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ABSTRACT 12 

 13 

The endocrine system plays an essential role in communication between various organs of the body to 14 

maintain homeostasis. Both substance use disorders (SUDs) and non-substance abuse disrupt this system 15 

and lead to hormonal dysregulations. Here, we focus on the comparison between the function of the 16 

endocrine system in gambling disorders and alcohol addiction to understand the commonalities and 17 

differences in their neurobiological and psychological underpinnings. We review human research to 18 

compare findings on gambling addiction and alcohol dependence pertaining to the dynamic interplay 19 

between testosterone and cortisol. Understanding and classifying similarities in hormonal responses 20 

between behavioural addiction and SUDs may facilitate development of treatments and therapeutic 21 

interventions across different types of addictive disorders, while describing differences may shed light on 22 

therapeutic interventions for specific disorders. Although research on gambling addiction is in its infancy, 23 

such evaluation may still have a positive effect for addiction  research, thereby stimulating discovery of 24 

“crossover” pharmacotherapies with benefits for both SUDs and nonsubstance addictions. 25  26 
 27 
1. Introduction 28 

 29 
Addiction is usually defined as a psychological and  physical  inability to stop consuming a substance or 30 

activity, even though it is  causing harmful effects to a person's health and on their social relationships 31 

(Goodman, 1990, 2008; Sussman and Sussman, 2011; West and Brown, 2013). Some addictions involve 32 

dependence on chemical substances, and for this reason are called substance abuse disorders (SUDs) (Heather, 33 

1998). On the other hand, building on Peele's notion (Peele and Brodsky, 1975), addiction does not necessarily 34 

have to depend on substance abuse. Instead, it may also refer to a range of excessive behaviours which involve 35 

an inability to stop partaking in activities such as gambling (Griffiths, 1990; Rogers, 1998), video game playing 36 

(Keepers, 1990), media use (Horvath, 2004) and porn consumption (Phillips et al., 2015). An individual has a 37 

behavioural addiction in these circumstances (Association, A.P, 2013). Because of growing evidence from 38 

behavioural, neuroimaging and genetic studies over the past decade in the field of behavioural addiction, a 39 

recent area of debate is emerging (Alavi et al., 2012; Frascella et al., 2010; Leeman and Potenza, 2012; 40 

Wareham and Potenza, 2010). What are the similarities and differences between these two major 41 

categories of addictive disorders? Identifying the common and unique features they have may not only 42 

have important theoretical implications for understanding neuropsychological mechanisms underlying 43 

both, but also have practical implications for improving categorization, assessment, and treatment 44 

strategies (Grant et al., 2006). To date, a number of research articles (including systematic reviews and 45 

meta-analyses) have attempted to address this issue. Multiple similarities and differences between 46 

behavioural addiction and SUDs have been found at the psychological and neurobiological levels, including 47 

features of impulsivity and compulsivity (Choi et al., 2014; Lawrence et al., 2009a, 2009b; Leeman and 48 



 

 

Potenza, 2012), a core brain network of dysfunctional brain regions including ventromedial prefrontal 49 

cortex and striatum (Contreras- Rodríguez et al., 2016; Lawrence et al., 2009b; Leeman and Potenza, 50 

2012; Potenza, 2008; Verdejo-Garcia et al., 2015; Worhunsky et al., 2017), and neurotransmitter systems such 51 

as the dopaminergic and serotonergic systems (Blum et al., 2000; Leeman and Potenza, 2012; Potenza, 2008). 52 

Recent meta-analyses of fMRI data have also identified distinct disruptions of reward-processing at the time of 53 

reward outcome (Luijten et al., 2017). More specifically, individuals with SUDs showed increased activity in the 54 

ventral striatum, whereas those with gambling disorders showed decreased activity in the dorsal striatum, 55 

compared with healthy controls. 56 

In addition to the association of addiction with large scale brain networks and neurotransmitter systems, 57 

addictions have the tendency to cause changes to the endocrine system that produces hormones, chemical 58 

signals disseminated through the whole body (Kiefer and Wiedemann Kiefer and Wiedemann, 2004). Over the 59 

past decades, considerable efforts have been directed to exploring the potential relationship between 60 

substance use/dependence and the endocrine system. To date, the majority of evidence suggests an interplay 61 

between substance use/dependence and many hormone systems, including steroid hormones (Lynch and 62 

Sofuoglu,  2010). Furthermore, a number of recent systematic reviews and meta-analyses attempted to 63 

describe more precisely how steroid hormones interact with substance use and in turn contribute  to the 64 

development of substance dependence (Bawor  et al., 2015; Erol et al., 2019; Hudson and Stamp, 2011; Lee  et  65 

al.,  2002). On the other hand, despite that research on nonsubstance addictions is in its infancy, empirical 66 

evidence in support of the relationship between nonsubstance abuse (gambling disorders) and the endocrine 67 

system has gradually accumulated over the past decade. Building on these considerations, we believe that it 68 

may be of benefit to summarize the findings and identify commonalities and differences between these two 69 

categories of addictive disorders in terms of their association with the endocrine system. 70 

To address this issue, here, we present a – review of the human studies that investigated the 71 

association of steroid hormones with these two addictive disorders. Although there is evidence showing 72 

interactions between substance abuse and many hormone systems (Rachdaoui and Sarkar, 2017), 73 

comparable findings are few with regard to behavioural addiction. Accordingly, we focused on two major 74 

classes of steroid hormones: stress hormones (cortisol) and sex hormones (testosterone). Using alcoholism 75 

as an example of SUDs and gambling disorders as a common example of a behavioural addiction, we 76 

review specific hormonal explanations that may contribute to the variable behavioural effects of alcohol 77 

and gambling (see comparison between alcohol and nutrients in Alhadeff et al., 2019). Specifically, first, we 78 

will briefly review of the structure and functions of the hypothalamic–pituitary–gonadal (HPG) and  79 

hypothalamicr–pituitary–adrenal (HPA) axes. Then, we will discuss results pertaining to the interactions 80 

between substance or nonsubstance abuse and testosterone or cortisol, with an emphasis on 81 

commonalities and differences between gambling disorders and alcohol dependence. Finally, we conclude 82 

with suggestions for future studies. Where applicable, observations from healthy samples are discussed 83 

first, followed by findings in clinical addictive samples. 84 

 85 
2. The HPG and HPA axes: a brief review 86 

 87 
The HPG axis, which is highly conserved  throughout  evolution,  plays an important role in regulating 88 

reproductive function,  life  cycle and also in coordinating sexual dimorphism and behaviour. Gonadotropin-89 

releasing hormone (GnRH), is produced and secreted by the hypothalamus. GnRH stimulates the anterior 90 

pituitary to secrete follicle-stimulating hormone (FSH) and leuteinizing hormone (LH) from gonadotropic cells 91 

into the general circulation  (Fig.  1A).  FSH  and  LH  are gonadotropins that regulate the development of 92 

follicles (i.e., folliculogenesis) in females and of sperm in males. In females, under the presence of these 93 

gonadotropins, the ovaries produce and secrete the hormone estradiol. The increased level of estradiol 94 

regulates the surge in LH levels through a feedback mechanism that usually occurs during midcycle of the 95 

menstrual cycle, which then activates ovulation and the development of the corpus luteum. This in turn 96 

produces and secretes the hormone progesterone that helps maintain pregnancy. In males, LH increases the 97 

production and secretion of testosterone by Leydig cells in the testis, whereas FSH controls spermatogenesis. 98 



 

 

Feedback loop mechanisms regulate the HPG axis activity. Thus, testosterone regulates its own production and 99 

secretion by acting on the hypothalamus and anterior pituitary. This leads to the inhibition of the secretion of 100 

GnRH, LH and FSH. In fact, negativeand positive-feedback actions are observed for both estradiol and 101 

progesterone that stimulate or inhibit the release of GnRH, LH, and FSH (Sarkar, 1983) (Fig. 1A). The central 102 

nervous system acts both as a source and target of these gonadal steroid hormones because they pass through 103 

the blood brain barrier to be secreted in the peripheral blood. The influences of gonadal steroid hormones is 104 

observed in the brain through widespread modulation of both the recent neocortical regions and evolutionarily 105 

ancient brain areas of limbic nuclei, such as the basal ganglia and amygdala. 106 

In contrast, the HPA axis is the endocrine system that coordinates the body's physiologic response to 107 

stress and regulates many of the body's physiological processes (e.g., metabolic, cardiovascular, and 108 

immune functions) to allow the body to maintain homeostasis (Dallman et al., 1994; Sapolsky, 2003; Selye, 109 

1936). This hormonal system includes several major nodes: the hypothalamus, the anterior pituitary 110 

gland and the adrenal cortex (Fig. 1B). Neurons in the paraventricular nucleus (PVN) of the hypothalamus 111 

secret the corticotropin-releasing hormone (CRH), also called corticotropin-releasing factor (CRF), into the 112 

anterior pituitary via the hypophysial portal circulation. At the anterior pituitary, CRH stimulates the 113 

production and secretion of adrenocorticotropic hormone (ACTH), which is released into the systemic 114 

circulation where it binds to melanocortin type 2 receptors on cells in the outer layer of the adrenal 115 

glands (the adrenal cortex) that are located on top of the kidneys. In the adrenal cortex, ACTH stimulates 116 

release of glucocorticoid hormones—mainly cortisol in humans (Fig. 1B). The normal functioning of the 117 

HPA axis depends on intricate regulation through glucocorticoid receptors found in the anterior pituitary, 118 

hypothalamus, amygdala and hippocampus. The HPA is controlled through several feedback mechanisms 119 

(Plotsky, 1991), the principal one involving the release of cortisol through a negativefeedback action that 120 

inhibits CRH secretion (Fig. 1B). Testosterone in alcohol use/dependence and gambling/ gambling disorders 121 

 122 
2.1. Testosterone AND ALCOHOL use/dependence 123 

 124 
There is growing evidence that a relationship between testosterone levels and alcohol consumption is found 125 

in adults. A number of prior studies have found that high testosterone levels correlated positively with alcohol 126 

consumption in healthy individuals (e.g. college students, with a larger effect in males) (La Grange et al., 1995) 127 

and in healthy   older males (Wu et al., 1995). This association has also been reported in individuals with type II 128 

alcoholism with moderate dependence, characterized by early onset, disruptive behavior and  criminality  129 

(Stålenheim et al., 1998). These results suggest that males with high testosterone levels tend to show increased 130 

risk for alcohol use than males with low testosterone levels. Accordingly, in alcohol-dependent populations, an 131 

increase in testosterone concentrations should co-occur with abstaining from alcohol (Hasselblatt et al., 2003;  132 

Heinz  et  al.,  1995; King et al., 1995; Lenz et al.,  2017)  or  alcohol  withdrawal (Walter et al., 2006a) compared 133 

to healthy controls. Such an association of increased testosterone levels and an elevated risk for alcohol 134 

consumption in men may be partly accounted for by the extent of prenatal testosterone exposure. A study 135 

found that men born with congenital adrenal hyperplasia (leading to over-production of  testosterone) showed 136 

an increased frequency of alcohol drinking compared to agematched healthy controls (Falhammar et al., 2014).  137 

Two  large-scale twin studies showed that the prevalence of hospitalization for AUD in males with male co-twin 138 

(interpreted as higher testosterone levels exposure) decreases compared to males with female co-twin (leading  139 

to no additional testosterone exposure) (Lenz et al., 2012b). However, this study did not observe similar effect 140 

in females regardless of co-twin's sex, possibly because of the insensitivity of outcome  measurements  used in 141 

this study. However, a later study found that females with male co-twin exhibited more lifetime alcohol abuse 142 

symptoms than females with female co-twin (Ellingson et al., 2013). Second-to-fourth finger length ratio (2D:4D 143 

ratio) is a reliable somatic marker of prenatal exposure to testosterone (Hönekopp et al., 2007). A recent study 144 

found that 2D:4D ratio was lower in male patients with alcohol dependence compared with healthy controls 145 

(Lenz et al.,  2017).  These  findings imply a relationship between prenatal exposure to excessive testosterone 146 

levels and alcohol consumption or alcohol addiction in adults. 147 

Another line of research focuses on investigating the link between testosterone concentrations and alcohol 148 



 

 

consumption in adolescents. Although an early study revealed women with higher testosterone levels were 149 

more likely to consume alcohol (A. Martin et al., 1999), later studies found that higher levels of testosterone 150 

were reported to be linked to increased alcohol consumption in adolescent males but not in females (Costello 151 

et al., 2007; Dolsen et al., 2019; Eriksson et al., 2005). In addition, recent studies revealed that increased 152 

testosterone concentrations were also associated with earlier onset of alcohol consumption in adolescent 153 

males (de Water et al., 2013) and, predicted a higher risk of subsequent high alcohol consumption in 154 

adolescents and young adults (Braams et al., 2016). This influence of testosterone levels on alcohol use has 155 

been reported to be modulated by the functional connectivity between amygdala and orbitofrontal cortex, 156 

associated with risk taking in the form of increased alcohol intake (Peters et al., 2015). Although the majority of 157 

these studies imply a sex-specific effect of testosterone, researchers have recognized the importance of 158 

studying females in drug abuse research. There has been an increased scientific interest in illuminating the 159 

possible relationship between testosterone levels and alcohol dependence in females during menstrual  cycle 160 

(Carroll et al., 2015; Erol et al., 2019; Terner and De Wit, 2006). Pre vious studies revealed that females with 161 

normal menstrual cycles  showed increased frequency/amount of alcohol consumption at menstruation (Joyce 162 

et al., 2018), a relationship not present among oral contraceptive users (Sutker et al., 1983). Other research 163 

also reported testosterone elevations mediated by alcohol in the postand intermenstrual phases (days 7–164 

21) (Harvey and Beckman, 1985; Lindman et al., 1999; Schliep et al., 2015). 165 

The findings described above are related to the extent to which testosterone levels affect alcohol 166 

consumption. Obviously, the association of testosterone with alcohol consumption is bidirectional. Hence, 167 

alcohol consumption may alter testosterone levels during the course of alcohol addiction (Lenz et  al.,  2012a).  168 

Indeed,  accumulating  evidence in support of alterations to testosterone levels induced by acute and chronic 169 

alcohol consumption is found in humans. Early studies found a reduction in testosterone levels following heavy 170 

acute alcohol consumption in males (Mendelson et al., 1977), but not in females (Härkönen and Ylikahri, 1983; 171 

Mendelson et al., 1981). These  results have been confirmed by more recent studies by showing that acute 172 

alcohol intoxication (AAI) reduces testosterone levels in male adults (Frias et al., 2002; Sierksma et al., 2004). 173 

Interestingly, these effects found in adults could be  extended  to  male  adolescents  (Diamond  Jr  et al., 1986; 174 

Frias et al., 2000). In addition, more recent studies revealed testosterone elevations after intake of a low dose 175 

of alcohol in males (Sarkola and Eriksson, 2003), implying that the impacts of  acute  al cohol drinking on 176 

testosterone levels are dose-dependent. Similarly, many studies have consistently revealed the role of chronic 177 

alcohol abuse or alcohol dependence on testosterone levels. Several studies revealed that chronic alcohol 178 

abuse decreased testosterone concentrations in men or that men with alcohol dependence had lower levels of 179 

testosterone (Gallant, 1989; Maneesh et al., 2006; Muthusami and Chinnaswamy, 2005; Persky et al., 1977). 180 

Altogether, to date, all  stu dies on the interplay between alcohol use and testosterone levels reveal consistent 181 

findings in males in terms of a bidirectional relationship between them. The results in females remain 182 

inconclusive. 183 

Alcohol can affect testosterone levels by several different  cellular and molecular mechanisms at different 184 

sites, from the central nervous system to peripheral organs, including the liver and testes (Rachdaoui and 185 

Sarkar, 2017). Thus, consumption of ethanol by alcohol-dependent individuals induces toxic effects leading to 186 

hormonal dysregulations (decreases of testosterone and progesterone, increases of estradiol) via the HPG axis 187 

causing hypogonadism, decreased fertility and menstrual cycle irregularity (Frias et al., 2002;  Rachdaoui  and  188 

Sarkar,  2017).  In  the brain, ethanol decreases testosterone by inhibiting enzymes required for its synthesis 189 

from its precursor cholesterol, including hydroxysteroid dehydrogenase, oxoreductase and desmolase (Sanna 190 

et al., 2016). Furthermore, alcohol consumers and alcohol-dependent individuals can develop liver diseases 191 

that will impact the catabolism of steroids including testosterone. In fact, ethanol elevates the activity of 192 

aromatase, an enzyme that converts androgens to estrogens, especially in the liver (Purohit, 2000). In 193 

addition,  ethanol reduces the metabolism of vitamin A, such as retinol, which impacts the retinoid 194 

homeostasis throughout the body (Clugston and Blaner, 2012). Thus, the  levels of retinol and retinoic acid are 195 

not only reduced in the liver but also in the testes. Retinoic acid is essential for spermatogenesis and its level is 196 

reduced by ethanol that inhibits its synthesis from vitamin A by retinol dehydrogenase 10 enzyme (Tong et al., 197 

2013). Ethanol also directly induces spermatogenic cell apoptosis (Jana et al., 2010). Meanwhile, retinoic acid is 198 



 

 

an essential transcription factor during development and it has been reported recently that alcohol 199 

teratogenicity is mediated by the inhibition of the retinoic acid biosynthesis from retinal (Shabtai et al., 2018). 200 

It is important also to pay attention to the constant interplays between neurosteroids, alcohol, ɣ-201 

aminobutyric acid type A (GABAA) receptors and, N-methyl-D-aspartate (NMDA) receptors (Helms et al., 2012; 202 

Purdy et al., 2005). GABAA receptors represent major targets for ethanol. GABAA is an important inhibitory  203 

neurotransmitter  in  the brain. Ethanol increases GABA activity in the brain through (i) the presynaptic neuron 204 

that increases GABA release and (ii) the postsynaptic neuron that facilitates the activity of the GABAA 205 

receptors. Ethanol also modulates the GABAA receptor activity though an increase  of neurosteroid synthesis 206 

(Purdy et al., 2005; Sanna et al., 2004). Efficacy of GABA is increased by concentrations of steroids that do not 207 

activate the receptors by themselves while others are direct agonists that are able to open the ionic channel 208 

of GABAA receptor in the absence of GABA neurotransmitter (Helms et al., 2012). In different brain regions, it 209 

has been observed that neurosteroids enhance the actions of GABA at GABAA receptors and since ethanol 210 

enhances GABA release, these actions are likely to be synergic (Helms et al., 2012). 211 

 212 
2.2. Testosterone AND GAMBLING/GAMBLING BEHAVIOR 213 

 214 
Increasing efforts over the past decade have been directed at investigating the possible association 215 

between testosterone levels and gambling behavior (Stenstrom and Saad, 2011). A number of studies have 216 

found that testosterone levels are linked to a wide range of gambling-related behavioural phenotypes in 217 

healthy subjects, including violent and aggressive behavior in both men and women (Archer et al., 1998; 218 

Book et al., 2001; Dabbs and Hargrove, 1997; Dabbs Jr and Morris, 1990; Mehta and Beer, 2010), greater 219 

risk taking (Nofsinger et al.,  2018; Sapienza et  al., 2009; Stanton  et al., 2011; van Anders et al., 2012; 220 

White et al., 2006) and increased impulsivity (Takahashi et al., 2006). Furthermore, endogenous 221 

testosterone levels were correlated with economic risk taking in real life which has been found in the 222 

traders from the stock market of London (Coates and Herbert, 2008). Using a proxy of prenatal 223 

testosterone exposure (2D:4D ratio), a recent study revealed that such an index could predict risk taking 224 

propensity that relates to gambling behavior (Evans and Hampson, 2014). Other studies provide evidence 225 

that testosterone levels correlate with risk taking during gambling-related activity in male and female 226 

adolescents (de Macks et al., 2016; de Macks et al., 2011). Moreover, these results have been confirmed 227 

by more recent studies investigating the role of testosterone administration on gambling behavior. For 228 

example, males exhibited elevated impulsive and risky behavior after exogenous testosterone 229 

administration compared to the placebo group (Goudriaan et al., 2010; Van Honk et al., 2004; Van Honk et 230 

al., 2016; Wu et al., 2019; Wu et al., 2020). However, one study on male college students failed to 231 

produce the effects of testosterone using a delay discounting rate task (reflecting impulsive behaviour) 232 

(Ortner et al., 2013), possibly because of dose and gender differences (Doi et al., 2015; Wu et al., 2020). 233 

Since the relationship between addictive behavior and testosterone levels is bidirectional, another line of 234 

research has studied the influence of gambling behavior on testosterone levels. A study found that 235 

testosterone significantly increased during a one-on-one poker competition, while outcomes of the 236 

gambling competition did not affect testosterone levels (Steiner et al., 2010). A more recent study not only 237 

supports these findings, but also suggests that such effects could be extended into a slot machine 238 

gambling task in healthy male subjects (Ferrari et al., 2018). Taken together, these results clearly suggest 239 

that increased levels of testosterone in healthy subjects are related to higher risk taking or to higher 240 

impulsive propensity that relate to gambling behavior. At the same time engaging in gambling-related 241 

activity modulates testosterone levels in healthy subjects. 242 

Given the fact that increased impulsivity and risk taking have been proposed as good  predictive  markers  243 
for  gambling  addiction  (Bodor et al., 2016; Verdejo-García et al., 2008), the association between circulating 244 
testosterone levels and impulsive and risky behavior in healthy subjects implies the hormonal underpinning of 245 
these behavioural problems. Blanco et al., (2001) reported the first empirical study directly comparing basal 246 
testosterone levels between gambling disorders and age/gender matched healthy controls (Blanco et al., 2001). 247 
They found that there was no significant between-group difference in basal testosterone levels and that 248 



 

 

testosterone levels did not correlate with personality traits such as neuroticism and extroversion measured by 249 
the Eysenck Personality Questionnaire (Eysenck and Eysenck, 1975). Aside from this study, surprisingly, no other 250 
research has directly investigated potential interactions between testosterone and gambling behavior in a 251 
sample of individuals with gambling disorders. Based on animal model experiments with adapted IGT showing 252 
the effect of testosterone levels in the decision making and in its altered phenotype (Wallin-Miller et al., 2018), 253 
it is tempting to speculate on the cellular and molecular pathophysiological mechanisms regulated by elevated 254 
levels of testosterone and, likely other neurosteroids. They may impact the brain neurotransmission, especially 255 
via the GABAergique system. Interestingly, it has been shown recently that subjects with problem gambling 256 
present a reduced dopamine induced GABA release, supporting a possible contribution to a loss of inhibitory 257 
control, reported by the clinical assessment of subjects (Møller et al., 2019). 258 

In summary, accumulating evidence points to the positive relationship between testosterone levels 259 

and risk taking or impulsive propensity that relate to gambling behavior in samples of healthy subjects. 260 

Moreover, testosterone administration could increase gambling proneness and in turn, there is an 261 

increase in testosterone concentrations during gambling. However, the knowledge about the interplay 262 

between gambling behavior and testosterone is very limited in individuals with a gambling addiction. 263 

 264 
2.3. SIMILARITIES AND differences REGARDING testosterone in ALCOHOL use/ dependence vs. GAMBLING/GAMBLING disorders 265 

 266 
The empirical findings described above indicate that increased testosterone levels are related to increased 267 

alcohol use in healthy subjects, mainly in male adults and adolescents. Higher testosterone levels correlate 268 

positively with greater risk taking or increased impulsivity in alcohol consumption in men, thereby increasing 269 

vulnerability to  al cohol addiction. Meanwhile, acute alcohol drinking significantly suppressed testosterone 270 

levels mainly in males, and such effects are dosedependent. Furthermore, previous studies have revealed that 271 

chronic alcohol consumption decreased testosterone levels in alcohol-dependent males. These studies not 272 

only suggest a sex-specific effects of testosterone on alcohol consumption, but also show blunted testosterone 273 

responses to acute or chronic alcohol consumption. Similarly, with respect to gambling addiction, prior studies 274 

found a similar relationship between testosterone levels and gambling behavior in healthy subjects. High 275 

testosterone levels are associated with increased risk taking or impulsive dispositions that relate to gambling 276 

behavior. Accordingly,  most results support a relationship  between high levels  of  testosterone and 277 

increased alcohol consumption or gambling behavior in healthy subjects (Fig. 2). In contrast, differences in 278 

the link between testosterone concentrations and alcohol abuse or gambling behavior have been found 279 

between gambling disorder and alcohol-dependent individuals (Fig. 2). Although  a significant between-group 280 

difference in testosterone levels is observed in alcohol-dependent individuals in terms of reduced testosterone 281 

levels, to date, previous studies failed to find similar effects in gambling disorders (Blanco et al., 2001). In 282 

addition, previous studies on alcohol addiction support sex-specific effects of testosterone on alcohol 283 

consumption, whereas we can not draw similar conclusions on gambling disorders based on the literature 284 

available in the field. However, the behaviour of risk-taking, observed in both gambling disorder and AUDs,  is 285 

clearly correlated with the level of testosterone, as well  as cortisol and the gender of the individuals (Barel et 286 

al., 2017). Thus, a significant higher testosterone/cortisol ratio is related to a higher risk-taking in males while 287 

an opposite correlation is observed in females (Barel et al., 2017). This observation and previous cited works 288 

on decision making suggest that testosterone, and likely other neurosteroids, from the HPG axis, with the 289 

participation of other endocrine  modulators  from  the HPA axis, may act in the same manner in both alcohol 290 

use and gambling behavior. 291 

To summarize, evidence suggests a relationship between high levels of testosterone and both increased 292 

alcohol consumption and elevated gambling behavior. In contrast, reduced testosterone levels are found in 293 

alcohol-dependent individuals, whereas no  between-group  differences in testosterone levels in gambling 294 

disorders are observed. In addition, the interplay between testosterone levels and alcohol consumption or 295 

alcohol addiction is sex-specific, while not enough evidence supports such effects in gambling disorders. 296 

 297 
3. Cortisol in alcohol use/dependence and gambling disorders 298 

 299 



 

 

3.1. Cortisol in ALCOHOL use AND dependence 300 
 301 

Over the past decades, accumulating evidence clearly demonstrates a dynamic interplay between the 302 

functioning of the HPA axis and alcohol use and dependence (Blaine and Sinha, 2017; Uhart and Wand, 303 

2009; Wemm and Sinha, 2019). In healthy population samples, a relationship between cortisol secretion 304 

and alcohol consumption has been reported. A few epidemiological and longitudinal studies found 305 

increased cortisol levels in heavy drinkers, especially in males (Badrick et al., 2008; Gianoulakis et al., 306 

2003) and in adolescents (Ruttle et al., 2015). These findings have been corroborated by other recent 307 

studies showing a positive relationship between cortisol levels and units of alcohol use per week in male 308 

heavy drinkers and an increased cortisol awakening response in female heavy drinkers (Badrick et al., 309 

2008). Moreover, this association is dependent on alcohol cue contexts in heavy drinkers, thereby 310 

modulating their behavioural motivation for alcohol (Blaine et al., 2019). These findings suggest that 311 

alcohol use is related to the activation of the HPA axis in non-dependent users and may imply chronic 312 

changes to the HPA axis in chronic drinking individuals. Some researchers argued that such an association 313 

was possibly driven by the role of acute stressors in the motivation for alcohol use (Goeders, 2004; Sinha, 314 

2001; Sinha and O'Malley, 1999; Stephens and Wand, 2012). A wealth of preclinical and clinical data 315 

generally support that acute exposure to stress increases the vulnerability to alcohol abuse and craving 316 

(Amlung and MacKillop, 2014; Bibbey et al., 2015; Breese et al., 2005; Breese et al., 2011; Chaplin et al., 317 

2008; Childs et al., 2011; de Wit et al., 2003; Magrys and Olmstead, 2015; Serre et al., 2015). In addition, 318 

increasing efforts have also been devoted into investigating effects of alcohol use in humans. Acute alcohol 319 

consumption has been demonstrated to consistently stimulate the HPA axis and increase cortisol levels in 320 

non-dependent alcohol users (Allen et al., 2011; Childs et al., 2011; Frias et al., 2000; Gianoulakis et al., 321 

1996; Magrys et al., 2013; Mendelson and Stein, 1966; Sarkola et al.,1999; Välimäki et al., 1984a). 322 

Frequent, heavy alcohol use dysregulates the HPA axis in these non-dependent alcohol consumers. The 323 

data generally support the notion that basal cortisol levels increase in both male heavy drinkers (Thayer et 324 

al., 2006) and female heavy drinkers (Wemm et al., 2013). Moreover, other evidence also found that 325 

increases in cortisol levels induced by alcohol consumption were attenuated in heavy compared  to  326 

light/moderate  social  drinkers  (King et al., 2006; Orio et al., 2018), possibly because of a blunted cortisol 327 

response to alcohol in those who were heavy consumers. 328 

On the other hand, alterations of the HPA functioning in alcoholdependent users were also found. Evidence 329 

suggests elevated cortisol levels in alcohol-dependent  individuals  (Adinoff  et  al.,  2003;  Bertello et al., 1982). 330 

Furthermore, cortisol levels tend to be elevated during periods of heavy intake in alcohol-dependent patients 331 

(Wand and Dobs, 1991). Abstaining from alcohol consumption and during withdrawal, individuals with alcohol 332 

dependence showed elevated basal cortisol levels (Errico et al., 2002; Mendelson et al., 1966; Starcke et al., 333 

2013; Välimäki et al., 1990; Walter et al., 2006b), and reduced diurnal secretion pattern (Ravitz and Nutt, 334 

1991). However, longer abstinence reduced basal cortisol levels (Motaghinejad et al., 2015). In line with these 335 

findings, those who were alcoholics have been consistently shown to have blunted cortisol responses to both 336 

physical and psychological stressors (Bernardy et al., 1996; Errico et al., 1993; Muehlhan et  al., 2018; Wand 337 

and Dobs, 1991). 338 

Collectively, these findings support that alcohol acutely enhances activity of the HPA axis in individuals 339 

without alcohol dependence and may therefore dysregulate the stress response to a stressor. In addition, 340 

these reports also point to neuroadaptations in the HPA response in individuals with heavy, chronic use  and  341 

alcohol  dependence  resulting in a blunted phasic response but elevated tonic levels relative to healthy 342 

controls. 343 

 344 
3.2. Cortisol in GAMBLING/GAMBLING disorders 345 

 346 
Over the past decade, a wealth of evidence points to a relationship between basal cortisol levels and 347 

impulsivity or risk taking dispositions in healthy subjects. There is evidence showing a significant negative 348 

association between basal cortisol levels and time-discounting rate of monetary gains in males 349 



 

 

(Takahashi, 2004). This suggests that individuals with low cortisol levels tend to be more impulsive in 350 

intertemporal choice. Other research also revealed a negative correlation between levels of cortisol and 351 

risky choices in a gambling task (van Honk et al., 2003). Those with low levels of cortisol adopting a 352 

disadvantageous pattern of risky decision making. These findings indicate a relationship between low 353 

levels of cortisol and impulsive or risk taking dispositions that relate to gambling behaviour in healthy 354 

subjects, which may underpin a predisposition towards gambling disorders. Indeed, recent evidence seems 355 

to support this argument by showing a negative correlation between cortisol levels and gambling severity 356 

in individuals with gambling disorders (Geisel et al., 2015). In addition to such correlative evidence, 357 

another line of research put an emphasis on the interplay between cortisol and gambling behavior in 358 

healthy subjects and gambling-addicted individuals.  Regarding the effects of gambling on cortisol 359 

secretion, several studies found that cortisol increased during casino gambling (blackjack) in male 360 

subjects without gambling addiction relative to control conditions (Krueger et al., 2005; Meyer et al., 361 

2000). Thus a similar effect might contribute to the development of gambling addiction. Indeed, an early 362 

study supports this notion by showing a relationship between basal cortisol levels and psychological 363 

measures in pathological gamblers (Ramirez et al., 1988). In individuals with gambling disorders, an early 364 

study found that pathological gamblers showed increased cortisol production compared to baseline values 365 

throughout gambling sessions and there was a significant between-group difference (Meyer et al., 2004). 366 

Another study also found elevated cortisol levels throughout the gambling sessions, but did not find 367 

between-group differences (Labudda et al., 2007). 368 

However, more recent studies highlight sex differences in cortisol levels in response to gambling stimuli 369 

in gamblers (a larger effect in males) (Franco et al., 2010; Paris et al., 2010a). In addition to effects of 370 

gambling stimulation on cortisol levels, there are some studies attempting to investigate the impacts of 371 

acute stressors on the functioning of the HPA axis in individuals with gambling disorders. An early study 372 

showed a hypoactive HPA response to acute stressors induced by watching a video of gambling activity in 373 

pathological gamblers compared to recreational gamblers, regardless of gender (Paris et al., 2010b), while 374 

more recent studies failed to find a difference in the HPA response to social stress between individuals 375 

with gambling disorders and healthy controls (Arshad, 2018; Maniaci et al., 2018; Wemm et al., 2018). 376 

Since gambling itself can act as a stressor and has stress-like physiological effects (Buchanan et al., 2020), 377 

such evidence may indicate that effects of stress on the HPA response in gambling-addicted individuals is 378 

relatively specific to stressful events associated with gambling activity. Moreover, surprisingly, these 379 

studies did not find any significant difference in basal cortisol levels between compulsive gamblers and 380 

healthy controls. This observation has been corroborated by a recent brain imaging study (Li et al., 2014). 381 

Although no betweengroup differences were observed in basal levels of cortisol, levels of cortisol were 382 

found to be positively correlated with ventral striatal responses to monetary vs. erotic cues in gamblers, 383 

but not in healthy controls. This finding may imply that the association between cortisol levels and 384 

motivational bias towards gambling-related stimuli reflects an effort to restore homeostasis from 385 

allostasis caused by chronic exposure to gambling (a stressful event) in individuals with gambling 386 

disorders, as discussed in a recent review (Biback and Zack, 2015). 387 

 388 
3.3. SIMILARITIES AND differences REGARDING cortisol in ALCOHOL use/ dependence vs. GAMBLING disorders 389 

 390 
Empirical studies have consistently revealed a link between basal cortisol levels and alcohol 391 

consumption or gambling proneness in healthy subjects. However, the direction of such an association is 392 

somewhat different in alcohol use vs. gambling behavior (Fig. 3). There is a positive association between 393 

basal levels of cortisol and alcohol consumption in both light and heavy drinkers, whereas there is a 394 

negative relationship between basal cortisol levels and risk taking or impulsive propensities that relate to 395 

gambling behavior in healthy subjects or gambling severity/duration in individuals with gambling 396 

disorders. These opposing patterns of relationships between nonsubstance vs. substance abuse make 397 

opposing predictions concerning vulnerability to addiction. Individuals with high cortisol levels are at high 398 

risk of alcohol abuse, while those with low cortisol levels are at high risk of developing gambling 399 



 

 

addictions. 400 

In addition, evidence from these two lines of research suggest commonalities in the effects of alcohol 401 

consumption or gambling stimulation with respect to cortisol secretion. Alcohol  intake  or engaging in 402 

gambling increased cortisol levels in both healthy subjects and ad dicts. Although there is evidence to show that 403 

such effects are dosedependent for alcohol consumption, no such evidence is available in the field of gambling 404 

studies. Individuals with alcohol dependence and gambling disorders show blunted cortisol responses to 405 

stressors, indicating alterations to the activity of HPA axis in nonsubstance and substance addicts. However, 406 

those who were alcohol dependent also showed high tonic cortisol levels and a blunted phasic cortisol 407 

response to stressors, whereas little is known about such aspects of cortisol response in gambling disorders. 408 

Furthermore, basal cortisol levels are elevated in alcohol-dependent individuals relative to healthy controls 409 

(Blaine and Sinha, 2017), while no such between-group differences are observed in those with gambling 410 

disorders. Another aspect that should be taken into account is the gender of the individuals. The level of 411 

cortisol, as well as, the answer to a stress are different between men and women. Furthermore, both resting 412 

level of cortisol and the response to a stress change depending of the stage of estrous cycle. Cortisol levels 413 

modulate the decision making and, in particular the risky behaviour. It has been shown in human and in animal 414 

models that males are more risk-prone than females, or have less aversion to the risk than females. 415 

Furthermore, it has been demonstrated as tasks progress, males but not females, increase their preference for 416 

advantageous options, thus improving their overall performance and net gain (Georgiou et al., 2018; Van den 417 

Bos et al., 2009). 418 

The research showing blunted HPA activation in substance use disorders leads to the question of whether 419 

the difference of HPA function is a consequence of addiction or a characteristic of the people. In fact, a hypo-420 

responsive HPA indicates the gravity of the addictive process. AUD patients harboring lower cortisol responses 421 

to public speaking stress relapse more rapidly under treatment (Junghanns et al., 2003). The same observation 422 

was reported when the cortisol response was measured in a cue exposure procedure with responses to 423 

alcohol cues (Junghanns et al., 2004). Interestingly, works on  abstinent  smokers show that lower cortisol 424 

responses to stressors harbor also a greater relapse potential (Al'absi, 2006). Furthermore, lower tonic cortisol  425 

levels were observed in smokers presenting a higher relapse probability (Steptoe and Ussher, 2006). Finally, 426 

AUDs and gambling behavior may partly result from a common neurocognitive default due to a maladaptive 427 

decision making modulated by stress and cortisol. 428 

 429 
4. Limitations of current knowledge 430 

 431 
Based on the description above, most of the data currently available demonstrate neuroendocrine changes 432 

accompanying excessive substance use (e.g., alcohol consumption)  and excessive behaviours (such   as 433 

gambling). Such an association between neuroendocrine changes and addictive-related behaviour provides 434 

important clues to the nature of changes occurring as a result of the substance or nonsubstance use associated 435 

with vulnerability to addiction and addiction. Data concerning the involvement of the HPA system is far more 436 

coherent for both substance and nonsubstance use disorders. Nevertheless, this review also indicates 437 

potential limitations in contemporary knowledge about the relationships between hormonal changes and 438 

alcohol use or gambling. Firstly, even though the majority of investigations on alcohol use/  misuse have been 439 

conducted in men, there is an increasing number of 440 

studies supporting the existence of gender differences in several aspects of such behaviour (Agabio et al., 2017; 441 

Becker and Hu, 2008; Erol and Karpyak, 2015). Gender-related differences in alcohol  consumption  have long 442 

been attributed to some psychosocial factors (e.g., personality traits such as impulsivity and risk taking) (Cook 443 

et al., 1998; Nolen-Hoeksema and Hilt, 2006). Although social and cultural expectations for alcohol 444 

consumption between the sexes differ, biological differences between men and women could play an 445 

important role in these behavioural differences. One important biological difference between sex involves sex 446 

hormones such as testosterone, which have been argued to account partly for different motives to consume 447 

alcohol between the sexes (Erol et al., 2019; Rosanna et al., 2016). In contrast, although similar psychosocial 448 

factors have been found to play an important role in gender-related differences in some aspects of gambling 449 



 

 

behaviour (LaBrie et al., 2007), the possible contribution of hormonal factors to such differences in gambling –450 

behaviour is very limited (Sapienza et al., 2009). As such, we believe that an increase  in  knowledge of 451 

hormonal influences contributing to different motives to consume alcohol or gamble between the sexes 452 

suggests the need to perform studies recruiting adequate numbers of women with gambling disorders. This will 453 

undoubtedly advance our understanding of behavioural addictions, especially in relation to personality traits 454 

such as impulsivity and risk taking that are central to the development of gambling -behaviour. 455 

Secondly, despite remarkable progress on examining the dynamic interplay between testosterone levels and 456 

alcohol consumption or gambling –behaviour in alcohol or gambling  addiction,  the  potential  link between 457 

circadian rhythms of testosterone concentrations and  these addictive –behaviours seems to be neglected. The 458 

testosterone diurnal patterns have been shown to be highest in the morning hours  and lowest in the evening 459 

hours in healthy individuals (Kraemer et al., 2001; Passelergue et al., 1995). Moreover, there are age-related 460 

alterations in the circadian rhythms of testosterone secretions characterized by a decrease in testosterone 461 

levels and the loss of its circadian rhythmicity with normal aging (Bremner et  al.,  1983;  Copinschi  and Van 462 

Cauter, 1995; Richardson, 1990; Tenover et al., 1988; Touitou, 1995; Touitou and Haus, 2000). Although altered 463 

testosterone diurnal patterns have been found to occur in relation to some psychiatric and neurological 464 

diseases (Collomp et al., 2016), such as schizophrenia (Taherianfard and Shariaty, 2004)  and  Parkinson's  465 

disease  (Nitkowska et al., 2015; Ready et al., 2004), only early preliminary studies have investigated possible 466 

alterations in such circadian rhythmicity in male alcoholics (Bertello et al., 1982; Välimäki et al., 1984b). More 467 

importantly, to our knowledge, the circadian rhythm of testosterone has not been investigated in gambling 468 

disorders. To deepen our understanding of the contribution of hormonal factors to alcohol and gambling 469 

addiction, this requires future studies on the link between testosterone circadian rhythm and these kinds of 470 

addictive disorders and how age modulates such a potential link. 471 

Last but not the least, interest in the potential link between gambling and mood states from gamblers or 472 

alcoholics has increased. Previous studies have found that gambling leads to changes in levels of subjective 473 

mood state (Dickerson and Adcock, 1987; Gee et al., 2005; Mishra et al., 2010). More importantly, mood states 474 

influence individuals' risky decisions in gambling tasks  (Buelow  and  Suhr,  2013)  and can act as predictors of 475 

problem gambling (Matthews et al., 2009).    It has also been found that the need to regulate mood states 476 

contributes to persistent gambling in gambling disorders (Goldstein et al., 2014; Griffiths, 1995; Lloyd et al., 477 

2010). Similarly, alcohol consumption has been found to be associated with lower levels of nervousness 478 

(Swendsen et al., 2000) and elevated moods (Freed, 1978). At the same time, recent evidence has further 479 

revealed that mood states can also act as predictors of alcohol use and problems (Hogarth et al., 2018; 480 

Stevenson et al., 2019). On the other hand, affective states are known to be regulated by testosterone (Van 481 

Wingen et al., 2011) and mood dysregulation has long been associated with HPG axis dysfunction (Toren et al., 482 

1996). Meanwhile, cortisol has been found to be associated with anxiety or depressive symptoms in mood 483 

disorders (Forsythe et al., 2010). All together, these data seem to indicate a possible mediating role of mood 484 

states in the relation between these two hormones and alcohol or gambling problems, which may promote 485 

vulnerability  to  these two addictive disorders. Direct evidence supporting this is  a  subject for future studies.. 486 

 487 
5. Future research considerations 488 

 489 
In addition to those aspects described above, the following research directions may be considered in future 490 

studies. 491 

Firstly, regarding treatment studies, findings from alcohol use/dependence and gambling disorders 492 

collectively suggest that altered functioning of the HPA and HPG axes may serve as a target for the 493 

investigation of therapeutic interventions and a marker to evaluate prevention efforts (Greenwald, 2018; 494 

Milivojevic and Sinha, 2018). The prevention cares targeted at individuals with risk factors known to modulate 495 

the sex hormone system and the stress system (including early life experience, genetics, family education and 496 

environment) may decrease the likelihood that they will develop a substance or nonsubstance use disorder. 497 

Furthermore, with regard to treatment cares for  those  with addictive disorders, understanding the 498 

commonalities and differences in the neuroadaptations of HPG and HPA axes between substance and 499 



 

 

nonsubstance addiction may provide clinically valuable  informa tion for deciphering how treatments act, 500 

especially  for understanding for whom specific therapeutics work best for each type of addictive disorder. 501 

Secondly, other research directions may be taken into account by future studies searching the interplay 502 

between testosterone concentrations and alcohol use or gambling abuse. Regardless of addictive disorders, in 503 

human studies, females with menarche history or oestrus phase should be considered. Similarly, the possible 504 

role of potential confounders, such as oral contraception, need also to be considered. More importantly, very 505 

few studies attempted to explore the interplay between testosterone levels and gambling disorders, especially 506 

at different stages of gambling addiction. Apart from studying testosterone roles during various developmental 507 

stages, the consideration of other phases, including the periods of prolonged abstinence to gambling addiction, 508 

will help to investigate the relationship between testosterone levels and propensity to relapse. This may shed 509 

light on treatment design. 510 

Finally, with the development of research on the interplay between the HPG or HPA systems and addictive-511 

related behaviours, this may require future larger replication studies and meta-analyses to confirm  the 512 

observed findings. 513 

 514 
6. Conclusions 515 

 516 
Despite that the research on gambling disorders is in its infancy, the contemporary evidence supports a 517 

positive association of testosterone levels with both increased alcohol consumption and gambling behavior in 518 

humans. However, reduced testosterone levels are found in alcoholdependent individuals, whereas no 519 

between-group differences in testosterone levels in gambling disorders are observed. In addition, the interplay 520 

between testosterone levels and alcohol consumption or alcohol addiction is sex-specific, whereas there is 521 

insufficient evidence to determine whether this is the case in gambling disorders. Similar to testosterone, 522 

cortisol levels have been linked to alcohol consumption or gambling proneness in previous studies. However, 523 

the direction of such an association is somewhat different in alcohol use vs. gambling behaviour. Further 524 

research that includes both sexes, mood states and circadian patterns is needed to elucidate the complex 525 

interplay between these two hormones and substance use disorders and nonsubstance addictions. This is 526 

necessary to deepen the understanding of similarities and differences between these two kinds of addictive 527 

disorders and for the development of appropriate health policies. 528 
 529 
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Fig. 1. Hormone production. (A) The key elements of the hypothalamic-pituitary-gonadal axis; (B) The key 

components of the hypothalamic-pituitaryadrenal axis. GnRH, gonadotropin-releasing hormone; LH, luteinizing 

hormone; FSH, follicle-stimulating hormone. CRH,  corticotropin-releasing  hormone; ACTH, adrenocorticotropic 

hormone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Bidirectional relationship between testosterone and  substance  and  nonsubstance abuse in humans. 

(Left) Dynamic interplay between testosterone levels and alcohol consumption in individuals with and without 

alcohol dependence. + indicates an inductive link; − denotes an inhibitory link; # implies dose-dependent 

relationship. Note that there are sex-specific effects of testosterone and thus this association  is  more  strong  

in  males.  (Right) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The bidirectional relationship between cortisol and substance and nonsubstance abuse in humans. (Left) 

The dynamic interplay between cortisol levels and alcohol consumption in individuals with and without alcohol 

dependence. + indicates an inductive link; − denotes an inhibitory link; # implies a blunted phasic response but 

elevated tonic levels in  

 


