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Abstract
Aims: The aim of the present study was to evaluate the relation between anhedonia and depression in alcohol use disorders (AUD) during detoxification: Is trait anhedonia measured at the beginning of detoxification predictive of depressive symptoms observed at the end? Does state anhedonia recover during detoxification as depression does? Gender differences that have been previously observed for depression in AUD were also explored. 
Methods: 81 AUD inpatients were tested at T1 (day 1) and T2 (day 14-18) of withdrawal with the trait physical anhedonia scale (PAS), the state anhedonia Snaith–Hamilton Pleasure Scale (SHAPS), the Beck depression inventory (BDI) and the Spielberger state anxiety inventory (STAI) and compared to 34 control participants, matched for age and gender.
Results: AUD patients scored significantly higher than controls on depression, anxiety and state and trait anhedonia when they just entered the detoxification unit. Depression, anxiety and state anhedonia decreased between T1 and T2 in AUD patients. In women, state anhedonia at T1 was predictive of depressive symptoms at T2 over and above anxiety and depression at T1. 

Conclusion: In AUD, state anhedonia recovers during detoxification, concurrently to other affective-related symptoms. However, in women, trait anhedonia predicts the level of depression at the end of detoxification, above and beyond anxiety. This finding stresses the importance of addressing anhedonia in the treatment of AUD and emphasizes the need for targeted interventions within clinical settings in this gender. Clinical consequences are discussed.
Short Summary (50 words) 

In AUD patients, elevated state anhedonia measured at the beginning of withdrawal recovers quickly during detoxification in parallel with depression. However, and in women only, level of trait anhedonia at the beginning of detoxification is predictive of depressive symptoms at the end, which may be of prognostic importance. 
Keywords: Alcohol Use Disorders, Depression, Anxiety, Individual differences, Personality, Vulnerability, Withdrawal. 
1. Introduction 
One of the most challenging matter for clinicians during the crucial residential alcohol detoxification treatment phase lies in increasing the understanding of what is played out in patients at an emotional level, in an effort to adapt the therapeutic treatment accordingly and to further prevent relapse. For patients who present with a severe alcohol-use-disorder (AUD) and decide to become abstinent, the first three weeks of detoxification constitute a pivotal moment where the hedonic state undergoes substantial changes. Negative affects, depressive, and anxious symptoms, usually high during acute withdrawal, abate quickly, with the largest reduction scores arising after two to three weeks (Andersohn and Kiefer, 2004; Brown and Schuckit, 1988; de Sousa Uva et al., 2010; de Timary et al., 2008; Petit et al., 2017b, 2017a). While the majority of patients rid themselves of their anxious and depressive symptoms along with drinking cessation, in some cases, negative mood states are still very present at the end of the three weeks detoxification stay (Petit et al., 2017a). In a recent study, our group (Petit et al., 2017a) showed that these patients remaining with severe depressive symptoms were actually mostly women (23% of the women versus 2% of the men). Furthermore, these women were also the ones experiencing the most intense craving at the end of detoxification, when the correlation between depression and craving was not significant in men. This is not a trivial observation given the known association between negative emotional states and craving that precedes drug consumption behaviors and relapse (Baker et al., 2004; Scott et al., 2018; Stasiewicz and Maisto, 1993; Stohs et al., 2019). The finding that the correlation between depression and craving remains significant exclusively for women after detoxification fits with the widely held view that unpleasant mood states constitute a threat to abstinence specifically with women (Karpyak et al., 2016; Oliva et al., 2018; Walitzer and Dearing, 2006). It thus seems crucial to go further in the exploration of the determinants of the remaining depressive symptoms specifically in women at the end of alcohol detoxification. One possible candidate is that of anhedonia. Originally formulated by Ribot in 1986 (Ribot, 1986), anhedonia was first described as a personality dimension characterized by the inability to experience pleasure. Anhedonia is as a fundamental feature of many psychiatric disorders, major depression and mood disorders in general, schizophrenia, Parkinson’s disease, over-eating, post-traumatic disorders and risky behaviors (Fani et al., 2019; Lambert et al., 2018; Pushkarskaya et al., 2019; Shankman et al., 2014). This description corresponds to trait anhedonia, a stable dimension associated to these disorders that is distinct from state anhedonia, that is a transient inability to experience pleasure that may be observed for instance in the course of a depressive episode. From a psychobiological perspective, anhedonia symptomatology is believed to be underpinned by a functional deficit of dopaminergic transmission in the mesolimbic and mesocortical reward circuit, involving the ventral tegmental area, the ventral striatum and part of the prefrontal cortex (Heinz et al., 1994; Höflich et al., 2019). If anhedonia was at first related to the experience of pleasure per se, subsequent research findings led to an expanded definition and anhedonia today not only refers to impaired consummatory pleasure, but also to anticipatory pleasure, reduced motivation, and deficits in reinforcement learning (Der-Avakian and Markou, 2012; Shankman et al., 2014). It therefore seems obvious that these impairments lower the likelihood of engaging in pleasurable activities, which might in turn lead/perpetuate and/or exacerbate depressive symptoms. Consistent with this, anhedonia has been found to constitute a crucial negative prognostic indicator of the onset, course and outcome of depression among treatment-resistant depressed adolescents (McMakin et al., 2012), depressive and anxious outpatients (Wardenaar et al., 2012), and in the general population (Spijker et al., 2001). This actually is in line with Loas’s model of trait anhedonia as a vulnerability factor that predisposes individuals to developing depression (Loas, 1996). State anhedonia is known to be a frequent feature in substance use disorder patients (Destoop et al., 2019; Pettorruso et al., 2018) and notably during acute and chronic withdrawal (Garfield et al., 2014; Hatzigiakoumis et al., 2011; Krupitsky et al., 2018), which even led to consider it as a part of  the abstinence symptomatology (Gawin and Ellinwood, 1988). Anhedonia is moreover associated with drug craving in detoxified alcohol- and opioid-use disorder patients and in abstinent tobacco smokers (Cook et al., 2004; Janiri et al., 2005; Leventhal et al., 2009; Martinotti et al., 2008a, 2008b) and predict relapse (Crits-Christoph et al., 2018) in cocaïne dependence. Whether trait anhedonia may act as a vulnerability factor that might increase the expression of depressive symptoms in AUD patients, especially under conditions of early detoxification is still unknown. The aim of the present study will therefore be to evaluate whether the level of trait anhedonia in AUD patients as measured at the beginning of detoxification constitutes a predictive factor of depressive symptoms observed at the end of detoxification. To do so, we will conduct a longitudinal study in which we will assess anhedonia, anxiety and depressive symptoms in AUD patients at onset and end of detoxification. From a clinical standpoint, we are particularly interested in evaluating whether anhedonia may be a vulnerability factor for the persistence of depressive symptoms at the end of a withdrawal period. As the case may be, a high level of trait anhedonia assessed at the beginning would be an indicator of special care needed in order to prevent depressive symptoms to arise or increase by the end of the three weeks detoxification stay and thus lower the risk of future relapse arising from mood disorders. Furthermore, given the so far reported differences between men and women, we will pay particular attention to differences between genders as far as this potential predictive link is concerned. State anhedonia and its evolution during detoxification will also be monitored in parallel to other affective-related symptoms. The current study will test the above hypotheses in a treatment-engaged group of 81 patients suffering severe AUD undergoing detoxification who will be compared to a demographically matched group of light to moderate drinkers. 
2. Methods
2.1. Participants
The sample consisted of a consecutive series of 81 applicants to our inpatient alcoholism treatment units, namely, “Unité Intégrée d’Hépatologie” in the St-Luc University Hospital (described in (de Timary et al., 2007; Toussaint, 2006)) and the Psychiatry ward of Clinique Europe St Michel, Brussels, Belgium. The study was conducted before the publication of DSM-5 (APA, 2013) and were diagnosed according to the criteria of alcohol-dependence as first axis I diagnosis according to DSM-IV (APA., 1994) through clinical evaluation by psychiatrists. Their diagnosis could be transposed into that of a severe AUD (APA, 2013). Patients were recruited at the start of a three-weeks detoxification program, and were embedded in the study only patients that had consumed alcohol on the day of their admission, were French speaking and free of other axis I DSM-IV diagnoses, of major cognitive impairments (i.e. a score of ≤ 10 on the MMSE, Folstein et al., 1975), or of current consumption of drugs other than alcohol or nicotine. Those who relapsed during their three-week stay were further excluded from the sample. They were compared to 33 control subjects. These were recruited by word of mouth and were paid for their participation. They were all free of current or past DSM-IV psychiatric disorders on Axes I or II, and they were not taking any psychotropic medications. All controls consumed less than 21 standard drinks/week (14 for women) or 3 drinks/day (2 for women).  They did not report any addictive history. The study was approved by the Ethical Committees of the Cliniques Universitaires Saint-Luc (Brussels) and was performed according to the principles of the Declaration of Helsinki and its subsequent modifications and the patients signed an informed consent form. 
2.2. Procedure 

After describing the study and obtaining informed consent from AUD patients, demographic data were obtained and they filled in questionnaires assessing four psychopathological dimensions, namely, anhedonia (state and trait), depression, state anxiety and alexithymia. They were tested twice within their three weeks detoxification stay: on the first (within 5 hours following their admission-T1) and the 18th day (T2) of abstinence with the same questionnaires except for trait anhedonia that was only tested at T1. They completed the questionnaires autonomously but were sometimes helped at T1 in an individual setting to ensure completion.  Controls were evaluated once with the same questionnaires as patients. The data concerning alexithymia have been published previously (de Timary et al., 2008). 
2.3. Psychopathological measures
2.3.1. Trait and State Anhedonia
2.3.1.1. The Physical Anhedonia Scale (PAS)
Trait anhedonia was investigated through the Physical Anhedonia Scale (PAS) (Chapman et al., 1976). It is a self-rated questionnaire with 61 items, with “Agree” or “Disagree” responses rated 0 or 1 describing various common pleasant situations involving directly sensory experiences about physical pleasure as sex, food, touch, etc. (e.g. “Sex is okay, but not as much fun as most people claim it is” or “When eating a favourite food, I try to eat slowly to make it last longer”). It measures anhedonia “in general” as the items are related to anhedonia as a personality trait, and not to specific aspects of hedonic function (Rizvi et al., 2016). Regarding the PAS cut-off above which a subject can be categorized as 'anhedonic', we decided to use the values proposed by the French version of the Chapman scales (i.e., ≥ 18) (Assouly-Besse et al., 1995), because of their higher specificity and sensitivity than Chapman's original limits (Loas and Boyer, 1994). Score range is 0–61, the higher the score, the more severe is anhedonia, i.e., the less the pleasure from sensory experiences.
2.3.1.2. The Snaith–Hamilton Pleasure Scale (SHAPS)

The self-rated Snaith–Hamilton Pleasure Scale (Loas et al., 1997; Snaith et al., 1995) was used to measure the present state of anhedonia as the participants are asked to refer to the past few days when they answer the questions. It consists of 14 items covering social interaction, food and drink, sensory experiences, achievement and pastimes domains. The subjects is asked to score each item as Agree (= 1) or Disagree (= 1). A higher total score indicates higher levels of state anhedonia (range 0–14; higher values indicate more severe anhedonia; the cutoff score for anhedonia is 3 or more). 
2.3.2. Depression
Depression was assessed with the French translation of the abbreviated version of the Beck Depression Inventory (BDI) (Beck et al., 1961). It is 13-item form (Beck and Beck, 1972), with each item having four option responses, scored 0, 1, 2 or 3. The patient score is the sum of items total. Following cutoffs were suggested by the authors: 0-4 for no depression, 5-7 for mild depression, 8-15 for moderate depression, and 16 or higher for severe depression. The item's content includes sadness, pessimism, sense of failure, dissatisfaction, guilt, self-dislike, self-harm, social withdrawal, indecisiveness, self-image, work difficulty, fatigue and appetite. The BDI is designed as a measure of severity, not to be considered as a diagnostic instrument. In order to have a pure score of depression, a subscore “depression corrected for anhedonia” has been calculated by substracting items related to the (non)experience of pleasure (i.e. anhedonia or its absence). Two items have been removed: the one related to dissatisfaction and the one related to social withdrawal. The sub-score of these two anhedonia items of the BDI was also calculated to observe whether they describe the dimensions similar to state anhedonia.  
2.3.3. Anxiety
To measure anxiety, we used the State–Trait Anxiety Inventory (STAI; Spielberger et al., 1983; for the French version, Bruchon-Schweitzer and Paulhan, 1993). It is a self-reported questionnaire divided into two 20-item subsections measuring state and trait anxiety, respectively. We only used the state subsection (how one feels at the moment) in this study. Scores can range from 20 to 80, and cutoff scores for the severity of symptoms may be used: ≤ 35: very low; 36 to 45: low; 46 to 55: moderate; 56 to 65: high; >65: very high.
3. Statistics
Independent t- tests and chi square tests were used to compare demographic and psychopathological variables (anhedonia, depression and anxiety) scores of AUD patients with controls at T1. Paired sample t-tests were used to assess the evolution of psychopathological variables between T1 and T2 in AUD patients. Pearson’s correlations were then used to test the links between anhedonia, depression corrected for anhedonia and anxiety at T1 and depression corrected for anhedonia at T2, for the whole AUD sample and secondly separately for men and women. Finally, multiple linear regression was used to assess the potential predictive value of the variables measured at T1 (which correlated with depression corrected for anhedonia at T2) on depression corrected for anhedonia at T2, separately for men and women. All analyses were conducted with IBM SPSS Statistics for Windows (Version 22.0, IBM Corp., Armonk, NY), with the level of significance at 0.05.
4. Results 
4.1. Demographics
AUD group and control group did not differ for age [t(66.309)=1.082, p=.283] and gender, [χ2(1)=.922, p=.337]. Within each group, no gender difference was found for age [AUD: t(59.472)=.202, p=.840; C: t(28.741)=.363, p=.719]. Demographic values are presented in Table 1 for both groups and genders.
4.2. Comparisons between AUD patients and controls on psychopathological variables and their evolution during the three-week detoxification period in AUD patients
4.2.1. State Anxious symptoms
AUD patients vs Controls at T1
AUD patients showed higher level of state anxiety symptoms at T1 compared to controls [t(80)=6.897, p<.001]. 31% of patients reported very high anxiety level while 3% of the controls did.
Evolution of anxious symptoms overtime in AUD patients
Comparison of patients between admission (T1 and follow-up (T2) revealed significant decrease (23%) in state anxiety [t(80)=6.897, p<.001]. Only 7% of patients still reported very high level of anxiety and 50% were at the very low level.

4.2.2. Depressive symptoms

AUD patients vs Controls at T1: score of depression
Scores of depressive symptoms at T1 were also significantly higher than that of controls [t(110)=16.007, p=<.001]. 43% of AUD patients exceeded the threshold limit for severe depression, and 40% of them reported moderate depression. In controls, only 6% reached the moderate threshold setting and the majority of them had no depression (90%). 
AUD patients vs Controls at T1: BDI score corrected for anhedonia

The depression score cleared of anhedonia related items was also higher in AUD patients compared to controls [t(102.7)=15.582, p<.001].
Evolution of depression overtime in AUD patients
Comparison of patients between admission (T1) and follow-up (T2) also revealed a significant 36% decrease in depressive symptoms [t(79)=8.889, p<.001]. Only 19% of the patients were still categorized as showing severe depression and 26% reported no depression at all.

Evolution of BDI score corrected for anhedonia

The depression score cleared of anhedonia related items also showed a 49% decrease between T1 and T2 in AUD patients [t(80)=8.445, p<.001]. In all following results described below the variable “depression” will refer to this corrected score of depressive symptoms for anhedonia.
4.2.3. Anhedonia
4.2.3.1. State anhedonia (SHAPS)
AUD patients vs Controls at T1
Independent t-tests showed that at T1, patients were significantly more anhedonic than controls [t(82.665)=6.415, p<.001]. 33% of the patients reached the level for being anhedonic while none of the controls did.  
Evolution of state anhedonia overtime in AUD patients 

Paired t-tests showed that in patients, the level of state anhedonia decreased by 43% between admission (T1) and follow-up (T2) [t(54)=2.206, p=.032]. Only 12% of the patients were still anhedonic at T2. 
4.2.3.2. Trait anhedonia (PAS)
AUD patients vs Controls 
Independent t-tests showed that patients reported to be generally more anhedonic than controls [t(62.045)=2.702, p=.009]. 59% of the patients reached the level for being anhedonic while only 33% of the controls did.  
4.2.3.3. Score of anhedonia based on the two anhedonia-related items from the BDI.

AUD patients vs Controls at T1
Independent t-tests showed that at T1, the scores in the two items of the BDI related to anhedonia were higher in AUD compared to controls [t(76.254)=7.875, p<.001]. 
Evolution overtime in AUD patients 
Paired t-tests showed that in patients, the scores in the two items of the BDI related to anhedonia decreased by 26% between admission (T1) and follow-up (T2) [t(79)=4.307, p<.001]. 
Mean scores ± SD of all scales applied in AUD patients and controls and summary statistics may be found in table 2.

4.3. Correlations in AUD patients
4.3.1. Correlations between anhedonia, depression and anxiety at T1 and depression at T2
Whole AUD patients sample
Significant correlations were found between depression (r=.601, p<.001), anxiety (r=.335, p=.002) and trait anhedonia (r=.440, p<.001) at T1 and depression at T2.
According to gender

When distinguishing between men and women, we found out that the link between trait anhedonia (M: r=.393, p=.010; W: r=.643, p=.003) and depression (M: r=.663, p<.001; W: r=.477, p=.009) at T1 and depression at T2 was still significant for both men and women. Only the link between state anxiety and depression was significant for men, but not for women (M: r=.414, p=.002; W: r=.173, p=.370). All correlational analyses may be found in Table 3.
4.9. Predictive value of trait anhedonia, depression and anxiety at T1 on depression at T2 in men and women AUD patients
In order to further determinate the contribution of psychopathological variables measured at onset of detoxification to depression level at T2, we ran multiple linear regression analyses in AUD patients, separetaly for both gender. For each group, psychopathological variables at T1 that significantly correlated with depression at T2 were chosen as predictors and the depression level at T2 was the dependant variable. For men, three independent variables were included as potentials predictors, i.e., state anxiety, depression and trait anhedonia. Analyse showed that the model with the combinaison of all three predictors significantly explained about 50% (adjusted R2) of the variability in depression level at T2 in men [F(3,41)=14.967, p<.001]. Depression at T1 was the best and only significant predictor of depression at T2 (B=.740; t=4.077; p<.001). For women, trait anhedonia and depression were included as predictors. Results showed that the model as a whole significantly accounted for about 42% (adjusted R2) of the variance in depression at T2 [F(2,18)=7.773, p=.004]. Trait anhedonia was the best and only significant predictor of depression level at T2 (B=.522; t=2.366; p=.031). Regression analyses results may be found in table 4.
3. Discussion 

This study examined the relation between anhedonia and depression during alcohol detoxification in AUD. As previously observed (Andersohn and Kiefer, 2004; Brown and Schuckit, 1988; de Sousa Uva et al., 2010; de Timary et al., 2008; Petit et al., 2017b), a large proportion of patients presented with severe scores of depression and anxiety at the beginning of alcohol detoxification, but these symptoms regressed to normal levels in the majority of the population of patients. We further examined whether AUD patients presented with abnormal levels of state anhedonia and whether these scores evolve over the two weeks of detoxification. As for depression and anxiety, state anhedonia, irrespective of whether it was measured with the SHAPS or with the subscores of the BDI, was increased compared to controls at the beginning of withdrawal and then decreased in a very significant manner. Studies addressing the question of change in anhedonia over time in recently detoxified AD reported mixed results. Some indicated reductions in levels of anhedonia with increasing duration of abstinence (Martinotti et al., 2011, 2008c), while others did not find any link or change of anhedonia with the duration of abstinence (Janiri et al., 2005; Marra et al., 1998). Our results speak in favour of a state of heightened anhedonia during early withdrawal that significantly decrease concurrently with other affective-related symptoms. A strength of the present study in assessing evolution in anhedonia over time, beside the longitudinal (vs crossectional) design, is that all patients were tested at the same time after they stopped alcohol consumption. This method ensures that all subjects were at the same phase of withdrawal when they were tested, resulting in ideal conditions to observe relevant changes in depressive, anxious and anhedonic symptoms. This very high measurement accuracy was lacking in previous studies and may explain the divergent results. A limitation however is to not have included any measure of withdrawal severity as it could fluctuate between individuals and differently impact mood related symptoms. Future studies should pay attention to variability in this variable and its effect on the variables of interest at T1. 

Another strength of the study is that the selected AUD patients did not present other substance use disorders. The selection of a “pure” AUD population was motivated by the fact that other substances may induce various withdrawal durations (Kosten and O’Connor, 2003) and that longitudinal studies across diverse addictive substances show that the evolution of anhedonia following abstinence is highly dependent on substances used and time courses cannot be presumed to be identical across all of them (Garfield et al., 2014).
The main aim of the study was to examine the levels of trait anhedonia in AUD patients and whether trait anhedonia reported at the beginning of alcohol detoxification may predict symptoms of depression at the end of the three weeks residential detoxification stay. In accordance with existing literature, AUD patients scored significantly higher than controls on trait anhedonia (Schmidt et al., 2001). Second finding was anhedonia emerging as a key dimension predicting future depressive symptoms in AUD women over and above anxiety and depression. This predictive link was not observed in men, with whom depressive symptoms at T1 were highly predictive of depressive state also at T2 It thus appears that a reduced capacity to experience pleasure in normally pleasurable situations is a crucial factor that influence the occurrence of depressed mood at the end of detoxification in women, while in men, this is not a central component. The larger impact that may have a lower capacity to feel pleasure on depressive mood in AUD women is interesting as regards to the observation initially made by Chapman in 1976, i.e., that women scored more hedonically than men and that “perhaps male and female subjects require a slightly different cutoff point for any dichotomization of subjects as hedonic and anhedonic”.  (Chapman et al., 1976). It is as if being naturally more hedonic than men, women would more affectively suffer than men from a lower capacity to experience pleasure. In men, more than feeling of pleasure, symptoms of sadness, pessimism, sense of failure, dissatisfaction, guilt, self-dislike, self-harm, social withdrawal, indecisiveness, self-image, work difficulty, fatigue and appetite are related to depressive symptoms at the end of detoxification. Nevertheless, trait anhedonic symptoms measured when patients enter detoxification unit may serve as a prognostic tool for identifying women who may be at risk of development of depressive symptoms later in the detoxification process. Assessing anhedonic symptoms in women at that stage may provide opportunities to more closely monitor the development of depressive symptoms and intervene specifically on anhedonia or depression to improve outcomes. Anhedonia could therefore represent an important target for intervention. Several therapeutic strategies are already available. One research group (Martinotti et al., 2011) also found that daily intravenous treatment with acetyl-l-carnitine fasted forward the decrease in anhedonia scores in detoxifying AUD patients. Among behavioral psychotherapeutic techniques, behavioral activation, a component of cognitive behavioral therapy (CBT) in which patients are trained to increase exposure to positively reinforcing experiences, has been proposed as the best suited for treating anhedonia (Treadway and Zald, 2011). 
In conclusion, 1) state anhedonia is present in AUD patients at the beginning of detoxification and reduce over time as do other affective-related symptoms, 2) trait anhedonia has a more important impact on women compared to men in AUD and it is an important factor that seems to play a role in the level of depression reported at the end of detoxification, above and beyond anxiety. This finding stresses the importance of addressing anhedonia in the treatment of AUD, and emphasizes the need for targeted interventions within clinical settings.
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