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PAPERS AND SHORT REPORTS

Why smoke fewer cigarettes?

D 0 HO-YEN, V A SPENCE, J P MOODY, W F WALKER

Abstract

Sixteen volunteers were tested when smoking their own
brand of cigarettes normally and when smoking half their
usual number of cigarettes. While smoking half their
usual amount the subjects changed their inhalation
behaviour. Over this period the percentages of carboxy-
haemoglobin were not significantly different from
steady-state values whereas plasma nicotine concentra-
tions rose significantly. With the reduction in cigarettes
there were significant falls in haemoglobin concentration,
packed cell volume, and red cell count.
These findings suggest that the advice given to patients

to smoke fewer cigarettes should be accompanied by a
warning against increasing inhalation. Patients who say
that they have reduced their smoking but who have un-
altered carboxyhaemoglobin concentrations should not
be discredited.

Introduction

Smokers are being encouraged to stop smoking, but only one in
four succeeds in stopping permanently before the age of 60.1
For most smokers the harmful effects of cigarettes can be mini-
mised only by changing to a "safer" cigarette or reducing the
number of cigarettes smoked. The benefits of these choices,
however, are not easy to identify as the relative toxicities of tar,
nicotine, carbon monoxide, and other smoke-related factors are
not clearly defined.

Medium-nicotine cigarettes with a low tar: nicotine ratio have
been advocated as safer,2 3yet when this hypothesis was tested"
it was found that these cigarettes were "oversmoked" and thus
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any benefit was questionable. Smokers appear to have a great
tendency to change their smoking behaviour with different
cigarettes.4 We suggested that this may also happen when
patients are told to smoke fewer cigarettes.6
Smoking fewer cigarettes may have several advantages. If

carboxyhaemoglobin concentrations are lower there may be a
reduced risk of developing symptoms of atheroma7 and fewer
failures in patients requiring reconstructive vascular surgery.8
Patients with intermittent claudication also show increased sur-
vival,9 though the reason for this is unclear. Almost all patients
who maintain that they have reduced their smoking, however,
are not believed.'° 11 We designed this study to measure changes
in plasma nicotine and carboxyhaemoglobin concentrations and
common haematological variables in volunteers who reduced
their cigarette consumption by half.

Subjects and methods

Twenty-one healthy volunteers who were strongly motivated to stop
smoking took part. Five did not complete the study: two were unable
to reduce the number of cigarettes smoked; one had a virus infection;
one was anaemic; and one inadvertently smoked hand-rolled cigarettes
instead of his usual brand. Thus 16 (seven men, nine women) with an
average age of 38 years took part. All were inhaling smokers of king-
size, filter-tipped cigarettes (mean (± SD) tar yield 18 ± 1 mg/cigarette
and mean nicotine yield 1 3 +402 mg/cigarette).

Subjects were seen in the late afternoon on three occasions in two
weeks. Throughout they smoked their own brand of cigarettes.
Initially, they answered a questionnaire on their smoking habits and a
blood sample was taken. For a control week they smoked normally,
recording hourly on a time chart provided by us the number of
cigarettes smoked. At the end of the control week their cigarette
consumption was calculated from the chart and targets set so that for tlle
last week their consumption was reduced by half, after which a second
blood sample was obtained. The initial questionnaire was answered
again. The questionnaire assessed the amount of smoke inhaled on a
five-point scale, the duration of inhalation on a three-point scale, and
the length of cigarette smoked. Blood samples were taken two minutes
after the subject had smoked a cigarette. Each sample was processed
through a Coulter S and a reticulocyte count done. Plasma nicotine
concentration was assayed using a gas-liquid chromatographic method
based on that of Feyerabend and Russell.'2 Carboxyhaemoglobin
concentration was determined by using an IL182 co-oximeter (Instru-
mentation Lab Inc).
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Results

Before the control week subjects stated that their mean daily
cigarette consumption was 29±9 (range 20-45); during the control
week their mean consumption was found to be 30 X 8 (range 20-45),
and this was reduced by half during the last week to 15 -±4 (range 10-
22).
The table shows the mean values of variables in the blood at the two

sampling times. Smoking fewer cigarettes resulted in an increase in
plasma nicotine concentration (p < 0 01), but carboxyhaemoglobin
concentrations remained the same. There were no significant dif-

Values of variables measured in blood samples obtained before and after subjects
reduced their smoking by half

Mean ± SD values
Paired

Before After Mean difference v SE t test
reduction reduction

Plasma nicotine (nmoli1) 106-0 154.8 48-81 14 02 p- 0-01
(--43-3) ( 61-0)

Carboxyhaemoglobin (°,) 77 7 9 0 19 035 NS
(12-3) (±2-3)

Haemoglobin (gldl) 14 57 13-96 0-61 4-0 11 p 0-001
( f 1-26) (-1:1-17)

Packed cell volume 0-428 0 412 0-017 - 0-004 p. 0-01
(i 0-032) (± 0-029)

Red cell count( x 109/1) 4820 4620 200 , 50 p. 0-001
(i380) (t380)

Conversion: SI to traditional tunits-Nicotine: 1 nmol/I 16-2 ng/100 ml.

ferences between the samples in white cell count, mean corpuscular
volume, mean corpuscular haemoglobin concentration, mean corpuscu-

lar haemoglobin, and reticulocyte count. There was however, a signi-
ficant fall in haemoglobin concentration (p < 0 001), packed cell volume
(p < 0-01), and red cell count (p < 0-001).
The figure shows the results of the questionnaire and of the sign-

test analysis. When the number of cigarettes smoked was halved
there was a significant increase in the duration of inhalation (p < 0-02)
and amo'unt of cigarette smoked (p <001) and overall exposure to
smoke from each cigarette was greater (p < 0 002).

Discussion

Patients who claim to have reduced their smoking are not be-
lieved.'0 11 Their truthfulness is usually tested by measuring
serum thiocyanate or carboxyhaemoglobin concentrations. 8-10
When our subjects smoked fewer cigarettes their carboxyhaemo-
globin concentrations were not significantly different from
steady-state values; thus it could be argued that they were being
dishonest. Two important factors, however, should be considered.
Firstly, our subjects were highly motivated volunteers. There
was always the option for them to leave the study, and indeed two
subjects withdrew rather than reduce their smoking. Secondly,
the haematological results were consistent with them having
reduced their cigarette consumption. Increases in haemoglobin
concentration, packed cell volume, and red cell count with smok-
ing are well documented,14-16 as is also a reduction in these values
when smoking ceases.14 Thus smokers reducing their cigarette
consumption modify their smoking behaviour, which may result
in unchanged carboxyhaemoglobin concentrations. The alter-
native-that most of our volunteers who maintained that they
had reduced their smoking were being dishonest-seems un-

likely. Consequently carboxyhaemoglobin concentrations, while
useful in detecting smokers from non-smokers, may have limited
application in patients who reduce their smoking.
When smoking half their usual number of cigarettes subjects

reported a change in smoking behaviour (p < 0002). This re-

sulted in exposure to more smoke from each cigarette. Thus
plasma nicotine concentration in the second blood sample
was increased, which reflects the intensity with which the pre-

sample cigarette was smoked. Smokers are extremely versatile
and can change their smoking behaviour to maintain nicotine
concentrations with various types of cigarettes.5 17 Therefore,

smoking fewer cigarettes or low-nicotine cigarettes may not

reduce the smoker's exposure to nicotine.
Carboxyhaemoglobin, because of its long half life, is only

slightly influenced by the pre-sample cigarette. Thus, carboxy-
haemoglobin concentration assessed late in the day is a good
reflection of the subject's steady-state concentration. Surpri-
singly, our subjects maintained a high carboxyhaemoglobin con-

centration while smoking half their usual number of cigarettes.
At these concentrations there is an increased risk of symptoms
from atheroma, decreased duration of exercise until the onset of
angina,'8 reduced exercise tolerance in chronic bronchitis and
emphysema,1 9 and increased failure rate in reconstructive vascu-

Case Questions* Total
No A B C

2 4'sr at 2
3 4 4' -0 2
4 * -4' 1

7 --->-2

8 --.->0 sce

10 - + 4

11 > +4

12 4' 4' -+0 2
13 4'4 '3
14 -+ 4 +1

15 4'4 '3
16 -+- '1

Sign-test
probability NS p<002 p<OOl p<0-002

of 4

Results of questionnaire on changes in smoking behaviour during study.
Arrows indicate increased (1' ), reduced ( du), or same ( -) amount of inhaled
smoke, duration of inhalation, or amount of cigarette smoked.H indicates
that patient started at maximum of scale used.

*Question A: Amount of smoke inhaled. Question B: Duration of inhala-
tion. Question C: Length of cigarette smoked.

lar surgery.8 Thus smoking fewer cigarettes may not reduce
many of the harmful effects of carboxyhaemoglobin.
There have been few studies on the advantages of smoking

fewer cigarettes. In part this has been due to the difficulty in
objectively confirming the reduction in smoking. Hughson et a19
showed an increase in survival in patients who stop or reduce
smoking. As those smoking less were combined with those who
stopped smoking, however, it is difficult to be certain of the
individual advantage of smoking fewer cigarettes. Another study
showed that smoking increased the red cell mass, which could not
be due to hypoxaemia since the subjects were healthy young
volunteers with normal blood gas concentrations.' A possible
explanation of the raised red cell mass in smokers is that smoking
may have a direct action on erythropoietin production. If this is
so a reduction in smoking might result in a fall in haemoglobin
concentration, packed cell volume, and red cell mass. This
seems to be unrelated to changes in nicotine or carboxyhaemo-
globin concentrations. Possibly smoking fewer cigarettes may be
beneficial to patients by lowering blood viscosity as a result of a
reduced red cell mass. Nevertheless, the harmful effects of nico-
tine and carboxyhaemoglobin may still be present. Thus patients
should be cautioned that a change in inhalation behaviour may
negate some beneficial effects of smoking fewer cigarettes.

We are grateful to Dr A S Todd for reviewing the manuscript,
Dr W Fee for helpful advice, and Miss E Flett for secretarial help.
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Synergy between thinness and intensive sports activity
in delaying menarche

JAN P VANDENBROUCKE, A VAN LAAR, H A VALKENBURG

Abstract

In a study to assess the effects of intensive physical
activity and thinness on menarche records of 648 girls
aged 10-14 were analysed. The girls were classified as
thin or not thin on the basis of their body mass index,
and whether or not they engaged in intensive sports
activity was established. The presence of either thinness
or intensive sports activity was associated with roughly a
twofold decrease in the proportion of girls who had
reached menarche; the presence of both factors was
associated with roughly a fourfold decrease. These results
did not appear to depend on age.
Thus intensive sports activity and thinness appear to

have a synergistic effect in delaying menarche.

Introduction

Two recent reports by Frisch et all 2 showed an association
between intensive physical activity, thinness, and delayed
menarche. It is difficult, however, to disentangle the potential
effects of thinness and physical activity: the first report described
the experience of ballet dancers, in whom both factors occur
together,' and the second dealt predominantly with college
athletes, augmented by only a small control group.2 To gain
insight into the respective roles of both factors a comparison
should be made between equally thin girls who do and do not
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engage in intensive physical activities, and vice versa. We found
such a comparison could be made by reanalysing data previously
collected during a population survey. Elsewhere3 we showed
that the data from this survey are compatible with the hypothesis
of an association between thinness and delayed menarche. Here,
we have added physical activity to the analysis and looked into
the interaction of both factors.

Subjects, methods, and results

Between 1975 and 1978 a population survey was undertaken in the
Dutch town of Zoetermeer, a suburb near the Hague, to determine
the prevalence of several chronic diseases and their determinants. Of
a total of 13 462 invited inhabitants aged 5 and over, 10 532 partici-
pated. The overall response rate was 78%; in children and adolescents
the response rate was 82% or higher. All participants were measured
and weighed in indoor clothing and without shoes. Female subjects,
in a part of the survey directed at establishing the prevalence of
infections of the lower urinary tract, were asked about their age at
menarche. In another part of the survey, directed at cardiovascular
risk factors, we collected information about sports activity. In
particular, we determined whether a person was engaged in intensive
sports activity as a member of a sports club or participated in com-
petition sport, or both.
The records of 648 girls aged 10-14 at the time of sampling were

analysed. We classified the girls as being thin or not thin on the basis
of the body mass index (weight in kg/(height in M)2)), which is regarded
as the best weight:height index for obesity.4 Thinness was defined as
a body mass index of 17 or smaller. Likewise, we constructed yes-or-no
categories for intensive sports activity, based on the information about
membership of a sports club or participation in competition sport. In
all four combinations of these categories we counted the number of
girls who had reached menarche at the time of the survey.
The table shows the results. The presence of either thinness or

intensive sports activity was associated with roughly a twofold
decrease in the proportion of girls who had reached menarche. When
both factors were present the decrease was about fourfold.
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