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Abstract

Objective—To examine the associations
between air temperature and risk factors
for ischaemic heart disease.
Method—Data on risk factors are avail-
able from up to 2036 men in the
Caerphilly Prospective Heart Disease
Study. Daily temperatures were obtained
from the Meteorological Office. Rela-
tions between these were examined by
regression.

Results—The coldest month of the year
has a mean temperature that is 16°C
lower than that in the warmest month. A
fall in temperature of this magnitude is
associated with higher blood pressures
(by 3-5 mm Hg) and a lower concentra-
tion of high density lipoprotein choles-
terol (by 0:08 mmol/l). The most im-
portant effects however, seem to be on
the haemostatic system. Fibrinogen is
0:34 g/l higher in the coldest month than
in the warmest (p < 0-:001) and o, macro-
globulin, a protein that inhibits fibrinoly-
sis, is also raised. Platelet count is
increased by 30% of a standard deviation
and the sensitivity of platelets in whole
blood to adenosine diphosphate is
increased by cold.

Conclusions—These effects on haemo-
stasis, together with the effect on blood
pressure, could explain a large part of
the increase in ischaemic heart disease in
the winter but are unlikely to explain
much of the difference in mortality
within different areas of England and
Wales.

(Br Heart ¥ 1993;70:520-523)

Deaths from ischaemic heart disease and
admissions to hospital for both myocardial
infarction and pulmonary embolus are con-
siderably higher in winter than the summer.'*
The meteorological factor of greatest impor-
tance seems to be temperature.?’> West and
Lowe have further suggested that the between
town variation in the mortality of ischaemic
heart disease in England and Wales may be a
consequence of differences in environmental
temperatures.®

The extent to which the seasonal rise in
ischaemic heart disease and related mortality
is truly cardiovascular is uncertain. Some
have suggested that the effect of temperature

is on respiratory disease and the apparent
excess in cardiovascular deaths in winter is
simply due to miscoding of the cause of
death.” Bainton et al showed that the propor-
tionate increase in deaths was similar in both
young and old patients, leading them to con-
clude that the effect of temperature on the
cardiovascular system is direct.® On the other
hand, Mackenbach et al, who examined the
seasonal pattern of deaths in The
Netherlands over nine years, suggest that
there is both an instantaneous effect of winter
on the cardiovascular system, and a delayed
effect mediated by respiratory infections.’

In this report we examine the associations
between ambient air temperature and a range
of risk factors for ischaemic heart disease,
including blood pressure, lipids, platelets, and
other factors related to thrombosis.

Patients and methods

The Caerphilly study is fully described else-
where.!? ! It is based on a large cohort of men
in South Wales. Each man was first seen at
an afternoon or evening clinic at which blood
pressure was recorded on a random zero
muddler sphygmomanometer. Men were
then seen at early morning clinics (about
0600 to 1000) after an overnight fast and
venous blood was taken without stasis. The
order in which blood was taken for the vari-
ous tests, the handling of the blood samples,
and the methodology of the various tests, was
rigidly standardised throughout, and each test
was done in a single laboratory.

The data we present here were collected on
several days each week over the course of
more than six years. They come from two
phases of the study which, although separate
in time, were essentially identical. In the first,
the men were aged 50-65 years and all the
men in the cohort were seen. Data were col-
lected on blood pressure, plasma lipids, o,
macroglobulin, fibrinogen, plasma viscosity,
white cell count, and the aggregation of
platelets in platelet rich plasma to adenosine
diphosphate, thrombin, and collagen. Five
years later around 1000 of the men were seen
again and a range of haemostatic factors mea-
sured—namely: von Willebrand factor, aggre-
gation of platelets in whole blood to
adenosine diphosphate by an impedance
method, platelet retention in a shear stress
activation test, and a skin bleeding time.
Technical details of these tests have been
given elsewhere.!! 1214
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Table 1 Summary of statistics for the various tests

Test Men(No) Mean (SD)
Blood pressure:

Systolic (mm Hg) 2366 146 (22-7)

Diastolic (mm Hg) 2366 85 (12-2)
Lipids:

Total cholesterol (mmol/l) 2302 5-63 (1-02)

HDL cholesterol (mmol/1) 2302 1-02 (0-25)

Triglycerides (mmol/l) 2302 1-98 (1:43)
Haemostatic factors:

Fibrinogen (g/1) 2278 3-98 (0-89)

Von Willebrand factor (% of standard) 514 119 (41-1)

a, Macroglobulin (g/1) 2056 1-58 (0-39)

Plasma viscosity (cP) 2281 1-677 (0-095)

White cell count ( x 10°1) 2282 6-71 (1-99)
Platelet parameters:

Platelet count ( x 10°/1) 1001 233 (53-9)

Mean platelet volume (fl) 994 7-75 (0-93)
Platelet aggregation*:

In PRP, to ADP (primary) (% PPP) 1809 25(8)

In PRP, to ADP (secondary) (% high) 1809 14-2—

In PRP, to thrombin (% PPP) 1812 10 (6)

In PRP, to collagen (% high) 1774 41-8—

In whole blood, to ADP (mmol/)} 1022 1-19—

Retenton in filter (% platelets) 937 65-2 (16-9)
Bleeding time (s) 759 333 (119:6)

*For two of the tests in PRP, the optical density after aggregation is shown as a proportion of
the optical density of (PPP). For the other tests the proportion of men with a high response is

shown (see text).

1The figure shown for whole blood aggregation is the dose of ADP needed to achieve a 1-5
ohm change in impedance The data for this test have been log transformed throughout and the
95% range is 0-25-5-69 mmol/l. ADP, adenosine diphosphate, PPP, platelet poor plasma; PRP,

platelet rich plasma.

The ground air temperatures on each day

on which men were seen were obtained from
the Meteorological Office. These were mea-
sured at Cardiff (Wales) Airport, 10 miles
from Caerphilly. Two sets of data are used.
Early morning temperatures at 0800 are
related to the measurements made on blood
samples taken that morning. Blood pressure
was measured in clinics held in the afternoon
and early evenings and so these are examined
in relation to the average daily temperature
on the day the pressures were measured. In
fact, the two sets of data are very similar, the
mean difference between the early morning
and the average day temperatures being only
05 to 0:7°C in the different years of the
study, the correlations between the two being
around 0-95.

The relation between temperature and
each of the haemostatic and other variables
was judged from regression analyses, temper-
ature being the independent variable and any
effect of age being allowed for by standardisa-
tion.

Platelet aggregation to collagen and to
adenosine diphosphate (secondary) shows a
bimodal distribution in population studies,
and therefore the index used for this test is

521

the proportion of men showing a high
response to these agonists (as defined else-
where!4).

Results

Table 1 summarises the data available for
each test. Numbers for a few of the haemo-
static tests are limited because opportunity
for their inclusion in the study only arose
after the examinations of the men had
started.

Table 2 shows the mean results of the non-
haemostatic tests at various daily tempera-
tures. In table 3 the haemostatic tests are
displayed in the same way. The selection of
temperatures used for the grouping of the
data in these tables is of relevance to their
interpretation. Over the six years of the study,
on average there were 20 days each year on
which the temperature at 0800 hours was
below 0°C, on 65 days it was between 0 and
5°C, and on 112 days each year it was
between 5-1 and 10°C.

The evaluation of trends, however, is best
judged from an overall regression analysis to
which all the data contribute. Furthermore,
the interpretation of such a regression is facil-
itated by examining changes in the risk fac-
tors for a defined temperature change. We
have used 16°C as this is the difference
between the average temperature during the
warmest month and the coldest month each
year. The evaluation of each of these changes
in the risk factors has been further assisted by
expressing them as a percentage of the stan-
dard deviation for the risk factor.

Table 4 shows that blood pressures are
higher in cold temperatures, a 16°C fall being
associated with a rise of 3-5 mm Hg, equiva-
lent to about a quarter of a standard deviation
of the population distribution of blood pres-
sures. High density lipoprotein cholesterol
was lower in cold weather, a 16°C fall being
associated with a lowering of 0-08 mmol/l, or
about one third of a standard deviation.

The data for a number of the haemostatic
tests suggest that cold enhances haemostasis.
A 16°C fall is associated with a rise in fibrino-
gen of 0-34 g/l, or just over one third of a
standard deviation. o, Macroglobulin shows
an increase of about the same size relative to
its standard deviation. Other changes associ-
ated with a 16°C fall include platelet count,
which is higher by almost one third of a
standard deviation. The evidence on platelet
response to aggregating agents is inconsistent
in that the response in platelet rich plasma is

Table 2 Mean results of non-haemostatic tests subdsvided by ground asr temperature on the day of test

Test <0°C 0-5°C 5-1-10°C 10-1-15°C  15-1-20°C  20-1-25°C  p Value
Blood pressure:
Systolic (mm Hg) 152 149 147 - 145 146 139 <0-001
Diastolic (mm Hg) 89 85 85 85 84 78 <0-01
Lipids:
Total cholesterol (mmol/l) 5-56 573 5-62 5-67 5-48 - NS
HDL cholesterol (mmol/1) 0-96 0-99 1-02 1-04 1-07 - <0-001
Triglycerides (mmol/l) 1-95 1-98 1-97 2-01 1-99 - NS

For blood pressure the average daily temperature has been used, for the lipids the temperature used was that at 0800.
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Table 3 Mean results of haemostatic tests subdivided by ground air temperature at 0800 on the day of the test

Test <0°C 0-5°C 5-1-10°C 10-1-15°C 15-1-20°C p Value
Haemostatic factors:
Fibrinogen (g/) 411 412 4-03 384 3.93 <0-001
Von Willebrand factor (% standard) 111 115 121 118 103 NS
o, Macroglobulin (g/I) 1-64 1-61 1-57 1-57 1-48 <0-001
Plasma viscosity (cP) 1-683 1-682 1-674 1-678 1-674 NS
‘White cell count ( x 10°1) 6-47 672 6-74 6:73 6-67 NS
Platelet variables:
Platelet count (% 10°/1) 228 238 235 233 216 <0-01
Mean platelet volume (fl) 78 77 79 77 77 NS
Platelet aggregation:
In PRP, to ADP (primary) (% PPP) 25 26 25 26 23 NS
In PRP, to ADP (secondary) (% high) 10-1 167 13-8 14-8 11-9 NS
In PRP, to thrombin (% PPP) 95 10-1 10-2 10-9 10-4 <0-001
In PRP, to collagen (% high) 333 356 41-0 466 465 <0-001
In whole blood, to ADP {mmoV/1) 0-76 1-18 1-15 1-:23 1-34 <0-01
Retention in filter (% platelets) 63-0 65-1 642 65-7 675 NS
Bleeding time (s) 314 332 329 339 338 NS

Abbreviations as for table 1.

reduced at the lower temperature to both
thrombin and collagen, whereas the sensitiv-
ity of platelets in whole blood to adenosine
diphosphate is increased. In this last test the
dose of adenosine diphosphate required for
the defined change in impedance (aggrega-
tion) is reduced from 1-34 to 0-76 - mmol/l
with a fall of 16°C.

Discussion

There are two approaches to the examination
of changes in factors over time. Either a
group of subjects can be examined repeat-
edly, or representative subsamples of subjects
can be examined at intervals. Stout and
Crawford chose to examine temperature and
risk factors for ischaemic heart disease with
the first approach'®; we have used the second,
using the on going examinations of a large
cohort of men to cover a substantial period of
time. Although we cannot have absolute cer-
tainty that the subsamples of men we saw on

-the- different days are comparable, we know

Table 4 Eﬁ’ect of a 16°C dtﬁ‘erence in ground air temperamre on wvarious risk factors for
ischaemic heart disease, corrected for age. -

Test Absolute (% of SD) p Value
Blood pressure:

Systolic (mm Hg) +5 (+22) <0-001

Diastolic (mm Hg) ‘43 (+25) <0-01
Lipids:

Total cholesterol (mmol/l) . +-8: 11 (+11) NS

HDL cholesterol:(mmol/l) ~-9-08 (—32) <0001

Triglycerides (mmol/l) -0-06 (—4) NS
Haemostatic factors:

Fibrinogen (g/1) +0-34 (+38) <0-001

Von Willebrand factor (% standard) —0-64 (-2 NS

a,Macroglobulin (g/1) +0-11 (+28) <0:001

Plasma viscosity (cP) +0-009 (+9) b

‘White cell count ( x 10°/1) -0-12 (—6) NS
Platelet variables

Platelet count ( X10°1) +16 ..{+30) < 0-01

‘Mean platelet volume. (ﬂ) -0-01 (-1 NS
Platelet aggregation:

In PRP, to ADP (primary) (% PPP) +09 (+11) NS

In'PRP, to ADP (secondary) (% high) v —2% NS

In PRP, to thrombin (% P! -10 (-17) <0-001

In’ PRP, to collagen (% hxgh) - 14* . <0-001

In whole blood, to ADP (mmol/l) -0-29 (—28) <0-01

‘Retention in filter (% platelets) —2:4 (—14) NS
Bleeding time (s) -2 (—2) NS

*Based on data grouped by temperature.

Abbreviations as for table 1.

of no way in which differences could have
introduced bias in the estimation of the
effects we describe.

A positive effect of cold on blood pressure
has been described repeatedly® ! and our data
confirm that the effect is sizeable, pressures
being on average 3-5 mm Hg higher in the
coldest month compared to the warmest.
These effects represent around one quarter of
a standard deviation of the distribution of
pressures.

An effect on lipids is less certain. Stout and
Crawford found no effect on cholesterol or
triglycerides, but their data show a small rise
in high density lipoprotein cholesterol in the
colder months of the year.'” By contrast, we
find a significant reduction in high density
lipoprotein cholesterol, equivalent to about
one third of a standard deviation with a 16°C
fall in temperature.

‘Interest in effects of temperature on car-
diovascular disease now seems, however, to
focus on haemostasis. Tromp reported an
association between season and fibrinogen,
and was perhaps the first to draw attention to
thrombosis.!” Keatinge et al exposed four
male and four female students to cold for six
hours and reported significant increases in
platelet count, neutrophil count, and plasma
and whole blood viscosity.!® Our data extend
these findings considerably.

We confirm an increase in platelet count at
lower temperatures. No change is shown in
platelet volume, a measure that has been
shown to be predictive of death after a
myocardial infarct.’® Our data on platelet
aggregation seem to be inconsistent, low tem-
peratures being associated with a significant
increase in the sensitivity of platelets to
adenosine diphosphate when measured in the
whole blood test, but not when measured in
platelet rich plasma. Aggregation has, how-
ever, been shown to be positively dependent
on platelet count,?® and the standardising of
platelet numbers in the tests done with
platelet rich plasma (to 300 000 platelets/ml
of plasma in our tests) may reduce the likeli-
hood of any true effect of temperature on the
platelets being detected with our platelet rich
plasma tests.
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The most striking effect of cold, however,
seems to be on plasma fibrinogen concentra-
tion. Unfortunately it is difficult to compare
our data with those of Stout and Crawford.!
These authors give data for two winters but
only one summer, and compared with the
lowest monthly level in the summer their
mean fibrinogen is higher by about 70% of a
standard deviation in the coldest month of
the first winter and by 35% of a standard
deviation in the second winter. The monthly
effect we describe is about 38% of a standard
deviation.

The relevance of fibrinogen as an impor-
tant risk factor, predictive of ischaemic heart
disease, has been fairly well worked out.'22
Within this same Caerphilly cohort of men
we have described a substantial effect of ciga-
rette smoking on fibrinogen concentrations—
namely, a rise of about 0-65 g/1.2 The effect
of temperature seems to be about half of this
smoking effect, namely a difference of 0-34
g/l between the warmest and the coldest
months. Current smokers within the cohort
have shown a 2-5 excess risk of an ischaemic
heart disease event, compared with men who
had never smoked,'? and we have argued that
an important part of this excess is likely to be
mediated by effects on haemostatic factors,
including fibrinogen.??

In conclusion an enhancement of the
mechanisms of thrombosis by cold could
account for a large part of the winter excess in
the incidence of and the mortality from
ischaemic heart disease. Qur data do not,
however, give much support to the suggestion
that differences in environmental tempera-
tures might explain the 2:1 range in fhortality
from ischaemic heart disease in different
areas within England and Wales.® The range
of annual temperatures is less than 3°C and
our data indicate that temperature differences
of such a size is likely to have only a trivial
effect on fibrinogen (about 0-06 g/1 or 7% of
the standard deviation), and an even smaller
effect on blood pressure.

We thank Mr M R Woodley and Mr B Oatway at the
Meteorological Office, Bracknell, for the temperature data.
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