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Summary. The effect of cigarette smoking on car- 
bohydrate metabolism has been investigated in 10 
diabetic and 18 non-diabetic subjects. All were 
habitual smokers. Neither the fasting plasma sugar 
nor the plasma sugar response to an oral glucose 
load was significantly altered by smoking. Serum in- 
sulin, free fatty acids, cholesterol and triglyceride 
were measured in 10 non-diabetic patients, and 
were not significantly altered by smoking. It is con- 
cluded that in habitual smokers at least, cigarette 
smoking does not impair carbohydrate metabolism. 
In addition, it seems that smoking before or during 
an oral glucose tolerance test is unlikely to influence 
the diagnostic value of the test. 
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Hyperglycaemia may occur following nicotine ad- 
ministration in animals [1], and has been claimed to 
follow cigarette smoking in man [2, 3]. Surprisingly 
little investigation of this potentially important ef- 
fect of smoking has been undertaken. Indeed, the 
few studies which have been carried out are con- 
tradictory and incomplete [2, 3, 4, 5, 6]. 

The present investigation has been undertaken 
to make a detailed study of the effect of cigarette 
smoking on carbohydrate metabolism in both nor- 
mal and diabetic subjects. In addition to providing 
some fundamental information on the effect of to- 
bacco consumption on certain aspects of human 
metabolism, such a study would provide evidence to 
justify or refute the recommendations of many large 
centres in relation to smoking and performance of 
glucose tolerance tests, since up to the present time, 
the effect of cigarette smoking on blood sugar has 

been studied only in relation to effects on basal sam- 
pies, with no reference to possible effects on re- 
sponses to a glucose challenge. 

Patients and Methods 

Twenty-eight patients have been studied. All were 
habitual smokers, each smoking more than five 
cigarettes daily. Ten of the subjects were known 
diabetics, all of whom were being treated with oral 
hypoglycaemic agents (five were on sulphonylureas, 
two on biguanides and three on a combination of 
sulphonylureas and biguanides). There were nine 
males and one female and their mean age was 61 
years (range 50-70 years). The remaining 18 sub- 
jects investigated were convalescent patients chosen 
largely from orthopaedic wards and in a few in- 
stances from medical wards. All were ambulant, on 
an unrestricted diet, and none was anaemic. One 
subject was taking thiazide diuretics. There were 15 
males and three females, with a mean age of 50 
years (range 21-75 years). 

Each subject was investigated on two separate 
occasions. In the case of the diabetic patients, oral 
hypoglycaemic agents were witheld on each of the 
test mornings. In all cases, the test procedure com- 
menced at approximately 0900 hours after a 10 
hour fast. One subject had smoked up to an hour 
before the test procedure. The remaining subjects 
had not smoked for at least eight hours. The sub- 
jects remained seated throughout the test. A but- 
terfly cannula was inserted into a forearm vein and 
after a resting period of 30 minutes a blood sample 
was withdrawn. Thirty minutes later a further sam- 
ple was withdrawn. Each subject then ingested a 
50 g load (as Lucozade) and further blood samples 
were withdrawn at 30 minute intervals for two hours 
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Table 1. The mean plasma sugar levels in mmol/1 (_+ SEM) for 
the 18 non-diabetic subjects and the 10 diabetic patients 

Minutes - 3 0  0 30 60 90 120 

18 
n o n -  

diabetic 
subjects 

10 

Smoking 4.4 4.5 7.6 7.9 6.5 4.9 
test (_+ 1.2) (_+0.12) (-+0.40) +0.36) (_+0.38) (_+0.3) 

Control 4,3 4.6 7.6 7.3 5.9 4.5 
test (_+0.12) (_+0.19) (_+0.38) (_+0.45) (_+0.35) (_+0.29) 

Smoking 6.2 6.4 9.4 . 12.0 11.3 10.0 
diabetic test (_+0.75) (_+0.75) (_+0.90) (_+1.13) (_+0.93) (_+0.95) 
subjects 

Control 6.7 6.8 10.0 12.2 11.3 9.7 
test (_+0.73) (_+0.68) (_+0.83) (+0.73) (_+0.93) (_+0.95) 
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Fig. 1. Serum insulin, plasma NEFA,  sugar and CoHb levels du- 
ring oral glucose tolerance tests with and without smoking in non- 
diabetic subjects. Values are given + SEM. n = 1 0  

after glucose ingestion. During one of the tests 
("smoking test") the subject smoked five medium 
tar content filter tipped cigarettes (nicotine yield 
1.2 mg per cigarette). The first cigarette was smoked 
immediately after the initial blood sample had been 
taken. Thereafter four cigarettes were smoked at 20 
minute intervals. All subjects inhaled the tobacco 
smoke and were encouraged to smoke in their ac- 
customed manner. During the second test no smok- 
ing took place ("control test"). The "smoking test" 
and the "control test" were allocated randomly. 
Plasma sugar was measured on all samples using 
Hoffrnans Ferricyanide method adapted to the 
Technicon Autoanalyser [7]. Serum insulin was 
measured in 10 of the non-diabetic subjects by a 
modification of the method described by Herbert [8] 
using the First International Preparation of human 
insulin as standard and a guinea pig anti-human an- 
tiserum kindly provided by Dr. P. Srnksen. In the 
same 10 subjects non-esterified fatty acids (NEFA) 
were measured using a modification of the method 
of Dole and Meinertz [9], serum cholesterol was 
measured using the Technicon Autoanalyser 
Method, serum triglycerides were measured by the 
method of Cramp and Robertson [10] and car- 
boxyhaemoglobin (CoHb) was estimated spec- 
trophotometrically using a 1L model 182 Co-oxime- 
ter, the results being expressed as a percentage of 
the total haemoglobin. 

Statistical Analysis 

Results were analysed using Student's paired t test. 
In addition, in the case of the glucose and insulin 
responses to a glucose load, the incremental areas 
under the curve were calculated. 

Results 

The results in the diabetic and non-diabetic subjects 
have been analysed separately. No subject in either 
group was nauseated, or experienced any other dis- 
comfort during the smoking test. 

Table i shows the results for the 10 diabetic pa- 
tients. The basal plasma sugar concentrations during 
the "control test" and the "smoking test" were not 
significantly different (p>0.05). After smoking two 
cigarettes the basal plasma sugar value had not al- 
tered significantly (p>0.05). Likewise the response 
to an oral glucose load was no different during the 
"control test" and the "smoking test" (p>0.05). 

The plasma sugar values for the 18 non-diabetic 
subjects are also shown in Table 1. As in the diabe- 
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tic patients, smoking two cigarettes did not alter the 
basal value, nor did smoking alter the response to a 
glucose load (p>0.05). 

Figure 1 shows the results for the 10 non-diabet- 
ic subjects in whom serum insulin, plasma NEFA 
and CoHb were measured. There was no significant 
difference in plasma sugar, serum insulin or plasma 
NEFA during the "smoking test" and the "control 
test" (p>0.05). The mean CoHb levels in the basal 
state did not differ significantly during the two test 
procedures (p>0.05). However, as expected, the 
levels rose during the smoking test. The differences 
between the mean values during the two tests were 
significant at 0, 30 and 60 min (p<0.01) and at 90 
and 120 min (p<0.001). 

Discussion 

Nicotine is an alkaloid with well recognised though 
somewhat unpredictable properties. In man, when 
given parenterally it has both stimulatory and de- 
pressant actions on autonomic ganglia, and it in- 
creases catecholamine output. Hyperglycaemia has 
occurred following its administration to animals [1]. 
The nicotine yield of British made cigarettes may be 
anything up to 3.4 mg per cigarette and so it is not 
surprising that the effect of cigarette smoking on 
carbohydrate metabolism should be questioned. 

Haggard and Greenberg [2] reported that smok- 
ing a single cigarette caused the blood sugar to rise, 
but this occurred only when the pre-smoking level 
was less than 7.2 mmol/1. Unfortunately, few details 
of their test procedure were provided and in particu- 
lar, it is not clear whether the subjects studied were 
non-smokers or habitual smokers. This point might 
be of considerable importance in such studies in 
view of the tolerance to tobacco which results from 
chronic use. Other workers at that time reported 
conflicting results [3, 4, 5]. More recently, Murchi- 
son and Fyfe [11] observed a small rise (0.2 mmol/1) 
in the fasting blood sugar after smoking two ciga- 
rettes but a similar elevation occurred in the serial 
basal samples taken before smoking commenced. 
Rehder and Roth [5] in a carefully conducted study 
found no change in the fasting blood sugar following 
smoking in 24 habitual smokers - observations in 
keeping with the results of this study. Likewise 
Cryer et al have recently observed that smoking did 
not significantly alter basal plasma glucose or insulin 
levels [6]. 

Previous studies have been limited to assessing 
the effect of smoking on basal plasma sugar levels 
only. The use of a glucose challenge, as in this study, 
provides a more sensitive measurement of carbohy- 

drate metabolism. The possible effect of smoking on 
pyloric competence is a further reason for using an 
oral glucose challenge [12]. Despite our detailed in- 
vestigations we have been unable to demonstrate 
any significant overall effect of smoking on carbohy- 
drate metabolism either in normal or diabetic sub- 
jects. On an individual basis, the glucose tolerance 
test in only one of the eighteen normal subjects be- 
came abnormal, and changed into the category of 
chemical diabetes [13] during the "smoking test". 
Such an observation is, however, consistent with the 
reported lack of reproducibility of the oral glucose 
tolerance test [14] and cannot be convincingly attri- 
buted to the effect of smoking. 

As in other studies [11], no effect of smoking on 
cholesterol or triglyceride levels was observed. 
However, in contrast to other reports [11], basal 
NEFA levels did not change significantly. The 
reason for this is not readily apparent. The type of 
cigarette used in previous studies was not 
documented. NEFA are notoriously labile, and it 
might be that differences in cigarette composition 
which do not affect blood sugar levels influence NE- 
FA levels. Alternatively, differences in the intensity 
of the smoking challenge might explain our contrast- 
ing results. 

In recent years much concern has been ex- 
pressed regarding standardisation of the oral glucose 
tolerance test. Most major centres recommend ab- 
stinence from smoking before and/or during the test 
procedure, and this advice has been endorsed in re- 
commendations outlined by the Committee on 
Statistics of the American Diabetic Association [15]. 
The results of our study suggest that the effect of 
smoking on the oral glucose tolerance test is so 
small as to be of no practical importance to the 
physician in the interpretation of the result. Indeed, 
if smoking has a relaxing effect on the apprehensive 
subject, then it might be argued that smoking during 
the test procedure would lead to a more valid as- 
sessment of glucose tolerance in persons accustomed 
to smoking. 
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