC.

FEV1 also showed a dcerease. Cold
inspired air acts on the larger airways and leads
o a reflex broncho-constriclion_which in turn
increases airway resistance’' ™', PEFR is a

resultant of number of tacters including expiralory

effort, airway resistance and volume ol air
dispiaced. The inilial reduclion in PEFR indicates
the effec! of acule cold exposure in increasing
airway resistance'®, The resulls o ventilatory
lunctions alter 5 weeks of acclimalisation werg
near the baseline values at Delhi, There were
tutther significant improvements aller 9 weaoks
stay al the arclic possibly due to increased
muscle power and refaxation of upper airways as
acchimatisation sets in

Hi were physically active soliders drawn
from Russian Armed Forces, RN subjocts were
relatively  sedentary  subjects viz Doclors  or
Research scigntists with less intense physical
activity. BN showed  improvemnents  in all
venliidtory  functions probably due lo regular
cxercise schedule and a balanced and supervised
nutrition, AN subjects showed signiticantly highar
DBP as compared 1o 1S al Delhi. They also had
praminence ol pulmonary artery and pulmonary
vasaoular markings,

Most of the physiological changes reverted
to the baseling value on relum o Delhi n 1S
subjects  thus  proving  that there wera nog
permanent changes during shart stay at extreme
cold conditions,
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