Higher levels of salivary a-amylase predict failure of cessation efforts in male smokers
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Summary

Background: The ability to predict the successadufe of smoking cessation efforts will be
useful for clinical practice. Stress response igulated by two primary neuroendocrine
systems. Salivary cortisol has been used as a mddkethe hypothalamus-pituitary-
adrenocortical axis and salivasyamylase as a marker for the sympathetic adrenolaeglu
system.

Methods: We studied 62 chronic smokers (34 womehZ&men with an average age of 45.2
+12.9 years). The levels of salivary cortisol aativary a-amylase were measured during the
period of active smoking, and 6 weeks and 24 waétks quitting.

Results: We analyzed the men separately from theemo The men who were unsuccessful
in cessation showed significantly higher levelsalivarya-amylase over the entire course of
the cessation attempt. Before stopping smokingyasgl cortisol levels were higher among
the men who were unsuccessful in smoking cessa#dter quitting, there were no
differences between this group and the men who ws&ceessful in cessation. In women we
found no differences between groups of succesgidl ansuccessful ex-smokers during
cessation.

Conclusion: Increased levels of salivarsamylase before and during smoking cessation may
predict failure to quit in men. On the other hand,advantage was found in predicting the
failure to quit in women. The results of our stuslypport previously described gender

differences in smoking cessation.
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I ntroduction

Tobacco dependence is considered to be a seriguhgsocial problem. A high percentage
of adult smokers try to quit, but most of thesemtts fail. The ability to predict the success

or failure of cessation efforts will be useful fdmnical practice.

Quitting smoking is a stressful event. Differengestress response may predict the success
or failure of cessation. Stress response is regilay two primary neuroendocrine systems,
the hypothalamus-pituitary-adrenocortical (HPA) teys and the sympathetic
adrenomedullary (SAM) system. Neuroendocrine markeich as salivary-amylase (sAA)
and cortisol in serum or in saliva play an importeoie in establishing human responses to
stressful events.

A disturbing influence of acute stress-induced adractivity is less likely in saliva samples,
making salivary cortisol values very reliable comgabato serum values in stress research.
(Groschlet al. 2008).

Salivary cortisol sampling has been used to meablRA axis activity for some time
(Kirschbaumet al. 1994). Smoking may directly and indirectly influenthe functioning of
the adrenal gland. At the central level, smokingslates the release of adrenocorticotropic
(ACTH) hormone; this effect is directly proportidrta the nicotine dose. At the peripheral
level, nicotine increases the effect of ACTH on #mrenal cortex (Steptoet al 2006).
Adrenal androgen secretion is elevated in smokecswse of the inhibition of 21- and 11-
hydroxylases in the adrenal cortex and the reledsgehydroepiandrosterone (DHEA) is
higher than the release of serum cortisol. Eleva#®@TH-stimulated levels of
androstenedione, 17-hydroxyprogesterone and DHE& Ih@en described in male smokers

(Hautaneret al. 1993). It has been proposed that serum cortisetttly influences smoking



cessation and that changes in serum cortisol fatigwmoking cessation may predict early
relapse.

Salivary a-amylase concentrations have been suggested asdaect marker for SAM
activity (Rohlederet al. 2004). Studies show a marked increase in SAA guraons in
response to stressful tasks or procedures. Inatdasels of SAA have been found during
stress (Chattertoet al. 1996). A study of subjects exposed to an acade&x&mination
(Boschet al. 1996) indicated an increase in the concentratiosAA during the stressful
condition, while the salivary flow rate remainedchanged. Nater et al. report a distinct
diurnal profile pattern of sAA activity with a pronnced decrease within 60 minutes after
waking and a steady increase of activity during ¢barse of the day. Mixed models have
shown a relative independence of diurnal sAA frownmentary stress and other factors, but
significant associations with chronic stress andd@ateret al. 2007).

The relation of sAA to the decision-making procekas been studied as well.
A severe decision-making deficit is accompaniedhbychanges in salivary cortisol and sAA
levels, but slightly reduced decision-making aigfit were related to an increase in sAA
activity (Labuddeet al. 2007).

The aim of our study was thus to evaluate the @gtof stress response during smoking
cessation. We evaluated the differences in salicangisol of chronic smokers and sAA
before and after quitting smoking in an attemptpegtdicting the success or failure of

cessation.

Methods
Patients: We studied 62 chronic smokers (34 wonmeh 28 men) with an average age of
45.2+12.9 years who had sought medical help irtiggismoking at the Center for Tobacco

Addiction Treatment, Third Medical Department, GaheUniversity Hospital and First



Faculty of Medicine Charles University Prague. Wetained complete history of all
participants as well as their basic anthropomedata. All participants were healthy; the
women did not use any hormonal treatment. The wonaehmean BMI 24.4 + 4.1 and men
had mean BMI 26.5£3.3. The women began smoking7id * 4.1 years of age; men began
smoking in 13.6x+ 3.6 years of age. The women sm@4e8+8.9 cigarettes per day and men
smoked 24.6+10.2 cigarettes per day. The womeredray quit smoking in mean 2.5 £1.8
times during the active smoking period; men tragedjuit smoking in mean 2.5+1.9 times
during the active smoking period. The degree qiedeence was investigated using the
standardized questionnaire FTND (Fagerstrom Tedtiobtine Dependence, Heatherteh
al. 1991), CDS5 and CD12 (Cigarette Dependence Sgetkr,et al. 2003). Samples for SAA
and salivary cortisol were collected during thejeats’ period of active smoking, and 6
weeks and 24 weeks after quitting. We also apghedvinnesota Withdrawal Scale (Hughes
and Hatsukami) All the patients involving to theidt were strongly nicotine dependent
according to Fagerstrom Test of Nicotine Depend€¢Rt&ID 6 + 2).

After quitting, all patients used nicotine repla@rh therapy. The nicotine replacement
therapy type and dose were individual according gersonal needs. No other
pharmacotherapies for tobacco dependence and awtladiivere used. The patients followed
the physician’s recommendations and received iddadi behavioral support at the Center for
Tobacco Addiction Treatment.

The study only included patients who were ableuiv §moking for longer than 6 weeks. Any
relapse after cessation did not appear in our matientil after 6 weeks of not smoking. The
study lasted one year. According to guidelinesiep& were labeled successful non-smokers
after 12 months of abstinence by carbon monoxid®) (€vel in expired air (less than 8 ppm)

(Kralikovaet al 2005).



The study excluded smokers who were using drugeb#tserapy involving beta-antagonist
and agonist activity, which influences sAA activiti¥hen investigated, the patients did not
use any drugs that might interfere with the HPAsaXihe Local Ethics Committee, Institute
of Endocrinology, approved the study and all pasiesigned informed consent forms before
taking part in the study.

Thirty minutes before the test, the subjects wereatiowed to smoke, drink liquids or brush
their teeth and they did not have extensive physictvity one day before sampling. Saliva
was collected into a plastic device (plain Salee8arsted, Newton, NC, USA); we asked the
patients to delicately chew on a cotton tube farid. The cotton tube was then inserted into a
plastic tube, which was then capped. None of thwasgamples were contaminated with
blood. The saliva was separated from the cottoe tuap centrifugation at 1000 rpm for 10
minutes, after which the saliva samples were froame stored in deep freeze (-8D) until
analyzed.

The samples of saliva for measuring SAA were didutea physiological solution in the ratio
of 1:40. SAA was measured using the IFCC’s enzyenatilorimetric method at 409 nm
(Integra 400+, Roche Diagnostics).

Salivary cortisol was measured using electrochemiiescence immunoanalysis (Modular
E170, Roche Diagnostics).

The relationships between the dependent varialdanne levels) and the between-subject
factor Success of the smoking cessation (elimigatne variability in the dependent variable
that is connected with the efficiency of smokingsagion), within-subject factor Stage of the
abstinence (eliminating the effect of the stagehef trial), covariate Daytime of the blood
collection (eliminating the effect of diurnal rhytis), and subject factor (extracting the inter-
individual variability) were simultaneously evaledt using repeated measures ANCOVA

model. This model also included success x staggacation. The differences in basal values



were evaluated by two-way ANCOVA model with the téac Success of the smoking
cessation and the covariate Daytime of the blodeamn. The salivary cortisol profiles in
men and women during the trial were evaluated pgated measures ANCOVA models with
the Subject factor, within-subject factor Stagetted abstinence and a covariate Daytime of
the blood collection. The original data was transfed by a power transformation (Meloun
2000) to attain Gaussian data distribution andrestamt variance in the data and residuals.
Non-homogeneities were detected using residualysisahs described elsewhere (Meloun
2004) and excluded from the data set. The propokionon-homogeneities never exceeded
5% of the original data. Least significant diffecenmultiple comparisons followed the

ANCOVA testing.

Results

The study analyzed the salivary cortisol levels aAd@ levels in 62 smokers before
and during smoking cessation. The results of mehvasmen were analyzed separately. We
examined the results from 34 women (14 successfdl 20 unsuccessful in smoking
cessation) and 28 men (17 successful and 11 urssfaté& smoking cessation). There was
no difference in success between genders.

The basal levels were compared to analytes inastigsubsequently after 6 and 24
weeks of smoking cessation. Each time, the levelh® groups who were successful and
unsuccessful in cessation were compared.

In both groups of men, there was a significant acgte decrease in salivary cortisol
levels after smoking cessation (Figure 1). The wonoa the other hand, showed only a slight
but insignificant decrease in salivary cortisokaftmoking cessation. Neither the men nor the

women showed any change in sAA concentrations thesicourse of cessation. There were



no gender differences in the basal levels of sAésd salivary cortisol levels also showed no
sex differences.

We found, however, that men who were unsuccessfamoking cessation already
had higher levels of SAA before beginning theirsa¢®n attempt and that these high levels
continued during the entire cessation attempt teatiire (Figure 2). In addition, unsuccessful
men manifested insignificantly higher basal salwveortisol levels as compared to men who
were successful in smoking cessation (p=0.13, niatahown).

We found no differences in salivary cortisol andAsBetween women who were
successful and women who were unsuccessful in srgadssation.

Neither the dependence tests nor the Minnesotangyacale were of any value for

predicting success in men or women.

Discussion

Salivaryo-amylase levels have been proposed as a markéndactivity of the sympathetic
nervous system. Cortisol in serum or saliva appéearbe a valid measure for HPA axis
activity.

The results of studies of cortisol levels in smakare mixed. In some reports, acute increases
in circulating cortisol were observed after smokingt other studies found no changes. These
disparities in findings resulted from different dguprotocols and methods for evaluating
cortisol levels. Cortisol has a diurnal profile,dait has been suggested that the salivary
cortisol awakening response and release of saliearyisol during the day is greater in
smokers as compared with non-smokers (Stept@d. 2006).Smokers have also been found
to have greater serum cortisol production in samfaken over course of the day (Fietdal

1994).



Badrick et al. found increased salivary cortisol darrent smokers. During the day, the
production of salivary ortisol was higher in smakes compared with non-smokers; cortisol
levels also depended on the number of cigaretteskestih No differences were observed
between ex-smokers and individuals who had nevekedh suggesting that smoking has a
short-term effect on the neuroendocrine system iBladt al. 2007).

Serum cortisol levels decreased significantly irogle who give up smoking, especially
during the early period of cessation (Fredergkal 1998). Chronic smokers showed
enhanced levels of salivary cortisol secretion emmared with non-smokers. Smoking
cessation was associated with decreased salivatigatdevels; in the short-term, smoking
cessation did not correct the diminished adrenaadrtesponses to stress caused by chronic
smoking (Berlinet al. 2009). We found significantly higher levels ofigary cortisol during
the smoking period as compared to the period gftéting. These findings correlate with the
literature.

Smokers with lower levels of salivary cortisol fréfd from cessation of smoking more than
smokers with higher levels (Usshatral. 2006). In our study, we did not find any corredati
between craving and salivary cortisol level.

In the literature, the influence of smoking on sAévels has been measured by several
studies, without uniform results. We found no chemmp pre- and post-quitting sAA levels in
men and women. Prior to stopping smoking, thereevgggnificantly higher levels of SAA in
men who failed in cessation, but later during tlessation attempt these men had only
borderline significantly higher sAA levels than sassful men. Higher levels of sAA could
predict unsuccessful smoking cessation in men. Wendt find a change in sAA levels in
women.

Callegari and Lami have observed that cigarettekemsoexhibit a reduction in serum S-type

isoamylase that correlated well with the significeeduction of SAA activity in their study



(Callegari and Lami 1984). Weiner et al. found ahibition of sAA following exposure to
cigarette smoke and the external addition of pedifaldehydes known to be present in
cigarette smoke. Their results indicated that tgeiicant decrease in SAA amylase activity
was due to unsaturated aldehydes, which probabbted through their double bond with the
thiol group of proteins via the Michael additioraction (Weineret al 2008). Maier et al
investigated the effect of the intravenous infusadr20 micrograms of nicotine/kg, finding
increased sAA activity (Maiegt al. 1991). Jauniaux et al. observed high@mylase activity
in fetal plasma in smoking mothers than in conti@dlsuniauxet al. 1999). Grander et al.
studied the effects of environmental tobacco expnsexamining smoking and non-smoking
mothers and their children. They found higher saivcortisol and lower sAA activity in
smoking mothers than in controls. Their resultsweno associations between maternal
smoking behavior, infant cotinine levels and infa#&A activity or salivary cortisol level
(Grangeret al.2007). Nater and Rohleder found that the numbergafrettes smoked prior to
salivary measure did not significantly influencefAsAmoking status had no effect on sAA
activity (Nateret al. 2007). Our results are well correlated with thngling that smoking has
no influence on sAA activity.

Nicotine dependence level according to the FTNDrescaostly correlates with quit rates
(Gromanet al. 2009 ), but not in all studies (Rahenisetral. 2005; Nerinet al 2004), as in
our case. The explanation could be that all theigyants had similar and high score of
dependence.

The reported data of gender differences in faitmguit smoking are confusing. Kotz et al.
provided a cross-sectional household survey of B3st@okers. They found that the factors
associated with the increased use of aids for ttesswere: female sex, older age, more

cigarettes smoked per day, and planning a cessatiempt(Kotz et al. 2009).



Santos et al. observed a group of 203 smokers winghs professional assistance for smoking
cessation. They identified aspects (such as bengale and having been diagnosed with
depression) that are known predictors for treatrfahire (Santogt al. 2008).

Weliberger et al. examined the interaction of gended lifetime psychiatric status on
experience of nicotine withdrawal using retrospectiata from National Comorbidity Survey
(N=816). The report described that women showedr@nger association between major
depression and recurrent withdrawal symptoms ad aslbetween post-traumatic stress
disorder and smoking relapse in order to allewsitbdrawal symptoms (Weinberget al.
20009).

Those who found no difference in gender include gGem et al., who performed a
retrospective analysis of clinical data from smekeamo received individualized tobacco
dependence treatment (Croghetnal. 2009). Nerin et al. observed no gender differences
the probability of abstinence in their study of &g cessation therapy at a specialized unit
(Nerinet al.2007).

Menstrual phase may play a role in the relationdbgtween craving, salivary cortisol
concentration and risk for relapse (Alleh al 2009. We did not observe the relationship
between salivary cortisol concentration and rigkrédapse in women.

Al'Absi et al. tested enhanced psychophysiologreaponse after 18 hours of abstinence,
which produced significant withdrawal symptoms i @articipants. Women reported a
greater desire to smoke than men. We did not famgddifference in men and women in
reporting desire to smoke. Men had higher saliwanyisol levels than women, and both men
and women showed the expected decline in salivatysol levels across time (al’Abst al.
2002). These findings correlate with our resultsdetreased salivary cortisol levels after

cessation.



Two further studies by al’Absi et al. demonstrated that a steep decline in salivary cortisol
concentration during early abstinence and hyporesponsiveness to stress predict a shorter
period of relapse. They showed that hormonal associations with smoking relapse tend to be
more consistent in men. This result correlates with our study. The studies also found that the
intensity of withdrawal symptoms tend to be a consistent predictor of smoking relapse in
women (al‘Absi ef al. 2002; al’ Absi et al. 2006). We did not observe this trend.

In the study by Ceballos and al”Absi, salivary cortisol levels and the ratio of salivary cortisol
to dehydroepiandrosterone sulfate did not differ significantly between individuals (all
probands were women), who were successful in smoking cessation and those who failed in
the course of tobacco withdrawal, as well as in our study (Ceballos and al’ Absi, 2006).

We conclude that salivary a-amylase concentrations at the beginning of cessation might be a
predictive marker for successful smoking cessation in men. These findings support the
evidence that the characteristics of smoking and the biochemical marker differ between men
and women. Additional study with more frequent measurements and combinations of stress
markers will be needed in order to find a predictive model for successful smoking cessation.
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Legend to figures:

Figure 1. Changing salivary cortisol levels during the tiramen regardless the effectiveness
of the smoking cessation. The triangles with ebvars represent the re-transformed mean
values with their 95% confidence intervals.and p represent F-statistic and p-value for

individual factors, respectively.

Figure 2. Salivarya-amylase levels during the trial in men. The emptgles represent the
re-transformed mean values for the groups of meh successful outcome of the smoking
cessation, while full circles correspond to theéressformed mean values for the participants
who failed to stop smoking. The error bars repre8&fbo confidence intervals for the group

meansF andp symbolize F-statistic and p-value for individuatfors (interaction).
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