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Packed cell volume, haemoglobin, and oxygen
saturation changes in healthy smokers and
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ABSTRACr We have investigated the relationship between cigarette smoking, packed cell volume,
haemoglobin concentration, and arterial oxygen saturation (Sao2) in 114 non-smokers, 66 light
smokers (1-20 cigarettes a day), and 50 heavy smokers (over 20 cigarettes a day) aged 20-75
years. Packed cell volume was greater in female heavy smokers (p < 0.001) over 40 years of age
and in all female smokers over 60 years (p < 0.001) than in non-smoking contemporaries.
Haemoglobin concentrations were higher in 40-59 year old female heavy smokers (p < 0.05) and
in male and female light (p < 0.05) and heavy smokers (p < 0.001) over 60 years of age than in
non-smoking contemporaries. Sao2 was lower in 20-39 year old male heavy smokers (p < 0-02)
and female (p < 0.05) light smokers and also in 40-59 year old male light and heavy smokers
(p < 0.001) and female light smokers (p < 0.02) than in non-smoking contemporaries. It was
also lower in female light (p < 0-05) and heavy (p < 0.02) smokers over 60 years, whereas it was
higher in male light smokers over 60 (p < 0.001). Changes in Sao2 were seen at a younger age
than changes in haemoglobin concentration and packed cell volume.

Increase in packed cell volume in healthy smokers is
caused by increase in erythrocyte mass,'-' while
arterial oxygen saturation (Sao2) appears to be the
most important determinant of the erythropoietic
response.4 Cigarette smoking has been shown to
determine the degreee of secondary polycythaemia
in patients with hypoxic chronic obstructive pulmo-
nary disease,5 but the relationship between cigarette
smoking, Sao2 and haematological indices in healthy
subjects has not been studied. We designed this
study to investigate the interactions between smok-
ing habits, age, sex, haemoglobin concentration,
packed cell volume and Sao2 in healthy subjects.

Methods

Two hundred and thirty healthy hospital employees,
medical students, and nurses aged 20-75 years were
studied after we had obtained their informed con-
sent and approval of the local ethical committee.
One hundred and fourteen were non-smokers, 66
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were light smokers (1-20 cigarettes per day), and 50
were heavy smokers (> 20 cigarettes per day); the
table shows the age distribution of each group. All
smokers inhaled the tobacco smoke regularly but
the frequency and duration of inhalation was not
assessed. Subjects were studied between 09.00 and
12.00 after 60 minutes' abstinence from smoking.
Venous blood was sampled for measurement of
haemoglobin and packed cell volume. Haemoglobin
was measured by Cyan-Met (model S) and the
packed cell volume was calculated by a Coulter
counter computer after the red cell count and mean
corpuscular volume had been obtained. Sao2 was
measured by an ear oximeter (Hewlett-Packard,
47201A). Results were analysed by Students's
unpaired t test.

Results

The results of haemoglobin, packed cell volume, and
Sao2 measurements are summarised in the figure,
where light and heavy smokers are compared with
non-smokers of the same age and sex.
Mean haemoglobin concentration was increased

in female heavy smokers aged 40-59 years (p <
0.05) and in male and female light (p < 0.05) and
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Oxygen saturation (Sao ), haemoglobin (Hb), and packed cell volume (PCV) values in
230 healthy male and female non-smokers and light and heavy smokers. Light and
heavy smokers were compared with the non-smokers within same age and sex group.
Data are shown as means and standard deviations

Significant differences: + -p < 0-05; $ -p < 0*02; + -p < 0*001.

heavy (p < 0.001) smokers over 60 but reduced in concentration increased with advancing age in heavy
20-39 year old male light smokers (p < 0-05) when smokers of both sexes and was significantly higher in
compared with non-smoking contemporaries. In all male and female heavy smokers over 60 than in
other groups there were no significant differences younger heavy smokers. There were no significant
between smokers and non-smokers. Haemoglobin differences among non-smokers when age groups

Distribution of the 230 healthy subjects subdivided according to age, sex, and smoking habits

Non-smokers (114) Light smokers (66) Heavy smokers (50)
(1-20 cigarettes a day) (>20 cigarettes a day)

Age (y): 20-39 40-59 60-75 20-39 40-59 60-75 20-39 40-59 60-75

Men (126) 20 18 18 9 18 9 7 15 12
Women (104) 20 20 18 12 9 9 6 6 4
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were compared. Mean packed cell volume was
higher in female heavy smokers (p < 0.001) over 40
and also in all female (p < 0.001) smokers over 60
than in non-smokers. In 40-59 year old female light
smokers (p < 0.02) the packed cell volume was
significantly lower than in non-smokers. No other
significant differences in packed cell volume were
observed.

Arterial oxygen saturation (Sao2) was lower
in non-smoking contemporaries than in 20-39 year
old male heavy (p < 0.02) and female light (p <
0.05) smokers, 40-59 year old male light (p <
0-001) and heavy smokers (p < 0-001), and female
light (p < 0.05) and heavy (p < 0.02) smokers over
60, but it was higher in male light smokers over 60
(p < 0.001). No other significant differences bet-
ween smokers and non-smokers were observed.

Discussion

The effect of smoking on haemoglobin and packed
cell volume is controversial. Female smokers have
been reported to have a higher haemoglobin con-
centration than non-smokers whereas male smokers
over 50 have been found to have lower haemoglobin
concentrations than non-smokers.6 In subjects over
50 we found higher haemoglobin concentrations in
smokers of both sexes than in non-smokers. Harri-
son et al' found that smokers of both sexes had a
greater packed cell volume than non-smokers, irres-
pective of age. Our results show a tendency for
packed cell volume to be higher in smokers than
non-smokers, which reaches significance in older
women. The packed cell volume values in our smok-
ers showed a slight increase with advancing age but
these differences were not significant, possibly
because of the large variability observed in this
study, which may in part be related to differences in
inhalation behaviour and in frequency and duration
of smoking in the subjects studied.8

In our study Sao2 was generally found to be lower
in smokers than in non-smokers. It was reduced in
the 20-39 year old male heavy smokers and female
light smokers at an age when no changes in packed
cell volume and haemoglobin were observed. We
believe that reduced Sao2 in smokers is probably
due to increased carbon monoxide levels in the

blood.9 In smokers increased levels of carboxy-
haemoglobin have been shown to be associated with
an increase in the red cell volume and reduction in
the plasma volume, or both.'0 Some of our findings
were paradoxical-for example, Sao2 was increased
in the light smokers over 60 and haemoglobin con-
centrations in 20-39 year old male smokers. These
results could be related to chance variation in inha-
lation habits and duration and frequency of smoking
in these groups.8' I

In conclusion, this study shows that smokers gen-
erally show mild erythrocytosis similar to that seen
in relative polycythaemia (normal red cell volume),
particularly in older people, when they are com-
pared with non-smoking contemporaries. Changes
in Sao2 in smokers are seen at an earlier age than
changes in haemoglobin concentration and packed
cell volume.
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