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ABSTRACT
Introduction: Alcohol dependence is a chronic relapsing 
disorder characterised by compulsive alcohol use, craving, 
and withdrawal symptoms. Emerging evidence suggests 
testosterone may influence craving intensity and impulsivity 
during early abstinence.

Aim: To determine relationship between serum testosterone, 
severity of dependence, impulsivity, and craving in males with 
alcohol dependence. 

Materials and Methods: The present single-centre, prospective 
observational study was conducted in the Psychiatry Outpatient 
Department (OPD) of Chettinad Hospital & Research Institute, 
Chennai,Tamil Nadu, India (May 2024-June 2025); 55 male 
patients (18-59 years) with International Classification of 
Diseases (ICD)-11 alcohol dependence (6C40.2) were enrolled 
after written informed consent and Institutional Human Ethics 
Committee (IHEC) approval (IHEC-I/2824/24; 02/05/2024). 
Serum total testosterone (CLIA) was measured on days 1 and 7, 
alcohol craving (PACS) on days 1 and 7, dependence severity 
(SAD-Q), impulsivity (BIS-11) and sociodemographics; analyses 
used Statistical Package for Social Sciences (SPSS) v26 with 
Shapiro-Wilk tests for normality, independent-t/Analysis of 
Variance (ANOVA) for group comparisons, paired-t for within-

person change, and adjusted (partial) Pearson correlations 
(two-tailed α=0.05).

Results: Craving scores were significantly higher among 
patients aged 40-60 years (mean=24.1, p=0.001). Impulsivity 
scores were significantly elevated in lower socioeconomic 
backgrounds (mean=67.1, p=0.021). On day 1 of abstinence, 
craving increased with severity of dependence, ranging 
from 19.2 (mild) to 23.3 (severe), with statistically significant 
differences (p=0.002), while all groups showed significant 
craving reduction by day 7 (p<0.001). Serum testosterone 
levels declined from day 1 to day 7, particularly in moderate 
and severe groups (p=0.014 and p=0.001, respectively), 
though between-group differences remained non-significant. A 
significant positive correlation was found between testosterone 
and craving on day 7 (r=0.382, p=0.004), and reduction in 
testosterone strongly correlated with reduction in craving over 
7-day period (r=0.529, p<0.001). 

Conclusion: The study found a significant positive correlation 
between changes in serum testosterone levels and craving 
during early abstinence in alcohol-dependent males. These 
findings suggest that testosterone may serve as a potential 
biomarker for craving intensity.

Introduction
Alcohol dependence remains one of the most prevalent and 
debilitating substance use disorders worldwide, characterised by 
compulsive alcohol consumption, tolerance, withdrawal symptoms, 
and significant impairment in personal, social, and occupational 
domains [1]. Globally, alcohol use contributes to over 3 million 
deaths annually and accounts for 5.1% of the global burden of 
disease and injury, with a disproportionately higher impact on men 
[2]. In India, the National Mental Health Survey (2015-2016) reported 
a lifetime prevalence of 9% for alcohol use disorders among adult 
males, with significant regional and socioeconomic variability [3,4]. 
Severe alcohol dependence is linked to persistent alterations in the 
mesolimbic dopamine system, glutamatergic excitotoxicity, and 
HPA axis dysregulation, which collectively contribute to compulsive 
alcohol-seeking behaviour [5,6].

Craving, defined as an intense desire or urge to consume alcohol, 
is a core feature of alcohol dependence and a major contributor 
to relapse during abstinence [5]. The Penn Alcohol Craving Scale 
(PACS) and other validated tools have established craving as a 
dynamic and measurable construct that varies with abstinence 
duration, environmental cues, and neurobiological changes [6]. 
Craving intensity has been shown to peak during early withdrawal 

and taper off over time; however, individual variations in craving 
trajectories suggest involvement of underlying neurochemical and 
hormonal mechanisms [7]. Among the neuroendocrine factors 
implicated in addiction-related craving and relapse, testosterone 
has received increasing attention due to its influence on mood, 
behaviour, and reward processing [8]. testosterone, the primary 
male androgen hormone, plays a crucial role in modulating 
neurobehavioral traits such as aggression, impulsivity, and risk-
taking-traits often associated with the initiation and maintenance 
of substance use disorders [9]. testosterone also interacts with the 
Hypothalamic-Pituitary-Gonadal (HPG) axis and the dopaminergic 
reward pathways, both of which are disrupted in alcohol 
dependence [10].

Aubele T et al., demonstrated that testosterone enhances 
the sensitivity of mesolimbic dopaminergic neurons, thereby 
intensifying responses to rewarding stimuli, including drugs 
and alcohol [11]. In animal models, testosterone administration 
has been shown to increase ethanol consumption and 
preference, suggesting a facilitatory effect on alcohol-seeking 
behaviour [12,13]. Conversely, testosterone depletion reduces 
substance-related behaviours, highlighting its potential 
regulatory role in addiction vulnerability. Clinical studies have 
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also begun to elucidate the relationship between testosterone 
levels and alcohol use behaviours in humans. Chronic alcohol 
consumption has been associated with significant alterations 
in serum testosterone levels, often leading to hypogonadism 
in long-term users due to hepatic dysfunction, suppression of 
luteinising hormone, and direct testicular toxicity [14]. One of the 
few studies directly examining this relationship, conducted by 
Heberlein and colleagues (2016) [15], evaluated testosterone and 
Brain-derived Neurotrophic Factor (BDNF) levels in male patients 
undergoing alcohol withdrawal. The study found a significant 
positive correlation between serum testosterone and craving 
scores, particularly during the early abstinence period. These 
findings suggested that testosterone could serve not only as a 
biomarker of withdrawal severity but also as a potential modulator 
of craving intensity. Such associations underscore the need for 
further research into testosterone dynamics and their behavioural 
correlates in alcohol dependence [15].

In addition to craving, impulsivity is another critical trait in the 
pathophysiology of alcohol use disorders. Impulsivity, broadly defined 
as the tendency to act prematurely or without adequate forethought, 
is a multidimensional construct encompassing attentional, motor, 
and non-planning components [16]. Elevated impulsivity has been 
linked to early initiation of substance use, higher consumption 
patterns, poor treatment adherence, and increased relapse rates 
[17]. The Barratt Impulsiveness Scale (BIS-11) is widely used to 
assess impulsivity and has shown consistent associations with 
alcohol use severity [18]. Importantly, testosterone has also been 
implicated in the modulation of impulsivity. Higher endogenous 
testosterone levels have been associated with increased motor and 
risk-taking impulsivity in both clinical and non-clinical populations 
[19]. In alcohol-dependent individuals, elevated impulsivity may 
mediate the relationship between testosterone and craving, thereby 
influencing relapse potential [20]. However, studies examining the 
interplay between testosterone, impulsivity, and craving in this 
population remain scarce.

Understanding the neuroendocrine correlates of craving and 
impulsivity during the early abstinence period is of particular clinical 
relevance. The first week of alcohol detoxification is a critical window 
during which patients are highly vulnerable to withdrawal symptoms, 
psychological distress, and relapse. Identifying biological markers 
that predict craving trajectories can facilitate timely interventions, 
optimise treatment strategies, and reduce relapse risk [21]. Against 
this background, the aim of the present study was to determine the 
relationship between serum testosterone levels and the severity of 
dependence, impulsivity, and craving in male patients with alcohol 
dependence.

Materials and Methods
The present single-centre, hospital-based, prospective observational 
study was conducted in the Outpatient Department of the Department 
of Psychiatry, Chettinad Hospital and Research Institute, Chennai, 
Tamil Nadu, India between May 2024 and June 2025. The study 
received approval from the Institutional Human Ethics Committee 
(IHEC-I/2824/24 dated 02/05/2024). Each participant, along with 
their attendant when applicable, was provided with a Participant 
Information Sheet (PIS) translated into their local language. The 
information was also explained verbally to ensure clear understanding 
and voluntary agreement. Written informed consent was obtained 
prior to enrolling participants in the study. 

Inclusion and Exclusion criteria: The study included male patients 
between 18 and 59 years of age with alcohol dependence (ICD-
11 6C40.2) [22]. However, patients with serious medical illnesses, 
co-morbid psychiatric disorders such as intellectual disability, liver 
cirrhosis, or those presenting with complicated alcohol withdrawal 
states such as delirium tremens were excluded.

Sample size calculation: Based on Heberlein A et al., (2016) 
[15], which reported a correlation of r=0.25 between testosterone 
levels and craving during alcohol withdrawal, the sample size was 
calculated using a two-tailed test with an alpha of 0.05 and power 
of 80%. The minimum required sample size was 49 participants. 
After accounting for a 10% margin to compensate for potential 
dropouts or incomplete data, the final sample size was rounded 
to 55 participants. The patients were enrolled using nonprobability 
sampling – purposive/convenience sampling technique. 

Study Procedure
Sociodemographic information was obtained using a structured 
proforma. Data included age, marital status, education, occupation, 
socioeconomic status (as per Modified Kuppuswamy Scale) [23], 
and area of residence (urban, semiurban, or rural). On day 1 of 
abstinence, each participant was evaluated for the severity of 
alcohol dependence, alcohol craving, and impulsivity. The Severity 
of Alcohol Dependence Questionnaire (SAD-Q) was used to assess 
the severity of dependence. This 20-item instrument covers five 
domains, with each item scored on a 4-point Likert scale [24]. The 
total score ranges from 0 to 60 and is interpreted as follows: scores 
between 0-15 indicate mild dependence, 16-30 indicate moderate 
dependence, and scores between 31-60 reflect severe dependence 
[25]. Craving was assessed using the Penn Alcohol Craving Scale 
(PACS) [6], a 5-item self-reported instrument that evaluates the 
frequency, intensity, and duration of craving over the past week. 
Each item is rated from 0 to 6, yielding a total score between 0 and 
30, with higher scores indicating greater craving intensity [26]. The 
PACS was administered on both day 1 and day 7 of abstinence to 
track changes over time. Impulsivity was measured using the Barratt 
Impulsiveness Scale (BIS-11), a 30-item tool designed to assess 
impulsivity across three domains: attentional impulsivity, motor 
impulsivity, and non-planning impulsivity [18]. Each item is scored 
on a 4-point scale, and higher scores denote greater impulsivity.

Venous blood samples were collected from participants on day 
1 and day 7 of abstinence between 8:00 AM and 10:00 AM to 
control for diurnal variation in hormone levels. Approximately 5 
mL of venous blood was drawn under aseptic conditions. Serum 
was separated by centrifugation and stored at -20°C until analysis. 
Total serum testosterone levels were measured using automated 
Chemiluminescent Immunoassay (CLIA) method (Beckman Coulter 
Access Immunoassay System). The reference range for adult males 
was considered as 1.75 to 7.81 ng/mL [27]. All laboratory analyses 
were performed in the institutional central laboratory, adhering to 
internal quality control standards.

STATISTICAL ANALYSIS
Data were entered into Microsoft Excel and analysed using the 
SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Normality of 
continuous variables was assessed using the Shapiro–Wilk test, 
complemented by visual inspection of Q–Q plots and histograms; the 
data was normally distributed. Descriptive statistics were computed 
for all variables. Continuous variables were presented as mean and 
Standard Deviation (SD) (all normally distributed), while categorical 
variables were summarised as frequencies and percentages. The 
severity of alcohol dependence (SAD-Q), impulsivity (BIS-11), and 
craving scores (PACS) were compared across sociodemographic 
categories using independent-sample t-tests or one-way ANOVA, 
depending on the number of groups. Paired t-tests were used to 
assess within-group changes in serum testosterone and PACS 
scores from day 1 to day 7 of abstinence. Correlation analyses were 
performed using Pearson’s correlation coefficient to determine the 
relationship between serum testosterone levels and PACS scores 
on day 1 and day 7, as well as changes between day 1 and day 7. 
A p-value of less than 0.05 was considered statistically significant 
for all analyses (two tailed).
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RESULTS
Among the 55 male patients {mean (SD) age was 40.6 years (9.9)} 
with alcohol dependence, the Severity of Alcohol Dependence 
(SAD-Q), craving (PACS), and impulsivity (BIS) scores were 
analysed across various sociodemographic categories [Table/
Fig-1]. No statistically significant differences were found in SAD-Q 
scores across age groups (p=0.257), education levels (p=0.776), 
occupation (p=0.490), socioeconomic status (p=0.391), residence 
(p=0.066), or marital status (p=0.597). However, PACS scores 
differed significantly across age groups, with the highest mean 
craving observed in the 40-60 years group (24.1±1.8), and the 
difference was statistically significant (p=0.001). Impulsivity scores 
(BIS) showed a significant difference with socioeconomic status 
(p=0.021), where individuals from the lower socioeconomic 
group had higher mean impulsivity scores (67.1±5.3) compared 
to the middle (63.3±4.2) and upper (65.5±3.3) groups. No other 
sociodemographic factors significantly influenced craving or 
impulsivity scores.

Variables n (%)

Alcohol dependence (SAD-Q) Craving (PACS) Impulsivity (BIS)

Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value

Age (in years)

18 to 25 3 (5.5) 29.7 (15.0)

0.257

23.0 (2.6)

0.001*

63.7 (3.2)

0.78225 to 40 29 (52.7) 31.7 (9.1) 21.4 (2.6) 64.9 (5.3)

40 to 60 23 (41.8) 35.3 (7.0) 24.1 (1.8) 64.1 (4.2)

Education

Illiterate 1 (1.8) 34.0 (0.0)

0.776

26.0 (0.0)

0.180

62.0 (0.0)

0.703Primary to high school 16 (29.1) 31.8 (8.3) 23.3 (2.5) 63.9 (4.9)

Intermediate/ Diploma and above 38 (69.1) 33.6 (9.0) 22.3 (2.6) 64.9 (4.8)

Occupation
Unemployed 3 (5.5) 29.7 (15.0)

0.490
23.0 (2.6)

0.808
63.7 (3.2)

0.745
Employed 52 (94.5) 33.3 (8.4) 22.6 (2.7) 64.6 (4.8)

SES

Lower 16 (29.1) 31.5 (7.6)

0.391

23.8 (2.4)

0.119

67.1 (5.3)

0.021*Middle 35 (63.6) 34.2 (8.4) 22.1 (2.7) 63.3 (4.2)

Upper 4 (7.3) 29.3 (14.9) 22.8 (1.7) 65.5 (3.3)

Residence 

Urban 16 (29.1) 34.7 (5.5)

0.066

22.5 (2.8)

0.854

66.1 (4.9)

0.277Semiurban 26 (47.3) 30.2 (10.7) 22.5 (2.8) 63.7 (4.6)

Rural 13 (23.6) 36.8 (5.1) 23.0 (2.2) 64.2 (4.8)

Marital status
Married 48 (87.3) 33.3 (8.6)

0.597
22.7 (2.7)

0.710
64.4 (4.6)

0.490
Never married 7 (12.7) 31.4 (9.7) 22.3 (2.2) 65.7 (6.0)

[Table/Fig-1]:	 Comparison of sociodemographic characteristics by alcohol dependence, craving and impulsivity.
SES: Socioeconomic status; SAD-Q: Severity of alcohol dependence questionnaire; PACS: Penn alcohol craving scale; BIS: Barratt impulsiveness scale; SD: Standard deviation

Serum testosterone levels were measured on day 1 and day 7 
of abstinence among patients with varying severity of alcohol 
dependence [Table/Fig-4,5]. On day 1, mean testosterone levels were 
comparable across the mild (4.2±2.2 ng/mL), moderate (4.8±2.1 
ng/mL), and severe (4.2±1.9 ng/mL) groups, with no significant 
difference (p=0.639). By day 7, testosterone levels declined across 
all groups-3.8±1.4 ng/mL in the mild group, 3.0±1.8 ng/mL in the 
moderate group, and 2.9±1.2 ng/mL in the severe group—with 
the between-group difference remaining statistically non-significant 
(p=0.400). However, within-group comparisons revealed a significant 
reduction in testosterone levels from day 1 to day 7 in the moderate 
(p=0.014) and severe (p=0.001) groups, while the decrease in the 
mild group was not significant (p=0.740). Additional analysis found 
that the serum testosterone levels on day 1 (r=-0.202; p=139) and 
day 7 (r=-0.169; p=218) were not correlated with the age (years) at 
presentation of patients with alcohol dependance.

The total BIS score showed no significant difference across the mild 
(62.8±3.6), moderate (66.2±5.5), and severe (64.0±4.4) groups 

Variables

Alcohol dependance

p-value
Mild
N=5

Moderate
N=16

Severe
N=34

Total
N=55

Penn alcohol craving 
scale score (Day 1), 
Mean (SD)

19.2 (2.0) 22.3 (2.3) 23.3 (2.5) 22.6 (2.6) 0.002*

Penn alcohol craving 
scale score (Day 7), 
Mean (SD)

13.8 (2.2) 14.9 (3.4) 14.9 (3.2) 14.8 (3.2) 0.757

p-value <0.001* <0.001* <0.001* <0.001*

[Table/Fig-2]:	 Comparison of alcohol craving (day 1 and 7 of abstinence) by 
severity of alcohol dependance.
*Statistically significant at p<0.05

[Table/Fig-3]:	 Comparison of alcohol craving (day 1 and 7 of abstinence) by severity 
of alcohol dependance.

(p=0.226). Similarly, no significant differences were observed in 
the attention (p=0.895) and planning (p=0.770) facets across the 
groups. Although the motor impulsivity scores tended to be higher 
in the moderate group (23.2±2.6) compared to the mild (21.2±2.2) 

The PACS scores were assessed on days 1 and 7 of abstinence 
across varying severities of alcohol dependence [Table/Fig-
2,3]. On day 1, mean craving scores increased with the severity 
of dependence: 19.2 (±2.0) in the mild group, 22.3 (±2.3) in the 
moderate group, and 23.3 (±2.5) in the severe group, with the 
difference being statistically significant (p=0.002). By day 7, craving 
scores declined across all groups-13.8 (±2.2), 14.9 (±3.4), and 
14.9 (±3.2), respectively-with no statistically significant difference 
between the groups (p=0.757). Within-group comparisons from day 
1 to day 7 showed significant reductions in craving scores across all 
levels of dependence (p<0.001). 
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Parameters

Alcohol dependance

p-value
Mild
N=5

Moderate
N=16

Severe
N=34

Total
N=55

Barratt impulsiveness 
scale score - Total, 
Mean (SD)

62.8 (3.6) 66.2 (5.5) 64.0 (4.4) 64.5 (4.7) 0.226

Barratt impulsiveness 
scale score - 
Attention facet, 
Mean (SD)

11.8 (1.6) 12.1 (3.1) 11.7 (3.0) 11.8 (2.9) 0.895

Barratt impulsiveness 
scale score - Motor 
facet, Mean (SD)

21.2 (2.2) 23.2 (2.6) 21.5 (2.2) 22.0 (2.4) 0.056

Barratt impulsiveness 
scale score - 
Planning facet, 
Mean (SD)

29.8 (0.4) 30.9 (4.2) 30.8 (2.5) 30.7 (3.0) 0.770

[Table/Fig-6]:	 Comparison of impulsivity by severity of alcohol dependance.
*Statistically significant at p<0.05

[Table/Fig-8]:	 Correlation between alcohol craving and serum testosterone (day 7 
of abstinence).

[Table/Fig-9]:	 Correlation between difference in PACS (day 1 and day 7) and dif-
ference in serum testosterone (day 1 and day 7).

and severe (21.5±2.2) groups, this trend approached but did not 
reach statistical significance (p=0.056). Overall, impulsivity levels did 
not significantly vary with the severity of alcohol dependence [Table/
Fig-6] Impulsivity was not correlated with serum testosterone levels 
at day 1 (r=0.282; p=0.137) and day 7 (r=0.205; p=0.132).

[Table/Fig-5]:	 Comparison of serum testosterone levels (day 1 and day 7 of absti-
nence) by severity of alcohol dependance.

The correlation analysis between alcohol craving and serum 
testosterone levels revealed no significant association between 
PACS scores and testosterone levels on day 1 of abstinence 
(r=0.065, p=0.638) [Table/Fig-7]. However, a moderate positive 
correlation was observed on day 7, where higher craving scores were 
significantly associated with higher testosterone levels (r=0.382, 
p=0.004) [Table/Fig-8]. Notably, the change in craving scores from 
day 1 to day 7 showed a strong and statistically significant positive 
correlation with the change in serum testosterone levels over the 
same period (r=0.529, p<0.001), indicating that greater reductions 
in craving were associated with greater declines in testosterone 
[Table/Fig-9].

Correlation
coefficient p-value

Penn alcohol craving scale score (Day 1) 
and serum testosterone (Day 1)

0.065 0.638

Penn alcohol craving scale score (Day 7) 
and serum testosterone (Day 7)

0.382 0.004*

Difference in PACS (Day 1 and Day 7) and 
difference in serum testosterone (Day 1 
and Day 7)

0.529 <0.001*

[Table/Fig-7]:	 Correlation between alcohol craving and serum Testosterone (day 1 
and day 7 of abstinence).
*Statistically significant at p<0.05; PACS: Penn alcohol craving scale

DISCUSSION
The findings of the present study highlight the interplay between 
serum testosterone levels, alcohol craving, and impulsivity among 
male patients undergoing early abstinence for alcohol dependence. 
Although the severity of alcohol dependence (as measured by 
the SAD-Q) did not significantly differ across age, education, 
occupation, socioeconomic status, residence, or marital status, 
craving levels (PACS scores) were significantly higher among older 
individuals aged 40-60 years. This aligns with Oslin DW et al., (2003) 
and Ramirez JJ et al., (2015) indicating that older individuals with 
chronic alcohol use may have stronger conditioned responses 
and craving cues due to longer exposure to drinking patterns and 
psychosocial stressors [28,29]. On the other hand, impulsivity 
scores (BIS) showed a significant association with socioeconomic 

Serum testosterone

Alcohol dependance

p-value
Mild
N=5

Moderate
N=16

Severe
N=34

Total
N=55

Serum testosterone 
(Day 1), Mean (SD)

4.2 (2.2) 4.8 (2.1) 4.2 (1.9) 4.4 (2.0) 0.639

Serum testosterone 
(Day 7), Mean (SD)

3.8 (1.4) 3.0 (1.8) 2.9 (1.2) 3.0 (1.4) 0.400

p-value 0.740 0.014* 0.001* <0.001*

[Table/Fig-4]:	 Comparison of serum testosterone levels (day 1 and day 7 of absti-
nence) by severity of alcohol dependance.
*Statistically significant at p<0.05
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status, with lower SES groups reporting higher impulsivity. This is 
consistent with findings from Kozak K et al., (2019) and Patrick 
ME et al., (2012) which suggest that socioeconomic disadvantage 
is linked to poor impulse control and higher engagement in risk 
behaviours including substance use [30,31].

Analysis of craving scores across dependence severity revealed that 
individuals with higher SAD-Q scores reported significantly greater 
craving at baseline (day 1). This is in accordance with theoretical 
models and empirical data linking the severity of dependence 
with increased neuroadaptive changes in dopaminergic and 
glutamatergic systems, which drive compulsive drug-seeking and 
craving, as noted by Koob and Volkow (2010) [32]. However, by 
day 7 of abstinence, craving scores had declined across all groups, 
with no significant differences based on dependence severity. This 
trend supports the notion that acute withdrawal symptoms and the 
associated neurochemical imbalances begin to stabilise within the 
first week of detoxification [21], leading to a relative reduction in 
subjective craving.

Day 7 was selected as the primary endpoint to capture the transition 
from acute withdrawal to early abstinence while remaining aligned 
with typical inpatient detoxification trajectories. In uncomplicated 
alcohol withdrawal, symptom severity generally peaks within 
24-72 hours and resolves over 4-7 days when managed with 
benzodiazepines using fixed-dose or symptom-triggered regimens; 
thus, day 7 provides a pragmatic time point at which acute 
physiological noise from withdrawal is minimised but clinically 
meaningful craving dynamics are already measurable. This choice 
is consistent with guideline-based care pathways and the expected 
time course of detoxification outlined by ASAM and primary-care 
reviews. To enhance interpretability, craving was also measured 
at baseline (day 1) to quantify early change; in subsequent work, 
we agree that adding a post-taper assessment (e.g., 24-48 hours 
after benzodiazepine discontinuation) would further isolate post-
withdrawal craving from any taper effects. [33,34]. 

The current study also examined the pattern of serum testosterone 
levels during early abstinence. While baseline testosterone levels on 
day 1 did not differ significantly across severity groups, a significant 
within-group decline in testosterone was noted from day 1 to day 
7 among individuals with moderate and severe dependence. This 
observation is in line with findings from Heberlein A et al., (2016) [15], 
who reported that testosterone levels in alcohol-dependent patients 
tend to be elevated during intoxication but decrease significantly 
during withdrawal. The decline is likely due to the downregulation 
of the HPG axis during the early withdrawal phase, as well as the 
reversal of alcohol-induced suppression of Luteinising Hormone–
Releasing Hormone (LHRH) feedback loops [14,35]. Interestingly, 
despite variations in craving and testosterone dynamics, impulsivity 
scores (total and domain-specific) did not significantly differ across 
the severity of dependence. This may reflect a relatively stable trait-
like component of impulsivity that does not necessarily vary with 
severity of dependence but could still contribute to initiation and 
relapse behaviours, as noted by Verdejo-García A et al., (2008) [36].

The most compelling finding of the study was the relationship 
between serum testosterone levels and craving. While no significant 
correlation was found between testosterone and craving on day 
1 of abstinence, a moderate positive correlation emerged by day 
7, indicating that patients with higher testosterone levels also 
reported higher craving scores at this stage. More importantly, the 
change in testosterone levels from day 1 to day 7 showed a strong 
positive correlation with the change in PACS scores, suggesting 
that greater reductions in testosterone were associated with 
greater reductions in craving. These findings provide empirical 
support to the hypothesis that testosterone may play a modulatory 
role in craving during early alcohol withdrawal [37]. Testosterone 
has been shown to interact with neural circuits involved in reward 
processing, particularly the mesolimbic dopamine system [11]. 

Welker KM et al., (2015) indicated that testosterone can increase 
dopaminergic activity and enhance reward sensitivity, potentially 
amplifying drug craving [38]. Moreover, in the study by Heberlein A 
et al., (2016) [15], both testosterone and BDNF levels were found 
to be interrelated and significantly associated with craving intensity 
during alcohol withdrawal, particularly among patients with high 
Hypothalamic–Pituitary–Adrenal (HPA) axis activity. The correlation 
observed in the present study between reductions in testosterone 
and reductions in craving supports the idea that testosterone could 
act as a biological marker for craving intensity in early abstinence. 
As such, serial monitoring of testosterone levels could potentially be 
explored as a clinical tool for predicting the severity of withdrawal-
associated craving and guiding pharmacological or behavioural 
interventions.

Limitation(s) 
However, these results should be interpreted in light of several 
limitations. The study sample was restricted to males, limiting 
generalisability to female populations, in whom sex hormone 
interactions with craving and impulsivity may differ significantly. 
Furthermore, factors such as co-morbid nicotine dependence, 
stress levels, and medication use were not controlled for, all of 
which could influence testosterone levels and subjective craving. 
The use of purposive sampling may also introduce selection 
bias, and the relatively short follow-up period limits conclusions 
about long-term trends in testosterone and craving. Standardised 
alcohol-withdrawal severity scores (e.g., CIWA-Ar/TSA) were not 
collected prospectively and, while day 7 was chosen to minimise 
acute withdrawal effects, dedicated post-benzodiazepine-taper 
assessment was lacking; therefore, heterogeneity in withdrawal 
trajectories and tapering could have confounded early craving 
estimates, and residual confounding cannot be excluded. Despite 
these limitations, the study adds to a growing body of evidence 
suggesting a neuroendocrine basis for craving and its modulation 
during the course of abstinence. Further studies should explore 
longitudinal trajectories of testosterone and other neurohormonal 
markers such as cortisol, BDNF, and estradiol, while controlling for 
confounding variables.

CONCLUSION(S)
The present study highlights a significant association between serum 
testosterone levels and alcohol craving during early abstinence among 
male patients with alcohol dependence. While sociodemographic 
factors had limited influence on the severity of dependence, age 
and socioeconomic status were found to impact craving and 
impulsivity, respectively. Craving levels decreased significantly from 
day 1 to day 7 of abstinence, especially among those with severe 
dependence. A parallel decline in serum testosterone levels was 
observed, with a strong positive correlation between the reduction 
in testosterone and reduction in craving. These findings suggest a 
potential neuroendocrine role of testosterone in modulating alcohol 
craving during withdrawal.
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