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2. INTRODUCTION

Alcohol dependence syndrome (ADS), one of the most common substance use problems
worldwide, has great clinical significance (GBD 2016 Alcohol Collaborators, 2018). Alcohol-
dependent patients usually receive a late diagnosis where various short-, mid-, and long-term
consequences can be detected. Severe outcomes of ADS, such as seizure and delirium

syndrome, are the most challenging complications for the healthcare system.

The course and outcome of ADS are influenced by various factors. These factors can be
divided into three major groups: 1) sociological and environmental predictors (‘external’); 2)

demographic and 3) clinical or biological (‘internal’) risk factors.

Among the clinical consequences of ADS, it is important to highlight medical conditions that
can be associated with serious complications. The most serious outcome is the complicated
form of alcohol withdrawal syndrome (AWS). Complicated withdrawal syndrome includes
alcohol-related seizures (ARS), and the most severe outcome of withdrawal syndrome with a

high mortality rate is delirium tremens (DT).

The primary goal of the treatment is to prevent the development of complicated withdrawal
syndrome, thus reducing the high mortality rate of ADS. Simultaneously, it is crucial for
prevention to reveal the relationship between ADS, AWS, ARS, and DT, and the early

recognition of risk factors for these conditions.

Therefore, the main purpose of the summarized studies in the present thesis was to assess the

clinical consequences of ADS by focusing on the risk factors of complicated withdrawal.

2.1. ALCOHOL DEPENDENCE SYNDROME
2.1.1. Epidemiology and basic concepts of alcohol dependence syndrome

Alcohol use disorder (AUD), one of the most common forms of addictions and substance use
disorders (SUD) (Horvat et al., 2018; Paksi et al., 2021; World Health Organization, 2018).
The term AUD was introduced by the Fifth Edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) (American Psychiatric Association, 2013), whereas ADS is
used for the same diagnostic category in the 10 and 11 versions of the International
Classification of Disease (ICD) (World Health Organization, 2016, 2019). Although it is a
spectrum disorder, conditions of varying severity persist chronically without treatment, and

mild cases can often become serious. For instance, a mild form of ADS can develop into a



severe form with regard to occurrence of internal and external risk factors. Whether it is an
ADS caused by another psychiatric disease (‘dual disorder’) or a primary addiction, patients
diagnosed with ADS place a heavy burden on the health and social care system as well as the

economy (World Health Organization, 2018).

AUD or alcohol dependence is a significant public health problem worldwide; therefore,
modern treatment is essential. The prevalence of ADS in Europe is 3.7 percent, four times
higher among men than among women, but at the same time, the gender difference shows a
decreasing trend (World Health Organization, 2018). In Hungary, according to the WHO
report, nearly 1 million inhabitants (10%) have ADS (World Health Organization, 2018).

Because ADS is a spectrum disorder, the harmful or hazardous use of alcohol comprises the
first stage of the development of the disorder, where a subgroup has ADS. However, in this
group, there are two distinct subpopulations: patients with psychiatric diagnosis and ADS
(“dual disorder”) and patients without psychiatric diagnosis but with ADS. This group can be
referred to as primary addiction (Heilig et al., 2021; Volkow et al., 2020). Although ADS is a
heterogeneous population, both primary and secondary forms share common neurobiological

and psychological trajectories (Koob & Volkow, 2016).
2.1.2. Neurobiological and neurochemical background of alcohol dependence syndrome

Many neurobiological, psychological, and environmental factors play a role in ADS
development. The importance of different psychological factors, such as novelty seeking,
reward dependence, and impulsivity in the development and maintenance of ADS has been
demonstrated (Cloninger et al., 1993; Foulds et al., 2017; Kovécs et al., 2017). In addition to
these psychological factors, well-defined neurobiological abnormalities have been identified
(Koob & Volkow, 2016). These neurobiological changes cannot be considered as direct or
indirect consequences of drug use. Nora Volkow and her colleagues revealed the main
neuroanatomical structures and neurochemical abnormalities that play a role in the
development and maintenance of ADS and other addictions (Koob & Volkow, 2016). In
certain stages of addiction (pre-occupation, intoxication and negative), abnormalities of the
prefrontal cortex, ventral striatum and the brainstem have been revealed, and these
disturbances are primarily associated with shifts in the y-aminobutyric acid (GABA),
dopamine (DA), and opioid systems (Kumar et al., 2009; Volkow et al., 2007). In addition, it

is worth emphasizing that in the case of ADS, chronic alcohol use also has significant mid-



and long-term neurochemical effects, which are responsible for the development of the short-

and long-term consequences.

Chronic alcohol exposure changes both pre- and postsynaptic GABAergic transmission and
GABA receptor expression. Downregulation of these receptors is one of the most marked
changes and plays a pivotal role in both the maintenance of dependence and the development

of complications (Krystal et al., 2003; Kumar et al., 2009).

The long-term inhibition of glutamate receptors, an inhibitory effect that primarily affects N-
methyl-D-aspartate (NMDA) receptors, leads to receptor upregulation, which plays a primary
role in the overactivity of the central nervous system (CNS) during withdrawal syndrome

(Krystal et al., 2003; Kumar et al., 2009).

Moreover, the GABAergic inhibition of DAergic neurons in the ventral tegmental area (VTA)
ceases under the influence of alcohol; consequently, the amount of DA in the mesolimbic
system increases (Brodie, 2002; Volkow et al., 2007). This change persists during chronic
alcohol use: the firing frequency of VTA DAergic neurons and basal DA levels in the nucleus
accumbens (NAc) are increased (Brodie, 2002; Koob & Volkow, 2016; Volkow et al., 2007).
In addition, increased peripheral and central noradrenalin activity was observed because of
chronic alcohol use (Becker, 1998). Along with this, the activity of the hypothalamic-
pituitary-adrenal (HPA) axis also changes: long-term alcohol use increases the release of
corticotropin-releasing factor (CRF), thereby fundamentally increasing the activity of the HPA
axis (Lee et al., 2001). The role of 5-HT and its receptors in the symptoms associated with
alcohol use is not as significant as that of the other two monoamines; however, it is important
to note that chronic alcohol use reduces the amount of 5-hyroxytriptophan (SHT) in certain
brain regions, and indirectly through the serotoninergic receptor, alcohol affects DAergic

neurotransmission (Becker, 1998; Maldonado, 2017).
2.1.3. Diagnosis of alcohol dependence syndrome

In addition to the specific short- and long-term effects of alcohol use, ADS is characterized by
the same neuropsychiatric features as any other SUD. ADS and other SUDs are characterized
by the following: 1) impaired control, 2) social impairment, 3) risky use of the substance, 4)

craving, 5) tolerance, and 6) withdrawal symptoms (American Psychiatric Association, 2013).

The diagnosis of ADS is a clinical diagnosis based on DSM-5 and/or ICD-10 and -11 criteria
(American Psychiatric Association, 2013; World Health Organization, 2016, 2019). Although

specific biomarkers such as elevated liver enzymes, gamma-glutamyl transferase [GGT],
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serum glutamic-oxaloacetic transaminase [SGOT], serum glutamic pyruvic transaminase
[SGPT], SGOT/SGPT quotient, thrombocytopenia, and elevated mean corpuscular volume
(MCV) have been revealed (Goodson et al., 2014; Wood et al., 2018), there are no specific
biological tests for the diagnosis of ADS. However, the use of questionnaires and
psychodiagnostics tools, such as Structured Clinical Interview for DSM-5 (SCID-5) (First et
al., 2016), the Alcohol Use Disorder Identification Test (AUDIT) (Allen et al., 1997; Gerevich
et al., 2005), the Severity of Alcohol Dependence Questionnaire (SADQ) (Stockwell et al.,
1979, 1983) and Addiction Severity Index (McLellan et al., 1992; Racz et al., 2002) play a
pivotal role in screening and monitoring individuals with alcohol use problems. SCID-5 is a
semi-structured interview based on the DSM-5 criteria that helps clinicians in the diagnosis of
ADS (First et al., 2016). AUDIT is a screening tool and is routinely used during the follow-up
of patients (Allen et al., 1997). While SADQ and ASI are useful in the detailed analysis of the
severity of patients diagnosed with ADS (McLellan et al., 1992; Récz et al., 2002; Stockwell
et al., 1979, 1983).

The main treatment goals are to decrease the harmful use of alcohol, prevent relapse, and
prevent hospital admission that results in potential alcohol withdrawal symptoms and possible

severe, life-threatening complications.
2.1.4. Clinical consequences of alcohol dependence syndrome

Short- and long-term consequences must be expected because of the neural and metabolic side
effects of chronic alcohol exposure. The long-term consequences of ADS, such as toxic
encephalopathy and thiamine deficiency syndromes (Wernicke encephalopathy, Korsakoff
syndrome) are diseases that mainly affect the social care system and are preventable
(Hammoud & Jimenez-Shahed, 2019; Sarkar et al., 2017). The care and follow-up of these
symptoms is mainly the responsibility of the psychiatric/addiction care system. Neurological
and internal diseases such as polyneuropathy, certain liver diseases, reflux disease, acute
hemorrhagic gastritis, and certain tumors fall under the scope of allied professions. Among the

short- and medium-term complications, AWS should be highlighted.

Alcohol-dependent individuals with regularly or irregularly presenting AWS comprise a
special subpopulation. However, we lack any data on the exact proportion of this subgroup.
Various reports have shown that approximately 20% of patients with ADS receive treatment,
and approximately 50% of alcohol-dependent patients are affected by withdrawal symptoms

during their life (Maldonado et al., 2014; Schuckit, 2014).
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2.2. ALCOHOL WITHDRAWAL SYNDROME

AWS is a potentially life-threatening complex neuropsychiatric disorder, and its treatment
requires internal medicine, neurological and psychiatric knowledge. As mentioned above,
more than half of the patients diagnosed with ADS suffer from AWS (Maldonado et al., 2014;
Schuckit, 2014). Furthermore, it has been revealed that the incidence of AWS in intensive care

units is approximately 30% (Suchyta et al., 2008).

Based on the occurrence of severe clinical consequences, two forms of AWS can be separated:
uncomplicated and complicated or severe alcohol withdrawal syndrome (SAWS).
Approximately 10%-20% of hospital admissions with AWS are characterized by a
complicated form of AWS, where seizures or delirious symptoms occur (Maldonado et al.,

2014).
2.2.1 Neurochemical background and symptoms of alcohol withdrawal syndrome

Overall, AWS can be characterized by overactivity of the CNS. From a neurochemical and
neurophysiological point of view, the symptoms are based on glutamate-induced excitation,
the cessation of GABAergic action, excessive adrenergic action, hyperactivity of the HPA
axis, and the resulting dysfunction of dopaminergic and serotonergic transmission (Jesse et
al., 2017). Typical symptoms of AWS can be separated into two larger groups: 1) psychiatric
and neurological symptoms (anxiety, agitation, tremors), which are mainly explained by the
intense glutamate effect and dopamine imbalance and 2) the symptoms associated with the
overactivity of the autonomous nervous system (tachycardia, blood pressure increase, nausea,
headache) are mainly explained by the high adrenergic effect and the overactivity of the HPA
axis (Becker, 1998; Hall & Zador, 1997; Maldonado, 2017).

2.2.2. The course of alcohol withdrawal syndrome and the basic concept of complicated

withdrawal

The withdrawal symptoms appear approximately 8-24 h after the last alcohol consumption.
The literature organizes the withdrawal syndrome in different ways in terms of the quality and
severity of symptoms. In the case of uncomplicated withdrawal, which occurs in nearly 80%
of patients, it is mostly mild— moderate withdrawal symptoms that do not require inpatient
care. Another common feature of uncomplicated AWS is that seizure and/or signs of DT are
not present. When seizures and/or signs of DT with symptoms of withdrawal occur,
complicated AWS can be detected (Goodson et al., 2014; Hall & Zador, 1997; Maldonado,
2017; Wood et al., 2018).
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In addition to the non-complicated and complicated classification, withdrawal syndrome can
be described as a symptom spectrum disorder. It is worth mentioning that while mild and
moderately severe withdrawal does not pose a risk for the development of seizures and DT,
severe AWS is a clear risk factor for the development of DT and seizures, and it can even be
assumed that delirium syndrome is the most severe form of the withdrawal symptom group

(Jesse et al., 2017; Maldonado et al., 2014).

Generally, anxiety, nausea and vomiting, and tremors are the first and most common
symptoms of withdrawal syndrome. As withdrawal syndrome worsens, symptoms associated
with vegetative hyperactivity appear, such as paroxysmal sweats, increased blood pressure,
tachycardia, nausea, headache, and severe anxiety and psychomotor agitation due to intense
CNS activity. However, relevant reliable literature data clearly draw attention to the special
importance of risk factors for seizures and DT during the care of patients with AWS (Becker,

1998; Hall & Zador, 1997; Maldonado, 2017).
2.2.3. Risk factors of alcohol withdrawal syndrome

During the past few decades, papers published in the field of withdrawal syndrome have
focused on the assessment of risk factors for SAWS or complicated withdrawal syndrome

(Wood et al., 2018).

However, the importance of medical history and laboratory biomarkers has been indicated
(Jesse et al., 2017). Blood ethanol concentration, hypokalemia, thrombocytopenia, MCV,
GGT, and SGOT/SGPT ratio higher than 2 are relevant biomarkers for future episodes of
withdrawal syndrome (Jesse et al., 2017; Wood et al., 2018). Furthermore, previous episodes
of AWS are the most robust predictors of the occurrence of withdrawal symptoms (Jesse et al.,

2017).

In addition to medical history and biomarkers, questionnaires such as the Clinical Institute
Withdrawal Assessment for Alcohol, Revised (CIWA-Ar) (Léazér et al., 2019; Sullivan et al.,
1989), the Richmond Agitation-Sedation Scale (Sessler et al., 2002), and the Prediction of
Alcohol Withdrawal Severity Scale (PAWSS)(Maldonado et al., 2014) play a pivotal role

during the risk assessment and treatment of AWS.
2.2.4. Diagnosis and treatment of alcohol withdrawal syndrome

AWS diagnosis is based on clinical signs not explained by other disorders (American

Psychiatric Association, 2013). Furthermore, the diagnosis of ADS and auto- and
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heteroanamnestic data are helpful in separating symptoms from other neurological or internal

medicine disorders.

Although there is no biological tool for the diagnosis, specific symptom assessment scales are
available for the screening and follow-up of patients with withdrawal syndrome. The CIWA-A
was the first symptom assessment scale for AWS which was modified and the CIWA-AR was
introduced (Manikant et al., 1992; Shaw et al., 1981; Sullivan et al., 1989). CIWA-Ar is a 10-
item scale that reflects the major symptoms of withdrawal syndrome, such as
nausea/vomiting, tremor, paroxysmal sweats, perceptual (tactile, visual, auditory)
disturbances, anxiety, agitation, headache, and disturbance of orientation and/or consciousness
(Lazar et al., 2019; Pribék et al., 2021; Sullivan et al., 1989). Each item is scored using a
Likert scale, with a maximum score of 67, where a higher score reflects more severe
withdrawal syndrome. Several studies have suggested that CIWA-Ar has high reliability and
validity (Foy et al., 1988; Lazar et al., 2019; Sullivan et al., 1989). However, it has been
demonstrated that during the first phase (six days) of AWS, CIWA-Ar scores show a higher
internal consistency (Lazar et al., 2019). It has also been revealed that CIWA-Ar follows the
course of AWS and ecologically valid (Pribék et al., 2021; Wood et al., 2018). Nevertheless,
CIWA-Ar has been translated into various languages, and guidelines such as the protocols of
the National Institute for Health and Care Excellence (NICE) recommend it as a gold standard
tool in the management of AWS (NICE, 2011).

Treatment of AWS is based on benzodiazepine (BZD) therapy. BZDs as potent agonists of
GABA receptor type A decrease the hyperactivity of CNS (Maldonado, 2017). There are two
ways to use BZDs: fix-schedule doses and symptom-triggered therapies. In recent years,
several reports have suggested that considering the sedative and long-term (e.g. cognitive
decline) side effects of BZDs and the longer duration of hospitalization, the symptom-
triggered approach is a better choice during treatment. However, the use of symptom
assessment scales, such as the CIWA-Ar, is necessary for symptom-trigged therapies
(Maldonado, 2017). In addition to the efficacy of BZD treatment, previous findings revealed
that some non-BZD drugs, such as antiepileptics and a2-adrenergic receptor antagonists (e.g.

clonidine, dexmedetomidine), may have similar efficacy (Maldonado, 2017).

Nonetheless, despite diminishing withdrawal symptoms being one of the most important
treatment goals, preventing the development of DT, the most severe consequence of AWS,

bears critical importance because of its high mortality rate.
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2.3. DELIRIUM TREMENS

DT is the most severe consequence of withdrawal and occurs in 5%—15% of patients with AD;
its mortality can reach 5% even with optimal therapy (Maldonado, 2008; Wood et al., 2018).
Although the prevention and treatment of DT is a major public health priority, it is usually

overlooked and misdiagnosed.
2.3.1. The background of delirium syndrome

Delirium syndrome is a group of symptoms characterized by an acute change in
consciousness, attention, and other aspects of cognition (e.g. memory deficit, disorientation).
Furthermore, other psychiatric symptoms can occur during delirium, such as visual

hallucinations, delusions, and severe agitation (Wilson et al., 2020).

Gibb and his colleagues revealed that the prevalence of delirium is 23% among inpatients
(Gibb et al., 2020). Furthermore, a prevalence of 31.8% has been reported among ventilated
and non-ventilated intensive care unit (ICU) patients (Krewulak et al., 2018). Although the
prevalence of delirium has not yet been well determined because of various factors (e.g.
cohorts, type of medical settings, used screening tool), its examination is of critical
importance because of its association with adverse short- and long-term outcomes (e.g.

malignant arrhythmia, respiratory arrest, increased post-discharge mortality).

Delirium 1is triggered by various causes including sepsis, stroke, hypoxia, hypoglycemia,
surgery (‘post-operative’), substance toxicity (e.g. amphetamine, heroin), and substance
withdrawal (e.g. alcohol) (Wilson et al., 2020). Clinical subtypes of delirium vary from
hyperactive, hypoactive, and mixed. It has been revealed that hypoactive delirium is the most
frequent among critically ill patients (Krewulak et al., 2018; Tiwari et al., 2023). This
classification reflects only the manifestation of symptoms, however, regarding the various
etiological factors, there are pathophysiological, clinical, and treatment differences between

distinct subtypes of delirium syndromes.
2.3.2. The basic concept and the background of delirium tremens

A special subtype of delirium associated with AWS is DT (Schuckit et al., 1995). The term DT
was proposed by Thomas Sutton at the beginning of the nineteenth century as a severe
neuropsychiatric syndrome caused by excessive drinking and described with severe

withdrawal symptoms, disturbance of consciousness, and tremor (Maldonado, 2008;

Maldonado et al., 2014; Schuckit et al., 1995; Sutton, 1813).
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The neurochemical changes that occur in withdrawal syndrome, which in the case of delirium
can primarily be traced back to the disruption of the balance of the dopaminergic and
noradrenergic systems, create a secondarily developing complex neural dysfunction, which
leads to the disruption of the vigilance and integrity of consciousness (Gibb et al., 2020).
Therefore, DT is characterized by classic neuropsychiatric symptoms of delirium syndrome
and symptoms of severe withdrawal syndrome. However, symptoms can be mainly explained
by a severe imbalance in the autonomic nervous system and dopaminergic pathways

(Maldonado, 2008; Sarkar et al., 2017; Wilson et al., 2020).
2.3.3. The symptoms and the course of delirium tremens

As a complicated withdrawal syndrome, symptom characteristics are usually described by
severe withdrawal syndrome (e.g. tremor, anxiety, paroxysmal sweats, etc.) and symptoms of

delirium (e.g. agitation, disorientation, hallucinations, delusions, autonomic hyperactivity).

Severe autonomic hyperactivity can lead to life-threatening complications such as prolonged
seizures, respiratory arrest, malignant arrhythmias, and increased risk of nosocomial
infections caused by prolonged hospitalization, etc.. Therefore, the recognition of risk factors
and possible contributing factors is of critical importance for preventing the most severe
eventuality of ADS (Goodson et al., 2014; Maldonado, 2008; Sarkar et al., 2017; Wilson et
al., 2020; Wood et al., 2018).

2.3.4. Risk factors of delirium tremens
During the past few decades, several potential predictors of DT have been identified.

Demographic or sociodemographic risk factors include older age. Clinical risk factors include
the co-occurrence of somatic disorders (e.g. diabetes mellitus, coronary artery disease,
hypertension, or chronic obstructive pulmonary disease), low sodium and potassium levels,
SGOT/SGPT higher than two, high blood pressure and pulse, history of SAWS, seizures, and
DT (Goodson et al., 2014; Wood et al., 2018). Interestingly, previous reports have suggested
that the co-occurrence of psychiatric co-morbidities were also predictors for developing DT

during the COVID-19 pandemic (Gajdics et al., 2023).

A meta-analysis of Wood and his colleagues assessing the risk factors of SAWS, DT, and
seizures by analyzing 530 studies in a period of 72 years (1946-2018) were revealed that a
history of DT and systolic blood pressure higher than 140 mm Hg are associated with an
increased likelihood of SAWS (Wood et al., 2018). Moreover, it has been revealed that

patients who had three or more seizures during their alcohol cessation attempt had an
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increased risk for developing DT. Interestingly, it has been shown that seizures are stronger
risks for predicting DT than SAWS (Wood et al., 2018). Additionally, it has also been
demonstrated that males had a higher risk for developing SAWS, and in agreement with the
COVID-19 study (Gajdics et al., 2023), it has also been shown that co-occurred mental
disorders and other comorbid SUDs are a predictor for SAWS (Wood et al., 2018).

2.3.5. The potential role of seasonality in the development of delirium tremens

In recent years, it has been revealed that DT has some sociological risk factors, such as
employment status or housing insecurity (Doran et al., 2018). Although it has been previously
reported that other environmental factors, such as seasonality, modulate the drinking pattern
or frequency of nicotine use (Carpenter, 2003; Cho et al., 2001; Ventura-Cots et al., 2019),

there are no data on the interplay between DT and seasonality.

However, the impact of seasonality on the human body has already been investigated from
numerous aspects. For instance, it has been shown that temperature and sunshine duration
affect vitamin levels, circadian rhythm, and physical activity. It has also been demonstrated
that seasonality influences the development of some psychiatric (e.g. seasonal affective
disorder) (Denissen et al., 2008; Morales-Muiioz et al., 2017) and somatic (e.g. pancreatitis)

disorders (Balcells et al., 2017; Gallerani & Manfredini, 2013).

Studies in the field of addictions have reported that the seasons have an impact on nicotine
use and drinking behavior. Cho and his colleagues have revealed that binge drinking is
increased during January and July (Cho et al., 2001). This ‘January effect' on alcohol
consumption has been confirmed by other authors (Carpenter, 2003; Ventura-Cots et al.,
2019). On the other hand, it has also been demonstrated that the incidence of delirium
syndrome among geriatric inpatients was higher in winter (Balan et al., 2001). Regarding that
several studies have suggested the effect of seasons on the development of various psychiatric
and somatic disorders, and there are no available data on the association between seasonality
and DT, the role of seasonality should be examined as a potential contributing factor in the

incidence of DT.

Overall, despite environmental risk factors, most studies have demonstrated clinical predictors
for the development of DT; however, the connection of DT with seizures occurring during
AWS has not yet been revealed in detail. Some studies suggest that this type of seizure,
alcohol-related seizure (ARS), is dependent on the severity of AWS and is a predictor of DT
development (Kim et al., 2015; Maldonado et al., 2014). Other studies have demonstrated that
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ARS is a symptom of SAWS and not a ‘classic’ risk factor of DT (Wood et al., 2018).

Nevertheless, the clinical characteristics of ARS are still poorly understood.

2.4. ALCOHOL-RELATED SEIZURE

In the past few years, the significance of ARS during withdrawal syndrome and the risk
assessment of future episodes of AWS and/or seizures have been demonstrated (Eyer et al.,
2011; Jesse et al., 2017; Wood et al., 2018). Furthermore, its role in the development of DT
has been highlighted. Therefore, the investigation of the clinical aspects of seizures associated

with withdrawal syndrome is substantial.
2.4.1. The basic concept of alcohol-related seizure

According to the definition and concept of the International League Against Epilepsy and
articles about the severe complications of AWS, seizures occurring during a withdrawal
syndrome are provoked seizures (Fisher et al., 2014; Wirrell et al., 2022). Additionally, Victor
and Brausch, who first described the term ARS, defined this type of seizure as generalized
tonic-clonic seizures (Crum fits’) that occur during alcohol withdrawal (Victor & Brausch,
1967). Although various studies have demonstrated that ARS is closely related to SAWS, all
seizures associated with alcohol use, including ADS and DT, are usually defined as ARS

(Eyer et al., 2011; Kim et al., 2015; Victor & Brausch, 1967).
2.4.2. Epidemiology and consequences of alcohol-related seizure

Regarding the prevalence of ARS, there is heterogeneity in the literature. Most studies have
demonstrated that the prevalence of ARS among alcohol-dependent individuals is
approximately 5%-30% (Eyer et al., 2011; Maldonado et al., 2014; Rathlev et al., 2006).
Nevertheless, most studies have indicated a relatively high mortality rate (1-3%) due to the
development of status epilepticus, traumatic brain injury or Sudden Unexpected Death in
Epilepsy (Devinsky et al., 2016; Foster et al., 2019; Long et al., 2017). On the other hand,
considering that this type of seizure may be a potential predictor of the development of DT,
preventing ARS during AWS is important in reducing the lethal complication of DT (Becker,
1998, 2012; Hillemacher et al., 2012).

2.4.3. Background of alcohol-related seizure

The relationship between ARS and alcohol use was recently investigated (Samokhvalov et al.,

2010). Several reports have suggested that there is a complex interplay between alcohol

18



consumption and seizures (Samokhvalov et al., 2010). Chronic alcohol exposure leads to
various mid-term and long-term complications in the CNS, leading to structural and
functional changes. It has been demonstrated that patients with ADS have cerebral atrophy,
which may precipitate seizures or epilepsy syndrome in the future (Samokhvalov et al., 2010).
Furthermore, some studies have suggested that brain lesions caused by head traumas are more
prevalent among alcohol-dependent individuals, and thus, patients with ADS are more
sensitive to developing seizures (Rathlev et al., 2006; Samokhvalov et al., 2010). Other
authors have indicated the significance of the kindling mechanism. Ballenger and Post (1978)
proposed the theory of kindling by reporting that repeated withdrawal syndrome leads to a
gradual lowering of the epileptogenic threshold (Ballenger & Post, 1978).

During the past few decades, the importance of the kindling mechanism in the development of
ARS has been supported by various authors (Becker, 1998; Eyer et al., 2011; Hillemacher et
al., 2012; Jarvis & Becker, 1998; Morton et al., 1994; Zhang et al., 2007). Despite all this, it
is assumed that neurochemical changes (e.g. glutamatergic hyperexcitation, decreased level of
GABA) are the most important regulators of the development of seizure during withdrawal
syndrome. Nevertheless, individual vulnerability was demonstrated. Moreover, it has been
indicated that the genetic, biological, and molecular background of ARS is different from
those of other provoked seizures (Alberto et al., 2023; Fu et al., 2016; Gorwood et al., 2003;
Grzywacz et al., 2012; Pestana et al., 2019; Zhou et al., 2022).

2.4.4. Risk factors of alcohol-related seizure

From a clinical point of view, ARS generally occurs once during the first phase of AWS, i.e.,
1248 hours after the abrupt cessation of alcohol intake. However, the literature contradicts
the presence of seizures during withdrawal. Some studies have indicated that the occurrence
of seizures anticipates the presence of DT, whereas other reports have suggested that seizures
are a part or symptom of DT. Interestingly, patients suffering from both ARS and DT may
represent a specific genetically determined subgroup of alcohol-dependent individuals

(Gorwood et al., 2003; Grzywacz et al., 2012; Pestana et al., 2019).

In summary, withdrawal seizures have a great significance during AWS, and considering their
relationship with DT, their prevention is critical regarding the lethal complications of DT.

However, the predictors of ARS have not yet been understood in detail.

Some reports have revealed that male sex, older age, and history of ARS are risk factors for

developing future episodes of seizures during withdrawal syndrome (Wood et al., 2018).
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Furthermore, a retrospective cohort study published by Eyer, and his colleagues has
demonstrated that patients with ARS showed a significant delay of withdrawal severity
measured with a modified version of CIWA-Ar compared with patients without seizures. In
addition, this study revealed a higher incidence of reported seizures during withdrawal
episodes, a higher number of structural brain lesions, and a higher incidence of an ARS

diagnosis on hospitalization in the subgroups of inpatients with seizures (Eyer et al., 2011).

Furthermore, in the original version of the CIWA-Ar, the CIWA-A scale had 15 items
(Manikant et al., 1992; Shaw et al., 1981), with seizure being one of them. After the validation
of the original version, several papers have demonstrated that the seizure item influenced the
total score incorrectly and did not reflect the clinical condition. For instance, post-ictal
contusion changed the total score. Therefore, this item was dropped from the revised version
(Foy et al., 1988; Manikant et al., 1992; Sellers et al., 1983; Shaw et al., 1981; Sullivan et al.,
1989).

2.5. SUMMARY: THE CLINICAL SIGNIFICANCE OF COMPLICATED
WITHDRAWAL SYNDROME

Individuals with harmful use of alcohol comprise a specific high-risk population for
developing alcohol dependence, as shown in Figure 1. This figure shows that patients with
ADS have a high risk of developing AWS during the course of their disorder. The occurrence
of AWS depends on various ‘internal’ and ‘external’ risk factors. AWS is the most common
clinical complication of ADS and may have severe consequences, such as DT and/or ARS.
These conditions comprise the complicated withdrawal syndrome. Overall, in Figure 1 the

course of these conditions is summarized (Fig. 1.).
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Figure 1. The model of the course of alcohol dependence syndrome (ADS) and related

harmful use of /
—_— —_— complicated ?
AWS
risk factors?

alcohol risk factors?

Abbreviations: ADS, alcohol dependence syndrome; AWS, alcohol withdrawal syndrome; DT,

research questions.

delirium tremens; ARS, alcohol-related seizure

Although several articles during the past few decades have demonstrated the
sociodemographic and clinical predictors of DT development (Wood et al., 2018), ‘external’
or environmental risk factors are still poorly understood. Furthermore, the significance of
ARS in the case of the severity of withdrawal symptoms and the development of DT are
controversial (Jesse et al., 2017; Kim et al., 2015; Wood et al., 2018). However, some studies
have revealed the importance of seizures because of their mortality and its connection with
DT (Kim et al., 2015). Nonetheless, the clinical characteristics of this type of seizure remain
largely unknown (Fig.1.). Consequently, as Figure 1 illustrates, the primary research questions
are: what is the relationship between the occurrence of ARS and DT, and are there any
additional "external" or "internal" risk factors for the development of complicated withdrawal

syndrome?

In summary, the assessment of the clinical consequences of ADS by focusing on the
characterization of complicated withdrawal syndrome leads to a better understanding of the
nature and course of the disorder and helps prevent lethal complications by forming new

diagnostic and therapeutic algorithms.
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3. AIMS

The clinical importance of AWS has been demonstrated in various studies. The complicated
form of withdrawal syndrome, which includes ARS and DT, has the potential to develop
severe consequences. Therefore, the optimal diagnosis and management of complicated AWS
reduces the mortality of patients with ADS. Thus, the characterization of the risk factors for
ARS and DT will lead to a comprehensive understanding of AWS. Although several
predictors have been previously revealed, external risks of DT, clinical features of ARS, and
the connection between ARS and DT, and the severity of AWS in clinical settings have not yet

been evaluated in detail.

In the present thesis, three studies were conducted in which complicated AWS was examined

by focusing on the characteristics and risk factors of DT and ARS.

In Study 1, the sociodemographic, clinical, and environmental factors of DT were examined
in a retrospective study with an emphasis on revealing the role of seasonality. In this
retrospective study, medical charts of inpatient admissions with the principal diagnosis of

ADS were examined (Study 1).

In the case of ARS, a retrospective and follow-up study was conducted (Study 2 and 3).
Therefore, these studies allowed for a complex investigation of complicated withdrawal

syndrome and detailed analysis of ARS in a clinical setting.

In Study 2, in a retrospective study, the sociodemographic and clinical characteristics in
connection with and without ARS diagnosis were revealed (Study 2). The interplay between
ARS and DT was also examined in this study (Study 2). In this retrospective study, medical

charts of inpatient admissions with the principal diagnosis of AWS were collected.

In Study 3, the relationship between ARS and the severity of withdrawal syndrome was
assessed in a follow-up study in which patients with AWS with or without seizures were
enrolled (Study 3). Furthermore, the severity of AWS was measured using CIWA-Ar. In this
follow-up study, patients with the principal diagnosis of AWS were recruited (Study 3).

The present thesis addresses three main objectives.

Aim 1: Previous studies have revealed various sociodemographic and clinical predictors of
DT development. It has also been demonstrated that the seasons can influence several mental
and somatic disorders. Therefore, our first aim was to investigate the clinical characteristics

and risk factors of DT and its relationship with seasons in a retrospective study (Study I).
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Regarding that DT is the most severe eventuality during the course of ADS, DT was examined
among medical charts with a principal diagnosis of ADS, where medical charts with the

diagnosis of (1) ADS, (2) ADS and AWS, (3) ADS and DT were separated.

Aim 2: Occasional, provoked seizure occurring during withdrawal syndrome has great
clinical significance with regard to the long-term consequences of seizures, mortality rate, and
potential connection with DT. However, there is lack of detailed data on the clinical
characteristics of this type of seizure. Some studies have demonstrated that kindling is one of
the most important mechanisms underlying the development of ARS and complicated AWS.
Therefore, our aims were to reveal the clinical features of ARS and its risk factors by focusing
on indirect factors of kindling, such as previous episodes of ARS, DT, and AWS, and to
determine the relationship between the occurrence of ARS and the development of DT in a
retrospective study (Study 2). Regarding that the occurrence of ARS is mostly related to
withdrawal syndrome, ARS was examined among medical charts with a principal diagnosis of

AWS, where medical charts with the diagnosis of AWS with and without ARS were separated.

Aim 3: Some studies have demonstrated that the severity of AWS is affected by the
occurrence of ARS. However, some authors have suggested that the severity of AWS may be
independent of the presence of seizures. The ‘gold standard’ objective tool to measure the
severity of withdrawal syndrome is the CIWA-Ar. Therefore, the main goal of this study
(Study 3) was to examine the relationship between the occurrence of ARS and the severity of
AWS measured by the CIWA-Ar in a follow-up study with patients hospitalized with the
principal diagnosis of AWS.

23



4. METHODS

In this thesis, three studies are summarized. In Study 1, considering that DT is the most severe
consequence of ADS, we examined its clinical characteristics and predictors focusing the role
of seasonality. Because ARS is a marked risk factor for the development of DT and plays a
pivotal role during AWS, the clinical features and predictors of DT were revealed in Study 2.
Furthermore, several reports have suggested that the occurrence of ARS is modulated by the
severity of AWS (Maldonado et al., 2014). Therefore, the relationship between the presence
of ARS and the severity of AWS was assessed in Study 3.

4.1. Study 1: Clinical characteristics and predictors of delirium tremens: the role of

seasonality
4.1.1. Setting

In Study 1, the clinical characteristics, predictors of DT and the role of seasonality in the

occurrence of DT were examined in a retrospective database.

Data were collected from 2900 medical charts of 1591 inpatients at the Department of
Psychiatry, University of Szeged, Hungary from 2008 to 2015.

The inclusion criteria were medical charts with the principal diagnoses of alcohol dependence

syndrome (ADS; F10.20).

Demographic variables (age, sex), seasonality [defined by meteorological seasons: winter (1
December — 28/29 February), spring (1 March — 31 May), summer (1 June — 31 August) and
autumn (1 September — 30 November)], year and month of admission, housing situation
(recorded permanent address or no record of it), somatic and psychiatric co-morbidities, the

occurrence of AWS and DT were collected from the medical charts of inpatient admissions.

Three groups were formed based on ICD-10 diagnoses. Medical charts characterized by the
principal diagnosis of ADS without the diagnoses of AWS and/or DT were assigned to the (1)
ADS group. Medical charts characterized by the principal diagnosis of AWS without DT, and
AWS with DT were classified into the (2) AWS or (3) DT groups.

Every patient received pharmacological treatment (e.g., benzodiazepines and/or antiepileptic

drugs) based on the severity of their physiological state.

This study was performed in line with the principles of the Declaration of Helsinki. This study
was approved by the Human Investigation Review Board, University of Szeged (ethical

approval numbers: 30/2016-SZTE).
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4.1.2. Statistical analysis

All statistical analyses were performed using IBM SPSS 24 (IBM Corp. Released 2016.,
2016).

First, we analyzed the differences among the three groups (ADS, AWS, and DT) regarding
sociodemographic variables, as these were controlled in the subsequent exploration of
potential predictors of AWS and DT. ANOVA was calculated to explore age differences, and
chi-square tests were used to analyze the rate of homelessness and the presence of comorbid
somatic and psychiatric disorders. Further chi-square tests were conducted to explore the
seasonality rates of the three groups as well as the monthly and seasonal breakdowns of the
DT. We conducted two multinomial logistic regression analyses to compare the predictive

variables for the three groups.

In the first multinomial logistic regression analysis, the dependent variable was the three-
group distinction, with the ADS group as the reference group. In the second multinomial
logistic regression, the three-group breakdown was also used as the dependent variable, with
the AWS group as the reference group. Independent variables (age, sex, homelessness,
comorbid somatic disorder, comorbid psychiatric disorder, and seasonality) were the same
factors for both multinomial logistic analyses. Sociodemographic and clinical variables were

also controlled in the analysis. Statistical significance was considered if p < 0.05.
4.2. Study 2: Clinical characteristics and predictors of alcohol-related seizure

Previous studies have revealed that ARS is one of the most important predictors of DT.
Preventing the development of DT bears critical importance with regard to its lethal
consequences. Hence, evaluating the predictors of ARS and its presence with the connection
of the development of DT may reduce the consequences of ADS. Therefore, in Study 2,
clinical characteristics and predictors of ARS and the interplay between the presence of ARS
and the occurrence of DT were examined among medical charts with the diagnosis of AWS in

a retrospective database.
4.2.1. Setting

Data were collected from 2851 medical charts of 1630 inpatients at the Department of
Psychiatry, University of Szeged, Hungary from 2008 to 2022.

The inclusion criteria were medical charts with principal diagnoses of AWS (F10.30) and/or

DT (F10.40).
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The ARS variable was defined as the occurrence of diagnoses of occasional, provoked
seizures according to the ICD-10. Medical charts with diagnoses of epilepsy syndromes and

BZD use disorders were excluded.

The patients hospitalized during this period were treated with the same pharmacological

therapy (fixed-schedule doses of BZD).

Demographic variables (age and sex), somatic and psychiatric co-morbidities, levels of
electrolytes (sodium, potassium) and liver enzymes (GGT, SGOT, SGPT and SGOT/SGPT
quotient) and the history of AWS, DT, and ARS were collected from medical charts of

inpatient admissions.

Two groups were formed based on the occurrence of ARS: AWS coursed with (ARS™) and
without ARS (ARS").

Demographic variables, laboratory parameters, and the co-occurrence of comorbid disorders
were analyzed in both groups. Evaluation of risk factors for the development of ARS was

performed. ARS was also identified as a risk factor for DT.

The study was conducted in accordance with the principles of the Declaration of Helsinki.
This study was approved by the Human Investigation Review Board of the University of

Szeged (ethical approval numbers: 30/2016-SZTE; 82/2022-SZTE).
4.2.2. Statistical analysis

All statistical analyses were performed using IBM SPSS 24 (IBM Corp. Released 2016.,
2016).

Chi square tests and independent sample t-tests were used to compare the ratio of the presence
of ARS in the total sample and the ratio of demographic variables, laboratory parameters, and

comorbid disorders in the ARS" and ARS" subgroups and the DT" and DT~ subgroups.

Multinomial logistic regression models were used to determine the variables that explain the
appearance of ARS and DT. The dependent variables were the occurrence of ARS and the
appearance of DT. The independent variables were those that showed a significant difference
between the two groups, and when DT was the dependent variable, ARS was the independent

variable.
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4.3. Study 3: Assessing the relationship between the presence of alcohol-related seizure

and the severity of alcohol withdrawal syndrome

The literature is contradictory regarding the relationship between the presence of ARS and the
severity of withdrawal symptoms. Therefore, considering the therapeutic consequences of this

question, we examined the course of AWS and its connection with ARS in a follow-up study.
4.3.1. Setting

Patients admitted with a diagnosis of AWS (F.10.30) at the inpatient units of the Department
of Psychiatry, University of Szeged, Hungary between 2019 and 2020 were enrolled in this
study.

The inclusion criteria were as follows: 1) diagnosis of alcohol dependence syndrome
(F.10.20.); 2) diagnosis of AWS (F.10.30.); 3) a minimum of 7 points on the first CIWA-Ar;

4) fixed-schedule regimen with chlordiazepoxide.

The exclusion criteria were as follows: 1) symptoms of delirium tremens; 2) presence of
epilepsy syndrome; 3) clinically significant changes in electrolyte levels and liver enzymes; 4)
clinically significant somatic and/or neurological disorders; 5) diagnosis of epilepsy

syndrome; and 6) BZD use disorder.

The patients hospitalized during this period were treated with the same pharmacological

therapy (fixed-schedule doses of BZD).

Following informed consent, each patient who voluntarily enrolled in the study was
administered a test pack 6 times every 2 days for 10 days. The study of alcohol consumption
habits and withdrawal symptoms was part of the inpatient care. These tests were recorded by

a physician experienced in the use of these tests.

The study was conducted in accordance with the principles of the Declaration of Helsinki.
This study was approved by the Human Investigation Review Board, University of Szeged

(ethical approval number: 28/2018-SZTE).
4.3.2. Measurement methods

At first, a set of demographic questions and the AUDIT were taken in the form of an
interview. During the next five visits, the CIWA-Ar was administered. Furthermore,
laboratory parameters (sodium levels, SGGT, SGOT/SGPT quotient) and the occurrence of

ARS were recorded.
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4.3.3. Statistical analysis

All statistical analyses were performed using IBM SPSS 24 (IBM Corp. Released 2016.,
2016).

An independent sample t-test was used to compare the mean AUDIT scores between the
ARS" and ARS groups. Mixed ANOVA was used to evaluate changes in the CIWA-Ar

SCOIECS.
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5. RESULTS

5.1. Study 1: Clinical characteristics and predictors of delirium tremens: the role of

seasonality
5.1.1. Sample characteristics

In the analyses 2900 medical charts of inpatient (N=1591) admissions were included with the
relevant ICD-10 diagnoses. In the total sample, 17.3% of the medical charts were
characterized with ADS without AWS and DT (ADS group; N = 502), 70.5% of the medical
charts with AWS without DT (AWS group; N = 2045) and 12.2% of the medical charts were
characterized with DT (DT group; N = 353).

5.1.2. Clinical characteristics of alcohol dependence syndrome, alcohol withdrawal

syndrome and delirium tremens

Table 1 compares socio-demographic variables in the case of ADS, AWS, and DT. Co-
occurrences of somatic and psychiatric disorders in the three groups were analyzed. As
detailed in Table 1, there was a significant difference in the rate of comorbid somatic
disorders among the three groups (x> (2) = 120.847; p < 0.001); DT had the highest rate
(73.08%) of co-occurring somatic diseases. As for co-morbid mental disorders, the three
groups also differed significantly (x> (2) = 178.239; p < 0.001) with ADS having the highest
rate (68.92%) (Table 1.).

Table 1. Characteristics of medical charts in regard of alcohol dependence and its

complications (alcohol withdrawal syndrome and delirium tremens).

ADS (N=502) AWS (N=2045) DT (N=353)
Mean Age (SE) 49.73 (0.576) 48.71 (0.238) 55.21 (0.552) *
Male Sex N (%) 386 (76.89) 1619 (79.17) 280 (79.32)
Homelessness N (%) 26 (5.19) 137(6.7) 19 (5.41)
Seasons
Spring N (%) 113 (22.5) 495 (24.2) 130 (36.8) *
Summer N (%) 149 (29.7) 513 (25.1) 79 (22.4)
Autumn N (%) 114 (22.7) 518 (25.3) 69 (19.5)
Winter N (%) 126 (25.1) 519 (25.4) 75 (21.2)
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Comorbid somatic disorders 198 (39.44) 877 (42.89) 258 (73.08) *
N (%)

Comorbid psychiatric 346 (68.92) 084 (48.14) 80 (22.66) *
disorders N (%)

Abbreviations: ADS, alcohol dependence syndrome without alcohol withdrawal state or
delirium tremens; AWS, alcohol withdrawal state without delirium tremens;, DT, alcohol

withdrawal state with delirium; SE, standard error; * = p < 0.001.
5.1.3. Clinical predictors and the role of seasonality in delirium tremens

In the first multinomial logistic regression analysis, the potential predictors of AWS and DT
were examined. The ADS group was the reference group in this model (Table 2.). The
predictors of ADS and DT were also analyzed in the second multinomial logistic regression,

with the reference group being the AWS group (Table 2.).

Based on the results, younger age (OR = 0.990; 95% CI = 0.981-0.999) and lower co-
occurrence of psychiatric disorders (OR = 0.419; 95% CI = 0.339-0.518) were identified as
significant predictive factors for the AWS group compared to the ADS group (Table 2.).

Our results also revealed that higher age (OR = 1.034; 95% CI = 1.020-1.048), elevated
presence of comorbid somatic disorders (OR = 2.963; 95% CI = 2.168-4.049) and lower co-
occurrence of psychiatric disorders (OR = 0.142; 95% CI = 0.103-0.196) were significant
predictors of the DT group compared to the ADS group (Table 2.).

A significant association was revealed between DT and seasonality: the highest incidence of
DT was in spring (36.8%) compared to other seasons (y? (3) = 27.666; p < 0.001). In regard to
months, the highest incidence of DT was in March (N = 49; 13.9%) (> (11) = 33.168; p <
0.001) (Fig. 2.).

Moreover, spring proved to be a significant predictive variable in the DT group compared
with that in the ADS group (with winter as a reference group) when controlling for general
socio-demographic and clinical variables. On the basis of these results, the probability of DT
was almost two times higher in spring (OR = 1.928; 95% CI = 1.288-2.883); therefore, spring
was considered to be a critical period in terms of the emergence of more severe alcohol

withdrawal complications (Table 2.).

In the second multinomial logistic regression, considering the DT group, higher age (OR =

1.044; 95% CI = 1.032-1.056), higher presence of comorbid somatic disorders (OR = 2.677;
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95% CI = 2.060-3.478) and lower co-occurrence of psychiatric disorders (OR = 0.339; 95%
CI = 0.258-0.446) were significant predictive variables compared to the AWS group when

controlling for general socio-demographic and clinical variables (Table 2.).

Furthermore, the season of spring (OR = 1.751; CI = 1.263-2.427) was a significant
predictive variable in the DT group compared with the AWS group (with the season of winter
as a reference group) in the second multinomial regression. These results also underscore the

significance of spring in DT (Table 2.).

Figure 2. Number of total medical charts in DT, AWS, and ADS groups in regard of

seasonality.
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Table 2. Multinomial logistic regression of the AWS and DT groups vs. the ADS group as the

reference group.

Model 1 Model 2
B (SE) OR 95%CI B (SE) OR 95%CI
AWS (without DT) ADS
0.010
Age -0.010 (0.005) 0.990*  0.981-0.999 1.010% 1.001-1.019
(0.005)
Sex: Males (Ref: ) 473 (0.121) 1076 0.848-1365 0073 0929  0.733-1.179
Females) (0.121)
Homelessness  0.023 (0.225) 1023 0.658-1.591 -0.023 0978  0.629-1.521
(0.225)
Comorbid -0.102
Omort 0.102 (0.106) 1107 0.899-1.363 0903  0.734-1.112
somatic disorder (0.1006)
Comorbid 0.870
o -0.870 (0.108)  0.419%**  0.339-0.518 2.386%**  1.932-2.947
psychiatric (0.108)
disorder
Seasons
Spring 0.096 (0.146) 1.101 0.827-1.466 -0.096 0.908 0.682-1.209
(0.146)
Summer  -0.139 (0.138) 0.870  0.663-1.141 0.139 1.150  0.876-1.508
Autumn  0.150 (0.146) 1.161 0.873-1.545 -0.150 0.861 0.647-1.146
(0.146)
Winter Ref. Ref.
DT
Age 0.033 (0.007) 1.034*  1.020-1.048 0.043 1.044%  1.032-1.056
(0.006)
Sex: Males (Ref: _0.073 (0.180) 0.929 0.653-1.322 -0.147 0.864 0.643-1.161
Females) (0.151)
-0.232
Homelessness  -0.210 (0.325) 0.811 0.429-1.533 0.793 0.474-1.326
(0.263)
Comorbid 1.086 (0.159)  2.963***  2.168-4.049 0.985 2.677%%*  2.060-3.478
somatic disorder (0.134)
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Comorbid -1.081

. -1.950 (0.164)  0.142%**  (,103-0.196 0.339%%%  (,258-0.446
psychiatric (0.140)
disorder
Seasons
Spring 0.656 (0.205) 1.928%%  1.288-2.883 0.560 1751%%%  1263-2.427
(0.167)
0.077
Summer  -0.063 (0.212) 0939  0.620-1.423 1.080  0.758-1.538
(0.180)
Autumn  0.110 (0.222) 1.116  0.723-1.724 -0.040 0.961 0.668—1.384
(0.186)
Winter Ref. Ref.

The reference group of Model 1 is alcohol dependence syndrome (without alcohol withdrawal
syndrome or delirium tremens). The reference group of Model 2 is alcohol withdrawal

syndrome (without delirium tremens).

Abbreviations: ADS, alcohol dependence syndrome without alcohol withdrawal syndrome or
delirium tremens; AWS, alcohol withdrawal syndrome without delirium tremens,; DT, delirium
tremens, B, unstandardized regression coefficient; CI, confidence interval; OR, odds ratio;

SE, standard error; Ref., reference group. (*: p < 0.05; **: p < 0.01; ***: p < 0.001).

5.2. Study 2: Clinical characteristics and predictors of alcohol-related seizure
5.2.1. Sample characteristics

In the analyses, 2851 medical charts of inpatient (N=1630) admissions were included. The
sample consisted of 19.6% female and 80.4% male inpatient admissions. The mean age was
50.44 years (SD = 11.311). AWS without DT was the diagnosis of 85.3% (N = 2431) of
appearances, and 14.7% (N = 420) were with DT. The occurrence of ARS in the total sample
was 9.7% (N = 276). The percentage of complicated forms of AWS was 22.2% (N = 634) and
the percentage of diagnoses of ARS and DT together in the total sample was 2.2% (N = 62).

The mean age was 49.21 years (SD = 11.264) in the ARS" group and 50.57 years (SD =
11.311) in the ARS" group. The difference between the two groups had a tendency level of
significance (t(2849) = 1.902, p = 0.057). The percentage of female appearances was 14.9%
and 20.1% in the ARS" and ARS" groups, respectively, and this difference was significant (2
= 4319, p = 0.038, OR = 0.694). There was also a significant difference between the two
groups in the prevalence of DT (3~ = 14.544, p < 0.001, OR = 1.794; Table 3.)
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5.2.2. Characteristics of the ARS" and ARS™ subgroups

Co-occurrence of somatic and psychiatric co-morbidities, history of AWS, DT, and ARS, and
levels of electrolytes and liver enzymes (GGT, SGOT, SGPT, and SGOT/SGPT quotient)
were analyzed in the ARS' and ARS- subgroups. The percentage of coexisting somatic
disorders was significantly higher in the ARS" group (63.8%) than in the ARS" group (53.5%)
(¢>= 10.569, p = 0.001, OR = 1.529). However, there was no significant difference in the
occurrence of co-existing psychiatric disorders between the ARS* (40.9%) and ARS™ (45.8%)
subgroups (>= 2.398, p=0.121, OR = 0.820; Table 3).

There was a significant difference in the history of DT (t(299.899) = -3.544, p < 0.001) and
the history of ARS (t(278.506) = -7.021, p < 0.001) between the ARS"™ (Mnpr = 0.22; Mhars =
1,08) and ARS" (Mipt = 0,09; Mnars = 0,09) groups. Nevertheless, there was no significant
difference between the two groups in the history of AWS without DT (t(2849) = -1,681, p =
0,093).

Electrolyte levels were within the normal range in both groups. Elevated GGT, SGOT, and
SGPT levels as well as the SGOT/SGPT quotient were determined in the two groups. No
significant differences in laboratory parameters were observed between the two groups. Table

3 shows the characteristics of the ARS™ and ARS" groups.

Table 3. Characteristics of the ARS™ and ARS subgroups.

ARS (N = 2575) ARS* (N = 276)

GGT (mean, SD)

SGOT (mean, SD)

SGPT (mean, SD)

SGOT/SGPT quotient (mean, SD)

278.070 (471.253)
71.18 (77.556)
55.79 (95.515)
1.467 (0.818)

Age (SD) 50.57 (11.311) 49.21 (11.264)
Female 20.1% 14.9% *

Male 79.9% 85.1% *
Prevalence of DT 13.9% 22.5% *
Somatic co-morbidities 53.5% 63.8% *
Psychiatric co-morbidities 45.8% 40.9%
Potassium (mean, SD) 4.04 (0.562) 4.91 (8.994)

308.899 (402.883)
78.9 (91.679)
57.37 (56.947)
1.501 (0.865)
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Abbreviations: ARS, alcohol related seizure; SD, standard deviation; AWS, alcohol
withdrawal syndrome; DT, delirium tremens;, GGT, gamma-glutamyl transferase; SGOT,

serum glutamic-oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase; *, p

< 0.05.
5.2.3. Predictors of the development of ARS

A multinomial logistic regression model was created to determine the possible predictors of
ARS. The model consisted of variables that showed a significant difference between the ARS"
and ARS" groups. Thus, sex, DT, somatic co-morbidity, history of ARS, and history of DT
were included in the model, which showed a significant interconnection (x> = 186.066, p <
0.001) and had 90.7% certainty. The presence of DT, history of ARS, and somatic co-
morbidity played a significant explanatory role in the development of ARS. Table 4

summarizes the results of the regression model.

Table 4. The multinomial logistic regression model of alcohol related seizure.

ARS B SE df p OR 95% Confidence
Lower Upper

History of DT 0.05 0.056 1 0.371 1.051 0.942 1.172
History of ARS 0.679 0.073 1 <0.001 1.973 1.708 2.278
Male 0.365 0.19 1 0.055 1.441 0.992 2.093
Female 0 0
DT- -0.608  0.164 1 <0.001 0.544 0.394 0.751
DT" 0 0
Somatic
comorbidity” -0.375  0.143 1 0.009 0.687 0.52 0.909
Somatic

0 0
comorbidity”

Abbreviations: ARS, alcohol related seizure; DT, delirium tremens,; B, regression coefficient;

SE, standard error; df, degrees of freedom, p, significance; OR, odds ratio.
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5.2.4. Relationship between the presence of ARS and DT

A multinomial regression model was used to examine ARS as a predictor of DT. The model
was significant (y~ = 21.404, p < 0.001) and had 90.3% certainty. According to the model,
ARS significantly increases the probability of DT. Table 5 shows the results of the regression

model.

Table 5. The multinomial logistic regression model of delirium tremens.

B SE df p OR 95% Confidence

Lower Upper
ARS" -0.74 0.15 1 <0.001 0.477 0.356 0.641
ARS" 0 0

Abbreviations: ARS, alcohol related seizure; DT, delirium tremens, B, regression coefficient;

SE, standard error; df, degrees of freedom, p, significance; OR, odds ratio.

5.3. Study 3: Assessing the relationship between the presence of alcohol-related seizure

and the severity of alcohol withdrawal syndrome
5.3.1. Sample characteristics

The sample consisted of 15 female (32.6%) and 31 male (67.4%) patients (N = 46). The mean
age was 44.261 years (SD = 8.928). Two subgroups (ARS+, ARS") were created based on the
presence of seizures during AWS. Patients with ARS had slightly higher scores (M = 30.389,
SD = 6.463) on the AUDIT scale compared to the ARS- group (M = 30.143, SD = 5.024);
however, the difference was not significant (t(44) = -0.145, p = 0.886). Table 6 shows the

sample characteristics.

Table 6. Characteristics of the ARS- and ARS" subgroups in the follow-up study.

ARS (N =28) ARS" (N=18)
Age (SD) 44.929 (8.886) 43.222 (9.149)
Female 28.6% 38.9%
Male 71.4% 61.1%
AUDIT score (SD) 30.143 (5.024) 30.389 (6.463)
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Abbreviations: ARS, alcohol related seizure; SD, standard deviation; AUDIT, Alcohol Use
Disorder Identification Test

5.3.2. Changes in the CIWA-Ar scores

Mixed ANOVA and derivation were used to evaluate the difference in changes in CIWA-Ar
scores between the ARS* and ARS" groups. In the case of the main effect of CIWA-Ar scores,
sphericity was not satisfied (y*(14) = 216.390, p < 0.001); therefore, the degrees of freedom of
the ANOVA were corrected using the Greenhouse— Geisser method (¢ = 0.347). The CIWA-
Ar scores significantly decreased during the 6 visits (F(1.736, 76.397) = 193.989, MSE =
5819.722, p < 0.001). The Bonferroni post hoc test showed that the scores of all visits differed
from each other significantly, except for the 5™ and 6" visits’ scores (p = 0.130). There was
no significant difference in the decrease in CIWA-Ar scores between the subgroups (F(1, 44)

=16.784, MSE =388, p =0.536).

An index number was created for every patient’s six visits to compare the characteristics of
the decrease in CIWA-Ar scores between the ARS"™ and ARS subgroups. A quadratic curve
(CIWA-Ar scores) was fitted to the six points. We calculated the slope of the curve at the six
points, and averaged the six obtained values Differences in the CIWA-Ar index numbers
between the ARS+ and ARS groups were calculated using the independent sample t-test.
There was no significant difference between the two groups (t(44) = -1.143, p = 0.515);

therefore, the decrease in the CIWA-Ar scores during the six visits was not dissimilar (Fig. 3.)
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Figure 3. Decrease of CIWA-Ar scores in the ARS™ and ARS* subgroups.

25
= ARS+
= ARS-

20
w2
o
1)

2 15
<C
=
O
k)

st 10
<
[P
=

5

0

1 2 3 4 5 6
Number of visits

Abbreviations: ARS, alcohol related seizure; CIWA, Clinical Institute Withdrawal Assessment
of Alcohol, Revised.
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6. DISCUSSION

According to a previous report by the National Institute on Alcohol Abuse and Alcoholism
(NIAAA), alcohol misuse was the seventh-leading risk factor for premature death and
disability globally in 2016 (GBD 2016 Alcohol Collaborators, 2018) . The leading causes of
attributable deaths in alcohol use problems are injuries, self-harm, and liver cirrhosis (GBD
2016 Alcohol Collaborators, 2018). However, among patients diagnosed with ADS, the most
severe form of alcohol use problems, the major risk of death is the occurrence of complicated

withdrawal syndrome in clinical setting (Maldonado et al., 2014; Wood et al., 2018).

Complicated withdrawal includes seizures occurring withdrawal syndrome and DT. During
the course of ADS, withdrawal symptoms requiring hospitalization occur in approximately
50% of patients (Maldonado et al., 2014; Schuckit, 2014). Moreover, approximately 10-20%
of patients hospitalized with AWS are suffering from complicated form of withdrawal.
Furthermore, the mortality rate of DT is about 5% even with optimal treatment (Schuckit,
2014). Therefore, the most important goal of AWS treatment is to prevent the development of

complicated or severe withdrawal syndrome.

Although, various ‘external’ (sociological and environmental) and ‘internal’ (demographic
and clinical) risk factors have been revealed in the development of ARS and DT, the role of
seasonality in DT, the clinical characteristics of ARS, the connection of ARS with DT, and the

relationship between the occurrence of ARS and DT have not yet been evaluated in detail.

Accordingly, the main purpose of the studies summarized in the present thesis was to

comprehensively examine the complicated AWS with two different methods.

6.1. The clinical characteristics and the role of seasonality in the development of

delirium tremens

The most severe form of complicated withdrawal syndrome is DT. In Study 1, the clinical
characteristics, predictors and the role of seasonality in the development of DT were

demonstrated in a clinical sample.

Previous findings have revealed that sociodemographic risk factors include older age and
male sex, whereas the most important clinical predictors are co-occurring somatic disorders
and a history of SAWS and ARS (Goodson et al., 2014; Wood et al., 2018). Although novel
findings have indicated that the COVID-19 pandemic had an impact on the occurrence of DT
among patients with ADS (Gajdics et al., 2023), ‘external’ or environmental risk factors for

developing DT remain largely unknown.
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Recently, it has been demonstrated that the prevalence of DT is approximately 5%—15%;
indeed, the occurrence of complicated withdrawal syndrome is approximately 10%—20%
(Maldonado et al., 2014; Wood et al., 2018). Our findings support these observations by
demonstrating that approximately 12% of medical charts were characterized with DT and

complicated AWS in the total sample.

The results of the present thesis (Study 1) suggest that older age and increased occurrence of

somatic comorbid disorders play a crucial role in the eventuality of DT among patients with

ADS.

It has been indicated that older age may contribute to the development of ADS complications.
It is explained by various causes. Older individuals with alcohol use problems may be
exposed to alcohol consumption for a longer period; furthermore, a higher prevalence of
concomitant somatic and psychiatric comorbidity and worse general condition may be

detected (Kraemer et al., 1997).

The co-occurrence of somatic disorders, such as infections, cardiovascular diseases, and liver
disorders, has a pivotal impact on the occurrence of DT (Goodson et al., 2014; Kim et al.,
2015). Our results showed that somatic comorbidities were detected in approximately 73% of
medical charts characterized with DT. Furthermore, we revealed that the chance of DT was 3
times higher in patients with somatic comorbidity. Our findings showed a low occurrence of
co-occurred psychiatric disorders among medical charts characterized by the diagnosis of DT.
Additionally, the lowest co-occurrence of mental disorders was a significant predictor for the

presence of DT.

This result can be explained by the fact that patients who develop DT during their
hospitalization may have severe ADS, and their secondary (psychiatric) diagnosis have not
been revealed yet. It could be hypothesized that these patients have primary addictions.
Nevertheless, previous findings showed that during the COVID-19 pandemic, psychiatric
comorbidities increased the likelihood of the development of DT (Gajdics et al., 2023);
however, regarding that this is a specific timeframe, findings can be explained by the impact

of the pandemic.

Considering the clinical characteristics, our main findings are in accordance with previous
findings by demonstrating the importance of somatic co-morbidities and older age in the

development of DT.
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The main purpose of Study 1 was to explore whether seasonality could be presented as a
contributing factor in DT in patients diagnosed with ADS when controlling for general
sociodemographic and clinical factors. Environmental factors, such as natural daylight, noise,
isolation, sunlight time, or seasonality, may influence the development and development of

various somatic and mental disorders.

Decreased natural daylight, isolation, excessive noise, and night-time light exposure are
potential risk factors for delirium syndrome among ICU patients (Estrup et al., 2017; Van
Rompaey et al., 2009). Furthermore, previous findings have suggested that various types of
delirium syndrome, such as dementia-associated delirium or drug-induced delirium, have an
elevated occurrence in winter (Balan et al., 2001). However, we lack data on the impact of
seasons on the occurrence of DT. Our findings revealed that the highest incidence of DT was
in spring, especially in March. Indeed, our results demonstrated that the season of spring is a

significant predictor of the emergence of DT.

The impact of seasonality on the development of DT can be explained by various factors.
Decreased hours of sunshine and colder weather modulate immunity and vitamin levels,
which may increase somatic vulnerability during winter and early spring (Fares, 2013).
Therefore, patients with ADS may have a higher risk for the impact of seasons because
alcohol-dependent individuals usually suffer from insufficient food intake; consequently, they
have deficiencies in vitamins, such as B, C, and D, and minerals, such as magnesium,
calcium, or iron (Baj et al., 2020; Grochowski et al., 2019; Hoes, 1979; Hoyumpa, 1986;
Marik & Liggett, 2019). Furthermore, the impact of seasonality on the drinking pattern of
patients with ADS has been previously suggested. For instance, it has also been proposed that
decreased mood and winter weather conditions, which can cause social isolation and stress,
lead to an increase in alcohol consumption. In addition, the changing weather in spring can
also have an impact on mood, anxiety, and stress, which is related to an increased frequency
of drug and alcohol consumption (Klimstra et al., 2011; Ostoji¢ et al., 2012; Witkiewitz et al.,
2011). Consequently, these factors may contribute to the development of DT during early

spring.

Although recent studies have suggested the importance of winter, the increase in the
occurrence of DT in March may also be due to a ‘late winter effect’. Furthermore, in Hungary,
the temperature in March is lower than that in other spring months; therefore, the low
temperature in March is more similar to that in February. To the best of our knowledge, there

are no data on the relationship between the ‘late winter effect' and the development or
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occurrence of any psychiatric conditions. Therefore, Study 1 first revealed in the literature the

importance of this special form of the impact of seasons on severe medical complications.

In conclusion, regarding previous findings and the results of Study 1, the importance of ‘late
winter effect’ on drinking patterns, the worsening of ADS and the development of DT should

be taken into account.
6.2. The clinical characteristics of ARS and its predictors

Seizures associated with alcohol use are important during the care of patients with withdrawal
syndrome. Furthermore, alcohol-dependent individuals are usually admitted to emergency
units because seizures are an initial symptom of withdrawal syndrome (Kim et al., 2015;
Schuckit, 2014). Although DT is the most severe form of complicated AWS, ARS also has
lethal complications, and its interplay with the development of DT requires prevention.
Therefore, in Study 2, we determined the demographic and clinical characteristics and

predictors of ARS in patients with AWS.

Regarding the prevalence of ARS, the data in the literature are heterogeneous. Previous
reports have revealed that ARS occurs at approximately 5%—-30% among patients with ADS
(Eyer et al., 2011; Maldonado et al., 2014; Rathlev et al., 2006; Wood et al., 2018) . Our
present data show that approximately 10% of medical charts were characterized with ARS;
moreover, in this study, the prevalence of complicated withdrawal syndrome was 20%.
Although the results of previous studies are heterogeneous regarding the occurrence of ARS
and complicated withdrawal syndrome, our results support the majority of previous findings.

Furthermore, we revealed that the concomitance of ARS and DT in AWS was 2.2%.

Differences in demographic and clinical characteristics between patients suffering or not
suffering from seizures during their withdrawal episodes remain largely unknown. A meta-
analysis published in 2018 revealed that patients with SAWS and DT show differences in
clinical characteristics; however, seizure was not examined in detail (Wood et al., 2018).
Another study revealed that previous episodes of ARS, occurrence of hospitalization because
of ADS, and structural brain lesions are significantly higher in the subgroup of patients
diagnosed with seizures during the withdrawal syndrome (Eyer et al., 2011). Interestingly, in
this study regarding the laboratory parameters between the two groups (AWS with or without
ARS) significant differences have not been determined (Eyer et al., 2011). Our present
findings show that most admissions with the diagnosis of seizure were male patients, and the

presence of DT, the co-occurrence of somatic co-morbidities, and the history of DT and ARS
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were significantly higher among the appearances where ARS occurred. In terms of psychiatric

comorbidities and laboratory parameters, significant differences were not observed.

Additionally, in Study 2, predictors of the development of ARS were also revealed. Our
findings show that the co-occurrence of somatic disorders, history of ARS, and presence of

DT are risk factors for developing seizures during withdrawal syndrome.

Previously, it has been demonstrated that patients with ARS had more detoxification episodes,
started to depend on alcohol at an earlier age, and had more severe alcohol dependence
measured with SADQ compared with patients without ARS in their history (Pestana et al.,
2019). It should be noted, however, that the SADQ mainly reflects the consequences of
alcohol use problems such as withdrawal symptoms (Stockwell et al., 1983). Furthermore, it
has also been revealed that one-third of patients with a history and presence of ARS
developed DT during withdrawal syndrome (Kim et al., 2015). Our findings strongly support
these observations by demonstrating that the subgroups of patients with ARS show significant

differences in distinct clinical characteristics.

In addition, our results revealed that the occurrence of ARS is a predictor of the development
of DT. Moreover, these findings extending our knowledge about the risks of the development
of seizures among alcohol-dependent individuals, the demonstrated relationship between ARS

and DT should be highlighted.

Philip Gorwood and his colleagues have revealed a genetic link between DT and ARS and
have demonstrated that patients suffering from DT and/or ARS comprise a specific subgroup
of alcohol-dependent individuals (Gorwood et al., 2003). In addition, it has been
demonstrated that patients with AWS with and without ARS have genetic differences
(Grzywacz et al., 2012).

In summary, regarding previous and our present results, it could be hypothesized that ARS
and DT comprise a genetically and clinically specific subgroup among patients diagnosed
with ADS who are at risk for the development of ARS. Moreover, our findings support the
key role of the kindling mechanism in the eventuality of withdrawal seizures by showing that
a history of ARS and the presence of DT played an explanatory role in the presence of

withdrawal seizures during hospitalization with withdrawal syndrome.
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6.3. The relationship between the occurrence of alcohol-related seizure and the severity

of alcohol withdrawal syndrome

The relationship between seizures occurring during withdrawal syndrome and the severity of
withdrawal symptoms has not yet been evaluated in detail. In the original version of CIWA-
Ar, CIWA-A included an item for reporting seizures during AWS (Manikant et al., 1992;
Shaw et al., 1981). Earlier studies with CIWA-A have suggested that this item is not
necessary, and it was dropped from the revised version (Foy et al., 1988; Manikant et al.,
1992; Sellers et al., 1983; Shaw et al., 1981; Sullivan et al., 1989). However, during the past
few years, the importance of seizures has been suggested (Maldonado et al., 2014).
Furthermore, Jos¢ Maldonado and colleagues reported criticism of the CIWA-Ar regarding
the seizure item and they developed a risk assessment scale including the history of ARS and
DT items (Maldonado et al., 2014). In addition, patients suffering from seizures during their
withdrawal syndrome showed a significant later climax of the severity of withdrawal
symptoms measured with a modified version of CIWA-Ar compared with patients without

seizures (Eyer et al., 2011).

Therefore, in Study 3, we investigated the relationship among the occurrence of ARS, severity
of alcohol dependence, and severity of withdrawal symptoms measured using CIWA-AR

among patients during hospitalization with AWS.

The symptom severity and the characteristics of alcohol dependence was measured using
AUDIT. Our results showed that there were no significant differences between the two groups
(patients with and without ARS); however, patients with seizures showed slightly higher
AUDIT scores. Previous findings have demonstrated that there are no significant differences
in the AUDIT scores between the two groups; however, another study using SADQ revealed
that patients with seizures had more severe ADS (Pestana et al., 2019). Furthermore, it has
been demonstrated that AUDIT alone is not suitable for detecting the risk of AWS (Dolman &
Hawkes, 2005). Nevertheless, it is worth highlighting that the SADQ reflects the severity of
ADS and withdrawal symptoms, whereas AUDIT is a screening tool for detecting alcohol use
problems. Our observations support the finding that there are no significant differences
between the groups regarding the AUDIT scores; nevertheless, methodological issues should

be addressed.

Considering the severity of AWS, our results revealed that there were no significant
differences between patients with seizures or not. Previous findings have shown that the

severity of withdrawal symptoms shows a delay among patients suffering from seizures;
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however, it has also been revealed that the maximal score measured in a modified CIWA-Ar

was similar in the two groups (Eyer et al., 2011).

Our findings suggest that the occurrence of ARS may be independent of the severity of
withdrawal symptoms. Overall, it could be hypothesized that regarding the well-defined
features of ARS and DT and their relationship with the severity of AWS, complicated

withdrawal syndrome is a specific genetic, biological, and clinical form of AWS.
6.4. Limitations
Several limitations need to be considered when interpreting the results of this present thesis.

Overall, the generalisability of these findings is limited because the data collection was from

one hospital in Szeged, Hungary and the associated population living in neighbouring areas.

In the view of Study 1, detailed clinical information such as vital signs of patients were not
assessed. In addition, regarding the impact of seasonality on the development of DT, our
results can only be interpreted in regions within temperate climate zones. Moreover, measured
temperature was not detected; therefore, the results can only be explained in this eight-year

period.

Regarding Study 2, the major limitation is that only medical charts were examined; hence, our
results only reflect clinical data associated with the course of AWS. Furthermore, other
clinical information such as drinking pattern or EEG records was unknown due to the

retrospective nature of the study.

In the case of Study 3, the small sample size and the short one-year period are the major
limitations of our findings. In addition, the severity of AWS was measured using one tool and
without vital signs. Moreover, a small number of patients were examined during a relatively

short 1-year period.
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7. MAIN FINDINGS AND CONCLUSIONS

The main aim of the studies summarized in this thesis was to systematically investigate the

clinical characteristics of complicated withdrawal syndrome, including ARS and DT.

In the case of DT, clinical characteristics and seasonality were examined in a retrospective
study of medical charts with ADS. Our findings showed that older age and somatic
comorbidities are significant predictors of the development of DT. Furthermore, our results
suggest a ‘late winter effect’ in the eventuality of DT. This novel finding demonstrates the
new impact of seasonality on the occurrence of medical conditions. These observations may
contribute to the prevention of DT by detecting these risk factors during the management of

complicated withdrawal.

Regarding ARS, in our first study, demographic and clinical differences between medical
charts characterized with AWS and ARS and those with AWS without ARS were revealed in
a retrospective study. In addition, predictors and the relationship between ARS and DT were
determined. Our findings showed that male sex, presence of DT, somatic comorbidities, and
history of DT and ARS were significantly higher where seizures occurred. Furthermore, our
findings showed that somatic comorbidities, history of ARS, and presence of DT are
predictors of ARS, and ARS is a risk factor for developing DT. These observations support
and extend previous observations and indirectly suggest the significance of the kindling
mechanism. In addition, regarding the revealed connection between ARS and DT, it could be
hypothesized that complicated withdrawal syndrome comprises a specific, high-risk subgroup

of patients with alcohol dependence.

Finally, the relationship between the occurrence of seizures and the severity of withdrawal
symptoms was revealed in a follow-up study. Patients hospitalized with AWS and suffering
from seizures did not show differences in CIWA-Ar scores. These findings suggest that ARS
may be independent of AWS severity.

In conclusion, the findings of the present thesis suggest that complicated withdrawal
syndrome is a complex and severe clinical complication of ADS. Therefore, during the
management of ADS, assessing the risk factors related to the development of ARS and DT

has substantial significance for preventing lethal complications of alcohol dependence.

The main findings of the present thesis are summarized in Figure 4.
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Figure 4. The course of alcohol dependence syndrome and the significance of complicated

alcohol withdrawal syndrome.
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According to the results of the studies, the novel findings of the present thesis are as follows:

1. Our findings revealed that spring, especially March, is a critical season and month in the
occurrence of DT in an inpatient sample diagnosed with ADS. These results suggest the

importance of ‘late winter effect’ in the development of DT.

2. Our results determined that there were differences between inpatients diagnosed with AWS
concerning the occurrence of ARS. Our findings showed that most admissions with the
diagnosis of ARS were male, and the presence of DT, the co-occurrence of somatic co
morbidities and the history of DT and ARS were significantly higher among admissions with
ARS.

3. Our findings revealed that the co-occurrence of somatic co-morbidities, presence of DT,
and history of ARS are risk factors for developing a future episode of ARS. Hence, the
kindling hypothesis was indirectly supported.

4. Our results indicate that the occurrence of seizures during withdrawal syndrome is a risk

factor for the eventuality of DT.
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5. Our findings showed that there were no significant differences in the presence of ARS and

severity of withdrawal syndrome between patients diagnosed with AWS.

Although, studies summarized in the present studies revealed novel risk factors for the
development of complicated withdrawal syndrome, and highlighted the importance of the
classification of the clinical complications of withdrawal syndrome, further research are

needed for better understanding the nature of ARS and DT.
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