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“Lo duca e io per quel cammino ascoso,
intrammo a ritornar nel chiaro mondo;
e sanza cura aver d'alcun riposo,
salimmo sù, el primo e io secondo,
tanto ch'i' vidi de le cose belle
che porta 'l ciel, per un pertugio tondo.
E quindi uscimmo a riveder le stelle”.
(Dante Alighieri, Inferno; XXXIV, 133-139)
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Chapter 1
General introduction
On alcohol

The notion that drinking can become a chronic damaging behaviour in some individuals was first
postulated more than 200 years ago (Levine et al 1978). Jellinek framed the idea of addiction (Jellinek
1952), with loss of control over drinking being its main symptom. During the mid-1970s, building on
previous clinical and epidemiological work, Edwards & Gross (1976) first proposed the concept of the
alcohol dependence syndrome. By those years, the attention of researchers and clinicians was also
directed toward the misuse of alcohol below the level of dependence. There was increasing
dissatisfaction with the traditional notion of a medical disease, alcoholism, being sufficient to explain why
people developed an array of harms from drinking alcohol.
Epidemiological studies showed that physical, social and psychological pathology of alcohol consumption
occur in dependent as well as non dependent users. Indeed, community surveys showed that the
greatest cumulative harm occurred in persons who were drinking excessively but did not show the
characteristics features of alcoholism.
Nowadays, both ICD 10 (WHO 1992) and DSM IV (APA 1994) include 2 disorders that describe repetitive
patterns of alcohol use that are considered pathological. In the ICD 10, the less severe disorder is the so
called “harmful alcohol use”. The corresponding condition in DSM IV is “alcohol abuse”. The more severe
disorder in both systems is termed the “alcohol dependence syndrome”.
“Harmful alcohol use” denotes the repeated consumption of alcohol that results in actual physical or
psychological harm. Repeated episodes of alcohol consumption occur over at least 12 months (or
continually for 1 month) and significant harm results. Persons with harmful use must not fulfil the criteria
for the alcohol dependence syndrome. The latter takes precedence if the criteria for both are satisfied in
the same period.
The DSM IV definition of alcohol abuse emphasizes adverse social consequences. “Alcohol abuse” is
described as a maladaptative pattern of use occurring over a 12-month period leading to failure to fulfil
9
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major role obligations, social and/or legal problems use despite persistent social or other problems.
Again, the presence of a dependence syndrome excludes this diagnosis.
Alcohol dependence is conceptualised in both the ICD 10 and DSM IV as a psychological syndrome
comprising a set of symptoms, behaviours, experiences, and psychological responses that cluster
together in the same time frame. Control over the level of consumption is impaired, drinking tends to
dominate daily activities, and a craving for alcohol is typical. Neuroadaptation develops in response to
repeated consumption, and is manifest by tolerance and withdrawal.
The whole spectrum of alcohol use and misuse concerns abstinence/rarely drinking, low risk drinking,
harmful drinking/alcohol abuse, dependence. Although individuals do not remain in a fixed category, at
any one time the drinking behaviour of the population can be summarised conveniently in this way.
The proportion of the population in each category varies from country to country, and differs between sex,
ages, and ethnic groups. In developed countries, the proportion of persons with dependence would
typically be under 5%, alcohol abuse 5% to 15%, low risk drinking 50% to 75%, and non drinking 5% to
40% (Saunders et al 2000).
Dependence as well as sub clinical alcohol misuse have interesting implications in other clinical areas.
They have been found to cause a significant impairment in daily functioning either considering working,
social and recreational activities.
Indeed, it is nowadays well known that alcohol misuse may imply legal, interpersonal, familial and job
related problems. All social consequences from drinking are more prevalent in alcohol dependent than
non alcohol dependent drinkers, but in both cases consequences are relevant.
Individuals who are alcohol dependent report particularly high prevalence rates for becoming involved in
arguments while drinking, job related problems (loss of promotion, raises) and problems with the spouse
or someone they are living with when drinking (Midanik 2000).
Moreover, alcohol is causally related to more than 60 different medical conditions and around 4% of the
global burden of disease is attributable to it. Alcohol consumption leads to poor health and premature
death through its causal or contributing roles in numerous chronic health conditions and acute health
outcomes, including various cancers, liver disease, and injuries.
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On alcohol and anxiety

From a psychopathological point of view, two out of three alcoholics meet criteria for an other major
psychiatric disorder at some time in their lives. Besides the majority of these additional diagnoses relate
to antisocial personality disorder and other drug dependencies, the rates of depressive and anxiety
syndromes appear to be higher than expected by chance (Schuckit 1986; Kushner et al 1990).
The combination of alcoholism and major depression within individuals has been frequently observed in
both treated and untreated populations. Cadoret and Winokur (1974) reported that 39% of the alcoholic
patients had primary or secondary depression. In a community survey, Weissman and Myers (1980)
found that 68% of subjects with alcoholism met the criteria for a lifetime diagnosis of major or minor
depressive disorders.
As what concerns anxiety disorders, the odds of having either an anxiety disorder or an alcohol use
disorder are two to fivefold greater when the other condition is present. Prospectively, the odds of
developing a new alcohol dependence diagnosis at year 7 increased from 3.5 to 5 times for those
diagnosed with an anxiety disorder at years 1 or 4. Conversely, the odds of developing a new anxiety
disorder at year 7 increased by about four times for those diagnosed with alcohol dependence at years 1
or 4 (Kushner et al 1999).
Subjects with an alcohol use disorder (abuse or dependence) are three times more likely to have an
anxiety disorder. Subjects with an alcohol use disorder and a comorbid anxiety disorder end up
significantly more disabled and higher users of health services than respondents with an alcohol disorder
and no comorbid anxiety (Burns et al 2002).
While all of the anxiety disorders appear to have a significant association with alcohol dependence, the
strength of that association may vary between anxiety disorders.
According to epidemiological studies, panic disorder (PD) presents a great increase in the odds of being
diagnosed with alcohol dependence (OR = 3.3) (Regier et al 1990). The odds nearly triples in women
with panic disorder (OR = 2.9) and more than doubles in men (OR = 2.3) (Kessler et al 1997). Moreover,
current heavy and frequent alcohol use, even without dependence, is strongly associated with panic
disorder. The adjusted odds ratio explaining such an association is about 2.2 (95% CI, 1.2-4.2) (Arch et al
2006).
The co-occurrence of anxiety disorders and alcohol use disorders is noteworthy and it may have clinical
11
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implications. For instance, it predicts a poor outcome in response to treatment for pathological use of
alcohol (Ojehagen et al 1990). In fact, LaBounty et al (1992) reported 6-month post treatment relapse
rates and reasons for relapse in a group of 35 alcoholics with symptoms of phobia and/or panic and in a
group of alcoholics without comorbid anxiety disorder. They found that although relapse rates were
similar between the groups, significantly more anxious subjects reported relapsing to cope with aversive
emotional symptoms.
Similar results were proposed by Tomasson and Vaglum (1996). They looked at the association between
anxiety disorder and alcohol use disorder relapse in a nationwide sample of inpatient alcoholics and
reported that for men, panic disorder predicts a greater likelihood of relapse following treatment.
Finally, Kushner et al (2005) assessed the diagnostic status and daily drinking patterns of 82 individuals
after they entered alcoholism treatment. Those with a baseline anxiety disorder were significantly more
likely than others to meet various definitions of drinking relapse over the follow-up. Baseline social phobia
was the single best predictor of a return to any drinking after treatment, whereas panic disorder was the
single best predictor of a relapse to alcohol dependence after treatment. Cross-sectional analysis at the
follow-up showed that anxiety disorder persisted in the absence of a relapse to alcohol dependence far
more often than relapse to alcohol dependence occurred in the absence of a persistent anxiety disorder.
In brief, alcohol use disorders and anxiety disorders are significantly related. Besides the strength of such
an association varies among specific anxiety disorders, panic disorder is one of the strongest mental
illness associated to alcohol use disorder.
Panic, when associated to alcohol use disorder, may worsen the clinical conditions, interfere with social
functioning, as well as favour relapses to alcohol dependence after treatment.
According to this observation, further investigations on the co-occurrence of panic and alcohol misuse
should be encouraged. Additional knowledge could clarify the temporal pattern of occurrence of the two
disorders, the etiopathogenetic mechanisms underlying the comorbidity, the appropriate clinical and
therapeutic approaches to use in double diagnosed patients.
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On cigarette smoking

Similarly to alcohol, cigarette smoking is usually used and abused in socially accepted conditions.
It seems likely that tobacco has been sucked, chewed and smoked for many centuries in different
civilisations. When Columbus landed in the Americas in 1492 he was offered dried tobacco leaves at the
House of the Arawaks. Tobacco smoking spread from North America to Europe around the middle of the
sixteenth century and thereafter became an increasingly widespread habit around the world. Following
the Second World War, approximately three men in four smoked cigarettes and somewhat less than one
woman in four had acquired the habit.
Cigarette smoking had become ubiquitous. Cigarettes were relatively inexpensive and widely available
and every group of society indulged in the habit. Cigarette advertising was virtually unrestricted, even
appearing in medical journals, and different brands, and the smoking habit were endorsed by movie
stars, sporting heroes and even by doctors.
The only cloud on the horizon was the adverse effects being increasingly demonstrated to be associated
with the cigarette smoking habits. Thus, the habit soon became the focus of some suspicion and scrutiny.
Historically important reports that documented systematically the evidence that tobacco smoking gives
rise to physical disease such as cancer were published in the 1960s (Royal College of Physicians of
London 1962; Surgeon General’s Advisory Committee on Smoking and Health 1964). Since that time
considerable research has clarified the health impacts and disease processes (WHO 1997).
The diagnosis of tobacco dependence was first added to the DSM in the 1980 third edition (APA 1980);
the diagnosis was changed in nicotine dependence in the revised third edition published in 1987 (APA
1987). In the DSM III R criteria for psychoactive substance use disorders are considered, it is difficult to
argue that cigarette smoking does not cause addiction.
The nine diagnostic criteria refer to: 1) substance often taken in larger amount or over a longer period
than the person intended; 2) persistent desire or unsuccessful efforts to cut down or control substance
use; 3) a great deal of time spent in activities necessary to get the substance, taking the substance, or
recovering from its effects; 4) frequent intoxication or withdrawal symptoms when expected to fulfil major
role obligations or when substance use is physically hazardous; 5) important social, functional or
recreational impairment; 6) continuous substance use despite knowledge of having problems caused or
exacerbated by the use of the substance; 7) marked tolerance; 8) characteristic withdrawal symptoms; 9)
13
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substance often taken to relieve or avoid withdrawal symptoms.
All nine of these diagnostic criteria apply almost universally to cigarette smokers. In addition, only three of
the nine criteria need to be met to make the diagnosis of psychoactive substance dependence.
In 1992 the World Health Organization included tobacco smoking in the frame of mental and behavioural
disorders due to psychoactive substance use. Thereafter, the fourth edition of the DSM specifically
referred to nicotine dependence and nicotine withdrawal as psychiatric disorders. Finally, the DSM IV TR
(APA 2000) referred to nicotine use disorders which include nicotine dependence, nicotine-induced
disorders (that is nicotine withdrawal) and nicotine related disorder not otherwise specified.
Although reports of the health consequences of cigarette smoking began appearing in the medical
literature in the 1950s, the social climate was such that the medical community for many years did not
stress the importance of these problems and did not strongly confront the need to stop smoking.
Cigarette smoking is nowadays clearly and consistently associated with an increased risk of cancer at a
variety of sites of the human body. Moreover, there are a number of very common diseases other than
cancer which are also linked to tobacco smoking (e.g. ischemic heart disease, cardio-respiratory disease,
chronic obstructive lung disease) (Boyle et al 1997). Thus, cigarette smoking is recognised as leading
cause of preventable death, the death rate in smokers being 30% to 80% higher than non smokers
(Holbrook et al 1983).

On smoking and anxiety

There is also considerable evidence for the co-occurrence of smoking and mental disorders. Studies
have found high smoking rates among mixed samples of psychiatric outpatients and inpatients and
especially high rates among patients with specific psychiatric diagnoses (Breslau 1995; Gonzalez-Pinto
et al 1998).
Large surveys confirmed the elevated association of cigarette smoking and psychiatric disorders in the
general population (Upadhyaya et al 2002; Rohde et al 2004). Based on a nationally representative
sample in the USA, 44.3% of all cigarette smokers are estimated to have a mental disorder (Lasser et al
2000). Similarly, current smokers compared with never smokers in the adult population of Australia
showed an odds ratio of 3.4 for alcohol use disorders (95% CI 2.6 – 4.4), of 1.5 (95% CI 1.2-1.8) for any
14
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affective and an odds ratio of 1.7 (95% CI 1.4-2.0) for any anxiety disorders (Degenhardt et al 2001).
Finally, individuals dependent on nicotine had an odds ratio of 12.8 (95% CI 11.7-14.0) for dependence
on alcohol compared with nicotine non dependent smokers. The rates of those who had a major
depressive episode or any anxiety disorder increased from never and former users of cigarettes, non
dependent current smokers, up to dependent current smokers (Kandel et al 2001). The odds ratios
adjusted for socio-demographic variables were 1.8 for non dependent and 3.1 for dependent current
smokers with a major depressive episode and 1.4 for non dependent and 2.6 for dependent current
smokers who had any anxiety disorder compared to never smokers. The prevalence rates for any anxiety
disorder among non dependent smokers or non smokers was 26.3%, among the mild nicotine dependent
subjects 36.8% and among the moderate dependent subjects 62.3% (Breslau et al 1991). Studies have
also found a link between an elevated prevalence of smoking and particular anxiety disorders, including
panic disorder (Amering et al 1999) and social phobia (Sonntag et al 2000).
A disproportionate number of persons with PD smoke cigarettes compared to people in the general
population (Breslau et al 1991) and individuals with other anxiety disorders (Himle et al 1988). Daily
smoking has been related to an increased risk of initial occurrence of panic attacks and panic disorder
(Breslau et al 1999). Indeed, Breslau et al (1991; 1999) found that mild to moderate nicotine dependence
is associated with an 11% lifetime prevalence of PD; a rate of PD approximately 2.5 times higher than
persons with no nicotine dependence.
In a representative investigation, Pohl and co-workers (1992) observed that 51.6% of patients with PD
were smokers at the onset of the illness and that 36.8% were regular smokers.
A longitudinal study (Johnson et al 2000) showed that an heavier cigarette smoking during adolescence
was associated with an elevated risk of agoraphobia, generalized anxiety disorder, and panic disorder in
early adulthood.
Taken together, available studies suggest that smoking and panic co-occur at elevated rates, and these
observed associations are not due to socio-demographic characteristics, other psychiatric conditions, or
symptom overlap in diagnostic criteria for PD and nicotine dependence (Zvolensky et al 2005).
In the frame of the above data pertaining both alcohol and tobacco use in the relation with anxiety
disorder and particularly with panic, it seemed worthwhile to analyse such a relationship to clarify the
etiopathogenetic mechanisms explaining this co-occurrence as well as the clinical approach to use in
smokers or alcohol users with a diagnosis of panic attacks or panic disorder.
15
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Drinking, smoking and panic; looking for links

The subject of this thesis is panic disorder as it occurs in comorbidity with the abuse of alcohol or
nicotine.
Chapter two provides a general introduction on PD and alcohol abuse and a critical review of the
literature. Emphasis lies on the causal relationship between panic and alcohol use disorder as this topic
is still controversial. Up to now, two main explanations have been hypothesised for such a co-occurrence.
Panic may promote pathological alcohol use as self-medication, and chronic alcohol use as well as
alcohol withdrawal may induce changes in the neurochemical system that trigger panic. A third factor
has been considered as familial transmission might promote both conditions.
The review highlights that alcohol lessens anxious apprehension in panic subjects, thereby decreasing
the likelihood of panic. In alcoholics, alcohol increases CO2 sensitivity, thereby promoting panic. In both
cases, a significant familial transmission contributes to the co-occurrence of the two disorders.
The present findings seem to indicate that panic and alcohol use disorders can both serve to initiate the
other via independent mechanisms. Thus, the self medication hypothesis and the neurochemical
hypothesis result opposite but not mutually exclusive explanations. The first may explain the mechanism
of the comorbidity when panic occurs temporally prior to alcohol use, the latter when alcohol use disorder
is temporally prior to panic.
As an effort to clarify the effect of alcohol use on panic and verify the self medication hypothesis, an
experimental model called 35% CO2 model was used to study panic under laboratory controlled
conditions.
A considerable amount of previous work has validated the 35% CO2 challenge as an experimental model
for panic. Such an experimental model should fulfil four criteria: specificity, clinical validity, replicability
and symptom convergence. It was shown that the spectrum of disorders exists, with different degrees of
sensitivity to CO2. By far the highest sensitivity is found for panic disorder, however. Clinically effective
panic reducing agents have been shown to reduce the vulnerability to the 35% CO2 challenge.
Conversely, ineffective agents have failed to do so. The recreation to the challenge is also readily
replicable in panic disorder patients, regarding the provoked anxiety as well as the different panic
symptoms. It was shown that the 35% CO2 challenge reproduces well the majority of natural panic
symptoms.
16
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CO2 is supposed to have its panicogenic effect via triggering of chemioreceptive areas in the brainstem
which causes, among other things, respiratory stimulation. This should be an essential quality of a
panicogen, according to the false suffocation alarm hypothesis of Donald Klein (1993, 1994), a theory on
panic that emphasizes the link between panic and respiratory system.
Chapter three proposes a study in which the symptoms of 35% CO2 induced panic attacks observed after
the intake of an alcoholic drink were compared with the symptoms of 35% CO2 elicited panic attacks after
placebo intake. It was shown that the subjects undergoing the CO2 challenge after alcohol oral
assumption had a significantly lower response to the challenge than subjects who received a non
alcoholic drink. Considering that no differences were observed for the pre challenge level of anxiety, it
was argued that alcohol may have a specific anti panic effect.
This study, however, seemed to have some limitations. On one hand, alcohol was administered orally.
This may imply that it acted on CO2 induced panic symptoms both via its pharmacological and
psychological properties (e.g. the act to drink, the belief of being drinking an alcoholic beverage with
sedating properties). On the other hand, the sample was constituted by healthy volunteers who could not
be a gold standard to make inferences on panic disorder patients.
Because of these possible limitations, a second study was performed using ethanol intravenously in drug
free panic disorder patients and healthy volunteers. This study is presented in chapter four. Compared to
the placebo condition, the effect of the 35% CO2 challenge was significantly smaller after ethanol
infusion. No sedating effect was found in the pre challenge phase. Again, the findings confirm those
showed in chapter three. They also comfort earlier findings of a direct pharmacological anxiolytic effect of
alcohol on panic.
According to these studies, alcohol and panic might be linked via a causal relationship as alcohol can be
used to reduce the severity of symptoms of panic. Thus, the self medication hypothesis seems
supported.
Similarly to alcohol, nicotine and cigarette smoking are usually used and abused in socially accepted
conditions and are strongly related to anxiety disorders, particularly to panic.
Once again, the pathogenetic mechanism underlying such a relationship is still discussed and several
explanations have been advanced. One hypothesis suggests that PD patients smoke as means of selfmedicating their symptoms (Breslau et al 1991; Pohl et al 1992). On the contrary, some authors propose
that pulmonary problems may predispose smokers to overreact to suffocation signals manifesting panic
17

│Chapter 1

attacks (Breslau et al 1999).
Other possibilities of pathways from smoking to panic have been suggested. It has been observed that
nicotine produces physiological effects characteristics of panic attacks via the release of epinephrine and
norepinephrine (Dilsaver 1987). Alternatively, Zvolensky et al (2003) found that nicotine may modify the
expression of PD by increasing potentially fear-producing bodily sensation. That is individuals with PD,
who usually perceive themselves as being physically unhealthy, would more likely react with exaggerated
anxiety.
Finally, a shared vulnerability has been tested examining whether panic and cigarette smoking share
genetic or environmental liability factors.
On the basis of these hypotheses and the above mentioned studies conducted on alcohol and panic, it
seemed interesting to evaluate if even the relationship between nicotine and panic may be explained by
pharmacological mechanisms.
Accordingly, chapter five contains a study on the acute effect of transdermally administered nicotine on
healthy non smokers. Compared to the placebo condition, nicotine did not affect the 35% CO2 challenge
response but induced an aspecific response prior to the challenge. Thus, nicotine did not seem to
specifically elicit panic but to trigger an aspecific autonomic activation.
These findings may cast some doubts on the validity of the hypothesis for which smoking has a calming
effect. On the other hand, they support the possibility that nicotine contributes in inducing panic via an
aspecific noradrenergic system stimulation.
The study, however, seemed to have some limitations. First of all, nicotine was acutely administered. In
real life smokers are chronically or sub-acutely exposed to nicotine and this may imply a different
pharmacological effect of the substance. Second, the effect of nicotine was evaluated in healthy
volunteers. They may have different response to nicotine if compared to psychologically vulnerable
individuals such as patients with PD or with a high level of anxiety sensitivity or a strong fear of
suffocation. In fact, nicotine’s sympathetic arousal induces effects that could easily be interpreted by
psychologically vulnerable individuals as dangerous and initiate a panic-like reaction to the CO2
challenge.
Because of these possible limitations, a second study was performed administering the 35% CO2
challenge to panic disorder smokers and panic disorder non smokers. The study is presented in chapter
six. The aim was to test whether cigarette smoking, used as a proxy of chronic exposure to nicotine, has
18
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an influence on laboratory elicited panic in PD patients. Smokers and non smokers did not differ for
baseline clinical characteristics of panic and for pre challenge level of anxiety. Smokers had a
significantly higher response to the challenge than non smokers considering both PSL and VAAS score.
They also had a higher rate of CO2 elicited panic attacks than non smokers.
In this frame, cigarette smoking, used as a proxy of chronic exposure to nicotine, increases the response
to the 35% CO2 challenge in PD patients. These findings confirm that nicotine, or at least cigarette
smoking, may have a specific panicogenic effect.
According to these studies, nicotine and panic might be linked via a causal relationship. Nicotine has an
aspecific pharmacological anxiogenic effects when it is acutely administered to healthy no vulnerable
volunteers. On the contrary, it has a specific panicogenic effect in vulnerable PD patients chronically
exposed to cigarette smoking.
While the association between cigarette smoking and anxiety as well as between cigarette smoking and
affective disorders has been well documented, an increasing literature focuses on the relationship
between smoking and negative affectivity.
Besides a high prevalence of anxious and depressive symptoms has been observed in smokers (Lagrue
et al 2002) and in smokers attending smoking cessation clinics (Fakhfakh et al 2003), it seemed
interesting to further evaluate if the occurrence of this sub threshold negative affectivity could complicate
smoking dependence and/or lead to the request of specialised centres to quit.
Chapter seven is a study in which negative affectivity was evaluated in smokers applying for smoking
cessation clinics and in smokers of the general population. Applicants had anxious and depressive
symptoms more frequently than smokers from the general population.
According to these findings, the occurrence of anxious and/or depressive symptoms seems to complicate
cigarette smoking in smokers who ask for a specialised intervention to quit.
This phenomenon may have important implications in clinical practice. An evaluation of the level of
negative affectivity at first visit would give a more detailed psychopathological picture of the patient. A
psychological or pharmacological support could be proposed with the aim to reduce those negative
affective symptoms. Strategies of this kind may increase the rate of success in quitting or the duration of
smoking abstinence.
However, besides sub threshold symptoms are relevant in determining the severity of smoking
dependence and the clinical approach to use, other factors should be taken into account.
19

│Chapter 1

Nicotine dependence, psychological distress and personality characteristics, for instance, are claimed to
have a key role in triggering (Malouff et al 2006), maintaining smoking or failing in quitting (Chatkin et al
2004; Doran et al 2004; Hooten et al 2005).
Chapter eight contains a pharmacological study, evaluating the relationship between personality
characteristics, psychological distress, nicotine dependence and the risk to fail in quitting smoking in
smokers under an eighteen – week treatment with nicotine replacement therapy or placebo. Outcome
was evaluated after twelve, twenty six and fifty two weeks of follow up. Smokers who succeeded in
quitting were compared with those who failed.
The level of baseline nicotine dependence, measured by means of the Fagerström Tolerance
Questionnaire, and Psycoticism, measured by means of the Eysenck Personality Inventory, were the
strongest predictors of quitting failures. No statistically significant results were found for psychological
distress.
The results show that nicotine dependence influences the medium long term outcome as a possible
result of physical and psychological dependence. Moreover, psychoticism seems to influence the risk of
quitting failure as it implies personality traits which may favour nicotine dependence and discourage in
persisting a task such as quitting smoking.
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Chapter 2
Alcohol use disorders and panic disorder: a review of the evidence of a direct
relationship
Abstract

Objective. It is generally agreed that alcohol use disorders and panic disorder with or without
agoraphobia [PD(A)] tend to occur within the same individual. However, the cause of this comorbidity
remains controversial. Three main explanations are that (1) PD(A) promotes pathological alcohol use as
self-medication, (2) chronic alcohol use and alcohol withdrawal induce changes in the neurochemical
system that promote panic, and (3) a third factor, such as familial transmission, promotes both
conditions. The aim of this review was to survey the literature in order to determine the validity of these
explanatory models.
Data sources. A review of epidemiological, family, and laboratory studies was performed. Studies were
identified using MEDLINE (English language articles published from 1960 to April 2006, key words:
'alcohol and panic').
Study selection. Twenty studies were reviewed and selected according to the following criteria: PD(A)
and alcohol abuse/dependence diagnosed according to the DSM, no additional comorbidity, use of adult
samples, comparison with a non-clinical control group, or application of a cross-over design.
Data extraction. Non-significant results or trends only were reported as 'no difference'. Data on 'anxiety
disorders' or 'substance abuse' in general were not included.
Data synthesis. In PD(A), alcohol lessens anxious apprehension, thereby decreasing the likelihood of
panic. In alcohol use disorders, alcohol increases CO2 sensitivity and may thereby promote panic. In both
cases, a significant familial transmission contributes to the co-occurrence.
Conclusion. Findings would seem to indicate that PD(A) and alcohol use disorders can both serve to
initiate the other via independent mechanisms. Further studies are warranted.
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Introduction

Substances like cocaine, marijuana, and alcohol may precipitate anxiety and, more specifically, panic
(Cowley et al 1992; Katerndahl et al 1999; Deacon et al 2000). As far as alcohol is concerned,
accumulating evidence supports the view that there is a close link between panic disorder with or without
agoraphobia [PD(A)] and alcohol abuse or dependence. In fact, some studies (Dick et al 1994) show that
subjects with PD(A) have a higher than expected prevalence of alcohol use disorders; other studies show
that alcoholics have a higher than expected prevalence of panic.
One explanation for the etiology of such a comorbidity is that PD(A) directly promotes alcohol use
disorders. The hypothesis that expresses this general view has been referred to as the ‘self-medication
hypothesis’ (Quitkin et al 1972). It suggests that alcohol may decrease aversive panic-like symptoms,
thereby promoting persistent and escalating use via negative reinforcement. This view has been most
often supported by anxiety researchers who tend to consider alcohol use disorders as a complication of
PD(A).
In contrast, alcoholism researchers consider panic symptoms to be a consequence of chronic alcohol
use, especially in cases of strong dependence or withdrawal syndrome. According to this latter view,
changes in neurochemical systems induced by alcohol use or alcohol withdrawal may be responsible for
the onset of PD(A) (George et al 1990). In this regard, it is worth noting that researchers’ backgrounds
may shift the point of view from which the phenomenon is studied and influence the observation itself.
There is an alternative hypothesis that, rather than there being a direct causal relationship, both comorbid
conditions may be promoted by a third factor. On the basis of the strong familial component observed in
PD(A) and alcoholism, some authors have suggested that this third causal factor may run in the family
(Merikangas et al 1998).
Finally, the illusion of a relationship between PD(A) and alcoholism may be due to an over representation
of patients with both disorders according to Berkson’s bias. However, this applies only to clinical studies
and not to the ones conducted in community samples.
The present article briefly reviews the existing data on the comorbidity between alcoholism and panic. It
focuses on epidemiological surveys, family studies, and experimental research. The aim is to get a
broader perspective on the relationship between PD(A) and alcohol abuse/dependence and to identify
the possible underlying etiological mechanisms.
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Methods

A computerized search was carried out (PUBMED 1960-2006) using the key words: 'alcohol and panic'.
In addition, the reference lists from existing reviews and from the articles retrieved were inspected. Only
English language articles published in peer-reviewed journals were included.
Drawing conclusions on the basis of the results of poorly designed studies is of questionable value. To
proceed in the most conservative fashion, only studies performed according to specific criteria were
included in the review.. The diagnosis of PD with (PDA) or without agoraphobia (PD) and alcohol
abuse/dependence had to be made according to the Diagnostic and Statistical Manual of Mental
Disorders. Moreover, no additional comorbid psychiatric disorders were allowed to be present at the time
of participation in the study, and the study had to include adult samples. Except in the case of
epidemiological surveys conducted in the general population, a non-clinical control group or a cross over
design was required.
In order to work with an approach as conservative as possible, non- significant results or trends only were
reported as 'no difference'. Also, studies were excluded when the data referred to 'anxiety disorders' or
'substance abuse' in general and when the comorbid disorders were not specifically limited to PD(A) and
alcohol use disorders.

Results

Twenty articles met our inclusion criteria. What follows is, first, an overview of studies estimating the
prevalence of comorbidity in epidemiological studies in the general population, on the one hand, and in
clinical samples, on the other hand. Then, the family studies looking at psychopathology in the families of
probands with one of the two disorders will be reviewed. Finally, experimental studies analyzing the
interaction between panic and alcohol, using panic provocation in the laboratory, will be considered.
Studies on the prevalence of comorbidity
In 1998, Swendsen et al (1998) aggregated and weighted the data of four major epidemiological surveys
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and showed the lifetime risk of PD(A) for patients with alcohol abuse/dependence compared with that of
non-alcohol abuse/dependence samples (i.e., odds ratio, OR) after accounting for age, gender, and
education. The OR was 3.82 (95% CI = 3.75-3.90) in the Epidemiologic Catchment Area (ECA) survey
(Regier et al 1990), 2.09 (95% CI = 1.41-3.10) in the National Comorbidity Survey (NCS) (Kessler et al
1997), 0.97 (95% CI = 0.41-2.58) in the Puerto Rico study (Canino et al 1987), and 1.96 (95% CI = 0.934.13) in the Zurich study (Angst et al 1984). The ORs of having alcohol abuse/dependence comorbid with
PD over the past 12 months were 4.06 (95% CI = 3.90-4.22) in the ECA, 1.21 (95% CI = 0.77-1.90) in the
NCS, 0.40 (95% CI = 0.49-12.68) in Puerto Rico, and 4.08 (95% CI = 0.79-21.18) in the Zurich study.
In Edmonton (Alberta, Canada), a random sample of 3,258 adult household residents was interviewed.
The OR of alcohol abuse/dependence in those with PD(A) compared with all other subjects was 3.1 (Dick
et al 1994). Lifetime comorbidity was also measured in the Ontario, Canada population aged 15-64 years
by means of a survey of a representative household sample. The OR of PD in the case of alcohol
dependence was 2.2 (95% CI = 1.1-4.3) (Ross 1995).
Finally, in the National Survey of Mental Health and Well-Being, a cross-sectional survey of 10,641
Australian adults, the OR (95% CI) for the association between alcohol abuse/dependence and panic
was 3.9 (2.3-6.7) (Burns et al 2002).
In sum, according to the results of the literature, the risk of PD(A) in cases of alcohol abuse/dependence
is between two and four times higher than in cases of no alcohol abuse/dependence, the only exception
being in the Puerto Rico (Canino et al 1987). This exception may be due to some characteristics of the
study and of the Puerto Rican population: 1. subjects over age 64 years were not included, thus reducing
the possibility of seeing a lifetime prevalence rate increase due to age; 2. subjects had a low
socioeconomic status as Puerto Rico is part of the developing and third world countries; 3. least educated
inhabitants and those living in urban areas were underrepresented, since they had higher rates of
disorders for several diagnoses; thus, the overall rate of psychiatric disorder on the island may be slightly
higher than what was reported; 4. Puerto Ricans may have different cultures and customs regarding
disclosure of psychopathology and alcohol consumption; and 5. in Puerto Rico a translated and adapted
version of the Diagnostic Interview Schedule (DIS) was used. The interview was changed as what
concerns the computer algorithms and modified adding items according to diagnostic or cultural
considerations. Moreover, fewer schedules were included because the survey was conducted by the
Ministry of Health, and in this context the full DIS appeared likely to lead to respondent fatigue. Finally,
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the authors suggested that Puerto Ricans may have singular coping styles or social support networks
that protect them from mental disorders.
Some epidemiological studies also examined the temporal relationship between panic and alcohol
use/dependence, which is a relevant element in clarifying the etiologic mechanisms of such a
comorbidity. Krystal et al (1992) used data from the first wave of interviews from five communities of the
ECA project to examine the comorbidity of alcohol use and panic in relation to age. Alcoholism was
negatively associated with age (p < 0.01). Among men, PD declined to 0/100 by age 54 for individuals
reporting recent alcohol abuse and by age 45 for individuals with a past, but not recent, alcoholism
history (no alcohol abuse for greater than 6 months). Among women, PD rates declined to 0/100 by age
64 for individuals reporting recent alcohol abuse and by age 55 for women with a past, but not recent,
alcoholism history. Thus, PD prevalence declined earlier in subjects with a past history of alcoholism than
in subjects with a recent history of alcoholism. However, when the order of onset of reported symptoms of
panic and alcoholism was examined among those who met criteria for both disorders at some point in
their lives, 60% had symptoms of alcoholism at least 1 year earlier than symptoms of panic, 6% reported
the onset of both symptoms within the same year, and 33% reported symptoms of panic at least 1 year
earlier than those of alcoholism. Although the onset of alcohol abuse or dependence was almost twice as
likely to occur prior to the onset of PD, this did not reach statistical significance (p = 0.11).
Finally, according to Swendsen et al (1998), alcohol abuse/dependence occurred prior to the onset of PD
in 44.5% of subjects in the ECA, in 32.7% of those in the NCS, and in 50% of those in the Puerto Rico
study. On the other hand, PD(A) was prior to alcohol abuse/dependence in 45.2%, 62.3%, and 33.3% of
cases, respectively.
The overall impression is that the temporal relationship between panic and alcohol use/dependence is
still a matter of debate, with the literature showing quite heterogeneous results.
In recent decades, various publications have investigated the comorbidity of PD(A) and alcohol
abuse/dependence in clinical samples. Some have addressed PD(A) subjects, and others have
addressed alcoholic samples. Unfortunately, the large majority of those studies did not include a healthy
control group or did not use DSM diagnostic criteria. Consequently, we reviewed only a small part of the
literature.
Pollard et al (1990) compared 79 patients with alcohol dependence with 70 hospital employees and found
that 10% versus 0%, respectively, had a diagnosis of PD and that 22% versus 7% had a diagnosis of
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PDA.
Schuckit et al (1997) evaluated 2,713 alcohol dependent subjects and 919 controls and found that 4.2%
of alcoholics had panic disorder versus 1% of controls (p < .001). More recently, Sbrana et al (2005)
evaluated 50 consecutive PD(A) inpatients and outpatients presenting for treatment at their clinic and 50
healthy controls. They found that 4% (n = 2) of the PD(A) patients and 6% (n = 3) of the controls had an
alcohol use disorder. In all cases, the rate of co-occurrence was surprisingly low when compared with
that found in epidemiological surveys. However, before concluding that clinical samples may not be
representative of the general population, additional methodologically sound research should be
conducted and taken into account. Especially considering that the rates of PD(A) documented in
uncontrolled samples of alcohol dependent patients seeking treatment are between 13 and 25%
according to the studies (Johannessen et al 1989; Segui et al 2001).
There is also interesting literature on treatment of panic among alcohol dependent patients.
This topic has high interest today for several reasons. First, baseline comorbid panic disorder has been
shown to be, among anxiety disorders, the single best predictor of a relapse to alcohol dependence after
treatment (Kushner et al 2005). Second, it would be important to clarify if a specific antipanic treatment
should be postponed to 3-6 months of sobriety, as suggested by clinical guidelines in 1990s (Cowley
1992); proposed as early treatment of panic in alcoholics; or integrated into the standard treatment for
alcoholism. Besides representing an important future research direction, the studies on this topic are to
our knowledge still a small number and not always including controls. Up to now, favourable results have
been observed with administration of imipramine to depressed PD alcoholics in an open label trial (Nunes
et al 1993) and clonazepam to three alcoholics in a case series (Baron et al 1990). According to these
results, early pharmacotherapy for panic in alcoholics may be indicated.
Non pharmacological interventions showed controversial results. Bowen et al (2000) administered the
regular alcoholism program with or without cognitive-behavioural treatment (CBT) specific for panic to
alcoholic inpatients with PD(A) according to a case control design. No statistically significant differences
were found between the two programs. On the other hand, Kushner et al (in press) reviewed the conduct
and preliminary findings of a clinical trial of an integrated CBT program for alcoholism treatment patients
with comorbid panic disorder.
The data overviewed indicated that this program was effective in reducing panic attacks and, more
importantly, serious alcohol relapses following treatment.
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In brief, treatment research on panic and alcoholism is growing but still apparently not exhaustive to solve
the clinical practice dilemma of which serial or integrated comorbidity treatment approach to use.
Family studies
Since the 1980s, several studies have investigated the possibility of genetic liability or clustering in
families of PD(A) and alcohol abuse/dependence. Some studies have shown that family members of
individuals with PD(A) are at an increased risk of alcoholism; others have found that family members of
individuals with alcohol abuse/dependence are at an increased risk of panic.
Crowe et al (1983) collected data on 278 first-degree relatives of 41 probands with PD and on 262
relatives of 41 control probands. The morbidity risk for alcoholism was 6.1% in the first group and 3.8% in
the second. Similar results were found by Noyes et al (1986), who observed that 6.6% of PD relatives
and 4.4% of control relatives had a diagnosis of alcohol abuse/dependence (p = 0.01). Once again,
Goodwin et al (2006) compared rates of alcohol use disorders in the relatives of 3 proband groups (PD
with lifetime alcohol use disorders, PD without lifetime alcohol use disorders, and not-ill controls). They
found a significantly higher rate (12%) of alcohol use disorders among the relatives of PD probands
compared with relatives of controls (5%), and anxiety symptoms were more frequent among the male
relatives of panic probands who received an alcohol diagnosis, compared with those who did not have
alcohol use disorders.
In contrast, Merikangas et al (1998) evaluated 42 alcoholic probands and 61 controls and found an OR
for having PD of 2.7 (95% CI = 1.2-5.8) when comparing relatives of alcoholic probands to relatives of
controls. Similarly, Nurnberger et al (2004) conducted a study on a large sample of 8,296 relatives of
alcoholic probands and of 1,654 controls, finding a relative risk of 2.15 (95% CI = 1.31-3.52). Adjusting
for sex, ethnicity, ascertainment site, cohort effect, and comorbidity, the relative risk decreased to 1.90
(1.03-3.51).
Two additional studies should be noted as they refer to adult offspring of alcoholics. Mathew et al (1993)
observed 408 adult children of alcoholics and 1,477 controls and found that 2.7% and 0.7%, respectively,
had a diagnosis of PD (p <0.001) with an OR of 4.06 (p ≤ 0.01). Bidaut-Russell et al (1994) studied 74
adult offspring of mothers clinically diagnosed with alcoholism and 978 control subjects. They observed in
male offspring of alcoholic mothers a more than twofold increased risk of panic occurrence when
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compared with male offspring of controls (OR = 2.86, 95% CI = 0.31-26.52). Thus, the risk of one of the
two disorders occurring in first-degree relatives of patients is almost doubled when compared with that of
first-degree relatives of controls. The elevated risk of panic in relatives of alcoholics, and viceversa,
seems to be confirmed also by studies on offspring.
However, family data sets also should be examined according to the pattern of co-occurrence. It might be
worth clarifying if panic disorder and alcoholism co-occur in same families as an apparent phenotype (i.e.
probands with PD(A) and alcoholism have relatives with PD(A) and alcoholism) or if the disorders tend to
co-occur in isolation in relatives. The latter would suggest alternative phenotypic expressions of the same
underlying vulnerability. This sort of analysis has already been used to make inferences about the
relationship between depression and alcoholism in family studies. Moreover, this may be a starting point
to strengthen the research on co-aggregation of multiple disorders as suggested by Nurnberger et al
(2004). They found that rates of specific substance dependence were markedly increased in relatives of
alcohol-dependent probands for cocaine, marijuana, opiates, sedatives, stimulants, and tobacco.
Aggregation was also seen for panic disorder, obsessive-compulsive disorder, posttraumatic stress
disorder, and major depression. These data suggest that new phenotypes for molecular genetic studies
may exist as well as alternative strategies for studying the heterogeneity of alcohol dependence.
Experimental studies
Epidemiological and family studies highlight the possibility of a significant causal relationship between
panic and alcohol abuse/dependence. Most studies suggest that panic may promote alcohol use
disorders while other studies show that heavy drinking may induce the onset or worsening of panic. This
suggests a potential complex causal link that needs to be clarified.
Experimental research may contribute to our understanding of this link as panic attacks, the core
phenomenon of PD(A), are reproduced under controlled laboratory conditions by the administration of
provocative agents (i.e., sodium lactate, carbon dioxide, cholecystokinin, yohimbine, etc.). These
challenges also allow the direct observation of the effects of alcohol use on the panic-like response to a
provocative agent.
Lactate infusion and CO2 inhalation are the challenges specifically used in studying the comorbidity
between PD(A) and alcohol use disorders. George et al (1989) administered lactate to abstinent alcoholic
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patients with PD, non-alcoholics with PD, and control subjects. They found that alcoholic patients had
fewer panic attacks in response to lactate infusion than non-alcoholic patients (p < 0.05) with no
differences in baseline anxiety. The authors suggested that the pathophysiology of PD(A) in alcoholics is
different from that in non-alcoholics. It may be argued that even past alcohol use can protect against
panic attacks or at least that alcoholics with PD are resistant to CO2.
On the other hand, Cowley et al (1989) studied the response to sodium lactate infusion in alcoholics with
a history of panic attacks, alcoholics without a history of panic attacks, and non-alcoholics with PD. The
rate of lactate-induced panic was significantly higher in alcoholics with panic attacks than in alcoholics
without panic attacks (p < 0.02). Non-alcoholic patients with PD(A) and alcoholics with panic attacks did
not differ significantly in their lactate response. The authors suggested that panic attacks in alcoholics
resemble those in non-alcoholics.
Kushner et al (1996) tested the acute effect of alcohol on panic symptoms by administering either alcohol
or placebo to subjects with PD and then administering a 35% CO2 challenge. State anxiety scores were
significantly lower in the alcohol group at both the pre- and post-challenge assessment (p < 0.01 and p <
0.05, respectively). Subjects in the placebo group showed a greater increase over baseline on the postchallenge Acute Panic Inventory score than did subjects in the alcohol group (p < 0.01). No difference
was found with regard to the number of panic attacks although they occurred in 50% of the subjects in
the placebo group and in 25% of the subjects in the alcohol group (p = 0.15). The authors concluded that
alcohol may attenuate panicky responses in patients with PD, perhaps by acting upon gamma-amino
butyric acid (GABA) receptors. These results seem to contradict the previous ones obtained using lactate
infusion as a challenge (George et al 1989). In reality, studies with lactate on the one hand and the ones
with CO2 on the other address different questions and do not really contradict. The first (George et al
1989; Cowley et al 1989)evaluate “panicogen in alcoholics”, and the second (Kushner et al 1996) are
about “panicogen and alcohol administration”. Thus, the first evaluate the acute effect of a panicogenic
agent in subjects chronically exposed or not exposed to alcohol. The second evaluate the acute effects of
panicogen plus alcohol or placebo in subjects chronically exposed to panic. Considering that lactate
infusion and CO2 challenge have comparable efficacy in inducing panic under controlled laboratory
conditions (Nutt 2001), different previous chronic exposures may imply a different sensitivity to the
panicogenic agent. For this reason, studies with lactate infusion and studies with CO2 inhalation should
be considered complementary.
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Lehman et al (2002) examined the effects of alcohol outcome expectancy, subjective anxiety, and
anticipatory anxiety on panic symptoms induced by a 35% CO2 challenge in PDA patients after
consuming either an alcoholic or placebo beverage. Participants with greater positive alcohol
expectancies reported fewer panic symptoms, participants who drank alcohol reported less anxiety after
the challenge, and individuals with greater anticipatory anxiety reported greater post-challenge anxiety.
The authors concluded that anticipatory anxiety mediates the relationship between alcohol use and selfreported anxiety as alcohol lessens anxious apprehension, possibly decreasing the likelihood of having a
panic attack.
More recently, Rassovsky et al (2004) compared 22 detoxified, alcohol-dependent individuals with 32
healthy controls on two biological challenges (a breath-holding challenge and the 5% CO2 re-breathing
challenge). The alcoholic group had significantly higher CO2 sensitivity than controls in response to both
challenges, while no differences were found in the number of laboratory-induced panic attacks. The
authors concluded that alcohol withdrawal may lead to CO2 hypersensitivity and that this could be an
important causal factor for comorbidity between alcohol abuse/dependence and panic. A proposed
explanation is that CO2 hypersensitivity, resulting from chronic suppression of medullary chemoreceptors
by alcohol, may lead to hyperventilation during the alcohol withdrawal syndrome and that this, in turn,
may promote the onset and maintenance of panic. Alternatively, acute alcohol withdrawal could lead to a
pathologically dysregulated CO2 chemosensory state, and CO2 hypersensitivity could thus generate false
suffocation alarms and trigger panic attacks, according to Klein's (1993) theory.

Discussion
Perhaps the strongest conclusion that can be drawn from this review is that both PD(A) and alcohol use
disorders appear to have the capacity to serve as a causal factor/facilitator in the development of the
other. Epidemiological studies show a direct relationship between PD(A) and alcohol abuse/dependence.
The lifetime risk of PD(A) occurrence in alcoholics ranges from 4.08 in the Zurich study to 1.21 in the
NCS (United States), with the Puerto Rico study being the only exception (OR= 0.97).
As for the temporal pattern, panic onset occurs prior to alcohol abuse/dependence more frequently than
the opposite pattern (Swendsen et al 1998; Krystal et al 1992). Yet, these two studies are the only ones
34

│

suggesting this sequence pattern. The temporal pattern becomes even more complex if we consider that
a past history of alcoholism has been found to be associated with an earlier decline in PD(A) prevalence
compared with a recent history of alcoholism. Theoretically, this phenomenon may be differently
explained. First, a successful self-medication can be considered. As an alternative, a biological
degenerative process triggered by age, alcohol neurotoxicity, or alcohol withdrawal damage could be
hypothesized. A natural age-related decline in panic prevalence and incidence in later life may be yet
another explanation (Flint et al 1996). Finally, it could merely be a matter of under-reporting of symptoms
by elderly subjects. The first explanation seems to be an argument in favour of the self-medication theory.
In the second case, the hypothesis that alcohol triggers panic would be supported. In the third case, an
independent factor, like the natural history of panic, would be the explanation. In the latter case, it would
be a matter of methodological biases.
Clinical studies (Pollard et al 1990; Schuckit et al 1997; Sbrana et al 2005) further support a direct
relationship between the two disorders but do not suggest an order of causality.
There is a clear familial aggregation between panic and alcohol use disorders since both occur in firstdegree relatives. However, the situation in offspring is not as clear. We were unable to find studies that
met our criteria in offspring of PD(A) patients. In offspring of alcoholics, one study (Mathew et al 1993)
found a higher risk of PD, but the other (Bidaut-Russell et al 1994) found this only in males.
Experimental research provides more substantial insight. Although lactate research is somewhat
contradictory (Cowley et al 1989; George et al 1989), studies using CO2 challenge have yielded crucial
results. These studies suggest that alcohol does not directly influence the likelihood of panic attack
(Kushner et al 1996; Lehman et al 2002). Rather, in PD(A) patients, it seems to decrease the level of
anticipatory anxiety (Kushner et al 1996; Lehman et al 2002). In alcoholics, however, it appears to
increase the CO2 sensitivity (Rassovsky et al 2004). The effect of alcohol in the two subpopulations
would, therefore, appear to be opposite. In PD patients, alcohol lessens anxious apprehension and thus
decreases the likelihood of a panic attack. In alcoholics, alcohol increases CO2 sensitivity and promotes
panic.
As far as PD(A) patients are concerned, the self-medication hypothesis appears to be valid. In the case
of alcoholic patients, the hypothesis that alcohol may trigger the onset of panic is most likely.
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Conclusions

Findings from the present review support the higher than expected rate of co-occurrence of PD(A) and
alcohol use disorders, and document a familial aggregation and a familial transmission. The findings also
suggest that when panic onset is prior to alcohol use disorder, the use of alcohol is an attempt to selfmedicate. At the same time, the findings suggest that when alcohol use disorders occur prior to PD(A),
panic follows as a consequence of hypersensitivization.
We started with two opposite hypotheses of causality that were apparently mutually exclusive. The first
depicted alcohol use disorders as a complication of panic, thus supporting the self-medication theory.
The other suggested that panic is a complication of alcohol use disorders.
We propose that these two hypotheses are opposite, but not mutually exclusive. The first may explain the
mechanism of the comorbidity when panic occurs prior to alcohol use, the latter when alcohol use
disorders are temporally prior to panic.
However, the issues proposed in the present review require further clarification. In fact, we found only 20
studies that met our strict inclusion criteria over a time span of about 20 years. What is needed are
additional studies using well-standardized methods, followed by reliable replications.
Moreover, studies clarifying the temporal occurrence of the two disorders are warranted. They could have
interesting clinical implications and solve the dilemma on how to treat dually diagnosed patients. If PD(A)
occurs first, a specific psycho-pharmacological anti-panic treatment could be applied early. If alcohol
abuse occurs first, the biochemical process of hypersensitization should be addressed early preventing,
withdrawals and promoting sobriety. Alternatively, a parallel treatment approach or an integrated
treatment program could be useful.
In this frame, treatment research should be encouraged to define the pharmacological/non
pharmacological program to apply when panic and alcoholism co-occur. It also would be interesting to
establish if the treatment of panic has an impact on drinking habits, for instance reducing alcohol
consumption or improving withdrawal symptoms, and if this activates a virtuous circle further improving
panic symptoms.
Finally, to draw a more complete picture, it would be interesting to verify if the hypotheses proposed in
the present review can be applied to the relationship between panic and other substances of abuse. In
fact, it is widely accepted that panic may begin or be exacerbated by the use of drugs such as marijuana,
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cocaine, and amphetamines and that in sedative/hypnotic abusers there is an increasing rate of panic. In
practice, it would be interesting to verify the temporal relationship between panic and abuse of other
substances and, once again, identify the proper treatment for dually disordered patients. This would imply
addressing the substance dependence as well as using pharmacological/non pharmacological treatments
for panic.
In general, increasing the knowledge on panic and substance abuse should guarantee that more
instruments are used in clinical practice to treat patients, prevent complications, and improve their quality
of life.
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Chapter 3
The influence of alcohol oral intake on the effects of 35% CO2 challenge. A study
in healthy volunteers
Abstract

Objective. Alcohol use disorders and panic disorder co-occur at a rate that exceeds chance significantly.
The underlying mechanism of alcoholism associated to anxiety has been rarely examined using
experimental methodologies.
The present study tested in healthy volunteers whether alcohol consumption reduces anxiety associated
with a panic-challenge procedure (35% CO2 challenge).
Methods. Placebo-controlled, double-blind, randomised study design. Eight healthy volunteers were
enrolled; all subjects had an alcohol and a placebo oral intake according to a cross-over design. After
each consumption the subjects underwent the 35% CO2 challenge and a series of anxiety symptom
assessments.
Results. After the alcohol intake, the subjects presented a significant reduction of the state anxiety
associated with the challenge procedure. The Panic Symptom List score is significantly lower after
alcohol intake (p = 0.032), if compared with the placebo, and the Visual Analogous Anxiety Scale shows
a trend to be lower after alcoholic drinking (p = 0.111).
Conclusions. Moderate doses of alcohol acutely decrease the response to a 35% CO2 challenge in
healthy volunteers. These results lend support to the pharmacological anxiolytic effect of alcohol and
suggest that this property may reinforce the drinking behaviour among those with high levels of anxiety.

Introduction

Alcohol use disorders co-occur with panic disorder (PD) at a rate that exceeds chance significantly (Himle
et al 1991; Kessler et al 1997).
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The reason of this comorbidity is unclear and may be explained by the “self-medication hypothesis”
(Quitkin et al 1972), the genetic load (Maier et al 1993) or by the pharmacological anxiolytic effect of
alcohol (Liljequist et al 1984; St Clair 1991).
Although such a comorbidity has been widely evaluated, only a small number of studies referred to
experimental methodologies, able to induce panic attacks in a controlled laboratory environment (Dager
et al 1987, Griez et al 1990, Verburg et al 2001). George et al (1989) and Cowley et al (1989) found that
alcoholic patients had fewer panic attacks in response to lactate infusion than the non alcoholic subjects.
On the other hand, Kushner et al (1996) showed that alcohol intake significantly decreases panic
response to a CO2 challenge and the state anxiety surrounding the challenge.
These results may be consistent with a direct pharmacological activity of alcohol on panic. However, in
Kushner et al.'s study, subjects achieved relatively high alcohol blood levels corresponding in clinical
signs of alcohol intoxication which may have biased the probants' reaction to the challenge.
The present study is aimed to replicate Kushner and co-workers using a smaller dosage of alcohol in a
sample of healthy volunteers.

Methods

Eight healthy volunteers were enrolled, 5 males and 3 females with a mean age of 36.63 years. They had
a medical history inventory, a physical examination and an evaluation through the Mini International
Neuropsychiatric Interview (MINI) (Sheehan et al. 1998) to exclude past or present history of psychiatric
disorders. They provided written informed consent and were paid to participate.
According to a placebo-controlled, double-blind, randomised, cross-over design, each subject underwent
a 35% CO2 challenge, after intake of a moderate dose of alcohol on one test day and placebo on another
test day with an interval between the two days of at least 48 hours.
All appointments had been scheduled for the morning and females were tested during the first two weeks
of the menstrual cycle (Jones 1974, Jones et al 1976). Subjects had been instructed: a) not to drink
alcohol for 24 hours preceding each test, b) to refrain from caffeinated products and eating 4 hours prior
to their appointment, c) not to drive to the laboratory and to stay for at least one hour after each
experiment.
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Targeting a Blood Alcohol Concentration (BAC) of 50 mg/dl (Fisher et al 1987), females received 20 g of
pure alcohol (0.29 g/Kg) and males 28 g (0.34 g/Kg) (Watson et al 1981, Centraal Bureau Voor de
Statistiek 2001) corresponding to 51 and 71 ml of 80-proof vodka poured into grapefruit juice.
Placebo drink consisted of grapefruit juice plus water, squirted on the top with 4 ml of vodka (Levenson et
al 1987) and matched the volume of the alcoholic drink.
Placebo and alcoholic drink were pre-tested in 8 healthy non alcoholic subjects, no difference were found
concerning the taste. Moreover, subjects gurgled with 10 cc of mouth water before each oral intake to
attenuate the taste acuity (DeBoer et al 1994).
Subjects had 10 minutes to consume the drinks and 20 minutes to rest to allow for alcohol absorption
(Levenson et al 1987).
Then, BAC was assessed using a breath analyzer and they underwent a 35% CO2 challenge, taking one
vital capacity inhalation of 35% CO2 - 65% O2 mixture via a self administration mask (Verburg et al 2001).
Before entering the entire procedure, subjects completed a baseline assessment using the State Trait
Anxiety Inventory, state form (STAI-1) (Spielberger et al 1970), the Zung Self rating Scale for Anxiety
(SAS) (Zung 1971). Before and after the CO2 challenge, anxiety was assessed by means of the Visual
Analogue Anxiety Scale (VAAS) (range 0-100), and the occurrence of panic symptoms by means of the
Panic Symptom List (PSL) consisting of 13 panic symptoms listed in the DSM IV (APA 1994), each being
rated between 0 (absent) and 4 (severe).

Results

There was not statistically significant difference concerning descriptive variables, biological parameters
(blood pressure, heart rate, air inhaled) and rating scales scores measured at the baseline during the two
test days.
The difference between pre- and post-challenge scores of the two main scales used (PSL and VAAS)
shown a significant decrease of the PSL score after alcohol intake (p = 0.032) and a trend to a decrease
of the VAAS score after alcohol assumption (p = 0.111) (table 1).
No statistically significant differences were found for the pre-challenge score of the two scales.
No subjects presented panic attacks during the CO2 challenge.
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Table 1. Paired t-test.
PSL score
With alcohol
With placebo
VAAS score
With alcohol
With placebo

N

mean

SD

t

df

p

8
8

3,500
6,625

3,546
4,596

2,67

7

0,032

8
8

3,250
10,750

6,964
12,000

1,82

7

0,111

Comment

Moderate doses of ethanol decreased the response to the 35% CO2 challenge in healthy volunteers.
These results confirm previous findings (George et al. 1989, Cowley et al. 1989, Kushner et al. 1996) and
support the hypothesis that alcohol has an anxiolytic effect in cases with panic-like symptoms.
The present study has some obvious limitations. The sample size is small and consists of healthy
volunteers, therefore any conclusion refers only inferentially to PD patients. Moreover, the subjects
received alcohol orally which does not eliminate the bias linked to the drinking behaviour (Hull 1981).
Besides this, the present results have some advantages. In order to prevent sedation affecting cognitive
performance and baseline anxiety before the CO2 challenge, low doses of alcohol were used referring to
a BAC of 50 mg/dl (Kissin 1997). This means that the alcohol blood levels did not influence the subjects’
cognitive performance (Tagawa et al 2000, Howland et al 2001) conferring a good reliability to their self
ratings. Moreover, as ascertained by the pre-test assessments, such a dose did not produce any
noticeable sedation that could have interfered with the reaction to the CO2 challenge. This means that the
blunted response to CO2 observed after alcohol intake cannot be merely related to a decrease in
anticipatory anxiety, but rather to a specific direct inhibitory action of ethanol on experimental panic
(Liljequist et al 1984).
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Chapter 4
The influence of ethanol infusion on the effects of 35% CO2 challenge. A study in
panic disorder patients and healthy volunteers
Abstract

Alcohol and panic disorders co-occur at a rate that exceeds chance significantly. Early experimental work
suggests that alcoholic subjects, compared to non alcoholics, are less sensitive to sodium lactate and
that alcohol intake reduces the response to a 35% CO2 challenge in Panic Disorder patients. The present
study documents the direct pharmacological effect of ethanol infusion on CO2 induced panic.
Methods. According to a placebo-controlled, double-blind, randomized, cross-over design 10 drug free
panic disorder patients and 16 healthy volunteers underwent a 35% CO2 challenge after intravenous
infusion of a moderate dose of ethanol on one test day and of placebo on another test day.
Results. Compared to the placebo condition, the effect of the CO2 challenge was significantly smaller
after ethanol infusion (p = 0.041).
Discussion. A moderate dose of ethanol decreased the response to a 35% CO2 without inducing pre
challenge sedation.
Conclusion. The results comfort earlier findings of a direct pharmacological effect of ethanol on panic.

Introduction

Although alcohol use and panic disorders (PD) do co-occur at a rate that exceeds chance (Segui et al
2001), the exact mechanisms underlying this high co morbidity remain a matter of discussion. Some
authors posit that those with PD use alcohol as a self administered medication to cope with their anxiety
(Quitkin et al 1972). There is evidence that alcohol acts on gamma-aminobutyric acid (GABA) receptors
in a similar way to benzodiazepines (Liljequist et al 1984) resulting in an anxiolytic effect. However, there
has been conflicting evidence on the exact role of the GABA-benzodiazepine complex in the
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pathophysiology of panic (Nutt et al 1990; Strohle et al 1999). As a consequence, the issue of a specific
pharmacological action of alcohol on panic is still a matter of debate.
Early experimental work with provocative laboratory challenges has suggested that alcoholic PD subjects
have fewer panic attacks in response to sodium lactate infusion than non alcoholic individuals (Cowley et
al 1989; George et al 1989). Kushner and co-workers (1996) showed that relative to a placebo, oral
alcohol intake reduced the response to a 35% CO2 challenge in PD patients. However, in this particular
study both baseline and post test anxiety were affected, and it could therefore not be excluded that the
blunted response to CO2 was the result of a general sedative effect of ethanol. Moreover, when the
authors applied conservative criteria, the specific CO2 triggered panic response failed to reach statistical
significance.
The present study aims at clarifying the effect of alcohol on CO2 induced panic. In an attempt to prevent
any sedative action of alcohol on pre-test anxiety, only moderate doses were used and in order to
minimize outcome expectancies linked to the very act of drinking (Hull 1981), both alcohol and placebo
were administered by intravenous (IV) infusion.
The effect of the challenge was expected to be smaller after ethanol than after placebo, under conditions
of strictly comparable pre test anxiety. Such results would lend support for the idea of a direct
pharmacological effect of alcohol on panic.

Subjects and methods

Subjects
The sample consisted of 10 drug free PD patients, 5 males and 5 females with a mean age of 42.10
years, and 16 healthy volunteers, 9 males and 7 females with a mean age of 39.00 years.
Patients were recruited among those applying for treatment at the Academic Anxiety Centre (Maastricht,
The Netherlands) and by means of newspapers' advertisements. A trained research assistant prescreened them by telephone on basis of the following inclusion criteria: good physical health; no current
psychiatric disorder in co-morbidity with PD; not being pregnant, lactating or alcohol naïve; no current use
of psychotropic medication, beta-, alpha2-blockers or diuretic.
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All participant patients were then screened by an experienced psychiatrist. This screening comprised a
complete medical history, a physical examination, a psychiatric evaluation to confirm the PD diagnosis
according to the DSM IV criteria (APA 1994) and using the Mini International Neuropsychiatric Interview
(MINI) (Sheehan et al 1998) to support the diagnosis. Following participation, the patients received
appropriate treatment.
Healthy volunteers were recruited among hospital employees and their acquaintances and matched on
gender and age with the patients. They were pre-screened by a trained research assistant according to
the previous exclusion criteria; they had a complete medical history, a physical examination and an
evaluation on basis of the MINI [25] to exclude life time history of mental illness. To prevent any
reluctance to disclose a psychiatric disorder, the psychiatric interview was administered by a physician
who did not personally know the volunteers and was not involved in the management of the hospital staff.
Healthy volunteers were paid to participate in the study. All participants provided written informed
consent. The study was approved by the local Medical Ethics Committee.
Procedure
The study was conducted according to a placebo-controlled, double- blind, randomized, cross-over
design. Each subject underwent a 35% CO2 challenge after an IV infusion of a moderate dose of ethanol
on one test day and a placebo infusion on another test day. The order of ethanol versus placebo over the
two-day study was counterbalanced with subjects assigned randomly to ethanol or placebo first. The
interval between the two test days was minimal 4 and maximal 10 days.
All appointments were scheduled for the morning and females were tested during the first two weeks of
the menstrual cycle (Jones 1974; Jones et al 1976). Subjects were instructed not to drink alcohol for 24
hours preceding each test day, and to refrain from caffeinated products and eating 4 hours prior to their
appointment. They were also instructed not to drive to the laboratory and to stay for at least one hour
after each experiment.
Subjects received ethanol 5% w/v in 0.9% NaCl solution by IV infusion targeting a Blood Alcohol
Concentration (BAC) of 50 mg/dl (Fisher et al 1987). Females received 18.19 grams of ethanol (IV) and
males 26.09 grams of ethanol (IV). The dose was calculated, according to Watson et al (1981) and
referring to biometric tables published by the Dutch office for statistics for height and weight (Centraal
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Bureau Voor de Statistiek 2001). Female subjects were infused (5% w/v) 375 ml during 30 minutes and
males 500 ml during 40 minutes. Placebo infusion consisted of a physiological solution (0.9% NaCl) at a
constant rate, in matched time duration. Subjects knew they would be infused with one type of solution on
one day and the other one on the second day.
After the infusion, BAC was assessed using a breath analyzer, which was set to read BAC directly.
Subjects then underwent a 35% CO2 challenge.
The 35% CO2 challenge is a standard procedure satisfying the criteria for a laboratory model of panic
(Verburg et al 2001). The procedure runs as follows: using a self-administration mask, the subject takes
one single breath of a gas mixture of 35% CO2 and 65% O2. After having inhaled, the subject holds his
breath for 4 seconds in deep inspiration, to enhance alveolar gas exchange. A respirometer is used to
measure the gas volume delivered at each inhalation. The test is considered valid if the subject inhales at
least 80% of his vital capacity.
On their test days, subjects completed a general baseline assessment upon arrival at the laboratory. This
included the State Trait Anxiety Inventory, state form (STAI-1) (Spielberger et al 1970), the Zung Self
rating Scale for Anxiety (SAS) (Zung 1971), a Visual Analogue Anxiety Scale (VAAS) ranging from 0 (“no
anxiety at all”) to 100 (“worst imaginable anxiety”), and a Panic Symptom List (PSL), consisting of the 13
panic symptoms listed in the DSM IV (APA 1994), each being rated between 0 (absent) and 4 (severe).
Subjects then received the infusion, followed by the CO2 challenge. To evaluate CO2 elicited symptoms,
a VAAS and a PSL assessment were repeated just before and immediately after the inhalation.

Data analysis
Student’s t-test was used for data with a normal distribution (age, height, weight, liters inhaled). Due to
the non-normal distribution of the scores of the rating scales (STAI, SAS, VAAS, PSL), non-parametric
tests were used (Wilcoxon signed ranks test for dependent samples, Mann-Whitney U test for
independent samples).
Significance levels were set at p <0.05 (two-tailed). Main outcome measures were the CO2 induced
changes (deltas) in VAAS and PSL scores on basis of the immediate pre- and post-inhalation
assessments.
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Results

There were no significant differences between patients and controls in age (42.10 ± 9.66 years for
patients; 39.00 ± 11.82 years for volunteers; t = 0.695), height (173.70 ± 8.03 cm for patients; 175.81 ±
9.90 for volunteers; t = -0.567) or weight (75.80 ± 11.67 Kg for patients; 73.50 ± 15.73 for volunteers; t =
0.398).
The BAC was 48 ± 23 mg/dl after ethanol infusion and 0.00 ± 0.00 mg/dl after placebo infusion in the
group of patients, and 54 ± 37 mg/dl after ethanol infusion and 0.00 ± 0.00 mg/dl after placebo infusion in
the group of controls.
The volume inhaled during each challenge was 3.56 ± 0.57 liters after ethanol infusion versus 3.68 ±
0.64 after placebo infusion in the patients sample (t = -1.118, ns), and 4.25 ± 0.93 liters after the ethanol
infusion versus 4.10 ± 0.902 after placebo infusion in the healthy volunteers sample (t = 0.902, ns).
The baseline scores (STAI, SAS, PSL and VAAS) were comparable between the two test days both in
patients and controls. Likewise, there were no differences in immediate pre-challenge values (VAAS and
PSL) between the ethanol and the placebo test day, excepting for the pre-test PSL score in healthy
controls, which was higher in the ethanol condition (Z = -2.687, p = 0.007) (table 1).
Figures 1 and 2 represent the 35% CO2 induced increases (post minus pre CO2 scores) for patients and
controls under ethanol and placebo condition. In the PD group, increases in both PSL and VAAS scores
were blunted after ethanol infusion (Z = -2.405 p = 0.016; Z = -2.040 p = 0.041). On the other hand, in
controls only a trend was observed towards blunted changes in PSL scores (Z = -1.885 p = 0.059).

Discussion

We found that moderate doses of ethanol decreased the response to a 35% CO2 challenge in PD
patients and tended to decrease such a response in healthy volunteers.
The ethanol effect was achieved with BAC below 50 mg/dl and in the absence of any noticeable influence
on pre-test state anxiety as measured with the VAAS. In addition, the infusion method used instead of
oral intake eliminated the possibility that psychological factors linked to the very act of drinking (Holroyd
1978; Hull 1981) may have played a role in the present experiment. However, even our cautious
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methodology failed to exclude all cognitive biases. Despite the double blind design and the low doses of
ethanol, when asked at the debriefing whether they had received alcohol or placebo, nine out of ten
subjects, though not being sure, made a guess that proved correct. Such a type of bias cannot be easily
eliminated and is widely represented in pharmacological trials, both patients and clinicians being perfectly
able to guess correctly whether the subject is receiving an active drug or placebo (Faravelli 1994).
Although in this particular experiment the effect failed to reach statistical significance, in the healthy
volunteers there was a clear trend (p = 0.059) towards an ethanol induced decrease on the PSL. The
modest effects of ethanol on CO2 induced symptomatology in healthy persons is not surprising, as CO2
triggered symptoms in non-panic subjects are modest anyway, particularly on the VAAS dimension (Griez
et al 1998). Therefore, with the 35% CO2 paradigm in normal subjects, a frank disclosure of statistical
significance may be difficult, particularly in small samples. It is worth noting that in a previous study, we
did observe a significant effect of ethanol on 35% CO2 induced symptoms in normal subjects (Cosci et al
in press). With these considerations in mind, the present results might be interpreted as an instance of
stress response dampening by ethanol (Cappell et al 1994).
The results in PD patients seem to confirm earlier findings of ethanol blunting experimental panic
(Kushner et al 1996) and add to the suspicion that the pharmacological effects of alcohol may serve as
reinforcement for drinking behavior among those with PD.
In order to prevent any sedation affecting both cognitive performance and baseline anxiety before the
CO2 challenge, the present research used low doses of ethanol. Low doses were defined by reference to
a BAC of 50 mg/dl as a threshold for evident symptoms of alcohol intoxication (Hobbs et al 1996, Kissin
1996). This means that the alcohol blood levels did not reach the point of marked effects on the subjects’
cognitive performance (Howland et al 2001; Tagawa et al 2000) which conferred a good reliability to their
self ratings. Compared to the placebo condition, neither PSL nor VAAS scores were decreased on the
ethanol test day. This indicates that the doses used in this study failed to induce any noticeable sedation
that could have interfered with the reaction to the CO2 challenge. Therefore the blunted response to CO2
observed after ethanol infusion cannot be merely related to a decrease in anticipatory anxiety. Rather a
specific direct inhibitory action of ethanol on experimental panic is suggested. Some authors have
previously argued that challenge responding may confound panic with non-panic anxiety distress and that
ethanol may diminish the non-panic elements of the challenge response only (Sanderson et al 1990). The
present results, on the contrary, suggest that alcohol may affect state anxiety and panic itself through
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separate processes. With the low doses used in this study, blunting of the CO2 response was marginal in
normal subjects, who are not prone to (experimental) panic. Only PD patients were clearly affected, and
this effect occurred in the absence of a decrease in state anxiety preceding the CO2 challenge.
While the distinction between the panic and non panic elements of the response did not clearly appear
from the results of Kushner et al (1996), the present data suggest that state anxiety and panic may be
modulated independently.
The idea of a specific link between panic and ethanol is in line with epidemiological findings. Co-morbidity
between alcoholism and anxiety disorders usually shows phobic anxiety to precede the onset of
alcoholism, while no systematic pattern is observed for panic (Swendsen et al 1998). In phobic anxiety,
beliefs and expectations appear to play a crucial role in mediating the effects of alcohol on anxiety (Himle
et al 1999). On the contrary, community sample studies evidenced that alcoholism directly influences the
symptoms of panic (Swendsen et al 1998). The pattern of co-aggregation of alcohol and anxiety
disorders in families also differ depending on the type of anxiety: elements of a true shared diathesis
seem to be present in the case of PD only (Merikangas et al 1998).
An obvious limitation of the present study is the relative small sample size. Though in PD patients,
ethanol inhibited apparently the effects of the panicogenic challenge without affecting pretest anxiety,
there tended to be an effect in healthy controls as well. We interpreted the marginal effect in normals as
an instance of stress dampening, and the results in patients as indicative of a specific link between
ethanol and panic. Admittedly, only a clear cut difference in effect between PD patients and normals
would have provided an unambiguous demonstration of specificity between alcohol and panic. Seeing the
results in healthy volunteers, the above data call for further studies in larger samples.

Conclusion

Bearing in mind some reservations, the present findings may be consistent with the idea that ethanol acts
on specific panic pathways.
Although the issue was not addressed directly, our results fit the view that those with panic may seek
alcohol to obtain a pharmacological relief of their panic attacks. If true, effective panicolytic treatment
should remove an important factor in the development of alcoholism amongst PD patients.
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Table 1. rating scales scores at baseline, pre challenge and post challenge assessment. Ethanol test day
versus placebo test day in panic disorder patients and healthy volunteers.

N
Baseline
patients
SAS
10
STAI
10
PSL
10
VAAS
10
volunteers
SAS
16
STAI
16
PSL
16
VAAS
16
Pre challenge
patients
PSL
10
VAAS
10
volunteers
PSL 1
16
VAAS
16
Post challenge
patients
PSL
10
VAAS
10
volunteers
PSL
16
VAAS
16

ethanol
mean
SD

placebo
mean
SD

analysis
Z

38.30
40.00
7.10
20.30

12.71
15.80
10.17
29.77

37.50
41.10
6.30
19.40

11.45
16.06
9.29
27.31

-0.421
-0.059
-0.702
-0.119

26.13
27.63
0.31
4.06

3.44
5.51
0.70
5.25

25.88
28.00
0.63
3.87

4.32
6.55
1.09
5.25

-0.284
-0.317
-0.850
-0.458

5.30
18.05

5.755
28.480

4.40
13.70

5.985
22.642

-1.054
-1.262

1.56
3.75

1.711
4.824

0.19
3.06

0.403
4.312

-2.687
-0.388

10.90
36.80

7.866
34.797

14.20
55.30

9.283
36.237

-1.127
-1.785

6.12
12.06

4.395
13.005

8.63
19.94

8.294
27.908

-0.944
-0.196

SAS: Zung Self rating Scale for Anxiety; STAI: State Trait Anxiety Inventory, state form; PSL: Panic
Symptom List; VAAS: Visual Analogue Anxiety Scale.
1

p < 0.01
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Figure 1. 35% CO2 induced increase in subjective anxiety measured by the
Visual Analogue Anxiety Scale (VAAS). Panic disorder patients versus
healthy volunteers
placebo condition
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Figure 2. 35% CO2 induced increase in panic symptomatology measured by the
Panic Symptom List (PSL). Panic disorder patients versus healthy volunteers
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CHAPTER 5
Effect of nicotine on 35% CO2 induced anxiety. A study in healthy volunteers
Abstract

Panic Disorder and cigarette smoking co-occur at a rate that exceeds what would be expected by
chance. Theoretically, cigarette smoking may: a) attenuate panicky symptoms via cognitive factors or
pharmacological action; b) contribute to the development of panic disorder; or c) share an etiologic
vulnerability with panic. The present study was aimed at testing whether nicotine has a direct influence on
laboratory-elicited panic.
Methods. In a placebo-controlled, double-blind, randomized, cross-over study, 33 healthy nonsmokers
underwent a 35% CO2 challenge after transdermal administration of a nicotine patch on one test day and
a placebo patch on another test day. Physiological measures (blood pressure, heart rate) and rating
scale scores (Panic Symptom List [PSL], Visual Analogue Scale of Anxiety, State-Trait Anxiety
Inventory) were assessed.
Results. Compared with the placebo condition, nicotine increased diastolic blood pressure (p < .1), heart
rate (p < .001) and PSL scores (p < .005) prior to the CO2 challenge but did not affect responding to the
CO2 challenge itself.
Discussion. Results are consistent with the notion that nicotine promotes autonomic activation. However,
the present study did not provide direct evidence that nicotine elicits panic in healthy volunteers.
Replication in a clinical sample is warranted.

Introduction

Panic Disorder (PD) and cigarette smoking co-occur more frequently than would be expected by chance.
A disproportionate number of persons with PD smoke cigarettes compared with the general population
(Breslau et al 1991; Amering et al 1999) or individuals with other anxiety disorders (Himle et al 1988;
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Johnson et al 2000).
Three types of hypothesis have been advanced to account for the association between smoking and
panic. One hypothesis is that panic disorder patients smoke to self-medicate (prevent or treat) their
symptoms (Breslau et al 1991; Pohl et al 1992; Kassel et al 1997). The possible underlying mechanisms
include: a) the direct effect of nicotine, given that in healthy volunteers smoking mitigates subjective
anxiety induced by stressful anagrams (Jarvik et al 1989); and b) a cognitive mediation, in that smoking
would narrow the focus of attention and reduce anxiety by facilitating distraction from stressful cognitions
(Kassel et al 1997).
Another hypothesis is that cigarette smoking contributes to the development of anxiety disorders, and
particularly to PD. Several studies have indicated that cigarette smoking precipitates panic attacks among
individuals with panic disorder (Breslau et al 1991; Pohl et al 1992; West et al 1997; Amering et al 1999;
Johnson et al 2000; De Graaf et al 2002; McCabe et al 2004) and that daily smoking increases the risk
for first occurrence of panic attack and disorder (Breslau et al 1999). In addition, Breslau & Klein (1999)
found an increased lifetime prevalence of panic attacks in smokers who reported lung disease. On the
basis of the false suffocation alarm theory (Klein 1993) and the association between lung disease and
panic attacks among non smokers (Yellowlees et al 1987; Yellowlees et al 1988; Yellowlees et al 1990;
Caldirola et al 2004), Breslau & Klein (1999) suggested that by increasing the risk for lung disease,
smoking might increase the risk to overreact to suffocation signals and indirectly the risk for panic
attacks. However, the small proportion of smokers reporting lung disease and the increasing incidence of
panic attacks or panic disorder in smokers with no history of lung disease suggest the possibility of other
pathways from smoking to panic. For instance, Dilsaver (1987) proposed that nicotine produces
physiological effects characteristics of panic attacks promoting the release of epinephrine and
norepinephrine.
The aforementioned hypotheses have received some support from animal studies (File et al 2000;
Paterson et al 2000; Slawecki et al 2003).
A third hypothesis proposes a shared etiological vulnerability linking cigarette smoking to panic (Sontag
et al 2000; Goodwin et al 2002). Zvolensky et al (2003), for instance, suggested that smoking may modify
the expression of PD by exacerbating affective disturbances and negative health processes. Smoking
may increase the production of potentially fear-producing bodily sensation (because of medical disorders,
autonomic sensations, smoking related withdrawal symptoms) and individuals with PD, who usually
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perceive themselves as being physically unhealthy, are more likely to react to them with exaggerated
anxiety.
The above evidence might suggest that there is a causal relationship between smoking and panic;
however, things may not be that clear-cut. The majority of studies on the relationship between nicotine
and affective pathology are either epidemiological surveys in humans or of experimental studies in
animals.
Few truly experimental investigations have been conducted on this topic in human subjects.
In this context, the present study was designed to test experimentally whether nicotine has a direct
influence on laboratory elicited panic in human volunteers. We hypothesized that nicotine facilitates the
emergence of panic. We administered nicotine and examined its acute effect on 35% CO2 response in
healthy non-smokers.

Methods

Subject
Volunteers, aged between 18 and 65 years, were recruited from the Maastricht, Netherlands area,
through advertisements and flyers. All participants had to be non-smokers (less than 10 cigarettes in their
lifetime and none in the last 5 years) and were screened and received the Mini-International
Neuropsychiatric Interview (MINI 5.0 - Sheehan et al 1998) to exclude a history of psychiatric disorders.
Subjects were excluded if they met diagnostic criteria for a current mood, anxiety, eating or substance
use disorder or if a first-degree relative had been diagnosed with Panic Disorder. Additionally,
advertisement respondents with a medical history contraindicating CO2 administration (e.g. pregnancy or
lactating, hypertension, cardiovascular diseases, seizures, heart problems, pulmonary diseases, history
of coma or cerebral aneurysm) or who were currently taking daily psychiatric medications or α2-, βblockers were excluded.
Briefly, 43 subjects were screened and 36 were enrolled. Of the seven not enrolled, five had a medical
history contraindicating CO2 administration and two refused to participate. Of the 36 non-smoking
volunteers, 33 (7 males and 26 females) completed the study and 3 dropped out (2 for severe side
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effects, 1 retracted informed consent).
Approval for this study was granted by Maastricht University’s Medical Ethics Review Board.
Procedures
The study was conducted using a double-blind, placebo-controlled, cross-over design. All subjects were
identically tested on two separate days, except that a nicotine patch was used on one day and a placebo
patch was used on the other. The order of patch administration was counterbalanced. On each day,
testing occurred both in the morning (from 8.00 to 11.00 a.m.) and in the afternoon (from 2.30 to 5.30
p.m.). Each subject was tested at the same times on the two test days.
At least 7 days elapsed between the two sessions to ensure complete metabolism of any nicotine
received and to prevent desensitization to the CO2 challenge (Verburg et al 2001).
The two research days for female subjects were scheduled exclusively during the same phase of their
menstrual cycle because of hormonal effects on drug metabolism (Jones 1976) and CO2 sensitivity
(Brambilla et al 2003).
Subjects were instructed not to drink alcohol for 24 hours preceding the study, consume caffeinated
products for 4 hours prior to the study (Parsons et al 1978), eat for 2 hours preceding the study, or take
psychotropic medications in the period between the initial screening and the second test day.
Morning sessions
On the mornings of testing days, a patch was applied to the upper back of participants and covered with
a bandage. Each participant received a nicotine patch on one occasion and a placebo patch on the other,
in a random, counter-balanced fashion. Nicotine was administered via over-the-counter 10-mg Novartis
nicotine patches (Nicotinell 10®). Placebo patches were similar in size and shape but contained no active
substances. Participants and primary investigators were blind to the treatment condition.
Immediately before the patch application, blood pressure and heart rate were measured. Additionally,
anxiety level was measured by means of the Visual Analogue Scale of Anxiety (electronic version eVAAS), the Panic Symptom List (PSL) and the State-Trait Anxiety Inventory – State form (STAI-S;
Spielberger et al 1970).
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Scores on the VAAS range from 0 (no anxiety at all) to 100 (worst anxiety imaginable). The PSL consists
of the 13 panic symptoms of a panic attack, as described by DSM IV (APA 1994), on a scale from 0
(absent) to 4 (very intensive). Both scales have been used previously to assess experimental anxiety
(Verburg et al 1995; Pols et al 1999; Schruers et al 2000).
Afternoon sessions
Participants returned to the laboratory in the afternoon on both testing days and, after having their patch
removed, engaged in the CO2 challenge.
The duration from patch application to CO2 challenge was 7 hours (i.e., when plasma nicotine levels
would be expected to have reached a plateau) (Chan et al 1990).
The experimenter applied the 35% CO2 challenge procedure after informing the participant that shortlived discomfort might be experienced during the challenge, ranging from a few physical symptoms to a
definite sensation of anxiety. However, the words “panic” or “panic attack” were not mentioned.
The challenge used is standard and satisfies the criteria for a laboratory model of panic (Verburg et al
2001). The procedure runs as follows.
First, the vital capacity of the subject is measured. The subject is informed that this practice would be
used as the basis for his/her CO2 breath. Then, the subject exhales as much as possible, and deeply
inhales a single breath of room air through a self-administration facemask connected to a respirometer.
The facemask completely covers the mouth and nose. The respirometer provides an indication of the
subject vital capacity.
Next, the self administration mask is connected to a 35% CO2/ 65% O2 gas source. The subject takes the
mask, exhales as deeply as possible, presses the mask firmly against his/her face to prevent any leaks,
inhales deeply one single breath of the mixture, and holds his/her breath while the experimenter counts
aloud 4 seconds to enhance alveolar gas exchange.
The procedure requires the experimenter to check that the subject's tidal volume is at least 80% of the
vital capacity so that the inhalation can be declared valid.
An assessment package consisting of the PSL, STAI-S, eVAAS as well as measurement of blood
pressure and heart rate was administered just prior to the CO2 challenge and immediately afterward.
Additionally, saliva samples were collected 5 minutes after the CO2 challenge using Salivette® (Sarsedt)
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cotton strips to measure cotinine, the main metabolite of nicotine (Jarvis et al 2003).
Check of participant blindness
At the conclusion of the second testing day, participants were given a brief questionnaire designed to
check their blindness with respect to which week they received the nicotine and placebo patches.
Participants selected the testing day on which they thought they received the patch and their confidence
level regarding this selection.
Data analysis
Results were analyzed based on data collected on both nicotine and placebo-patch days at:
1) “baseline” (i.e., in the morning before applying the patch);
2) “post patch” (i.e., in the afternoon immediately after removing the patch and immediately before the
CO2 challenge, to measure the pure effect of nicotine on anxiety);
3) “post challenge” (i.e., immediately after the 35% CO2 challenge, to measure the effect of nicotine on
the 35% CO2 challenge response).
Means were compared using the Student’s t-test for data with a normal distribution (e.g. age, liters
inhaled) and the Wilcoxon signed ranks test for dependent samples for data with non-normal distribution
(STAI, eVAAS, PSL).
Repeated measure analysis of variance was performed using the two-way ANOVA for correlated
samples (Tukey option) for data with a normal distribution and Friedman's two-way analysis of variance
for correlated samples for non parametric data.
Significance levels were set at p <0.05 (two-tailed). Main outcome measures were the CO2 induced
changes (deltas) in eVAAS and PSL scores on basis of the immediate pre- and post-inhalation
assessments.
Correlations were tested by Pearson’s and Spearman’s formulas. Results were considered statistically
significant at the 5% level.
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Results

Descriptive, physiological and psychological variables
A total of 33 non smoking healthy volunteers completed the two test days; 7 subjects were male and 26
female, with a mean age of 26.3 ± 9.8 years.
The salivary cotinine concentration was 0.8 ± 0.9 ng/ml after placebo administration and 34.8 ± 15.6
ng/ml after nicotine administration (t = 11.980, p < 0.001).
The volume inhaled during each challenge was 3.6 ± 1.1 liters after placebo administration and 3.5 ± 1.0
after nicotine administration (t = -0.257, ns).
Table 1 reports “baseline”, “post patch” and “post challenge” values of systolic and diastolic blood
pressure, heart rate, STAI, PSL and eVAAS scores.
Nicotine effects
Table 2 reports the values of systolic and diastolic blood pressure, heart rate, STAI, PSL and eVAAS
scores as differences between “post patch” and “baseline”. The findings reflect the pure effect of nicotine.
Diastolic blood pressure showed a trend to an increase with nicotine (p < .1); heart rate and PSL showed
a statistically significant increase with nicotine, compared with placebo (p < 0.001 and p < .005
respectively).
Nicotine effect on CO2 challenge reaction
Table 3 reports the repeated measures (“baseline”, “post patch” and “post challenge”) analysis of
variance of physiological variables and rating scale scores under nicotine and placebo effect, adjusted by
gender and age. As with our previous analysis, we found no statistical significant results.
Table 4 analyzes blood pressure, heart rate and rating scale scores expressed as differences between
“post challenge” and “post patch”. This is the so called DELTA which gives a measure of increase in
anxiety related to the challenge test (Verburg, Perna, & Griez, 2001). Under the nicotine condition, we
found a trend for diastolic blood pressure to increase, compared to the placebo condition (p < .1).
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No significant correlation was found between salivary cotinine and delta STAI, delta PSL, or delta eVAAS
under nicotine conditions.
Participants blindness
Most (66.7%, n = 22) of the subjects were right in selecting the test day on which they received the
nicotine patch, when asked at the end of the two test days. Of them 31.8% (n = 7) were not confident at
all, 18.2% (n = 4) were mildly confident, 31.8% (n = 7) were moderately confident and 18.2% (n = 4) were
completely confident. We found no statistically significant linear correlation between being right in the
above selection and the change in STAI, PSL or eVAAS score already mentioned.

Discussion

We administered nicotine to healthy non smokers and evaluated the effect of this intervention on
response to a 35% CO2 challenge. Nicotine induced an increase in the PSL score as well as an increase
in heart rate and tended to increase diastolic blood pressure. Nicotine on the other hand did not appear to
have a clear-cut effect on the 35% CO2 challenge response.
Although the literature reports gender differences in cognitive and hemodynamic responses to nicotine
(Girdler et al 1997; Fallon et al 2005), we refrained from performing the comparison between males and
females because of the small sample size.
More specifically, the acute effect of nicotine evaluated before the CO2 challenge administration did not
significantly affect psychological variables (STAI, eVAAS) but tended to increase diastolic blood pressure
and significantly increased heart rate and PSL, compared to placebo (respectively p < .1, p < .001 and p
< .005).
The increases in blood pressure and heart rate are likely related to nicotine induced autonomic activation.
Nicotine may mobilize adrenergic mechanisms causing increased heart rate and blood pressure. Further,
nicotine activates aortic and carotid body chemo-receptors resulting in reflex vasoconstriction,
tachycardia and increased blood pressure (Dilsaver, 1987). However, it is well known that nicotine
influences heart rate more than blood pressure (Perkins et al 1991), which apparently is the case in the
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present study.
The PSL score increase seemed mainly linked to the sympathetic arousal, given that nicotine’s
autonomic side effects may be felt by the participants as panic like symptoms listed in the PSL.
Concerning the effect of nicotine on the 35% CO2 challenge response, we found no statistically significant
modifications of blood pressure, heart rate and psychological variables (STAI, eVAAS). The lack of
significant physiological reactivity to the CO2 challenge under the placebo condition may be attributed to
our use of a single breath inhalation and a subsequent single assessment. Greater physiological
reactivity occurs during extended CO2 re-breathing. Moreover, in studies of a 35% CO2 single breath
inhalation, increases in systolic blood pressure have been observed 30 seconds after the challenge,
although this effect tends to dissipate within 60-90 seconds, as apparently occurred in our study as well
(Griez et al 1983).
The present findings do not seem to support the original hypothesis that nicotine increases panic like
symptoms induced by the 35% CO2challenge in healthy non smokers.
The lack of an effect may have a variety of explanations. First, the dose of nicotine administered may
have been too low. However, according to the SRNT Subcommittee on Biochemical Verification (2002) a
cut off of 15 ng/ml of salivary cotinine is used to differentiate smokers from non smokers. The mean value
of 34.833 ng/ml of salivary cotinine reached in the present study corresponds to the dose of cotinine
assumed by a regular smoker. Moreover, the dose administered was chosen according to ethical and
methodological limitations. An earlier pilot study on 6 healthy non smokers used a higher dose of nicotine
(Nicotinell 20®). Five of the six volunteers had severe side effects (nausea, vomiting, dizziness) and
dropped out. We used a lower dosage of nicotine (Nicotinell 10®) to avoid these severe side effects and
maintaining double blindness.
Second, the findings could have been influenced by the timing of the nicotine patch application and 35%
CO2 challenge administration. According to the kinetics of Nicotinell 10®, a 10 cm2 system designed to
deliver nicotine base at 72 µ g/cm2/h reaches a peak level of 15.2 ng/ml after a median of 6 hours and
thereafter reaches a plateau (Chan et al 1990). Therefore, the challenge was applied when plasma
nicotine levels would be expected to have reached the plateau. The present findings refer strictly to the
acute effect of nicotine on 35% CO2 challenge response.
Moreover, to prevent further sources of bias nicotine was: (1) administered transdermally to avoid any
interference due to the act of smoking and the concomitant influence of CO and CO2; (2) administered
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according to a double blind scheme to minimize the impact of demand characteristics and experimenter
bias; (3) administered in a single dose in non smokers in order to avoid the interference of dependence or
withdrawal symptoms.
Our hypothesis was not supported in this sample of healthy volunteers. Results might be different in
psychologically vulnerable individuals such as non smokers with PD or in non smokers with high level of
anxiety sensitivity or strong fear of suffocation. In fact, nicotine’s sympathetic arousal induces effects that
could be easily interpreted by psychologically vulnerable individuals as dangerous and initiate a panic-like
reaction to the CO2 challenge.
Moreover, the sub-acute or chronic effect of nicotine should be evaluated, as in real life individuals smoke
more than once and panic does not develop within hours after the first cigarette. Because chronic
administration of nicotine to non smokers would not be ethical, such an evaluation could focus on CO2
challenge responses of regular smokers, exposed to a natural chronic nicotine administration, versus non
smokers. Our research group is conducting an investigation into this topic.
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Table 1. Biological variables and rating scale scores.

N
baseline
systolic blood pressure (mmHg)
diastolic blood pressure (mmHg)
heart rate (beats per minute)
STAI score
PSL score
eVAAS score
post patch
systolic blood pressure (mmHg)
diastolic blood pressure (mmHg)
heart rate (beats per minute)
STAI score
PSL score
eVAAS score
post challenge
systolic blood pressure (mmHg)
diastolic blood pressure (mmHg)
heart rate (beats per minute)
STAI score
PSL score
eVAAS score

nicotine
mean
SD

placebo
mean
SD

33
33
33
33
33
33

114.36
73.48
70.67
25.52
0.61
6.64

15.431
9.274
9.416
6.428
1.059
11.664

112.03
71.79
72.82
24.45
1.24
4.52

12.082
15.258
11.137
5.245
1.904
5.663

33
33
33
32
33
33

116.21
75.60
76.91
26.31
2.00
7.00

12.326
10.703
11.162
7.394
2.947
11.105

113.06
72.18
69.30
24.66
1.21
5.97

11.898
12.061
10.181
8.567
3.655
10.169

33
33
33
32
33
33

117.06
77.12
76.03
35.52
9.24
27.27

12.492
9.195
11.844
13.234
6.185
22.457

111.82
73.15
68.00
36.33
10.52
24.79

12.320
11.435
10.118
13.057
7.726
21.198
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Table 2. “post patch” minus “baseline” values of physiological variables and rating scale scores. Nicotine
test day versus placebo test day. T-test for dependent samples was applied to physiological variables,
Wilcoxon Signed Ranks Test was applied to rating scale scores.

systolic blood pressure
(mmHg)
diastolic blood pressure
(mmHg)
heart rate
(beats per minute)
STAI score
PSL score
eVAAS score

N
33

Nicotine
mean
SD
1.848
12.597

placebo
mean
SD
1.030
11.148

analysis
p
.623

33

2.272

6.520

0.393

15.959

.053

33

6.242

7.168

-3.515

11.364

.000

33
33
33

0.813
1.393
0.812

5.468
2.249
5.468

0.343
-0.030
1.454

6.429
3.450
7.425

.514
.003
.627
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Table 3. Repeated measures (“baseline”, “post patch”, “post challenge”) analysis of variance of
physiological variables and rating scale scores. Nicotine test day versus placebo test day. Two-way
ANOVA for correlated samples was applied to physiological variables, Friedman’s non parametric twoway analysis of variance for correlated samples was applied to rating scale scores.

N
systolic blood pressure
(mmHg)
diastolic blood pressure
(mmHg)
heart rate (beats per
minute)
STAI score
PSL score
eVAAS score

nicotine
SE
LS means

placebo
analysis
LS
SE
p
means
113.94
1.239
.1091

33

116.44

1.263

33

77.14

1.155

75.79

1.587

.3520

33

72.79

1.232

71.46

1.264

.4289

33
33
33

35.03
9.29
24.09

2.37
1.19
3.93

37.60
9.91
22.04

2.38
1.23
3.79

.4405
.2770
.6947
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Table 4. “post challenge” minus “post patch” scores of physiological variables and rating scale scores
(i.e. DELTA). Nicotine test day versus placebo test day. T-test for dependent samples was applied to
physiological variables, Wilcoxon Signed Ranks Test was applied to rating scale scores.

systolic blood
pressure (mmHg)
diastolic blood
pressure (mmHg)
heart rate
(beats per minute)
STAI score
PSL score
eVAAS score

N
33

nicotine
mean
SD
-1.303
4.660

placebo
mean
SD
-0.879
7.300

analysis
p
.778

33

0.969

7.908

1.364

5.378

.083

33

-1.242

7.562

0.848

5.540

.248

33
33
33

9.500
7.242
20.273

11.656
5.523
19.631

11.969
9.303
18.818

11.613
6.957
19.068

.514
.036
.632
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Chapter 6
Cigarette smoking and 35% CO2 induced panic in panic disorder patients
Abstract

Background. Clinical and experimental data suggest that cigarette smoking increases the risk for
emergence of panic disorder (PD). Several explanations for such a relationship have been proposed.
One hypothesis is that PD patients smoke as means of self-medicating their symptoms. Another
hypothesis is that cigarette smoking contributes to the development of panic. A third one refers to a
shared vulnerability.
The present study wants to test whether cigarette smoking, that is chronic exposure to nicotine, has an
influence on laboratory elicited panic in PD patients.
Methods. 25 PD smokers and 25 PD non smokers, matched for gender and age, were compared. All
subjects received a clinical baseline assessment (Panic Associated Symptom Scale, Fear Questionnaire)
and underwent a 35% CO2 challenge. Response to the challenge was evaluated via the Panic Symptom
List and the Visual Analogue Anxiety Scale.
Results. The two samples did not differ on clinical baseline features of PD or for anxiety level preceding
the 35% CO2 challenge. Smokers had a significantly higher increase in panic symptoms in response to
the challenge than non smokers and also tended to react more subjective anxiety. Smokers had a higher
probability to experience a 35% CO2 induced panic attack than non smokers.
Conclusions. The present findings are consistent with the idea that nicotine acts on specific panic
pathways triggering panic attacks in PD subjects. This may have clinical implications as quitting smoking
could become one of the relevant steps in the treatment of PD patients.
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Introduction

Clinical and experimental data suggest that cigarette smoking increases the risk for emergence of certain
anxiety disorders and in particular of panic disorder (PD) (Morissette et al 2006). A disproportionate
number of persons with panic smoke cigarettes compared to people in the general population (Breslau et
al 1991; Amering et al 1999) and individuals with other anxiety disorders (Johnson et al 2000).
Panic has been strongly associated with occasional and regular smoking and nicotine dependence. For
example, a recent epidemiological study (Isensee et al 2003) found smokers significantly more apt to
have a history of panic attacks or panic disorder (odds ratio range, 3.0-28.0) compared to non smokers.
And, Breslau et al (2004) confirmed that the onset of PD was associated with pre-existing daily smoking
(OR 2.6). These findings are consistent with other epidemiological data (Breslau et al 1991, De Graaf et
al 2002) and with studies using samples from treatment clinics (Himle et al 1988; Hayward et al 1989).
Several explanations for the relationship between panic and smoking have been proposed. One
hypothesis is that PD patients smoke as means of self-medicating their symptoms (Breslau et al 1991;
Pohl et al 1992), either due to anxiolytic effects of nicotine (Jarvik et al 1989) or behavioural mechanisms
(Kassel et al 1997).
Another hypothesis is that cigarette smoking contributes to the development of PD precipitating panic
attacks (PAs) among individuals with PD (Johnson et al 2000; De Graaf et al 2002; Zvolensky et al
2003a; McCabe et al 2004) or increasing the risk for first occurrence of panic (Breslau et al 1999).
Cigarette smoking might lead to the onset of panic by inducing respiratory abnormalities (Pine et al 2000;
Gorman et al 2001; Caldirola et al 2004) or changes in respiratory function. In particular, Breslau & Klein
(1999) observed an increased lifetime prevalence of panic attacks in smokers who reported lung disease.
On the basis of the false suffocation alarm theory (Klein 1993) and the association between lung disease
and panic attacks among non smokers (Yellowlees et al 1990), the authors suggested that by increasing
the risk for lung disease, smoking might increase the risk to overreact to suffocation signals and indirectly
the risk for panic attacks.
However, the small proportion of smokers reporting lung disease and the increasing incidence of panic
attack/disorder in smokers with no history of lung disease suggest the possibility of other pathways from
smoking to panic. For instance, Dilsaver (1987) proposed that nicotine produces physiological effects
characteristic of panic attacks promoting the release of epinephrine and norepinephrine. Alternatively,
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Zvolensky et al (2003b) suggested that smoking may modify the expression of PD by increasing
potentially fear-producing bodily sensation. Thus, individuals with PD, who usually perceive themselves
as being physically unhealthy, would more likely react with exaggerated anxiety.
Finally, the hypothesis of a shared vulnerability has been tested examining whether panic and cigarette
smoking share genetic or environmental liability factors. Reichborn-Kjennerud et al (2004) used data of
3,172 female-female twins to calculate the correlation between genetic factors and between
environmental factors that influence lifetime measures of panic attacks and daily smoking. Genetic
factors were uncorrelated. Shared or familial environmental factors were strongly correlated (75%) and
influenced the two phenotypes identically.
Goodwin et al (2005) did not reach the same conclusions. Adjusting for parental anxiety disorder and
parental smoking, the association between cigarette smoking and panic attack was not statistically
significant (OR 2.0; 95%CI 0.9 - 4.5), as opposed to the association with PD (OR 3.7; 95%CI 1.6 - 8.9).
A shared vulnerability has been studied also focussing on personality, which seems responsible for the
co-occurrence of cigarette smoking and panic attack rather than a direct causal link (Goodwin et al 2002).
The above evidence might suggest that there is a causal relationship between smoking and panic.
However, since things may not be that clear-cut and the majority of existing studies have been conducted
in naturalistic settings, laboratory based test can be a useful additional research step.
Zvolensky et al (2004) evaluated smokers with or without PD, and non smokers with PD who completed a
voluntary hyperventilation procedure, which elicits panic-relevant bodily sensations. Smokers with PD
reported greater levels of anxiety and bodily distress than smokers without PD and than non smokers
with PD at the post-challenge assessment and recovery period. No differences in autonomic responding
were evident during the challenge or in the recovery phase. The authors suggest that smoking does not
increase anxious responding to elicited bodily sensations by producing more autonomic sensations but
via cognitive-affective variables. However, they consider that the lack of differences in autonomic
responding could be an artefact due to the relatively young age of the sample, a ceiling effect of the
challenge or methodological factors.
In this frame, the effect of the acute administration of nicotine under controlled laboratory conditions was
evaluated in 33 healthy non smokers volunteers in our lab. They received transdermal nicotine and
underwent a 35% CO2 challenge. Compared with placebo, nicotine increased diastolic blood pressure,
heart rate and Panic Symptom List score prior to the challenge but did not affect anxiety at baseline or
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response to the 35%CO2 challenge itself. Nicotine seemed to promote autonomic activation but not to
facilitate panic in healthy volunteers (Cosci et al 2006). Once again, results may have been influenced by
factors such as the evaluation of healthy volunteers rather than psychologically vulnerable individuals or
the acute administration of nicotine used as a proxy of cigarette smoking.
Considering the heterogeneity of the methods and the results proposed as well as the limitations
exposed, we designed a study to test whether cigarette smoking, that is a chronic exposure to nicotine,
has an influence on laboratory elicited panic in panic disorder patients. Because chronic administration of
nicotine to non smokers would be unethical, we administered 35% CO2 challenge to regular PD smokers
(as a proxy of chronic exposure to nicotine) and compared them to PD non smokers. We hypothesized
that cigarette smoking facilitates the emergence of panic.

Methods

Subject
The sample consisted of 50 outpatients with panic disorder with or without agoraphobia (agoraphobia
was diagnosed in about 70% of the sample). Twenty five of them were smokers and 25 were non
smokers. Smokers and non smokers were matched for age and gender.
All the participants were screened by experienced psychiatrists. This screening comprised a complete
medical history, a physical examination, a psychiatric evaluation to formulate the PD diagnosis according
to the DSM IV criteria and using the Mini-International Neuropsychiatric Interview-Plus (Sheehan et al
1994).
The exclusion criteria for all subjects were the presence of significant concurrent cardiovascular or
respiratory disease, significant hypertension (systolic blood pressure greater than 80 mmHg, diastolic
blood pressure greater than 100 mm Hg), pregnancy or epilepsy, according to a direct physical
examination and a medical history, as well as concurrent psychiatric disorders, except specific phobia.
Subjects who were currently taking daily psychiatric medications or α2-, β-blockers were also excluded.
All participants gave their informed consent after a detailed explanation of the entire procedure.
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Procedures
The study was conducted on two separate days. Before the CO2 challenge, the subjects had to have
been without all psychotropic medications for at least 2 weeks. None of the patients had taken fluoxetine
in the 6 months before testing. Because many substances can affect the 35% CO2 challenge response,
subjects were instructed not to drink alcohol or take nonsteroid anti-inflammatory drugs for at least 36
hours preceding the second test day, consume caffeinated products for 8 hours prior to the study, eat or
smoke for 2 hours preceding the test.
First day. Experienced psychiatrists screened the patients by means of a complete medical history, a
physical examination, and a psychiatric evaluation to make the PD diagnosis according to the DSM IV
criteria (APA 1994) and using the Mini-International Neuropsychiatric Interview-Plus (Sheehan et al 1994)
to support the diagnosis.
Second day. Subjects who met the inclusion criteria received a baseline assessment and thereafter
underwent the 35% CO2 challenge.
As part of the baseline assessment, subjects were evaluated about smoking habits. Age of onset of
smoking, defined as the age at which the subjects started to smoke daily for at least 4 weeks (Breslau et
al 1999; Sonntag et al 2000; Isensee et al 2003), and number of cigarettes daily smoked were asked.
Non smokers were defined as those who declared they had never used cigarettes or other tobacco
products in their lifetime. Current smokers were defined as those who were smokers at the time of the
assessment, had an active tobacco use on daily basis for a period of at least 4 weeks continually
(Breslau et al 1999; Sonntag et al 2000; Isensee et al 2003) and did not quit smoking for a period longer
than 6 continuous months in their lifetime (Caldirola et al 2004).
Clinical assessment of symptoms of panic was performed using two scales. The Panic Associated
Symptom Scale (PASS) is an interviewer administered scale which measures the severity of the core
symptoms of panic disorder. It assesses the frequency of panic attacks, the level of anticipatory anxiety,
and phobic avoidance. These yield a global score (PASS-tot) and sub scores for panic attacks (PASSPA), anticipatory anxiety (PASS-AA), and phobic avoidance (PASS-AV) (Argyle et al 1991). The Fear
Questionnaire is a self administered scale which assesses agoraphobia, blood injury phobia, and social
phobia. It produces a global score (FQ-tot) and sub scores for agoraphobia (FQ-AGO), blood-injury
phobia (FQ-BI) and social phobia (FQ-SOC) (Marks et al 1979).
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mmediately before the 35% CO2 challenge anxiety level was measured by means of the Visual Analogue
Scale of Anxiety, the Panic Symptom List (PSL) and the State-Trait Anxiety Inventory – State form (STAIS; Spielberger et al 1970).
Scores on the VAAS range from 0 (no anxiety at all) to 100 (worst anxiety imaginable). The PSL consists
of the 13 panic symptoms of a panic attack, as described by DSM IV (APA 1994), on a scale from 0
(absent) to 4 (very intensive). Both scales have been used previously to assess experimental anxiety
(Verburg et al 1995; Pols et al 1999; Schruers et al 2000).
Then, subjects underwent a 35% CO2 challenge which was immediately followed by a reassessment of
anxiety (PSL and VAAS).
The experimenter applied the 35% CO2 challenge procedure after informing the participant that shortlived discomfort might be experienced during the challenge, ranging from a few physical symptoms to a
definite sensation of anxiety. However, the words “panic” or “panic attack” were not mentioned.
The challenge used is standard, and satisfies the criteria for a laboratory model of panic (Verburg et al
2001). The procedure runs as follows. First, the subject deeply inhales a single breath of room air through
a self-administration face mask connected to a respirometer which provides an indication of the subject
vital capacity. Next, the subject inhales deeply one single breath of the 35% CO2/ 65% O2 gas mixture,
and holds his breath while the experimenter counts aloud 4 seconds to enhance alveolar gas exchange.
The procedure requires the experimenter to check that the subject's tidal volume is at least 80% of the
vital capacity in order to declare that the inhalation was valid. According to the scales described and
DSM-IV criteria defining a panic attack, the reaction to the 35% CO2 challenge was considered to be an
induced panic attack if it included a sensation of fear or panic with at least delta visual analogue scale for
anxiety score more than 25 mm, and an increment of at least four symptoms on the PSL. Delta visual
analogue scale for anxiety score is a measure of global anxiety reactivity and is calculated as the post
challenge minus the pre challenge VAAS scores.
Data analysis
Chi square test was used for categorical variables (gender, occurrence of challenge induced panic
attack).
Student’s t-test was used for non categorical data with a normal distribution (age, age of PD onset). Due
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to the non-normal distribution of the scores of the rating scales (STAI, VAAS, PSL, PAAS, FQ), nonparametric test were used (Mann-Whitney U test for independent samples).
Significance levels were set at p < 0.05 (two tailed).
Main outcome measures were the CO2 induced changes (deltas) in VAAS and PSL scores on the basis
of the immediate pre- and post-inhalation assessments. Deltas are calculated as 35% CO2 post
challenge minus 35% CO2 pre challenge scores.

Results

Twenty five smokers and 25 non smokers with a diagnosis of panic disorder were evaluated. The two
samples were individually matched for gender (13 males and 12 females in each group) and group
matched for age (32.33 ± 11.488 years in cases and 34.40 ± 10.595 years in controls; p = 0.6958).
Among smokers, the mean age of onset of the smoking habit was 17.38 ± 4.117 years (n = 21) and the
mean daily consumption of cigarettes was 14.30 ± 9.171 (n = 20). Sixty eight percent (n = 17) of PD
smokers smoke 1-10 cigarettes per day, 24% (n = 6) smoke 11-20 cigarettes per day, and 8% (n = 2)
more than 30 cigarettes per day.
The two samples did not differ in age of PD onset (26.17 ± 7.927 years in cases and 29.09 ± 10.137
years in controls; p = 0.2526), as well as for clinical characteristics and severity of panic disorder as
evaluated at baseline by means of the PASS and the FQ. The only exception was situational panic
attacks which tended to occur significantly more often in smokers if compared to non smokers (p =
0.0501) (table 1).
Smokers and non smokers did not differ for STAI, VAAS and PSL pre challenge scores, as well as for
VAAS and PSL post challenge scores. On the other hand, the two samples differed in terms of deltas of
VAAS and PSL (table 2).
Smokers had a significantly higher increase in PSL in response to the 35% CO2 challenge than non
smokers and a strong trend to an increase in the VAAS score.
According to the two scales, smokers had lower scores immediately before the challenge and reached
higher scores immediately after.
Finally, smokers had a higher probability to experience a 35% CO2 induced panic attack. Sixty four
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percent (16/25) of smokers versus thirty six percent (9/25) of non smokers had an induced panic attack
(p = .0477), defined as a sensation of fear or panic with at least delta visual analogue scale for anxiety
score greater than 25 mm, and an increment of at least four symptoms on the PSL.

Discussion

The present study shows that PD smokers had a stronger response to the 35% CO2 challenge,
according to the VAAS and the PSL scores, when compared to PD non smokers. Additionally, PD
smokers had a higher probability to experience CO2 induced panic attacks.
Together, the results indicate that smokers were more affected by the 35% CO2 challenge than nonsmokers.
The effects of cigarette smoking on CO2 induced symptomatology nicely fit with the literature according
to which panic is strongly related to regular smoking and nicotine dependence (Isensee et al 2003;
Breslau et al 2004). The findings support the hypothesis that cigarette smoking may contribute to the
development of PD, at least precipitating panic attacks in PD patients (Johnson et al 2000; De Graaf et al
2002; Zvolensky et al 2003a; McCabe et al 2004). They are also consistent with the finding of Zvolensky
and co-workers (2004) that smokers with PD had greater levels of anxiety and bodily distress than non
smokers with PD at the post-challenge assessment and recovery period.
A previous study by our group (Cosci et al 2006) in healthy volunteers did not show any effect of nicotine
to facilitate panic. There was, however, an increase in autonomic activation due to nicotine. It is well
known that healthy volunteers are less affected by a 35%CO2 challenge than PD patients (Verburg et al
1995). It is therefore conceivable that nicotine may only elicit aspecific autonomic activation in healthy
subjects but promote panic in psychologically vulnerable individuals by interacting with specific underlying
mechanisms related to panic disorder. This phenomenon is not unexpected as it has been already
observed for alcohol (Cosci et al 2004; Cosci et al 2005).
The lack of difference between PD smokers and PD non smokers in the pre challenge state anxiety is
consistent with Zvolensky et al (2004) and rules out that smokers had a stronger reaction to the challenge
because of a higher baseline anxiety. In fact, smokers and non smokers had comparables scores, both
on PASS and FQ scales, the only exception pertaining to the occurrence of situational PAs
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which tended to be more frequent in smokers than non smokers.
In brief, cigarette smoking increases the CO2 challenge response in PD patients, without affecting pre
challenge state anxiety.
The issue of the mechanisms by which smoking subjects with PD are more affected by a 35% CO2
challenge than non smoking PDs is not explicitly addressed in this work. One hypothesis, amongst
others, could be that smoking increases anxious responding to elicited bodily sensations by producing
more autonomic sensations (Dilsaver 1987). Alternative hypotheses could refer to the role of cognitiveaffective variables (Zvolensky et al 2004). Obviously, various direct pharmacological influences of
nicotine on panic pathways should be taken into consideration as well.
Some can argue that using cigarette smoking as a proxy of chronic exposure to nicotine may introduce a
bias. In fact, it is well known that tobacco includes more than four thousand different constituents (Burns
1991). However, the effect of cigarette smoking at least on the central nervous system has been mainly
attributed to the pharmacological action of nicotine (Dilsaver 1987).
In this frame, the pure effect of nicotine could be studied chronically administering nicotine to PD patients,
which does not seem to be the case for ethical reasons.
An other possible limitation is the relatively small sample of smokers and non smokers evaluated. This
may be the reason why the increase of VAAS score induced by the challenge just failed to reach
statistical significance. Additional work on larger PD patient samples may be welcome on basis of the
present preliminary results.

Conclusions

The present findings seem consistent with the idea that nicotine acts on specific panic pathways. Our
results fit the view that nicotine may trigger panic attacks in PD subjects. If confirmed, this may have
interesting clinical implications. Quitting smoking, for instance, should be encouraged and considered one
of the relevant steps in the treatment of PD patients.
Similar studies should be conducted in patients with different anxiety disorders. This may clarify if nicotine
acts via a common pathway in all psychologically vulnerable subjects.
Moreover, it would be interesting to replicate the present observation comparing healthy smokers with
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healthy non smokers. This may add information to the effects of nicotine chronic exposure in non
vulnerable subjects.
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Table 1. Comparison of PD smokers and PD non smokers on clinical characteristics and severity of panic
disorder as assessed at baseline. Mann Whitney test for independent samples.

PASS, situational
panic attacks
PASS, spontaneous
panic attacks
PASS, subthreshold panic
attacks
PASS, anticipatory
anxiety (PASS-AA)
PASS, phobic
avoidance (PASSAV)
PASS total score
(PASS-tot)
FQ, agoraphobia
(FQ-AGO)
FQ, blood phobia
(FQ-BI)
FQ, social phobia
(FQ-SOC)
FQ total score (FQtot)

N
21

smokers
mean
1.48

SD
1.778

N
22

21

0.95

1.564

22

1.00

1.573

0.8815

21

1,86

1.682

22

1.64

0.953

0.9005

21

3.24

1.921

22

2.59

1.817

0.3361

21

0.67

1.016

20

0.70

0.923

0.7703

21

8.19

4.600

20

6.40

3.016

0.2202

23

12.26

9.588

23

15.39

14.963

0.8008

23

16.00

12.504

23

18.48

10.761

0.4262

23

10.48

8.495

23

11.35

6.582

0.4515

23

38.74

23.586

23

41.43

26.611

0.7349
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non smokers
mean
SD
0.54
1.224

p
0.0501
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Table 2. Comparison of PD smokers with PD non smokers concerning pre and post challenge
assessment. Mann Whitney test for independent samples.

STAI pre challenge
PSL pre challenge
PSL post challenge
Delta PSL
VAAS pre
challenge
VAAS post
challenge
Delta VAAS

N
24
25
25
25
25

smokers
Mean
SD
44.38
10.806
3.48
4.917
14.72
8.409
11.24
6.173
26.88
23.463

N
24
25
25
25
25

non smokers
Mean
SD
47.17
13.796
5.36
5.203
13.12
8.017
7.76
6.267
31.88
27.025

p
0.5869
0.1212
0.6360
0.0454
0.5825

25

68.84

24.277

25

61.28

26.337

0.3132

25

41.96

21.378

25

29.40

22.546

0.0522
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Chapter 7
Negative affectivity in individuals applying for smoking cessation clinics. A case
control study
Abstract

Objective. To assess whether subjects applying for smoking cessation clinics display a higher level of
affective symptoms than smokers recruited from the general population.
Methods. The study was conducted according to a case control design. Cases were smokers applying for
public smoking cessation clinics for the first visit and controls were smokers enrolled from the general
population. Socio-demographic data and clinical information were collected. Self- and heteroadministered rating scales were used to assess anxious and depressive symptoms. Nicotine dependence
was measured via a self-administered questionnaire.
Results. Sixty eight cases were recruited, individually matched and compared to controls. Overall, cases
had significantly higher scores than controls when the rating scales assessing anxious and depressive
symptoms were evaluated.
Conclusions. Smokers applying for smoking cessation clinics for the first visit have a higher level of
negative affectivity than smokers from the general population. An evaluation of the level of negative
affectivity could be introduced in clinical practice to have a complete assessment of the patient and
propose a psychological or pharmacological support as a complement to the smoking cessation
programme.

Introduction

While the association between tobacco dependence and affective disorders has been well documented
(Fergusson et al 1996; Black et al 1999; Johnson et al 2000; Grant et al 2004), an increasing literature
nowadays focuses on the relationship between smoking and negative affectivity. Negative affectivity
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points to the presence of anxious and depressive symptoms in absence of any formal psychiatric
disorder.
As early as in the 1980s it has been observed that female smokers had higher depressive symptoms
than female non smokers (Chetwynd et al 1986; Frederick et al 1988). Later on, the results were
confirmed for both male and female (Perez-Stable et al 1990). Kick et al (1997) conducted a cross
sectional survey on internal medicine outpatients and found a statistically significant higher score on the
depression scale in current smokers compared to non smokers. In the same year, Son et al (1997)
evaluated 3,933 subjects and found that stratifying for nicotine dependence, in an adjusted comparison
between smokers and non smokers, nicotine dependent smokers had higher scores on depression scale
than never smokers. The results were confirmed by Brown et al (2000) evaluating 526 patients
presenting in the waiting rooms of medicine clinics. In 2002, Ludman and co-workers identified
depression score as a risk factor for tobacco dependence in African American low income female
smokers if compared to European Americans. Later, Karp et al (2006) confirmed the results in 1,293
students of Montreal secondary schools.
As what concerns anxious symptoms, Williams et al (1982) compared 50 smokers and 50 non-smokers
using the MMPI's Manifest Anxiety Scale (MAS). Mean MAS scores for smokers were significantly higher
than those for non-smokers. Item analysis revealed that smokers obtained higher scores than nonsmokers on significantly more items in which anxiety is manifested by a physical symptom rather than
psychological ones. They finally concluded that physical stimulation by nicotine may contribute to a more
ready arousal to anxiety in smokers.
Considering anxious and depressive symptoms together, Lagrue and co-workers (2002) observed a
series of 400 heavy smokers and noted subthreshold anxiety and depression in 34% of them. Thereafter,
Tselebis et al (2003) found in a sample of 80 physicians and surgeons that smoking behaviour was more
strongly related to anxiety than depression. Dudas et al (2005) evaluated the prevalence of smoking
among 215 adolescents in Hungary, administering the Spielberger's State-Trait Anxiety Inventory.
Smoking students showed significantly more anxiety and depressive symptoms compared to their nonsmoking peers. Occasional smokers appeared to be more anxious than non-smokers, whereas daily
smokers scored higher on the depression inventory.
A high prevalence of anxious and depressive symptoms has been also observed in smokers attending
smoking cessation clinic. Fakhfakh et al (2003) found in Tunisia a prevalence of respectively 22.9% and
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20%.
Moreover, smokers with anxious or depressive symptoms had higher level of dependence, reduced
quitting rate and more withdrawal symptoms than smokers without affective symptoms.
In the light of these findings, there seems to be little doubt that, even in the absence of any formal
psychiatric disorder, smokers do report more affective symptomatology than non smokers. It appears that
this symptomatology most often amounts to anxiety and depression. The chronic presence of negative
affectivity may contribute to poor quality of life which in turn might motivate smokers to apply for a
smoking cessation programme.
In the present study we want to further document whether subjects applying for a smoking cessation
programme have more affective symptoms than non applicants, as first suggested by Fakhfakh et al
(2003).
This would fit the hypothesis that smokers tend to follow a smoking cessation programme at least in part
because of a lack of well being due to anxious and/or depressive affectivity. Findings in support of our
hypothesis would additionally call for more attention to anxious and depressive symptoms at baseline
evaluation in smoking cessation programmes.
For our purpose, a sample of smokers applying for smoking cessation clinics and a sample of habitual
smokers of the general population were compared. The aim was to assess whether those applying for a
smoking cessation programme display a higher level of affective symptomatology in absence of any
formal psychiatric disorder than smokers recruited from the general population.

Materials and methods

The study was conducted according to a case control design. Cases were smokers applying for public
smoking cessation clinics for the first visit. Controls were smokers enrolled from the general population.
Sixty eight smokers were recruited from 01/03/2005 to 30/09/2006 among applicants for the first visit to
the facilities in Pescia, Pisa and Pistoia (central Tuscany, Italy). Each smoking cessation centre collected
the data for a period of 12 months. Smokers were evaluated by fully qualified and trained medical doctors
(a psychiatrist and a pneumologist) and psychologists.
Sixty eight control smokers were recruited among the general population of the same area and in the
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same period of time and evaluated by a fully qualified psychiatrist.
The two groups were individually matched for age, gender and level of nicotine dependence.
At first contact at the smoking cessation clinic, subjects were asked about socio-demographic data (age,
gender, instruction, working activity) and physical health. Thereafter, they had a complete medical history
inventory and a physical examination. Expired air carbon monoxide was measured to have an objective
indication of smoking exposure.
Subjects were excluded if they daily used more than 6 coffees (www.sisalimentazione.it/
relazionenews7.pdf), 4 standard alcohol units (www.alcol.net/italiani/Doxa/doxa.asp?anno), psychotropic
medications or drugs of abuse. Those substances might in fact influence the occurrence or the severity of
anxious or depressive symptoms. Additional exclusion criteria were a poor physical health (that is chronic
medical conditions requiring treatment), a lifetime formal psychiatric disorder and, only among controls,
the intention to try to quit (either his own, or via a formal cessation programme).
At the first visit the Hospital Anxiety Depression Scale (HADS, Snaith et al 1986), was administered to
identify formal affective diagnoses. This is a brief self rating scale investigating anxiety and depression
according to two different subscales of 7 items each. If the score is higher than 7 on either the anxiety or
the depression subscale, the suspicion of a formal psychiatric disorder is significant.
If one of the HAD subscales scored higher than 7, the Mini International Neuropsychiatric Interview - MINI
was administered by a properly qualified medical doctor or clinical psychologist to exclude any lifetime
formal psychiatric disorder (Sheehan et al 1998; Kuijpers et al 2003).
Those eligible for the study were asked about smoking behaviours of cohabitants and first degree
relatives and evaluated on anxious and depressive symptoms. For this purpose, the Montgomery Asberg
Depression Rating Scale (MADRS, Montgomery et al 1979) the Beck Depression Inventory (BDI, Beck et
al 1961), the Hamilton Anxiety scale (HAM-A, Hamilton 1959) and the State-trait Anxiety Inventory (STAIS, Spielberger et al 1970) were administered.
The MDRS and the HAM-A were administered by ad hoc trained psychologists and medical doctors,
according to the standard procedure. The BDI and STAI were self-administered.
In sum, anxiety and depressive symptoms were investigated using both self- and hetero-administered
scales to increase the reliability of the investigation.
The level of nicotine dependence was measured via the Fageström Tolerance Questionnaire (FTQ,
Fagerström et al 1978). This is a standardised self-administered questionnaire which counts 8 items with
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a score ranging from 0 to 11. A total score of 6 or below indicates a low to moderate nicotine
dependence, a total score greater or equal than 7 suggests a high nicotine dependence.
Approval for this study was granted by the Medical Ethics Review Board of the Azienda USL3 Pistoia.

Statistics

Discrete variables (gender, marital status, family history of smoking habits, cohabitant smokers) were
evaluated comparing cases and controls via the Chi-square test for independent samples. Continuous
variables were analysed using the t-test for independent samples when normally distributed (age) and the
Mann-Whitney test for independent samples when non normally distributed (years of school, FTQ, HADS,
MADRS, BDI, HAM-A, STAI scores).
HADS, MADRS, BDI, HAM-A and STAI were analysed both considering The subscales of HADS are the
anxiety (items 1, 3, 5, 7, 9, 11, 13) and the depression scale (items 2, 4, 6, 8, 10, 12, 14) (Snaith et al
1986). MADRS was analysed according to three factors: dysphoria (item 2, 9, 10), retardation (item 1, 6,
7, 8) and vegetative symptoms (item 3, 4, 5) total and subscale scores (Suzuki et al 2005). The somaticaffective factor (item 1, 4, 8, 9, 11, 12, 13) and the cognitive factor (item 2, 3, 5, 6, 7, 10) of BDI were
evaluated (Arnau et al 2001). HAM-A subscales concerned somatic anxiety (items 7-13) and psychic
anxiety (items 1-6 and 14) (Hamilton 1959). For the STAI two dimensions were considered: mood (item
1-4, 6-8, 10, 13, 15, 16, 19) and worrying dimension (item 5, 9, 11, 12, 14, 17, 18, 20) (Andrade et al
2001).
Significance levels were set at p <0.05 (two-tailed).
All the analyses were performed by the statistical package SPSS 11.0.

Results
Of the thirty six smokers applying for the first visit the smoking cessation clinic in Pistoia from 01/03/2005
to 28/02/2006, twenty two met the inclusion criteria to be enrolled in the study (61.1%). Of the seventy
two applicants from 01/05/2005 to 30/04/2006 in Pescia, twenty one were enrolled (29.2%). Of the 150
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applicants from 01/10/2005 to 30/09/2006 in Pisa, twenty five were enrolled (16.7%).
Ninety subjects (34.88%) (3 in Pistoia, 22 in Pescia, 65 in Pisa) were excluded as they did not meet the
inclusion criteria concerning coffee/alcohol habits or were under chronic treatment for poor medical
conditions. The remaining ninety five not enrolled subjects (36.82%) (11 in Pistoia, 29 in Pescia, 55 in
Pisa) had a lifetime psychiatric disorder or were currently under psychotropic medications. Five subjects
(1.94%) were excluded as they expressed the intention not to quit (n = 3 in Pisa) or had HADS subscale
scores higher that 7 but the MINI was not available (n = 2 in Pisa).
In brief, sixty eight smokers applying for the smoking cessation clinics (called ‘cases’) were compared to
sixty eight smokers recruited from the general population (called ‘controls’). Subjects were individually
matched for gender (39 males and 29 females for each group), age (48.78 ± 13.30 yr for cases and
48.19 ± 12.54 yr for controls, p = .7912) and level of nicotine dependence as measured via the FTQ (
6.85 ± 2.552 for cases and 6.71 ± 2.151 for controls, p = .7170).
Table 1 reports the results concerning discrete variables. Cases had a significantly lower probability to
live with smokers than controls (p < .001). Cases and controls did not differ for marital status and family
history of smoking habits.
Tables 2 shows the results for continuous variables. Cases and controls did not differ for years of school.
As what concerns rating scales the difference was statistically relevant for: HADS total score and anxiety
subscale (p < .01); MADRS total scale and subscales (dysphoria, retardation, vegetative symptoms) (p <
.05); BDI total score and subscales (somatic and cognitive factors) (p < .05); HAM-A total score and
subscales (p < .0001). No statistically significant differences were found for STAI total score or its
dimensions.
Stratifying for smoking cessation clinic, no statistically significant differences were found when the above
mentioned variables were evaluated. The only exception was the family history of smoking habits.
It resulted positive in 33.33% of cases in Pescia, in 88.88% of cases in Pisa and 77.27% in Pistoia (p <
0.001 ).
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Discussion

The present study shows that smokers applying for smoking cessation clinics for the first visit have a
higher level of negative affectivity than smokers from the general population, considering anxious as well
as depressive symptoms. These findings seem to confirm what has been suggested by Fakhfakh et al
(2003), and are consistent with the original hypothesis.
The rates of excluded subjects, despite the appearance, are in line with the present literature.
In fact, a 12-month prevalence of mood disorder as well as of anxiety disorders is expected around 20%
among smokers (Grant et al 2004). This is consistent with our rate of about 37% of excluded for lifetime
history of psychiatric disorders or current psychotropic medication (40.3% in Pescia, 36.7% in Pisa, and
30.5% in Pistoia). Similarly, the proportion of excluded for high consumption of coffee/alcohol or poor
medical conditions (43.3% in Pisa, 30.6% in Pescia, 8.3% in Pistoia) is consistent with the findings of the
literature (Shiffman et al 2002; Friend et al 2005).
The different location and characteristics of personnel of the three smoking cessation clinics may explain
the differences in rates of exclusions.
The smoking cessation clinic in Pisa is located in the University Hospital as part of the Cardio-Thoracic
Department. The personnel is constituted by pneumologists with the support of nurses and psychologists.
Thus, people who address to this centre may have a high comorbidity with organic illnesses.
The smoking cessation clinic in Pescia, as well as in Pistoia, is within peripheral public health services
and the personnel consists of a toxicologist and psychologists. The supply of a tight toxicological and
psychological service might explain the high comorbidity with psychiatric disorders of applicants.
Overall, while the centres in Pisa and Pescia are well known in the area and started their activity several
years ago, the centre in Pistoia is a small and recently opened facility. There, we can expect to have a
fresh recruitment pattern of people motivated and with a low rate of comorbid psychiatric/organic
diseases.
Nevertheless, despite the different characteristics of the three centres and the observed differences in the
rates of exclusion, the included subjects did not differ as to the variables of interest among the three
smoking cessation clinics. Stratifying for smoking cessation clinic, no statistically significant differences
were found, with the only exception of the family history of smoking habits.
Regarding anxious symptoms, cases rated higher on anxiety subscale of the HAD (p < .005) and on the
99

│Chapter 7

HAM-A (p < .001). No differences were found in STAI scores. Although we are not aware of specific
studies testing the hypothesis under examination, a number of worthwhile comments should be made
about these results.
As appearing from the introduction, several studies have demonstrated a higher prevalence of
subthreshold anxiety in smokers compared to non smokers (Williams et al 1982; Lagrue et al 2002;
Tselebis et al 2003). We hypothesised that the presence of negative affectivity may be a reason for
smokers to apply for cessation programmes. We specifically compared the level of negative affectivity in
smokers participating in a cessation programme with a control sample of habitual smokers. Summarizing,
the results definitely show a higher level of negative affectivity among those applying for smoking
cessation clinics and apparently this supports our hypothesis.
Considering the analysis of subscales, it is interesting that both somatic and psychic anxiety (i.e. the two
HAM-A subscales) were relevant in smokers who applied for cessation programmes. This phenomenon
has been already reported in the literature. For instance, Williams and co-workers (1982) compared fifty
smokers and fifty non smokers using the MMPI's Manifest Anxiety Scale (MAS) and found a Mean MAS
scores for smokers significantly higher than for non-smokers. Smokers also obtained higher scores than
non-smokers on significantly more items in which anxiety was manifested by a physical symptom rather
than a psychological one. Regarding the latter point, we did not find any difference between
psychological and physical anxiety. It should however be noted that the present study compared smokers
applying for smoking cessation clinics with smokers from the general population while Williams et al
merely evaluated smokers and non smokers.
It seems that smokers who apply for smoking cessation clinic suffer of both psychological and physical
anxiety. The present findings are consistent with the studies which propose a vulnerability due to the
release of epinephrine and norepinephrine or to a high autonomic tone/symptathetic bias (Dilsaver 1987;
Yun et al 2005). They are also consistent with the evidence of high level of psychological distress among
smokers (Brown et al 2005). The first studies support the occurrence of physical anxiety, the latter of
psychological anxious symptoms.
STAI surprisingly failed in discriminating between cases and controls on the dimension of anxiety,
contrarily to HADS and HAM-A. However, while for the latter two scales the index period is the latest
interview. The STAI may be more strongly influenced by the effect of being under evaluation. A kind of
seven days, the official instructions of the STAI refer to symptoms present at the very moment of the
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“white coat effect” could have hidden any difference between cases and controls.
As what concerns depressive symptoms, cases had higher scores than controls when evaluated with the
MADRS (including its dysphoria, retardation and vegetative symptom factors) (p < .01) and the BDI (both
considering somatic and cognitive symptoms) (p < .05). No differences were found for the HAD
depression subscale.
In brief, the present findings highlight a higher level of negative affectivity in smokers applying for
smoking cessation clinics for the first visit than smokers from the general population. This is evident for
anxious as well as depressive symptoms.
Why some smokers have more negative affectivity than other is not explicitly addressed in the present
study. Some people may be more vulnerable because of a different pharmacological sensitivity or an
individual predisposition to negative affectivity.
However, according to these data we can say that anxious and depressive symptoms might be important
factors in the motivation of smokers to quit. Zvolensky et al (2004) found that anxiety sensitivity is a
concurrent and lifetime index of motivation to quit smoking even after controlling for theoretically-relevant
smoking (e.g. nicotine dependence) and affect factors (e.g. panic attack history). Moreover, Haukkala et
al (2000) observed that higher depression scores are related to greater motivation to quit smoking, at
least among female smokers (OR 1.51; 95%CI 1.15-1.97).
In this frame, the present results beautifully fit the hypothesis that anxious and depressive symptoms are
real motivator in quitting smoking. Thus, a possible explanation of people to apply for smoking cessation
clinics may be the presence of anxious or depressive symptoms.
Some would argue that people applying for a smoking cessation programme may report a level of
negative affectivity which is strongly situation dependent. A feeling of apprehension and worry may arise
in these subjects as the consequence of the perspective of starting the programme. This does not seem
the case in our results. The rating scales here used had been validated to assess anxiety and not simply
anticipatory anxiety as well as the spectrum of depressive symptoms and not only worry. A further
argument in favour of the latter point is the lack of difference of the STAI worrying dimension subscale
between smokers attending smoking cessation clinics and smokers from the general population.
A general caveat about the use of rating scales is that, if applied to samples without psychiatric disorders,
their mean scores are at the very low end of the scale which may imply a reduced sensitivity. Although
HADS, BDI and STAI have been already used in non clinical samples to successfully investigate
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depressive/anxious symptoms (Dudas et al 2005, Desmond et al 2006; Gee et al 2003), it should be
considered that these scales have been originally designed in the frame of formal disorders such as
anxiety and depression.
Despite a possible lower sensitivity of our assessment tools, we were able to demonstrate a difference
between cases and controls which is in favour of the robustness of the results. Moreover, most of the
scales were in agreement with each other, and self- and hetero-administered scales yielded reliable
results. This support the sensitivity of the used instruments in our sample.
Finally, cases had a significantly lower probability to live with smokers than controls (p < .005). Living with
an ex-smoker or never-smoker has been demonstrated to increase the likelihood of quitting, compared to
being single or living with a partner who smokes (Monden et al 2003). In this frame, it can be
hypothesised that when the self treatment to quit is not efficacious, living with a non-smoker may be a
further encouragement or pressure to address specialised centres to find an additional aid.

Conclusions

Findings from the present paper support the higher than expected rate of negative affectivity in smokers
attending smoking cessation clinics if compared to smokers from the general population. Some aspects
of our findings may have interesting implications in clinical practice, in particular concerning smoking
cessation programmes. In fact, paradoxically higher negative affectivity may motivate people to try to quit
smoking but may also work against the successful cessation.
An evaluation of the level of negative affectivity at first visit would give a more detailed clinical picture of
the patient. Depending on this evaluation, a psychological or pharmacological support could be proposed
to the patients as a complement to the smoking cessation programme itself.
Strategies of this kind may increase the rate of success in quitting or the duration of smoking abstinence.
Thus, trial of pharmacological or psychological intervention to treat negative affectivity in smokers
attending smoking cessation programmes should be encouraged.
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Table1. Smokers applying for smoking cessation clinics versus smokers from the general population.
Descriptive categorical variables. Chi square test for independent samples.

N
marital status
single
married
widower
divorced/separated
cohabitant smokers
first degree smoking relatives

13
47
1
7
16
46

cases
%
19.12
69.12
1.47
10.29
23.53
67.65

104

N
18
43
3
4
35
54

controls
%
26.47
63.24
4.41
5.88
51.47
79.41

statistics
p
.3068
.4685
.3101
.3720
.0008
.1200
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Table 2. Smokers applying for smoking cessation clinics versus smokers from the general population.
Rating scale scores evaluating anxious/depressive symptoms. Mann Whitney test for independent
samples.

years of school
HADS
anxiety subscale
depression subscale
MADRS
dysphoria
retardation
vegetative symptoms
BDI

N
68
68
68
68
68
68
68
68
67

somatic factor

67

cognitive factor
HAM-A
somatic anxiety
psychic anxiety
STAI
mood dimension
worrying dimension

68
68
68
68
67
67
67

cases
mean
10.35
8.48
5.35
3.13
5.68
1.38
2.50
1.79
4.07

SD
4.044
5.679
3.631
2.785
5.908
1.924
2.713
1.920
3.448

N
68
68
68
68
68
68
68
68
68

controls
mean
11.23
6.15
3.69
2.45
2.21
0.32
0.73
1.15
2.41

2.70

2.089

68

1.65

1.708

.0017

1.35
7.30
2.82
4.48
34.85
21.88
12.97

1.922
6.766
3.243
4.070
7.622
4.276
3.754

68
68
68
68
68
68
68

0.76
2.06
1.03
1.03
33.56
21.21
12.35

1.235
2.285
1.338
1.466
6.414
4.202
2.544

.0356
<.0001
<.0001
<.0001
.2883
.3568
.2648
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SD
4.587
3.798
2.439
2.025
2.789
0.854
1.114
1.489
2.592

p
.2362
.0055
.0021
.1076
<.0001
<.0001
<.0001
.0298
.0019
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CHAPTER 8
Nicotine dependence, personality traits, psychological distress and withdrawal
symptoms as possible predictors of smoking cessation. Results from a double
blind study with nicotine patch
Abstract

Nicotine replacement therapy (NRT) is an effective treatment for smokers who want to quit, however the
rates of successful quitting can still be improved. In this frame, nicotine dependence, personality traits,
psychological distress and withdrawal symptoms were evaluated as possible predictors of smoking
cessation.
Methods. The study is part of a NRT double-blind, parallel group, randomised trial. At baseline, nicotine
dependence was assessed via the Fagerström Tolerance Questionnaire (FTQ), personality traits via the
Eysenck Personality Inventory, distress and psychiatric symptoms via the Symptom Rating Test (SRT).
At follow up visits (week 12, 26 and 52) subjects were asked about withdrawal symptoms and filled the
Symptom Rating Scale.
Results. 297 cigarette smokers were followed for one year. Of these 42 were abstainers at week 12, 38 at
week 26 and 34 at week 52. The multivariate analysis, adjusted for treatment, evidenced that FTQ and
EPI psycoticism scores were the strongest predictors of quitting failure.
No statistically significant results were found for psychiatric symptoms. Among withdrawal symptoms,
severity of craving and difficulty in concentrating influenced the rate of success.
Discussion. Nicotine dependence seems to influence the medium long term outcome as a result of
physical and psychological dependence. Psychoticism seems to play a key role as it implies personality
traits which may favour nicotine dependence and discourage in persisting a task such as quitting
smoking.
Conclusion. In the present study nicotine dependence and psychoticism scores were the main factors
influencing the outcome of smoking cessation under NRT.
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Introduction

Nicotine replacement therapy (NRT) is an effective treatment for smokers who want to quit. Nevertheless,
though improvement is significant when compared to placebo (Silagy et al 2000; Stead et al 2005), in
randomized clinical trials the rate of success is still between 16 and 39% after 12 weeks of treatment, 1326% at six months and 7-25% at 12 month follow up (Fiore et al 1994; Blondal et al 1999; Hughes et al
1999; Jorenby et al 1999; Fiore et al 2000). In an effort to increase these rates, factors that may influence
the occurrence of relapse have become increasingly the focus of research.
Two approaches have been used to evaluate the risk of failure. One focuses on pharmacological factors
and the other focuses on clinical factors (behavioural dependence of smoking, withdrawal symptoms,
psychological distress).
Pharmacological studies found that the risk of failure was higher in smokers with high baseline plasma
cotinine levels (Paoletti et al 1996; Tonnesen et al 1999) or with inadequate NRT (Sachs et al 1995;
Hughes et al 1999). However, not all authors agree with this latest point (Daughton et al 1999; Killen et al
1999). Unsuccessful quitting also is more behalf to occur with inappropriate length of treatment (Sims et
al 2002), with poor compliance and obviously when the patients go on smoking while wearing the nicotine
patch (Nerin et al 2004).
Clinical studies have demonstrated that high dependence of smoking increases from 1.63 (95% CI: 1.132.35; p = 0.009) to 2.30 (95% CI, 1.25-4.26; p = 0.008) times the risk to fail in quitting (Chatkin et al 2004;
Ong et al 2005). Some studies evaluated the risk of failure on the basis of the Fagerström Test. Ferguson
et al (2003) found that a Fagerström Test for Nicotine Dependence (FTND) score higher than 5 was a
variable associated with failure.
The urgent need for tobacco, craving for nicotine, smoking to avoid withdrawal symptoms are commonly
referred reasons for unsuccessful quitting (Stapleton 1998; John et al 2004). However, results of the
literature are equivocal (Patten et al 1996) and NRT is known to reduce the severity of withdrawal
symptoms, thus decreasing the risk to fail for such cause (Molander et al 2000; Shiffman et al 2000;
Shiffman et al 2006).
Still discussed is the role of psychological distress (Catley et al 2003; John et al 2004; Raherison et al
2005). Some authors observed that failure by the end of a treatment to quit smoking is predicted by a
history of psychiatric disorders (Ferguson et al 2003), post cessation depression (Glassman et al 1990),
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changes in negative affect (e.g. anxiety, sadness, anger, and confusion) and psychological stress
(Doherty et al 1995; Strasser et al 2005).
Finally, it is noteworthy that some smokers tolerate the discomfort of smoking cessation whereas other do
not. The ability to tolerate this discomfort may likely involve a confluence of several inter-individual factors
such as self-efficacy (Bandura 1997; Amodei et al 2005), motivation (Miller et al 2002), readiness for
change in the addictive disorders (Prochaska et al 1997), and personality.
Few studies have been conducted on personality. Doran et al (2004) found that greater impulsivity
predicted more rapid failure in quitting smoking. Hooten et al (2005) found that high scores on
neuroticism and low scores on agreeableness and conscientiousness were predictors of poor outcome.
In this frame, the purpose of the present paper was to evaluate nicotine dependence, personality traits,
psychological distress and withdrawal symptoms as possible predictors of smoking cessation in smokers
participating in a randomised double-blind trial with nicotine patch (Paoletti et al 1996).

Methods

Study design
The present study is part of a NRT trial performed at the University Hospital of Pisa and described
elsewhere (Paoletti et al 1996). Briefly, the study was conducted according to a double-blind, parallel
group, randomised design. On the basis of cotinine baseline plasma values, smokers were divided into
two groups: low cotinine (LC; ≤ 250 ng/ml) and high cotinine (HC; > 250 ng/ml) (threshold equal to the
median value). Smokers with LC were randomly assigned to placebo or 15 mg nicotine patch while
smokers with HC were randomly assigned to 15 or 25 mg nicotine patch. Patches were applied in the
morning and removed at bedtime (worn for 16 hours). Full treatment lasted for 12 weeks and was
followed by a 6 week tapering period (10 mg for 3 weeks and 5 mg for 3 weeks). All the participants were
followed for 52 weeks.
Approval for this study was granted by Pisa University Hospital’s Medical Ethics Review Board.
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Subjects
Four hundred smokers, aged between 20 and 60 years, were enrolled from the general population of the
city of Pisa (about 100,000 inhabitants, Tuscany, Central Italy) through advertisements in the local
newspapers. They were screened via a telephone call by trained personnel and required to have smoked
at least 10 cigarettes per day for at least 3 years, to keep response heterogeneity to a minimum due to
small nicotine dose effects. Smokers were excluded also in case they met diagnostic criteria for chronic
dermatological disorders and/or cardiac diseases, had a past or current history of psychiatric disorders,
were currently taking daily psychiatric medications, were pregnant or breast feeding.
After the telephone interview, 350 smokers were invited to the University Hospital of Pisa and 297
subjects were recruited.
Baseline evaluation
At first visit, a physical examination was performed by a medical doctor, a detailed clinical and smoking
history were collected and physiological parameters measured (body weight, blood pressure, respiratory
rate, and expired carbon monoxide (CO) [Bedfont monitor, Sittingbourne UK]). A blood sample was
collected to measure nicotine and cotinine plasma values.
Nicotine dependence was evaluated through the Fagerström Tolerance Questionnaire (FTQ) (Fagerström
1978). This is a standardised self-administered questionnaire which counts 8 items with a score ranging from 0
to 11. A total score of 6 or below indicates a low to moderate nicotine dependence, a total score greater or equal
than 7 suggests a high nicotine dependence.
Personality was evaluated by means of the Eysenck Personality Inventory (EPI) (Eysenck et al 1964).
This is a self-reported inventory based on Eysenck's factor analysis of personality which assumes three
basic factors: extraversion, neuroticism and psychoticism. The dimension of extraversion is characterised
by sociability, liveliness, jocularity and impulsiveness. The extroversion score is mainly a measure of
social orientation and sensation seeking. Neuroticism is characterised by high levels of negative affect
such as depression and anxiety, and the neuroticism score is mainly a measure of trait anxiety, emotional
dysfunction and increased liability to develop abnormal reactions to stressful events. Psychoticism is
associated with the susceptibility to exhibit a certain recklessness, a disregard for common sense or
112

│

conventions, and a degree of inappropriate emotional expression. The psychoticism score measures
paranoid tendencies and antisocial behaviours.
The Symptom Rating Test (SRT), Italian version (Fava et al 1983), is a measure of distress and
psychiatric symptoms. It is a self administered scale which involves 30 items on four sub-scales:
depression, anxiety, somatization, inadequacy. The total score ranges from 0 to 120, anxiety and
depression subscales have a 0-32 point range and somatization and inadequacy scales range each from
0 to 28. The SRT was administered referring to the week before the baseline day.
Follow up evaluations
Follow up visits performed at week 12, 26 and 52 were taken into account for the present research.
At each visit subjects were evaluated by a physician and asked about cigarette consumption.
Expired CO and body weight were measured and a blood sample was collected to obtain nicotine and
cotinine plasma values, to retrospectively assess the consistency of smoking status during follow-up.
Subjects were asked to fill the Symptom Rating Scale referring to the week before the visit.
Finally, the assessment of withdrawal symptoms was realised focussing on the symptoms listed in the
DSM IV (APA 1994) definition of withdrawal from nicotine (dysphoric or depressed mood, insomnia,
irritability or frustration or anger, anxiety, difficulty concentrating, restlessness, decreased heart rate,
appetite or weight gain) as well as on craving. They were scored by means of a graded scoring system
(from 0 = absent, to 3 = severe).
Data collected via FTQ, EPI, SRT and the withdrawal symptoms list have been the focus of the present
research.
Definition of success in quitting smoking
Success was defined as complete sustained abstinence, self reported, from week 1 up to each follow up
visit and verified by expired CO < 10 ppm. Those who did not meet these criteria were considered
failures. Subjects who did not return for the scheduled follow-up visits were assumed to be drop-out and
considered failures as well.
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Statistics
Mann-Whitney test for independent samples was performed to compare smokers and abstainers
regarding FTQ, SRT, and EPI scores as the data are not normally distributed.
A multivariate logistic analysis was carried out to evaluate the association between being failures
(binomial variable evaluated at week 12, 26 or 52) and the main effects (continuous variables as FTQ,
SRT anxiety, SRT depression, SRT somatization, EPI nuroticism, EPI extraversion, EPI psychoticism).
Adjustment was performed for treatment received (categorical variable with placebo used as the
reference and LC 15 mg/day nicotine, HC 15 mg/day nicotine, HC 25 mg/day nicotine used as dummies).
Repeated measures analysis of variance was performed by means of the general linear model and
applied to the SRT subscale scores as well as to the severity scores of withdrawal symptoms.
Significance levels were set at p <0.05 (two-tailed).
All the analyses were performed by the statistical package SPSS 11.0 or SAS 9.1.

Results

This study included 297 cigarette smokers. Of these 120 had low cotinine plasma levels at baseline and
177 had high cotinine plasma levels. Among the LC subjects, 60 received placebo and 60 nicotine 15 mg.
Of the HC subjects, 90 received nicotine 15 mg and 87 nicotine 25 mg as an intervention to quit smoking.
The baseline characteristics of the smokers in the four treatment groups as well as the rates of success
have been reported in Paoletti et al (1996). Briefly, age, body weight, sex distribution, personality and
stress condition did not significantly differ among the four groups of treatment at baseline. As expected,
the number of cigarettes smoked per day, baseline expired CO, pack-year, baseline nicotine and cotinine
plasma levels and FTQ varied across the treatment groups (Paoletti et al 1996).
At week 52 a significant higher success rate was reported in the LC 15 mg group when compared to the
placebo (28% vs 9%; p < .001). There was no significant difference in sustained abstinence rates
between the HC 15 mg and the HC 25 mg groups (11% vs 9%), and differences in abstinence rates for
these groups were lower than those reported for the LC 15 mg group (Paoletti et al 1996).
The present paper focuses on results concerning: 1. nicotine dependence (FTQ) and personality (EPI) as
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assessed at baseline; 2. psychological distress (SRT) measured at baseline and at the follow up visits
(week 12, 26 and 52); 3. severity of withdrawal symptoms (week 1 up to week 12, 26 and 52).
Table 1 reports the comparison between abstainers and smokers at week 12, 26 and 52 with regard to
mean scores of FTQ, EPI and SRT at baseline. The outcome seems to be influenced by FTQ, SRT
subscale and total scale as well as by EPI neuroticism and psychoticism scores. Table 2 proposes the
same data stratifying for treatment received, i.e. considering separately HC and LC subjects. In HC
subjects the outcome seems to be influenced by FTQ, EPI neuroticism and psychoticism scores. In LC
subjects there is some evidence in favour of SRT depression subscale and SRT total scale scores.
Table 3 reports the odds ratios (ORs) as an interpretation of the multivariate model.
The final subset of predictors (FTQ, EPI and SRT at baseline) has been adjusted for the treatment
received, included in the model as dummies. The model evaluates the effects of predictors in influencing
the risk of failure. FTQ and EPI psycoticism scores seem to be the strongest predictors of failure.
Repeated measure analysis of variance was performed to evaluate the influence of distress (SRT
anxiety, SRT depression, SRT somatization, SRT inadequacy, SRT total) and withdrawal symptoms on
the risk of failure in quitting smoking. The analysis was run referring to the period between baseline and
week 12, baseline and week 26, baseline and week 52.
No statistically significant results were found evaluating psychiatric symptoms, with the only exception of
the SRT inadequacy subscale (abstainers: least squares mean = 1.117, Error Standard = 0.25; smokers:
least squares mean = 1.728, Error Standard = 0.120; p < .05) if evaluated between baseline and week
26. Psychiatric symptoms in fact seems to strongly decrease between baseline and week 3 and
thereafter reach a plateau.
As what concerns withdrawal symptoms, severity of craving influenced the rate of success at week 12
and 26 (p < .001; p < .005) while difficulty in concentrating influenced the rate of success at week 52 (p
< .05).

Discussion

In this study, we evaluated the factors influencing the risk of failure in quitting smoking in the mediumlong term (12, 26 and 52 weeks) among smokers participating in a randomised double-blind trial with
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nicotine patch.
The risk of failure was found to increase with higher baseline FTQ and EPI psychoticism mean scores.
The occurrence of craving and difficulty concentrating as withdrawal symptoms seamed to affect the
ability to persist quitting smoking.
Psychological distress did not have a clear-cut effect.
More specifically, considering the whole sample FTQ, SRT anxiety, depression, somatization and total
scale scores, as well as EPI neuroticism and psychoticism scores influenced the risk to relapse at week
12 (p < .05). FTQ, SRT anxiety, depression and total scale scores as well as EPI neuroticism and
psychoticism (p < .05) had an influence at week 26 and 52.
According to these findings, it is likely that smoking outcome is influenced by the baseline level of nicotine
dependence, the baseline level of distress and by personality characteristics of quitters.
Stratifying for baseline cotinine plasma level (HC and LC subjects) results differed. In the HC sub-sample,
smoking outcome at week 12 was influenced by FTQ, EPI neuroticism and psychoticism scores, and at
week 26 and 52 by FTQ and EPI neuroticism. In the LC sub-sample, the smoking outcome at week 12
was not influenced by the factor analysed. At week 26 it seemed modified by SRT total scale score and
at week 52 by SRT somatization subscale and SRT total scale.
According to these results, the level of nicotine dependence (mean baseline FTQ score) and the
personality characteristics seemed to influence the outcome in HC subjects while the level of distress
slightly modified the outcome in LC subjects.
In the multivariate analysis, adjusted for treatment, the strongest predictors of smoking outcome were the
baseline FTQ and EPI psychoticism scores. These results were supported by statistically significance or
trend to significance according to the period considered. The trend to significance may be due to the
numeric decrease over time in the sample of abstainers, thus reducing the power of the analysis.
However, the risk to relapse increases if the baseline level of nicotine dependence is high and in case
subjects have psychotic personality characteristics.
These findings are consistent with the literature as what concerns nicotine dependence (Ferguson et al
2003; Chatkin et al 2004; Ong et al 2005) while personality traits and smoking outcome are still a matter
of discussion. To our knowledge the only results evaluating personality and smoking outcome have been
proposed by Doran et al (2004) and by Hooten et al (2005). However, the authors evaluated personality
with an instrument different from EPI and Doran et al (2004) studied subjects who could have had a
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history of major depression.
The lack of influence of psychological distress on smoking cessation medium and long term outcome is
consistent with some authors (Catley et al 2004; Raherison et al 2005). This absence of significance was
expected as SRT subscale and total scores strongly decreased during the first 3 weeks of treatment and
thereafter reached a plateau.
This observation supports the hypothesis that psychological distress increases the risk of failure only in
the short term, thus stressing the importance to treat such symptoms for a limited period (Cook et al
2004).
As what concerns withdrawal symptoms, craving influenced the smoking outcome from baseline to week
12 and 26, while difficulty concentrating influenced the outcome from baseline to week 52. The link
between craving and outcome is widely confirmed by the literature (Nil 1991; Swan et al 1996; Stapleton
1998, John et al 2004), while the role of difficulty in concentrating is less clear cut (Gross et al 1989).
The findings confirm the results of the literature which shows that withdrawal symptoms, with the widely
accepted exception of craving, usually return to the pre cessation level by about 1 month, thus influencing
the risk of failure only in the short term. The results also suggest a robustness of craving and difficulty
concentrating as determinants of unsuccessful quitting and confirm the efficacy of NRT in reducing the
severity of the other withdrawal symptoms (Molander et al 2000; Shiffman et al 2006).
In sum, the main factors influencing smoking sustained abstinence are the baseline level of nicotine
dependence and psychoticism.
The first topic has been widely highlighted in the literature and can be explained considering the
importance of the physical and psychological dependence due to nicotine as a substance of addiction.
Nicotine has been considered a substance of abuse since the diagnosis of tobacco dependence was first
added to the DSM III (Diagnostic and Statistical Manual of Mental Disorders, third edition, APA) in 1980
and thereafter changed to nicotine dependence in the subsequent editions.
As what concerns the role of psychoticism, there are less clear cut confirmations and explanations. It
could be argued that subjects with a high psychoticism score are at higher risk of nicotine dependence as
they have a greater amount of smoking and earlier age of starting smoking (Arai et al 1997). However, it
can also be argued that high psychoticism means recklessness, disregard for common sense,
inappropriate emotional expression, impulsiveness, lack of cooperation, low social sensitivity, low
persistence, lack of anxiety and lack of feelings of inferiority (Howarth 1986) which are aspects strongly
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discouraging in persisting a task such as quitting smoking.
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Table 1. Baseline mean score of Fagerström Tolerance Questionnaire (FTQ), Symptom Rating Test
(SRT), and Eysenck Personality Inventory (EPI) by smoking status at week 12, 26, 52 for the whole
sample.

WEEK 12
FTQ
SRT anxiety
SRT depression
SRT somatization
SRT inadequacy
SRT total
EPI neuroticism
EPI extraversion
EPI psychoticism
WEEK 26
FTQ
SRT anxiety
SRT depression
SRT somatization
SRT inadequacy
SRT total
EPI neuroticism
EPI extraversion
EPI psychoticism
WEEK 52
FTQ
SRT anxiety
SRT depression
SRT somatization
SRT inadequacy
SRT total
EPI neuroticism
EPI extraversion
EPI psychoticism

N

Smokers
mean

255
255
255
255
255
255
255
255
255

abstainers
mean
SD

SD

N

6.49
6.13
5.10
4.11
4.60
19.94
11.15
12.55
4.25

2.153
4.262
4.253
3.393
3.670
13.416
5.122
4.251
2.334

42
42
42
42
42
42
42
42
42

5.14
4.38
3.62
2.86
3.67
14.52
8.95
13.14
3.43

1.983
3.084
3.588
2.395
3.383
10.930
5.156
3.917
2.360

.000
.014
.022
.041
.100
.010
.011
.429
.033

259
259
259
259
259
259
259
259
259

6.47
6.09
5.06
4.09
4.58
19.82
11.08
12.56
4.24

2.153
4.253
4.237
3.379
3.657
13.366
5.127
4.276
2.358

38
38
38
38
38
38
38
38
38

5.16
4.45
3.71
2.89
3.71
14.76
9.13
13.08
3.45

2.021
3.117
3.712
2.458
3.471
11.305
5.246
3.694
2.214

.001
.029
.040
.062
.127
.019
.030
.523
.064

263
263
263
263
263
263
263
263
263

6.43
6.08
5.07
4.09
4.57
19.81
11.11
12.59
4.24

2.167
4.225
4.224
3.379
3.648
13.327
5.112
4.256
2.343

34
34
34
34
34
34
34
34
34

5.26
4.35
3.50
2.76
3.68
14.29
8.68
12.91
3.29

2.005
3.246
3.703
2.284
3.531
11.312
5.227
3.825
2.277

.003
.022
.019
.051
.125
.013
.010
.729
.027

* by Mann-Whitney Test for non parametric variables
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Table 2. Baseline mean score of Fagerström Tolerance Questionnaire (FTQ), Symptom Rating Test
(SRT), and Eysenck Personality Inventory (EPI) by smoking status at week 12, 26, 52, stratifying for
cotinine baseline plasma values.

Subjects with high cotinine (HC) baseline plasma value
HC smokers
N
mean
SD
WEEK 12
FTQ
161
7.09
1.816
SRT anxiety
161
6.28
4.317
SRT depression
161
5.48
4.426
SRT somatization
161
4.09
3.510
SRT inadequacy
161
4.76
3.801
SRT total
161
20.61
13.970
EPI neuroticism
161
11.46
5.100
EPI extraversion
161
12.21
4.289
EPI psychoticism
161
4.11
2.408
WEEK 26
FTQ
162
7.09
1.810
SRT anxiety
162
6.25
4.324
SRT depression
162
5.46
4.426
SRT somatization
162
4.07
3.508
SRT inadequacy
162
4.73
3.808
SRT total
162
20.51
13.995
EPI neuroticism
162
11.41
5.118
EPI extraversion
162
12.25
4.308
EPI psychoticism
162
4.09
2.422
WEEK 52
FTQ
162
7.09
1.810
SRT anxiety
162
6.25
4.324
SRT depression
162
5.46
4.426
SRT somatization
162
4.07
3.508
SRT inadequacy
162
4.73
3.808
SRT total
162
20.51
13.995
EPI neuroticism
162
11.41
5.118
EPI extraversion
162
12.25
4.308
EPI psychoticism
162
4.09
2.422
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N

HC abstainers
mean
SD

p*

16
16
16
16
16
16
16
16
16

6.06
4.63
4.38
2.94
4.44
16.38
7.44
13.38
2.63

1.731
3.538
4.573
2.568
4.163
13.623
6.196
3.948
2.217

.040
.117
.216
.273
.633
.180
.003
.345
.029

15
15
15
15
15
15
15
15
15

6.00
4.87
4.60
3.07
4.73
17.27
7.67
13.00
2.80

1.773
3.523
4.641
2.604
4.131
13.609
6.343
3.780
2.178

.035
.227
.337
.379
.935
.335
.008
.588
.071

15
15
15
15
15
15
15
15
15

6.00
4.87
4.60
3.07
4.73
17.27
7.67
13.00
2.80

1.773
3.523
4.641
2.604
4.131
13.609
6.343
3.780
2.178

.035
.227
.337
.379
.935
.335
.008
.588
.071
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(continued)
Subjects with low cotinine (LC) baseline plasma value
LC smokers
N
mean
SD
WEEK 12
FTQ
94
5.46
2.299
SRT anxiety
94
5.87
4.177
SRT depression
94
4.44
3.873
SRT somatization
94
4.15
3.199
SRT inadequacy
94
4.33
3.437
SRT total
94
18.79
12.396
EPI neuroticism
94
10.61
5.141
EPI extraversion
94
13.12
4.145
EPI psychoticism
94
4.49
2.194
WEEK 26
FTQ
97
5.42
2.281
SRT anxiety
97
5.84
4.140
SRT depression
97
4.40
3.832
SRT somatization
97
4.11
3.168
SRT inadequacy
97
4.33
3.396
SRT total
97
18.68
12.229
EPI neuroticism
97
10.54
5.122
EPI extraversion
97
13.08
4.192
EPI psychoticism
97
4.48
2.237
WEEK 52
FTQ
101
5.38
2.280
SRT anxiety
101
5.81
4.069
SRT depression
101
4.45
3.817
SRT somatization
101
4.11
3.178
SRT inadequacy
101
4.32
3.379
SRT total
101
18.68
12.162
EPI neuroticism
101
10.63
5.091
EPI extraversion
101
13.14
4.133
EPI psychoticism
101
4.50
2.198

* by Mann-Whitney Test for non parametric variables.
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N

LC abstainers
mean
SD

p*

26
26
26
26
26
26
26
26
26

4.58
4.23
3.15
2.81
3.19
13.38
9.88
13.00
3.92

1.943
2.833
2.824
2.333
2.786
9.003
4.265
3.970
2.348

.075
.097
.141
.066
.134
.054
.570
.888
.180

23
23
23
23
23
23
23
23
23

4.61
4.17
3.13
2.78
3.04
13.13
10.09
13.13
3.87

2.017
2.871
2.928
2.411
2.868
9.488
4.274
3.721
2.181

.117
.099
.142
.072
.082
.048
.789
.973
.206

19
19
19
19
19
19
19
19
19

4.68
3.95
2.63
2.53
2.84
11.95
9.47
12.84
3.68

2.029
3.045
2.565
2.038
2.814
8.797
4.155
3.962
2.335

.215
.067
.041
.051
.067
.027
.422
.786
.118
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Table 3. Multivariate analysis. Risk of failure versus abstinence, adjusted for treatment (placebo vs LC 15
mg/day vs HC 15 mg/day vs HC 25 mg/day).
Model information

WEEK 12
Placebo
LC 15 mg
HC 15 mg
HC 25 mg
FTQ
SRT anxiety
SRT depression
SRT somatization
SRT inadequacy
EPI neuroticism
EPI extraversion
EPI psychoticism
WEEK 26
Placebo
LC 15 mg
HC 15 mg
HC 25 mg
FTQ
SRT anxiety
SRT depression
SRT somatization
SRT inadequacy
EPI neuroticism
EPI extraversion
EPI psychoticism

OR

95% CI

1
0.264
0.779
1.612
1.211
1.108
0.961
1.119
0.907
1.058
0.974
1.189

0.095-0.733
0.253-2.401
0.462-5.621
1.007-1.458
0.934-1.314
0.811-1.137
0.956-1.309
0.760-1.082
0.959-1.168
0.884-1.072
1.010-1.400

.0106
.6641
.4539
.0421
.2415
.6406
.1603
.2774
.2625
.5904
.0372

1
0.199
0.527
1.332
1.210
1.101
0.963
1.118
0.913
1.047
0.975
1.180

0.065-0.612
0.155-1.789
0.333-5.318
0.996-1.469
0.921-1.316
0.809-1.147
0.950-1.317
0.760-1.096
0.945-1.160
0.881-1.078
0.998-1.396

.0048
.3042
.6851
.0546
.2910
.6742
.1801
.3281
.3828
.6215
.0529
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(continued)

WEEK 52
Placebo
LC 15 mg
HC 15 mg
HC 25 mg
FTQ
SRT anxiety
SRT depression
SRT somatization
SRT inadequacy
EPI neuroticism
EPI extraversion
EPI psychoticism

OR

95% CI

1
0.192
0.415
1.055
1.180
1.080
0.999
1.124
0.892
1.076
1.000
1.203

0.056-0.657
0.112-1.533
0.245-4.554
0.963-1.444
0.893-1.307
0.828-1.205
0.944-1.338
0.738-1.079
0.967-1.199
0.902-1.109
1.008-1.434

123

p

.0086
.1872
.9425
.1098
.4288
.9911
.1879
.2386
.1795
.9999
.0401
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Figure 1. SRT total scores from baseline to week 52 in abstainers (n = 34), in LC abstainers (n = 19) and
HC abstainers (n = 15).
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CHAPTER 9
General discussion
The initial part of the thesis concerns the relationship between panic disorder and the abuse of alcohol.
Numerous previous works have showed that panic and alcohol co-occur at a rate which cannot be
explained by chance. Two main explanations have been put forward for such a co-occurrence. Panic may
promote pathological alcohol use as self-medication, and chronic alcohol use or alcohol withdrawal may
induce changes in the neurochemical system that trigger panic. A third factor has been considered as
familial transmission might promote both conditions.
Considering that the debate on how to explain such a co-occurrence is still widely open, chapter two
provides a critical review of the literature on PD and alcohol use disorders. The review highlights that
alcohol lessens anxious apprehension in panic subjects, thereby decreasing the likelihood of panic. In
alcoholics, alcohol increases CO2 sensitivity, thereby promoting panic. In both cases, a significant familial
transmission contributes to the co-occurrence of the two disorders.
The literature study therefore concludes that apparently panic and alcohol use disorders both serve to
initiate the other, via independent mechanisms. As a consequence, the self medication and the
neurochemical hypotheses, although acting in opposite directions, are not mutually exclusive. The first
one explains the mechanism of the comorbidity when panic occurs prior to alcohol use, the latter one
when alcohol use disorder is temporally prior to panic.
These conclusions, however, call for further verification. Thus, epidemiological investigations, especially if
conducted in clinical setting and using well-standardized methods, would be important to replicate what
has been already published. Moreover, genetic studies may add information on the pattern of cooccurrence of panic and alcohol abuse. For instance, it may be worth clarifying if panic disorder and
alcoholism co-occur in same families as an apparent phenotype or if the disorders tend to co-occur in
isolation in relatives.
Chapter three and chapter four are devoted to verify the self medication hypothesis and, more
specifically, the effect of alcohol on the unexpected panic attack which is the core of panic disorder. In
these studies, the 35% CO2 challenge is used as an experimental model for the key element of panic
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disorder.
In chapter three a moderate dose of an alcoholic drink or placebo was administered to healthy volunteers
undergoing the 35% CO2 challenge. Outcome measures, represented by both subjective reports of
anxiety and neurovegetative symptoms, showed a decrease of the response to a 35% CO2 panic
challenge without a decreasing of the anticipatory anxiety. Thus, alcohol had a specific anti panic effect
decreasing the level of anxiety following the 35% CO2 challenge.
In chapter four, the experiment was repeated with some methodological modifications. The effect of the
35% CO2 challenge was evaluated both in drug free PD patients and in healthy volunteers. Ethanol and
placebo were administered intravenously to evaluate more clearly the pharmacological effect of alcohol
and eliminate any cognitive bias due to the act of drinking. Compared to the placebo condition, the
response to the 35% CO2 challenge was significantly smaller after ethanol infusion in panic disorder
patients and tended to decrease in healthy volunteers. No sedating effect was found in the pre challenge
phase.
The results proposed in chapter three and four give support to the self medication hypothesis. Alcohol
had a specific antipanic effect which seemingly was related to a direct pharmacological action.
The findings also add to the suspicion that the pharmacological effects of alcohol may serve as a
reinforcement for drinking behavior among those with panic disorder.
Moreover, alcohol and ethanol did not produce any noticeable sedation before the CO2 challenge. This
means that the response to CO2 was not related to a decrease in anticipatory anxiety, but rather to a
specific direct inhibitory action of alcohol/ethanol on experimental panic.
Taken together, these data seem to highlight that state anxiety and panic may be modulated
independently.
The findings of chapter three and four invite replications using the 35% CO2 challenge or other validated
panic provoking procedures.
From a clinical point of view, the paradigm we have used with the CO2 challenge may help shedding light
on the relative efficacy of pharmacological and psychological intervention in double diagnosed patients.
Three groups of patients may undergo CO2 challenge before and after receiving treatment for alcohol
addiction. Their response to the provocative test might be compared. Group A and B would be treated
both for alcohol related disorders and panic, group C would simply receive treatment for alcohol use
disorders. In particular, group A would be pharmacologically treated, for instance using antidepressants
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with a specific antipanic effect. Group B would receive a psychological intervention, for instance cognitive
behavioural therapy specific for panic.
This might predict which specific intervention to propose to double diagnosed subjects when treated in
clinical settings.
The second part of the thesis is devoted to the relationship between panic and nicotine dependence.
Nicotine, similarly to alcohol, is strongly related to panic. Once again, two major etiologic hypotheses
have been formulated. On one hand, anxious individuals have been considered at elevated risk for
smoking initiation because of the calming effects of smoking (the self medication theory). On the other
hand, cigarette smoking has been thought to contribute to the development of panic. Finally, a genetic
vulnerability to both disorders has been proposed.
Chapter five and six are devoted to verify the pharmacological relationship between nicotine, or at least
cigarette smoking, and panic. Once again, the 35% CO2 challenge is used as an experimental model.
In chapter five, the acute effect of nicotine on panic was examined. Nicotine was transdermally
administered to healthy non smokers who thereafter underwent a 35% CO2 challenge. Nicotine did not
affect the challenge response if compared to placebo but it induced an aspecific noradrenergic-like
response prior to the challenge. The findings in chapter five cast some doubts on the hypothesis for
which smoking has a calming effect. They more properly support the possibility that nicotine contributes
in inducing anxiety in healthy subjects possibly via an aspecific noradrenergic system stimulation.
In chapter six, habitual cigarette smokers were evaluated. The effect of the 35% CO2 challenge was
observed in panic disorder smokers and non smokers with the aim of studying individuals vulnerable to
panic chronically exposed to nicotine. Smokers and non smokers did not differ for baseline clinical
characteristics of panic and for pre challenge level of anxiety. Nevertheless, smokers had a significantly
higher response to the challenge and a higher rate of CO2 elicited panic attacks. These findings suggest
that cigarette smoking, used as a proxy of chronic exposure to nicotine, has a specific panicogenic effect
in PD patients.
Taken together, the data proposed in chapter five and six highlight that state anxiety in healthy volunteers
and panic in PD patients is modulated independently by nicotine.
These findings call for further studies. On one hand, PD patients under nicotine or placebo conditions
could be evaluated. Their CO2 challenge response would be compared using the study design proposed
in chapter five. Similarly, a comparison of CO2 challenge response of healthy smokers and non smokers,
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applying the design proposed in chapter six, seems worthwhile. These kind of studies may clarify the role
of acute and chronic use of nicotine in vulnerable and non vulnerable subjects and add information to the
different action of nicotine in healthy volunteers and PD patients.
It would be also relevant to use the challenge to experimentally test psychological and pharmacological
treatments to be used in case of co-occurrence of the two disorders.
Should PD smokers attending for smoking cessation programmes be treated with antipanic drugs? And if
so, should antidepressants be used or benzodiazepine? Should they be treated by a complementary
psychotherapy, for instance cognitive behavioural therapy?
These questions call for additional clinical trials which would use PD applicants simply treated to quit
smoking as comparison sample.
This may allow to understand if antipanic treatment, and which one, increases the rate of success in
quitting or the duration of smoking abstinence.
As cigarette smoking is linked to panic but also to negative affective symptoms and those symptoms may
influence the possibility to quit, smokers applying for smoking cessation clinics and smokers of the
general population were compared in chapter seven. The results show that smokers applying for smoking
cessation clinics have more negative affectivity than smokers from the general population. According to
this, the occurrence of anxious and/or depressive symptoms strongly complicates cigarette smoking
dependence in smokers who ask for a specialised intervention to quit.
This observation may have interesting implications in clinical practice. The assessment of the level of
negative affectivity at first visit may be important as well as a specific psychological or pharmacological
intervention aimed at reducing the level of negative affectivity. Once again, these strategies may increase
the rate of success in quitting or the duration of smoking abstinence.
However, anxious and depressive symptoms should be further studied.
The design proposed in chapter seven may be used to compare smokers who quit in specialised clinics
with smokers who quit without any support. This may allow to understand if the occurrence of affective
symptoms is always the reason to quit smoking or if applicants for smoking cessation programmes are
subjects particularly vulnerable to negative affectivity. In that case, smoking cessation clinics should
propose an integrated treatment addressing the substance use disorder, the mood disorder (full or
incomplete) and the psychological distress. This may raise the issue as whether more specialists should
be involved in smoking cessation programmes.
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Finally, nicotine dependence, psychological distress and personality characteristics were analysed as
possible factors inducing failures in quitting smoking.
Chapter eight showed that smokers who failed in quitting have a higher baseline nicotine dependence
and psychotic personality than smokers who succeeded. No statistically significant results were found for
psychological distress. According to this study, nicotine dependence and psychoticism are the strongest
predictors of medium-long term outcome of quitting smoking. Nicotine dependence may influence the
outcome because it induces physical and psychological dependence. Psychoticism may influence the
outcome because it favours nicotine dependence and implies personality characteristics which
discourage in persisting tasks such as quitting.
Further analysis on personality characteristics of quitters are warranted. The replication of the findings
proposed in chapter eight in a clinical naturalistic setting may add information to the profile of smokers
who succeed in quitting and those who fail. Smokers attending a smoking cessation programme should
be evaluated and followed for at least 6 months. Then, successful quitters would be compared with
failures. This may draw a more accurate picture of patients who have a high chance to quit and of those
who may need more specific intervention and support to reach the same result.
The present thesis points out the relevance of the pharmacological effects of alcohol and nicotine in their
causal relationship with panic. It also highlights the role of clinical and psychological factors in such a cooccurrence.
For instance, subjects abusing of alcohol or nicotine usually do not recognise or underestimate the
severity of such a dependence. This may imply an underreporting of the psychiatric symptoms due and
associated to the dependence, the lack of interest in being assessed, the low compliance in the treatment
proposed or a reluctance in being recruited for clinical trials.
Epidemiological, family and experimental studies offer fascinating possibilities to disentangle the
relationship between panic and alcohol/nicotine use. Considering the significance of these pathologies in
terms of public health, investigators should spend more energy to conduct additional research in this
field.
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Summary and concluding remarks
The topic of the current thesis is the relationship between panic disorder (PD) and alcohol or nicotine use
disorders.
Chapter one provides a general introduction into alcohol and nicotine use disorders and their clinical
implications. Indeed, the misuse of such substances may have severe clinical implications in terms of
comorbidity with organic disease as well as psychiatric disorders. In particular, the co-occurrence with
panic disorder exceeds what is expected by chance and the relationship underlying such a co-occurrence
is still discussed.
The following three chapters concerns the relationship between panic and alcohol use disorders. Such a
comorbidity has two main explanations which refer to the self-medication hypothesis and the
neurochemical hypothesis. According to the first alcohol may reduce panic, according to the latter alcohol
may trigger panic. A third relevant factor is familial transmission which might promote both conditions.
Chapter two provides a critical review of the literature on PD and alcohol use disorders. Alcohol seems to
lessen anxious apprehension in panic subjects, thereby decreasing the likelihood of panic. In alcoholics,
alcohol increases CO2 sensitivity, thereby promoting

panic. In both cases, a significant familial

transmission contributes to the co-occurrence of the two disorders. Thus, the self medication hypothesis
may explain the mechanism of the comorbidity when panic occurs prior to alcohol use, the neurochemical
hypothesis when alcohol use disorder is temporally prior to panic.
The following two chapters describe experimental studies in which the effects of alcohol on panic
induction is monitored. The 35% CO2 challenge is used as an experimental model for the key element of
panic disorder.
Chapter three focuses on the effects of a moderate dose of an alcoholic drink in healthy volunteers.
Alcohol induces a decrease of the response to a 35% CO2 panic challenge without decreasing
anticipatory anxiety. Thus, alcohol has a specific anti panic effect decreasing the level of anxiety following
the 35% CO2 challenge.
In chapter four, the experiment was repeated evaluating drug free PD patients and healthy volunteers,
and administering ethanol intravenously. Compared to the placebo, the response to the 35% CO2
challenge was significantly smaller after ethanol infusion in panic disorder patients and tended to
decrease in healthy volunteers. No sedating effect was found in the pre challenge phase. Once again
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alcohol has a specific anti panic effect which seems due to a direct pharmacological action.
The results support the self medication hypothesis and add to the suspicion that the pharmacological
effects of alcohol may serve as a reinforcement for drinking behaviour among those with panic disorder.
Moreover, as alcohol and ethanol did not produce any noticeable sedation before the CO2 challenge and
the response to CO2 was not related to a decrease in anticipatory anxiety, state anxiety and panic seem
to be modulated independently.
The second part of the thesis is devoted to the relationship between panic and nicotine dependence.
Nicotine, similarly to alcohol, is strongly related to panic. Once again, two major etiologic hypotheses
have been formulated. On one hand, a self medication theory; on the other hand, cigarette smoking has
been thought to contribute to the development of panic. Finally, a genetic vulnerability to both disorders
has been proposed.
Chapter five and six are devoted to verify the pharmacological relationship between nicotine, or at least
cigarette smoking, and panic. Once again, the 35% CO2 challenge is used as an experimental model.
Chapter five focuses on the acute effect of nicotine on healthy non smokers. Nicotine did not affect the
35% CO2 challenge response if compared to placebo.
However, it induced an aspecific noradrenergic-like response prior to the challenge. These results cast
some doubts on the calming effects of nicotine but support the idea that nicotine contributes in inducing
anxiety in healthy subjects via an aspecific noradrenergic system stimulation.
In chapter six, the CO2 paradigm was used comparing challenge response of panic disorder smokers and
panic disorder non smokers. Smokers had a significantly higher response to the challenge and a higher
rate of CO2 elicited panic attacks than non smokers. They did not differ for baseline clinical characteristics
of panic and for pre challenge level of anxiety. These findings suggest that cigarette smoking, used as a
proxy of chronic exposure to nicotine, has a specific panicogenic effect in PD patients. Taken together,
the data proposed in chapter five and six highlight that state anxiety in healthy volunteers and panic in PD
patients is modulated independently by nicotine.
As cigarette smoking is linked to panic but also to negative affectivity in general, and affective symptoms
may influence the possibility to quit, smokers applying for smoking cessation clinics and smokers of the
general population were compared in chapter seven. Smokers applying for smoking cessation clinics
proved to have more negative affectivity than smokers from the general population. Thus, the occurrence
of anxious and/or depressive symptoms strongly complicate cigarette smoking dependence in smokers
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who ask for a specialised intervention to quit.
Finally, nicotine dependence, psychological distress and personality characteristics were analysed as
possible factors of failure in quitting smoking. Chapter eight showed that smokers who failed in quitting
have a higher baseline nicotine dependence and psychotic personality than smokers who succeeded.
Nicotine dependence may influence the outcome because it induces physical and psychological
dependence. Psychoticism may influence the outcome because it favours nicotine dependence and
implies personality characteristics which may discourage in persisting tasks such as quitting.
Chapter nine provides a general discussion that integrates the results of the different chapters.
The present thesis points out the relevance of the pharmacological effects of alcohol and nicotine in their
causal relationship with panic. However, it also highlights the role of clinical and psychological factors in
such a co-occurrence.
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Onderzoek naar de relatie tussen alcohol of nicotine gebruik en paniek

Samenvatting en conclusies
Het onderwerp van dit proefschrift betreft de relatie tussen de paniekstoornis (PS) en alcohol of nicotine
afhankelijkheid.
Hoofdstuk één verschaft een algemene introductie over alcohol en nicotine afhankelijkheid en de
klinische implicaties hiervan. Uiteraard kan het misbruik van dergelijke middelen ernstige klinische
implicaties hebben in termen van co-morbiditeit met organische aandoeningen evenals met
psychiatrische aandoeningen. Met name het gelijktijdig voorkomen van deze aandoeningen met de
paniekstoornis komt vaker voor dan wat op basis van kans verwacht zou worden en de relatie die ten
grondslag ligt aan een dergelijke co-morbiditeit is nog onderwerp van discussie.
De drie daarop volgende hoofdstukken betreffen de relatie tussen paniek en alcohol afhankelijkheid. Er
bestaan twee belangrijke verklaringen voor deze co-morbiditeit welke terug zijn te voeren tot de zelfmedicatie hypothese en de neurochemische hypothese. Volgens de eerste zou alcohol paniek kunnen
reduceren, volgens de laatste zou alcohol paniek kunnen uitlokken. Een derde relevante factor is
familiale transmissie hetgeen beide condities zou kunnen stimuleren.
Hoofdstuk twee verschaft een kritisch overzicht van de literatuur over PS en alcohol afhankelijkheid.
Alcohol lijkt de angstige voorgevoelens van paniekpatiënten te verminderen en daarmee de kans op
paniek te verkleinen. Bij alcoholisten verhoogt alcohol de gevoeligheid voor CO2 en stimuleert daarmee
paniek. In beide gevallen draagt een significante familiale transmissie bij aan de co-morbiditeit van de
twee aandoeningen. Aldus zou de zelf-medicatie hypothese het mechanisme van de co-morbiditeit
verklaren wanneer paniek voorafgaat aan het alcohol gebruik en de neurochemische hypothese wanneer
de alcohol afhankelijkheid voorafgaat aan de paniek.
De daarop volgende twee hoofdstukken beschrijven experimentele studies waarbij de effecten van
alcohol op paniek opwekking worden gevolgd. De 35% CO2 challenge wordt gebruikt als een
experimenteel model voor het belangrijkste aspect van de paniekstoornis. Hoofdstuk drie richt zich op de
effecten van een matige hoeveelheid van een alcoholische drank bij gezonde vrijwilligers. Alcohol
induceert een afname in de response op een 35% CO2 paniek challenge zonder de anticipatie angst te
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verlagen. Dus, alcohol heeft een specifiek anti-paniek effect wat het angstniveau volgend op de 35% CO2
challenge verlaagd.
In hoofdstuk vier is het experiment herhaald waarbij medicatievrije PS patiënten en gezonde vrijwilligers
beschouwd werden en ethanol intraveneus werd toegediend. Vergeleken met placebo was de respons
op de 35% CO2 challenge na ethanol infusie significant minder sterk bij paniekstoornis patiënten en bij de
gezonde vrijwilligers was er een tendens tot afname. Er werd geen sedatief effect gevonden in de fase
voorafgaand aan de challenge. Wederom had alcohol een specifiek anti- paniek effect wat veroorzaakt
lijkt te worden door een directe farmacologische werking.
De resultaten ondersteunen de zelf-medicatie hypothese en dragen bij aan het vermoeden dat de
farmacologische effecten van alcohol drankgebruik onder paniekstoornis patiënten kunnen bekrachtigen.
Bovendien, aangezien de alcohol en ethanol geen noemenswaardige sedatie veroorzaakten voorafgaand
aan de CO2 challenge en de respons op CO2 niet gerelateerd was aan een daling van anticipatie angst,
worden toestandsangst en paniek schijnbaar onafhankelijk gemoduleerd.
Het tweede gedeelte van het proefschrift is gewijd aan de relatie tussen paniek en nicotine
afhankelijkheid.
Nicotine, overeenkomstig met alcohol, is sterk gerelateerd aan paniek. Wederom zijn er twee belangrijke
etiologische hypotheses geformuleerd. Enerzijds, een zelf-medicatie theorie; anderzijds, wordt gedacht
dat roken bijdraagt aan het ontwikkelen van paniek. Tenslotte is er een genetische kwetsbaarheid
geopperd bij beide aandoeningen.
Hoofdstuk vijf en zes zijn gewijd aan het onderzoeken van de farmacologische relatie tussen nicotine, of
in ieder geval roken, en paniek. Wederom werd de 35% CO2 challenge als experimenteel model gebruikt.
Hoofdstuk vijf richt zich op de acute effecten van nicotine bij gezonde niet-rokers. Nicotine had geen
invloed op de respons op de 35% CO2 challenge in vergelijking met de placebo.
Echter, het induceerde een aspecifieke noradrenerg-achtige respons voorafgaand aan de challenge.
Deze resultaten trekken de kalmerende effecten van nicotine enigszins in twijfel, maar ondersteunen het
idee dat nicotine bijdraagt aan het induceren van angst bij gezonde vrijwilligers via een specifieke
stimulatie van het noradrenerge systeem.
In hoofdstuk zes wordt het CO2 paradigma gebruikt om de challenge respons van rokende PS patiënten
en niet rokende PS patiënten te vergelijken. Rokers hadden een significant sterkere respons op de
challenge en een groter aantal CO2-opgewekte paniekaanvallen dan niet-rokers. Ze verschilden niet in
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klinische kenmerken van paniek op baseline en het angst niveau voorafgaand aan de challenge. Deze
bevindingen suggereren dat roken, gebruikt als benadering van chronische blootstelling aan nicotine, een
specifiek panicogeen effect heeft bij PS patiënten. Samengevat benadrukken de data die zijn voorgelegd
in hoofdstuk vijf en zes dat toestandsangst bij gezonde vrijwilligers en paniek bij PS patiënten
onafhankelijk gemoduleerd wordt door nicotine.
Aangezien roken een relatie vertoont met paniek, maar ook met negatief affect in het algemeen, en
affectieve symptomen de mogelijkheid om te stoppen zouden kunnen beïnvloeden, worden in hoofdstuk
zeven rokers die zich aanmeldden bij een ontwenningskliniek vergeleken met rokers uit de algemene
populatie. Rokers die zich aanmeldden voor ontwenningsklinieken vertoonden inderdaad meer negatieve
affectiviteit dan rokers uit de algemene populatie. Dus, het vóórkomen van angstige en/of depressieve
symptomen compliceert sigaret afhankelijkheid in rokers die zich aanmelden voor een gespecialiseerde
interventie om te stoppen.
Tenslotte zijn nicotine afhankelijkheid, psychologische stress en persoonlijkheidskenmerken
geanalyseerd als mogelijke factoren bij het niet slagen in het stoppen met roken. Hoofdstuk acht toont
aan dat rokers die er niet in slaagden te stoppen op baseline een hogere mate van nicotine
afhankelijkheid en psychotische persoonlijkheid hadden dan rokers die er wel in slaagden te stoppen.
Nicotine afhankelijkheid zou de uitkomst kunnen beïnvloeden omdat het lichamelijke en geestelijke
afhankelijkheid induceert. Psychoticisme zou de uitkomst kunnen beïnvloeden omdat het nicotine
afhankelijkheid stimuleert en gepaard gaat met persoonlijkheidskenmerken die het volharden in zaken
zoals stoppen met roken zouden kunnen bemoeilijken.
Hoofdstuk negen verschaft een algemene discussie die de resultaten van de verschillende hoofdstukken
integreert.
Het huidige proefschrift wijst op de relevantie van de farmacologische effecten van alcohol en nicotine in
causale relatie met paniek. Echter, het benadrukt ook de rol van klinische en psychologische factoren bij
een dergelijke co-morbiditeit.
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