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Abstract

AIM: To ultrasonographicaly evaluate the acute effects
of smoking on gallbladder contraction and refilling in
chronic smokers and nonsmokers.

METHODS: Fifteen chronic smokers (21-30 years old)
and fifteen nonsmokers (21-35 years old) participated
in this study. Chronic smokers were selected among the
volunteers who had been smoking for at least 5 years
and 10 cigarettes per day (mean 17.5/d). Examinations
were performed in two separate days. In the first day,
basal gallbladder (GB) volumes of volunteers were
measured after 8-h fasting. After the examinations,
participants had a meal containing at least 30-40 gram
fat. Gallbladder volume was assessed at 5, 15, 30, 60,
120 and 180 min after the meal. In the second day,
participants smoked 2 cigarettes after 8-h fasting. Then,
they had the same meal, and gallbladder measurements
were repeated at the same time points. Same procedures
were applied to both groups.

RESULTS: The mean starving GB volumes were 23.3
= 3.3 mL in the first day, 21.9 £ 3.0 mL in the second
day in nonsmoker group and 18.3 = 3.0 mL in the first
day, 19.5 = 2.8 mL in second day in smoker group.
There was no significant difference between starving
GB volumes. We did not find any significant difference
between the GB volumes measured at 5, 15, 30, 60, 120
and 180 min in the first and second days in nonsmoker
group. In smokers, post cigarette GB volume was
found significantly higher at 5, 15 and 30 min which
corresponded to GB contraction phase (P < 0.05).
Control GB volume measurements were not significantly
different between the two groups. Post-smoking GB
volumes were also not significantly different between the
two groups.

CONCLUSION: Smoking prolongs the maximal GB

emptying time both in smokers and in nonsmokers
though it is not significant. It delays GB contraction in
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chronic smokers and causes a significant decrease in GB
emptying volume. Smoking causes no significant delay
in GB refilling in both smokers and nonsmokers. These
effects of smoking observed in acute phase result in bile
stasis in GB. Bile stasis is the underlying cause of most
GB disorders in chronic process.
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INTRODUCTION

Smoking is still widespread in many societies despite
the recognized relationship of it with many diseases.
It is one of the risk factors for lung, stomach, larynx,
esophagus, and some other cancers. Its association with
lung cancer has been well described. Besides, smoking
carries an important risk of developing cardiovascular
diseases". Chronic pulmonary diseases, gastric ulcers,
and many other diseases are increased among smokers.
Some reports showed that smoking increases the risk
of gallbladder cancer”. Many prospective studies have
found an association between smoking and clinical
gallbladder disease™ . On the other hand, no relation has
been found between smoking and gallstone formation in
some other reports”, A population-based study reported
that sonographically detected gallbladder diseases are
associated with smoking and are moderately increased in
smokers”. Some epidemiologic researches focused on the
relation of smoking and gallbladder diseases, but they have
not found any positive relation" ™", There are a limited
number of studies in the literature evaluating the effect
of smoking on gallbladder motility by ultrasonography.
Janderko es al'? evaluated gallbladder contraction and
refilling in chronic smokers by ultrasonography and
found that refilling is delayed. In our study, we evaluated
the gallbladder volume changes in contraction and
refilling periods in both smokers and nonsmokers by
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ultrasonography. We compared the obtained data of both
groups. To our knowledge, there is no other study in the
literature evaluating the effects of smoking on gallbladder
in the acute period in smokers and nonsmokers by
ultrasonography.

MATERIALS AND METHODS
Subjects

Fifteen smoker (10 women and 5 men) and 15 nonsmoker
volunteers (9 men and 6 women) were included in the
study. The mean age of smokers was 24.2 years (21-30
years), and the mean age of nonsmokers was 28.1 years
(21-34 years). Volunteers having smoked for at least 5 years
were included in group of smokers. The mean smoking
rate in this group was 17.5 cigarettes per day (10-25). None
of the volunteers had gastrointestinal disorder, gallbladder
disease, any disease like diabetes mellitus that could affect
gallbladder, or any previous surgery of gastrointestinal
tract. Prior to 48-h and during the study, no medicine
or smoking was allowed. A preliminary gallbladder
sonography was performed and only the volunteers
without any gallbladder abnormality were included in the
study. All participants gave their informed consent.

Study design
Gallbladder volumes of all volunteers were measured
twice in two separate days. At least 8 h after the last meal,
participants were taken into the dimly lighted sonography
room at a temperature of 22-24°C. A 3.5 6 MHz convex
broadband (tissue harmonic) abdominal transducer
(Toshiba, Nemio, Tokyo-Japan) was established for the
measurements. All measurements were performed in
supine, left lateral, and lateral decubit positions in which
gallbladder cross-sectional and longitudinal diameters were
best visualized. The best imaging position of gallbladder
was recorded for each participant and used in following
measurements. The most appropriate transducer position
was noted for each volunteer and marked on the skin.
Cross-sectional diameters were calculated from the widest
diameters measured during sonography. The longest axis
of the gallbladder was established as the longitudinal
diameter. The distance between internal margins of each
opposite wall was used for the measurement of diameters.
The subjects with significant folding of gallbladder or the
subjects whose longitudinal diameter could not be viewed
in a single frame were excluded from the study.
Longitudinal and cross-sectional diameter measure-
ments were repeated three times and the mean of these
three measurements was established. Gallbladder volume
was calculated with the formula V = (1/6) X L XW X H,
where V = GB volume, L = GB length, W = GB width, H
= GB height, as previously described"”.

Study methods

Gallbladder volumes of all volunteers were measured twice
in two separate days. In the first day (control examination)
after 8-h (at least) overnight fasting, basal GB volumes
were measured. Then, 30-40 g fat-containing meal was
given to the volunteers and participants were told to eat the
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Figure 1 Effect of smoking on gallbladder emptying and refilling in nonsmokers (A)
and smokers (B).

meal up in 2 min. After that, GB volumes were measured
at 5, 15, 30, 60, 120 and 180 min. Contraction phase as the
measurements till 60 min, and refilling phase was presumed
as the measurements at 120 and 180 min. To avoid the
start of cephalic phase of digestion, volunteers and meals
were kept in separate rooms until the examinations. In the
second day (study examination), after an overnight fasting,
two cigarettes were given to the participants who were
encouraged to consume the cigarettes in 5-10 min with
deep inhalations. Approximately 3 min after the smoking,
a meal containing 30-40 g fat, was given to the volunteers.
Then, GB volumes were measured at 5, 15, 30, 60, 120 and
180 min.The same procedures were repeated in smoker
and nonsmoker groups.

GB volume changes versus time were presented
graphically for both two groups using the pre- and post-
smoking values (Figure 1A and B). Acquired data are
shown on Tables 1 and 2 by comparing them between the
two groups and within each group.

Statistical analysis

Values ate presented as mean = SD. The paired and two-
tailed Student’s # tests were used. P < 0.05 was considered
statistical significant.

RESULTS

There was no difference in body mass index and age
between smokers and nonsmokers. The mean fasting GB
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Smoker
Control After smoking P

Non smoker
t/min  Control After smoking P

0 233+33 219+3.0 0175 183+£30 195+28 0371

5 165+29 18.0+28 0174 129+21 169+25 0.022
15  11.7+25 137+26 0080 100+15 141+16 0.011
30 105+19 12421 0432 95+1.6 12817  0.042
60 131+24 123+£20 0756 109+15 120+16 0.359
120 142+25 135+18 0859 133+29 113+15 0.398
180 159+25 155+19 0508 141+29 126+17 0449

volume in nonsmoker group was 23.3 = 3.3 mLin the first
day and 21.9 & 3.0 mL in the second day, and was 18.3 £ 3.0
mLin the first day and 19.5 £ 2.8 mL in the second day
in smoker group. Although the fasting GB volumes did
not differ significantly, these values were lower in smoker
group. In the first day, minimum GB volumes (in other
words, maximal GB emptying) were measured at 30 min in
both groups.

However, the post-smoking measurements in the
second day were performed at 60 postprandial minute in
nonsmoker group, and at 120 min in smoker group (Figures
1A and 1B). Smoking delayed the maximal GB emptying
in both smokers and nonsmokers. Besides, in both groups,
GB refilling was faster in the first day and slowed down in
the second day (Figure 1A and B). In nonsmoker group,
GB volumes measured at 5, 15, 30, 60, 120 and 180 min
in the first and second days were not significantly different
(Table 1). GB volume was significantly higher in smoker
group at GB contraction phase (5, 15 and 30 min) after
the two cigarettes were smoked (P < 0.05, Table 1). There
was no significant difference between two groups both
in basal GB volume measurements and in post-smoking
measurements between the two groups (Table 2).

DISCUSSION

In this study, we showed the disrupted GB contractility
in smokers and delayed maximal GB emptying both in
smokers and nonsmokers just after smoking. Although
our study group was small in size, basal GB volume had
a tendency to be lower in smokers than in nonsmokets.
However, this difference was not statistically significant.
Many epidemiologic studies have reported a mild or
moderate association between smoking and gallstone or
postcholecystectomic state™™'™" On the other hand,
no association has been detected between smoking and
gall stone formation ™", It is not clear which biologic
mechanism is mediated in the predisposition of smoking to
gallstone formation. Some authors suggested that smoking
lowers the plasma high-density lipoprotein cholesterol level
which increases risk of gall stone formation by decreasing
hepatic excretion of the bile acids'™. Estrogen is blamed
for gall stone formation because of high incidence of
gallstone in women. In respect to this, some studies have
shown high plasma estrogen level in smokers"”, while
some others have not found any significant difference"”.
Cholecystokinin, a proximal gout hormone, is a well
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Control After smoking

¢/min Non smoker Smoker P Non smoker Smoker P
0 233133 183 +£3.0 0.360 21.9+3.0 19528 0.604
5 165%+29 129+21 0.392 180+28 169125 0.783
15 11725 10.0+1.5 0.623 13.7+26 14116 0.883
30 105+£19 95+1.6 0.732 124+21 128+1.7 0.883
60 131+24 109+1.5 0.513 123+20 12.0%1.6 0.909
120 142+25 133+£29 0.839 13.5+1.8 11315 0.318
180 159+25 141+£29 0.701 155+19 126+1.7 0.295

known mediator of GB contraction®. It is the main
determining factor for the postprandial GB discharge.
Cholecystokinin starts GB contraction by affecting the
pre-ganglionic cholinergic nerves. Cholecystokinin is
released from mucosa cells by the arrival of stomach
content that is rich in fat and protein to the small
intestine!”. Smoking exerts an inhibitory effect on
intestinal and gastric motilitylzu’zzj. As a result of decreased
gut motility and delayed gastric emptying, cholecystokinin
release is also decreased or delayed. Therefore, decreased
GB contractility can be expected. However, in our study,
smoking caused a nonsignificant and minimal decrease of
GB contractility in nonsmoker volunteers. In addition, GB
volume was slightly increased in post-smoking contraction
phase in this group (Figure 1A). Previous studies have also
reported similar results™. On the other hand, we showed
a significant difference of GB volume in post-smoking
eatly contraction phase (postprandial 5, 15 and 30 min) of
smokers (Table 2). It was also significantly higher in post-
smoking 5, 15 and 30 min (Figure 1B). To the best of our
knowledge, no data are available on whether this delay of
GB contraction in smokers results from a disruption in
the smooth muscle contraction mechanism of GB wall
or from the delay of the blood cholecystokinin increase
due to delayed gastric emptying, One of the limitations of
this study is that the blood levels of cholecystokinin were
not measured. According to Jonderko ez al?, smoking
delays GB refilling at acute phase in chronic smokers. Our
results also showed that GB refilling was delayed after
smoking both in smokers and in nonsmokers although not
significant. Smoking suppresses pancreatic polypeptide
release which plays an important role in GB reﬁllingm’ﬁl.

In humans, disruption of GB emptying is associated
with gallstone formation”. Bile stasis and disrupted GB
motility are important factors for gallstone formation”"*".
Delayed gallbladder emptying and reduced muscle
contractility occur in chronic calculus, or in gallstone,
cholecystitislzg’mj. It was reported that acalculous
cholecystitis is formed after inhalation of intense cigarette
smoke in dogsp”. Impairment of gallbladder contractility
may contribute to the clinicopathology of acalculous
cholecystitisml.

In our study, smoking caused a nonsignificant
prolongation of the maximal GB emptying time both in
smokers and in nonsmokers at acute phase, delayed GB
contraction in smokers, and decreased the GB emptying
volume. Besides, smoking did not delay GB refilling
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significantly in both groups. Because of all these acute
effects, smoking comprises a risk for GB diseases. In
the chronic process, smoking may have these effects by
affecting GB smooth muscle contraction ot by decreasing
cholecystokinin release via the inhibition of intestinal
motility, or by both. Iz vitro studies are needed to evaluate
the effects of smoking on gallbladder smooth muscles
and laboratory studies ate required to show its effects on
cholecystokinin release.
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