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SUMMARY A prospective study was undertaken to establish the haematologicakand haemorheological changes associated with long standing cigarette smoking in 20 heavy smokers
and to assess whether any such changes were reversible after smoking was stopped. Highly
significant differences were observed in whole blood viscosity, plasma viscosity, plasma
fibrinogen concentrations, packed cell volume, and carboxyhaemoglobin concentrations between
smokers and non-smokers. Ten of the subjects were followed up for two weeks after stopping
smoking by which time whole blood viscosity and carboxyhaemoglobin concentrations had
improved significantly and indications of improvement could be seen in all other measurements.
Two of these subjects were further followed up for two months when all the measured variables
were comparable with those in non-smokers. No correlation could be established between carboxyhaemoglobin concentration and any of the other variables. Although patients' compliance
may be difficult to obtain, further prospective studies would be required to confirm our findings.

As a cause of disease and death smoking is today
what the great epidemics were to previous generations. It is estimated that in Britain alone as many as
100 000 deaths occur each year as a result of smoking, including 25 000 in people under the age of 65.
In spite of this there are still almost 20 million
smokers in Britain.'
Since the early 1950s several studies have shown
the relation between smoking and peripheral vascular disease. The reasons, however, for this association are not always clear. Various suggestions link
endothelial damage by constituents of tobacco
smoke, accumulation of fibrin, and binding of low
density lipoprotein with the development of
atherosclerotic lesions.23 Moreover, in recent years
it has been increasingly recognised that alterations
in the blood itself, particularly in its flow properties,
have an important pathological role.45 Thus the
main aims of our study were to establish the
haemorheological changes associated with chronic
cigarette smoking; to assess whether any such
changes were reversible after smoking stopped; and
finally, to study the relation between carboxyhaemoglobin and the variables measured. This was
undertaken because carboxyhaemoglobin concenAccepted for publication 13 May 1985

trations have frequently been taken as an index of
inhalation of smoke.6
Patients and methods

Twenty smoking volunteers, comprising 12 men and
eight women with a mean age of 39 years (range
27-67), were investigated together with 20 nonsmoking controls matched for sex and age. All test
subjects were heavy chronic smokers (15-60
cigarettes a day for 15-45 years). Ten were reinvestigated two weeks after completely or near completely stopping smoking (eight had stopped completely, and one continued to smoke two cigarettes a
day and one five cigarettes a day). Two of these were
further investigated two months after giving up
smoking.
INVESTIGATIONS

1 Coulter S Plus profile and microscopy of
Romanowsky stained peripheral blood film.
2 Whole blood viscosity measured at 37°C at shear
rates of 0-1, 1, 10 and 100/s (Contraves LS 30).
3 Plasma viscosity measured at 25°C (CoulterHarkness capillary viscometer).
4 Red cell filtration measured by the Reid and
Dormandy filtration technique,7 using 5 ,u Nucleopore polycarbonate membranes specifically
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Table 1 Significant haematological and haemorheological changes associated with cigarette smoking
Non-smokers

Smokers
Whole blood viscosity (mPa.s) at:
0 1/s
1 0/s
10-0/s
100/s
Plasma viscosity (mPa.s)
Haemoglobin b (g/dl)
Packed cell volume
Carboxyhaemoglobin ()

Mean

SD

Mean

SD

p

45-5
18-8
8-3
4.9
1-67
14-6
0-45
4-2

10-6
3-7
1-7
0/9
0-07
1-14
0-025
167

36-4
16-2
7-1
43
1-62
13-9
0-41
0-31

3-8

<005
<0 05
<0-02
<0.05

3-5
1-6

0*9
0-07
1-08
0-035
0-085

<0.05
<0 05
<0-01
<0-01

Conversion: SI to traditonal units-Viscosity: 1 mPa.s = 1cP. SD = standard deviation.

Table 2 Haematological and haemorheological changes associated with stopping cigarette smoking
Smoking

Whole blood viscosity (mPa.s) at:
0-1/s
I/s
10/s
100/s
Red cell filtration (No 9/1/min)
Plasma viscosity (mPa.s)
Haemoglobin b (g/dl)
Packed cell volume
Carboxyhaemoglobin (%)
Conversion: SI to traditional units-Viscosity:

Non-smoking

Mean

SD

2 weeks
Mean

SD

2 months
SD
Mean

46-7

(9)

39-7

(11-5)

34-5

(2-5)

16 4
8-0
4.4
0-8

(0-5)

19-8
8-83
5-06
0-61

(4-36)
(1-45)
(1 1)
(0-08)

19-4
7-8
4-65
0-64

(1-52)
(1-24)

(0-36)
(0-03)
(0/1)
(0-51)

1-72
(0-09)
14-3
(1.48)
(b002)
0-46
(0-03)
(028) p < 0-01
35
(0/3)
1 mPa.s = 1cP. SD = standard deviation.
1-68
14-8
0-46
6

designed for red cell filtration and the results
standardised to a white cell count of 7-5 x 109/1.8
5 Plasma fibrinogen, measured by the Ogston and
Ogston modification of the Menzies and Ratnoff
technique.9
6 Carboxyhaemoglobin concentration (%) measured spectrophotometrically.
Analysis was performed using the paired t-test for
small numbers.

1-66
13-6
0-42
0-52

(1.4)

(0-03)
(0/1)

(1)
(0-02)

p < 0.01

from the two subjects studied were similar to those
from non-smokers (Table 1).
CORRELATION BETWEEN
CARBOXYHAEMOGLOBIN CONCENTRATION AND
HAEMATOLOGICAL AND HAEMORHEOLOGICAL
VARIABLES
In both parts of our study we found no correlation

between carboxyhaemoglobin concentrations and
any of the variables measured.

Results

Discussion
SMOKERS v NON-SMOKERS

Highly significant differences were observed in
whole blood viscosity at all the shear rates measured, plasma viscosity, plasma fibrinogen concentrations, packed cell volume, and carboxyhaemoglobin
concentrations (Table 1 and Figs. 1 and 2).
CHANGES ASSOCIATED WITH STOPPING
CIGARETTE SMOKING

Table 2 and Figs 3 and 4 show the differences
obtained after cigarette smoking was stopped for
two weeks and that only those relating to carboxyhaemoglobin concentrations and whole blood viscosity at a shear rate of 0-1/s in men (Table 3)
achieved significance. Trends for improvement can,
however, be seen in all other variables. Moreover, it

is clear from Table 2 that at two months the data

Our comparative findings in smokers and nonsmokers are generally in agreement with those previously reported. Dintenfass, studying 125 policeTable 3 Mean changes in whole blood viscosity (mPa.s)
associated with stopping smoking according to sex
Shear rate (Is)

Smokers

0-1
1
10
100

Men (n 7)
55-6
21-1
8-98
5-28
Women (n = 5)

Non-smokers
=

0-1
1
10
100

44-7
19-98
8-1
5-2

33-68 p < 001
18-2
8-18
4-8

38-0
17-03
7-1
4-23
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Fig. 1 Shear rates of whole blood viscosity (mPa.s) in smokers and non-smokers.
men, found that smokers had an increase in packed
cell volume, plasma fibrinogen concentration, and
both plasma and whole blood viscosities,4 while
other studies reported a raised whole blood viscosity, particularly at low shear rates.' "1
In contrast, data on the deformability of red cells
in smokers are conflicting, but this may merely
reflect differences in methodology or populations
studied. Thus Grigoleit et al reported a reduced red
cell filtration in men but not in women'2 while Ehryl
and Landgraf recorded a slight but not significant
reduction in red cell filtration in both sexes.'3 Additionally after "acute" smoking of two or three
cigarettes Lagrue et al and Lowe and coworkers

showed a significant reduction in red cell filtration,'4 15 whereas Ehrly and Schumpf'6 found no
significant alteration after only one cigarette was
smoked. The reasons for the reduction in deformability have not yet been established, but Norton and
Rand suggested that erythrocyte geometrical and
membrane properties are the relevant factors rather
than alterations affecting cell size or internal viscosity.'7 In addition, these authors confirmed that
the acute effects of carbon monoxide on the
physicochemical state of haemoglobin did not seem
to be important.
The follow up part of our study was unfortunately
limited by two salient factors. Firstly, although we
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Fig. 2 Plasma viscosity (mPa.s) packed cell volume, haemoglobin and carboxyhaemoglobin
concentrations, and fibrinogen in smokers and non-smokers.

initially studied 20 smokers, only 10 managed to
break completely or limit severely their smoking
habit and, secondly, when restudied our volunteers
had stopped smoking for only two weeks, except for
two, although we made a strong effort to motivate
all of them to give up smoking for longer. Even with
these restrictions we observed improvements in all
the haemorheological variables measured, although
this attained significance only in whole blood viscosity in men at low shear rates. For obvious reasons
few prospective studies have been undertaken let
alone completed on subjects stopping smoking.
Markman, however, reported a prompt fall in
packed cell volume in smokers who were not
allowed to smoke after their admission to hospital
for various reaons.'8 He attributed this fall to exposure to carbon monoxide (carbon monoxide reduces
plasma volume) and changes of circulating

catecholamines induced by smoking.
Of particular interest was our inability to find any
correlation between carboxyhaemoglobin concentrations and the wide range of haematological and
haemorheological variables measured. Numerous
authors have shown that there is a poor correlation
between the number of cigarettes smoked and random carboxyhaemoglobin concentrations.'9-23 In
smokers carboxyhaemoglobin concentrations show
wide fluctuations throughout the day and are
influenced by recent smoking, type and strength of
tobacco, mode of smoking, time of day, exercise,
and smoking patterns. It is now recognised that the
carboxyhaemoglobin concentration in an individual
smoker cannot be predicted by the number of
cigarettes smoked and that there is a large variation
in carboxyhaemoglobin concentration between people who smoke the same daily amount of tobacco.23
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Fig. 3a Whole blood viscosity (mPa.s) at 0-1, 1 0,
10, and 1001s (shear rates) before and at two weeks
and two months after smoking had been stopped.
Fig. 3b Red cell filterability index before and at two
weeks and two months after smoking had been
stopped.

ing that carboxyhaemoglobin concentrations dropped significantly in our subjects, we would at the
same time contend that these concentrations are
question.
In a recent study Ho Yen et al reported that more dependent on the way cigarettes are smoked
smokers, averaging 25 cigarettes a day, produced no than on their number.
Several studies have shown that the metabolic and
change in their carboxyhaemoglobin concentration
after their cigarette consumption had been halved.24 haemorheological responses to cigarette smoking
Our findings do not agree with these results, but in vary with sex. Thus Hill et al showed higher plasma
our follow up study the volunteers had completely thiocyanate concentrations in women than in men
or nearly completely stopped smoking, whereas all when both sexes smoked more than 20 a day, and
the subjects in that study were still smoking 10-15 they also showed that older men seem to metabolise
cigarettes a day. Though it is therefore not surpris- nicotine to cotinine less efficiently than women.22
In view of these findings the relevance of a single
measurement of carboxyhaemoglobin is open to
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Fig. 4a Haemoglobin concentration (gldl) before and at
two weeks and two months after smoking had been stopped.
Fig. 4b Carboxyhaemoglobin concentratons before and
at two weeks and two months after smoking had been
stopped.

Furthermore, it was only in male smokers that
Grigoleit and coworkers found red cell filtration to
be decreased'2 and Ehrly etal found whole blood
viscosity to be increased.'6 These differences between the sexes have not been adequately explained
although different smoking habits may be the cause
of the discrepancies. In this context it is interesting
to note, however, that the whole blood viscosity
improved significantly only in men after cigarette
smoking had been stopped.
In this study we showed that cigarette smoking
has several deleterious effects on the properties of
blood flow and that these are quickly reversible or
partly so once smoking has stopped. Though patient
compliance is difficult to obtain, further prospective
studies should be attempted to confirm the early
improvements we noted and to assess whether they
would be maintained for longer periods. Finally, we
emphasise that the measurement of carboxyhaemoglobin should not be used as an index of inhalation
of smoke.
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