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CLINICAL RESEARCH

Increases in platelet and red cell counts, blood viscosity,
and arterial pressure during mild surface cooling: factors in
mortality from coronary and cerebral thrombosis in winter

W R KEATINGE, S R K COLESHAW, F COTTER, M MATTOCK, M MURPHY, R CHELLIAH

Abstract

Six hours of mild surface cooling in moving air at 24°C
with little fall in core temperature (040C) increased
the packed cell volume by 7% and increased the platelet
count and usually the mean platelet volume to produce a

15% increase in the fraction of plasma volume occupied
by platelets. Little of these increases occurred in the
first hour. Whole blood viscosity increased by 21%;
plasma viscosity usually increased, and arterial pressure
rose on average from 126/69 to 138/87 mm Hg. Plasma
cholesterol concentration increased, in both high and
low density lipoprotein fractions, but values of total
lipoprotein and lipoprotein fractions were unchanged.
The increases in platelets, red cells, and viscosity

associated with normal thermoregulatory adjustments
to mild surface cooling provide a probable explanation
for rapid increases in coronary and cerebral thrombosis
in cold weather. The raised arterial pressure and possibly
cholesterol concentration may contribute to slower
components of the increased thrombosis.
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Introduction

The death rate from coronary and cerebral thrombosis in
England and Wales rises linearly as air temperature falls; daily
deaths per million increase from 4 9 to 6-9 (myocardial in-
farction) and from 3-2 to 4 8 (strokes) when the minimum
daily temperature falls from 17° to- 5C.I Cold related mortality
from these causes is thus very large compared with that from
hypothermia, which accounts for 0-016 daily deaths per million
(1981 figures of the Office of Population Censuses and Surveys
(Mortality Statistics)). The explanation for cold related throm-
bosis has been uncertain. Small falls in plasma antithrombin III2
and increases in arterial blood pressure3-5 have been reported
in cold weather; but the falls in antithrombin were offset by
increases in fibrinolytic activity,2 6 and it was noted that the
increases in arterial pressure could not readily explain the
increases in mortality, which largely occur within the first few
days after a low air temperature. Increased packed cell volume
has been observed during exposure to cold7 8 but does not
appear to have been associated with possible adverse effects.

Since platelet aggregation causes the initial stage of arterial
thrombosis,9 we have measured changes in platelets as well as
in red and white blood cells and blood viscosity in people
exposed to cold. We have also measured cholesterol and tri-
glyceride concentrations in plasma and in different lipoprotein
fractions and plasma concentrations of thromboxane B2, a
breakdown product of the shortlived thromboxane A, which
promotes platelet aggregation. Arterial pressure and other
cardiovascular and metabolic responses that might have a
bearing on cold related mortality were monitored.

Subjects and methods

The subjects were four male and four female student volunteers,
aged 18-25, who were healthy and not taking medications. Mean
subcutaneous fat thickness was estimated from ultrasonic readings
at four sites,I0 and surface area was calculated from height and weight."
Two subjects were studied at a time; each pair was studied twice
after sleeping overnight in the laboratory in still air at 24±1 C with
bedclothes. At 0700 they ate a fat free meal of two pieces of toast
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with jam and 200 ml unsweetened orange juice. Control measurements
were made and an initial sample of blood taken. At 0900 one subject
was cooled for six hours on a net bed by rapid air movement at
approximately 10 m/s, wearing only a shortsleeved cotton shirt,
shorts, and underwear. The other (control) subject lay on a couch
for the same time with the same clothing but with two blankets and
in still air. Both subjects were recumbent and in air at 24±10C
throughout. A 28 watt electrical heating pad was applied to the arm

used for blood sampling to ensure free flow of blood. The subjects
ate another, similar meal at 1300 and the experiment ended at 1500.
In the second experiment, 48 hours later, the subject cooled in the
first experiment was the control, and the control subject of the first
experiment was cooled.

Skin temperature was measured by uncovered 28 gauge copper

constantan thermocouples held on the skin by tension, and rectal
temperature by a thermistor probe (Light Laboratories) inserted
120 mm. Metabolic rate was calculated12 from the oxygen deficit and
volume of expired gas collected by a mouthpiece and valve assembly,
and cardiac output was estimated by the single breath method,"3
carbon dioxide and oxygen being measured at the mouthpiece by
Beckman LB2 and OM11 analysers and volume by a pneumotachy-
graph. An online computer (Apple 2) was used to process the results.
The electrocardiogram was recorded from leads over the upper end
of the sternum and the apex of the heart. Systolic and diastolic
arterial blood pressures were measured by an automatic sphygmomano-
meter (Dinamap, Critikon).

Samples of flowing blood, totalling 95 ml in a day's experiment,
were taken from a flexible indwelling cannula (20 gauge, 31-8 mm long;
Jelco) in the antecubital vein, fitted with an obturator to keep its
lumen patent. No heparin was used. Thromboxane B2 was measured
by radioimmunoassay of plasma treated with edetic acid using
antiserum provided by Seragen. Fibrinogen was assayed'4 in citrated
blood. Platelet and red cell counts and mean sizes were measured in
edetic acid treated blood by a Coulter S plus counter, and distribution
of white cell types counted from samples of 100 cells in blood smears.

Whole blocd viscosity and plasma viscosity were measured in edetic
acid treated blood by the Wells-Brookfield cone and plate viscometer.'5
Cholesterol and triglyceride concentrations were determined in
edetic acid treated plasma and in lipoprotein fractions after ultra-
centrifugal separation of very low density lipoprotein (< 1006 kg/m3),
low density lipoprotein (1006-1063 kg/m3), and high density
lipoprotein (>1063 kg/M3n) by the method of Carlson." Cholesterol
and triglycerides were assayed by Technicon autoanalyser II enzymatic
methods.

Statistical comparisons were by the paired t test for small samples.
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FIG 1-Temperature and metabolic and respiratory responses. Open symbols
represent control run. Closed symbols represent cold run. Skin temperatures:

trunk (AA), hand (V T), calf ( n U). Difference from control value:
*p<0.05; **p<0-01; ***p<0-001. All skin temperatures differed from
control (p< 0-01) after start of cooling.

Conversion: SI to traditional units-End tidal Pco,: 1 kPa 7-5 mm Hg.

Results

The mean (SE) height of the eight subjects was 1-72 (0-05) m,

weight 63-9 (6A4) kg, and subcutaneous fat thickness 7-6 (1-0) mm.
Figure 1 shows that cooling by fast moving air at 24°C rapidly

reduced skin temperature by about 5°C on the trunk and 7°C on the
hands and calves, and caused a slow fall of 0-4°C in body core

temperature. By comparison there was a small diurnal increase in
control experiments. Metabolic rate did not rise significantly during
the first 30 minutes of cooling, but then increased, with visible
shivering in most subjects, to 370' above that in the control experi-
ments at the end of six hours. This was accompanied by hyper-
ventilation, shown by a fall in end tidal carbon dioxide pressure

(Pco2).

Packed cell volume (table I) increased in the cold, on average by
700, due to an increase in numbers of red cells per unit volume of
blood; red cell volume did not change significantly. The fraction of
plasma volume occupied by platelets increased by an average of 15°',
largely due to an 800 increase in numbers of platelets per unit volume
of blood with raised packed cell volume and reduced plasma fraction.
Mean platelet volume also increased in the cold; the increase did not

quite reach significance but occurred in six of the eight experiments.
The number of neutrophil polymorphonuclear leucocytes per unit
volume of blood increased in the cold and also, to a less extent, in
control experiments. Little of the increase in platelet count, compared
with control experiments, and only about a third of the increase in
red cell numbers had occurred in the first hour in the cold. A tendency
for red cell and platelet counts to decline in the first hour of control
experiments may be explained in part by haemodilution after taking

TABLE i-Changes in blood cells and platelets. Values are means (SE in parentheses)

Before experiment (n -8) Change during first hour (n 6) Change during six hours (n -8)

Red cell count (x102/1 blood) {Cold 4-65 (023) + 011 (006) +0-35 (007)**ttControl 4-63 (0-15) -0-15 (0-05)t -0-03 (0 03)

Packed cell volume {Cold 0-395 (0 025) +0 007 (0-004) +0 029 (0-005)**tttPControl 0-391 (0 017) - 0 012 (0 004)t 0-000 (0-003)

Platelet count ( x 109/l blood) (Cold 291 (27) -10 (4) +23 (9)tVControl 287 (28) -15 (5)t + 7 (5)

Platelet volume (fl) f Cold 8-8 (0 5) 0-0 (0-2) + 0-2 (0-1)PControl 8-7 (0-4) 0o0 (0 1) 0o0 (0 1)

Platelets as fraction of plasma by volume (x 10-3) (Control 4012 (0-21) - 027 (0011) +0 61 (0 13)*tt

Neutrophil count ( x 10'Il blood) fCold 3-79 (0-31) + 0-42 (0-28) + 2 04 (0 47)*ttLControl 3-45 (0-33) 0 17 (0-06)t ± 0-74 (0-29)t

Difference from control: *p 005; **p<001.
Difference from initial value: tp-0 0j; ttp< 0-01; tttp < 0-001.
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TABLE iI-Changes in viscosity (mPas). Values are means (SE in parentheses)

Before experiment (n 8) Change during first hour (n 6) Change during six hours (n 8)

Blood at shear rate 230/s { Cold 3-4 (0 3) + 0 4 (0 1)f + 0 7 (0 1)*tttControl 3 4 (0 2) 0-0 (0 1) -0 1 (0 1)

Blood at shear rate 23/s Cold 5 3 (0 5) +0-8 (0-3)t + 1.1 (0-2)*ftCControl 5 5 (0 3) - 0-4 (0 1) - 0-3 (0-3)
Plasma at shear rate 230/s f Cold 1 4 (0-1) 0.0 (0 1) +0 1 (0 1)**Control 1-4 (0 1) -0 1 (0 0)t -0 1 (0 1)

Plasma at shear rate 23/s {(Cold 2-0 (0-2) -0 1 (01) 0.0 (0 1)Control 1-7 (0-1) - 0 2 (0 1) -0 2 (0 1)t

Difference from control: *p < 0-05; **p 001.
Difference from initial value: tp 0-05; ttp 001; tttp 0-001.

Conversion: SI to traditioz,al units-Viscosity I mPa s 1 cP.

the initial blood sample. There were no significant changes in
lymphocyte count or plasma fibrinogen values.
Whole blood viscosity increased in the cold by 21°, at shear rates

of both 230/s and 23/s (table II); this compares with increases of
6') and 8", that would be produced by the increase in packed cell
volume alone at shear rates of 230 and 23/s respectively. Plasma
viscosity also tended to increase at both shear rates, significantly at
the higher rate, in relation to control experiments.

Arterial
pressure
systolic
(mm Hg)

140-

130-

120X

cholesterol, which increased 0-26 (0-07) mmol/l (10 0 (2 7) mg/100 ml)
from an initial 3-22 (0 16) mmol/l (124 (6-2) mg/100 ml) (p<0 01),
while high density lipoprotein cholesterol increased by 0-10 (0-03)
mmol/I (3 9 (1 2) mg/100 ml) from 1-36 (0-09) mmol/l (52-5 (3-5) mg/
100 ml) (p<0 05). All of these increases also differed significantly
(p<0 05) from corresponding values in control experiments. Very
low density lipoprotein cholesterol did not change significantly in the
cold, nor did total triglyceride or low density, high density, or very
low density lipoprotein triglyceride. Mean plasma thromboxane B.
value did not change significantly, but was usually higher at 113 (17)
nmol/l (418 (6-3) ng/ml) at the end of cold experiments compared
with 106 (20) nmol/l (39-2 (7-5) ng/ml) at the end of control experi-
ments (means and SE of eight experiments), probably due to increased
production of thromboxane A, by virtue of the increased platelet
count.

Discussion

Arterial 801

pressure

diastolic 7(mmHg) 701

80-

Pulse rote!/
min

70'

60.

6-0 TT
Cardiac Q
output 5-0.
(1/min) 'INs

4*0

Before
run

FIG 2-Arterial pressure, ca
represent control run. Closec
control value: *p < 005; * *p

Arterial pressure rose
18 mm Hg diastolic in the
systolic and over half of th
in the first 20 minutes of
lower throughout cooling
diac output higher in the e2

run.
Mean (SE) total plas

(p<0 01) in the cold by C
from an initial value of 5
of the increase, 0-08 (0 05)
the first hour. The increa

* I~1 The increases in platelet count and usually platelet volume
in the cold cannot be fully explained by haemoconcentration.
Increased platelet counts produced artificially by platelet
infusions are in any case usually reduced rapidly'7 by sequestra-
tion of platelets in the spleen. These sequestered platelets are

larger on average than the circulating population and may be
released by adrenaline 7-for example, in intense exercise.'8 '
The changes we observed might therefore be explained either
by cold induced activity of sympathetic nerves releasing
sequestered platelets or by production of new platelets, which
are larger than older platelets.20 21 Large platelets aggregate and

-* adhere more readily to blood vessels22 23 than small platelets.
Several of the other changes produced by these mild exposures

to cold will tend to induce arterial thrombosis. An increase in
numbers of red cells promotes platelet adhesion, probably
because the presence of red cells in moving blood increases the
number of impacts of platelets with the vessel wall.'4 26 In-
creased whole blood viscosity will facilitate ultimate clotting of
blood after formation of a platelet thrombus on the vessel wall;
much of the increase in viscosity we observed in the cold could
be explained by increases in red cells, plasma viscosity, and

1 2 3 4. 5 6 neutrophils but some of it might have been due to reduced
Time in hours red cell deformability produced by platelet activation, which

reportedly increases viscosity.27
irdiac output, and heart rate. Open symbols The increases in platelet and red cell counts had barely started
d symbols represent cold run. Difference from after one hour in the cold and may not have reached their peak

when the experiment ended after six hours. With additional
time between the onset of a mural thrombus and death from a

on average by 12 mm Hg systolic and myocardial infarct, and between a fall in outside temperature
cold, with about a third of the increase in and the resulting fall of indoor temperature, the time scale of
e increase in diastolic pressure taking place these changes therefore accords well with the delay of roughly
cooling (fig 2). Pulse rate was on average 24 hours between a fall in outside temperature and peak increase
than during the control run and car- ..in mortality from coronary thrombosis.' The longer delay of

arlv part of the cold than during the control several days between a fall in outside temperature and peak
sma cholesterol concentration increased .increase in mortality from strokes1 may be explained by the
)41 (0c09) mmoll(15c8 (3i5) mg/00ml)n longer delay between onset and death in cerebral thrombosis.
19 (0-28) mmol/l (200 (10-8) mg/100 ml); Some difference in response is likely in the elderly, but the high
mmol/l (3-1 (1-9) mg/l00 ml) occurred in incidence of cold related mortality in the elderly might be
se was mainly in low density lipoprotein explained by their higher level of initial arterial disease, making
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them susceptible to thrombosis with changes in the blood that
are harmless to fit young people.
Although intense skin cooling by ice cold water increases

arterial pressure within seconds by a large reflex increase in
cardiac output,"2 the smaller and slower increases of arterial
pressure in our experiments were largely attributable to
increased blood viscosity, particularly towards the end of the
six hours when mean cardiac output was close to the control
value and the increase in viscosity closely matched the increase
in mean arterial pressure. Neither the increase in arterial pressure
nor that in serum cholesterol that we observed in the cold would
be likely to cause significant increases in arterial thrombosis
within the one to three days to peak mortality after cold weather.
In more prolonged cold spells the increase in cholesterol may,
in any case, not persist, since serum cholesterol concentration
is not generally raised in winter.2 Nevertheless, high arterial
pressure, particularly systolic, as well as a raised cholesterol
value that acts over months or years are well known to increase
atheroma and clinical coronary heart disease."'1 Increased
arterial pressure is therefore likely to contribute to the slower
effects of cold weather on coronary and cerebral thrombosis,
as well as causing some rapid deaths from haemorrhage in the
cold. Our results provide no indication that low density lipo-
proteins and total triglyceride (which are important in promoting
coronary disease32) or high density lipoproteins (which are
important in reducing coronary disease30) play a part in at least
the early peaks in mortality in cold weather.
These results show a series of changes able to account for

increased thrombosis in the cold during normal thermoregulatory
adjustments to mild surface cooling at a time when core
temperature was within the normal range and well above
hypothermic values. This may explain the fact that mortality
from coronary and cerebral thrombosis in Britain increases
linearly as air temperature falls from summer to winter,' rather
than rising only in particularly cold weather as might be expected
if hypothermia were responsible. The degree of cold stress in
our study might readily be produced by a day's fishing in cool
weather. Advice and help to elderly people to wear enough
protective clothing during outdoor activities in winter, to limit
the duration of such activities in cold spells, and to keep at least
one small room at home at a fully comfortable temperature
might produce large scale reduction in such moderate cold
stresses with little restriction of activity and little expense.
Measures of that kind at least seem to offer more scope for
reducing cold related mortality in the elderly than do measures
that are designed simply to prevent relatively rare deaths from
hypothermia.

We are greatly indebted to the volunteers for their cooperation and

to Dr Lawrence Youlten for advice. The work was financed by a
programme grant from the Medical Research Council.
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ONE HUNDRED YEARS AGO

In his able report on the Royal Lunatic Asylum at Montrose, Dr.
Howden calls attention to the marked improvement in health that
frequently takes place when a lunatic is removed from one asylum to
another. Ofnineteen male pauper patients, received into the Montrose
Asylum during the last two years from other institutions, eleven gained
in all 147 lbs., six lost in all 38 lbs., and two remained stationary. Of
nineteen female patients of the same class, fourteen gained in all
187 lbs., four lost amongst them 20 lbs., and two remained stationary.
Again, three private patients, transferred from other asylums, gained
respectively 7, 10, and 41 lbs. The individual losses were in all cases tri-
fling, and resulted from temporary illness, or increased waste entailed
by work. The individual gains, on the other hand, were often remark-
able. Five men gained from 20 to 41 lbs. each in twelve months; and
seven women, in the same period, gained from 15 to 40 lbs. As an
instance of remarkably rapid increase in weight, Dr. Howden cites the
case of an imbecile, transferred from the lunatic ward of a poorhouse,

who, in one month, gained 7 lbs. This increase of weight in lunatics,
transferred from one establishment to another, must, Dr. Howden
thinks, be due to one of two causes; either to improved diet and more
healthy surroundings, or to the mere effect of change of residence. In
the case of lunatics transferred from poorhouses, he is inclined to sus-
pect that the first is the most important factor; but, in the case of
other lunatics, he cannot doubt that the second cause mentioned is the
more influential. If it can be shown, he argues, that in the cases of
all lunatics transferred from one asylum to another, we have improve-
ment in bodily, and perhaps also in mental condition, we have at our
command a valuable, but hitherto only imperfectly recognised, means
of treatment. We are all aware of the benefit some persons derive
from a change of air; and there is every reason to believe that the
insane derive a similar, or even greater, advantage from it.

(British Medical Journal 1884;i:963.)
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