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Abstract — Aims: A few studies have suggested a relationship between thyroid hormones and alcohol dependence (AD) such as a
blunted increase of thyroid stimulating hormone (TSH) in response to thyrotropin-releasing hormone (TRH), lower levels of circulating
free triiodothyronine (fT3) and free thyroxine (fT4) levels and down regulation of the TRH receptors. The current study aimed to
explore the relationship between the hormones of the thyroid axis and alcohol-seeking behaviors in a sample of alcohol-dependent
patients. Methods: Forty-two treatment-seeking alcohol-dependent individuals enrolled in a 12-week treatment study were considered.
The Timeline Follow Back (TLFB) was used to assess the number of drinks consumed during the 12-week period. Blood levels of
thyroid hormones (TSH, fT3 and fT4) were measured prior to and at the end of treatment. Questionnaires were administered to evaluate
craving for alcohol [Penn Alcohol Craving Scale (PACS) and the Obsessive Compulsive Drinking Scale (OCDS) and its two subscales
ODS for obsessions and CDS for compulsions] as well as anxiety [State and Trait Inventory (STAI)], depression [the Zung Self-Rating
Depression Scale (Zung)] and aggression [the Aggressive Questionnaire (AQ)]. Results: At baseline, we found significant positive cor-
relations between fT3 and OCDS (r = 0.358, P = 0.029) and CDS (r = 0.405, P = 0.013) and negative correlations between TSH levels
and STAI (r = −0.342, P = 0.031), and AQ (r = −0.35, P = 0.027). At the end of the 12-week study period, abstinent patients had a
greater change in TSH than those who relapsed (−0.4 vs. −0.25, F(1,24) = 5.4, P = 0.029). Conclusion: If confirmed in larger samples,
these findings could suggest that the thyroid axis might represent a biomarker of alcohol craving and drinking.

INTRODUCTION

Alcohol dependence (AD) represents one of the leading causes
of mortality and morbidity in the USA (Centers for disease
control and prevention, 2010). Twenty-five percent of adults in
the USA report either currently having alcohol-related pro-
blems or drinking patterns that put them at risk for developing
problems (National Institute on Alcohol Abuse and
Alcoholism, 1995). However, Food and Drug Administration
(FDA)-approved treatment options for AD remain limited and
exhibit inconsistent efficacy. This has created a need to investi-
gate new pharmacological alternatives including topiramate,
baclofen, ondansetron, gabapentin, varenicline, pregabalin,
nalmefene and others (for review, see Aubin and Daeppen,
2013). Therefore, a better understanding of the biological cir-
cuits that may be involved in the development of maintenance
of AD is critical in order to identify and develop more effect-
ive treatments. To that end, several neuroendocrine pathways
have been investigated and suggested as important biological
factors or modulators that may play a role in the neurobiology
of AD (Kenna et al., 2012).
Both animal and human studies have suggested a link

between the hypothalamus–pituitary–thyroid (HPT) axis and
AD (Hermann et al., 2002). For example, in Sprague-Dawley
rats, chronic (i.e. 4 weeks) exposure to ethanol blunted thyro-
tropic response to cold exposure and resulted in higher levels
of TRH mRNA in the paraventricular nucleus (PVN) of the
hypothalamus (Zoeller et al., 1996). Additionally, an alcohol-
containing diet was found to be associated with lower levels of
fT3, fT4 and basal TSH levels in adult male rats compared
with those fed with a non-alcohol-containing isocaloric diet
(Mason et al., 1988). This observation was thought to be asso-
ciated with the selective inhibition of the 50II deiodinase by

ethanol in the amygdala, where this enzyme is responsible for
the conversion of T4 to T3 and its inactivation to T2
(Baumgartner et al., 1997, 1998).
Individuals with AD have a blunted increase of TSH levels

in response to TRH, especially in early withdrawal, and with
more severe symptoms (Välimäki et al., 1984; Baumgartner
et al., 1994; Pienaar et al., 1995). This correlates with lower
levels of circulating fT3 and fT4 levels (Hegedüs et al., 1988).
Notably, these endocrine alterations return to normal after ab-
stinence but recur with alcohol relapses (Liappas et al., 2006),
and are thought to be mediated by the downregulation of TRH
receptors (Rachdaoui and Sarkar, 2013). Consistent with this
evidence, dopamine—a key neurotransmitter involved in the
neurobiology of alcohol reward processing and alcohol-
seeking behaviors—modulates TSH levels (Delitala et al.,
1981; Cooper et al., 1983). While these studies support the in-
volvement of the HPT axis in AD during withdrawal, the role
of thyroid hormones on alcohol craving and drinking has not
been fully elucidated. Previously, our group reported prelimin-
ary findings that suggested a relationship between thyroid hor-
mones and alcohol craving (Leggio et al., 2008). Specifically,
we found that TSH levels inversely correlated with measures
of alcohol craving as well as psychometric variables such as
anxiety, depression, and aggressiveness, and that fT3 positively
correlated with some alcohol craving measurements. However,
there were significant limitations in that study, namely the very
small sample (42 subjects) and the fact that the post-treatment
data (after 12 weeks of treatment) were only collected in those
patients who maintained total alcohol abstinence. As such,
that study was not able to address the question of whether
results might be different in abstinent vs. non-abstinent
patients. Additionally, all patients were treated off-label with
baclofen for AD; the presence of a pharmacological treatment
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might have represented a potential confounder, since it has
been demonstrated that by reducing anxiety (Drake et al.,
2003) baclofen may be effective in suppressing alcohol with-
drawal symptoms and lessening craving in AD patients (for
reviews, see: Addolorato et al., 2009; Leggio et al., 2010). The
study did not include a placebo condition to permit control for
the medication condition. The limitations of the previous
study (Leggio et al., 2008) were taken into consideration in
this replication study where we further explored the putative
relationship between the HPT axis and alcohol craving and
drinking.

SUBJECTS ANDMETHODS

This study was conducted at the Alcoholism Treatment Unit
of the Institute of Internal Medicine, ‘Agostino Gemelli’
Hospital, Catholic University of Rome (Italy), with the approval
of the local Ethics Committee of the Catholic University of
Rome, and performed according to the ethical standards
Declaration of Helsinki of 1975, as revised in 1983. Study
subjects signed an informed consent prior to participation.

Subjects

This study was part of the pilot Psychoneuroendocrinology
Project (PNP), that aimed to explore secondary endocrine-
related outcomes from subjects who participated in the
Baclofen Intervention Study (BIS) (EudraCT Number: 2006-
000713-37), a 12-week 3-arm double-blind placebo-controlled
study with two doses of baclofen (10 mg t.i.d. or 20 mg t.i.d.)
or placebo in treatment-seeking outpatient AD individuals
diagnosed using the Diagnostic and Statistical Manual
(DSM-) IV TR. Details of the parent study have been reported
elsewhere (Addolorato et al., 2011; Leggio et al., 2012).
Briefly, out of 94 subjects screened (inclusion/exclusion

criteria are in Table 1), 42 AD patients (median age: 44 (IQR:
13), males: 76%) were enrolled. A 72-h period of complete
alcohol abstinence was required for all subjects prior to initial
assessment, during which subjects were monitored daily, and
given benzodiazepines if needed for significant withdrawal
symptoms; no benzodiazepines were administered at any other
point in the study. During the study, the number of standard
alcohol drinks consumed over the 28 days preceding the
screening visit and between visits was recorded using the
Timeline Follow Back (TLFB) method (Sobell et al., 1988).
Additionally, alcohol abstinence was assessed using blood
alcohol levels at each visit, as well as markers of alcohol use,
including aspartate aminotransferase (AST), alanine amino
transferase (ALT), gamma glutamyltransferase (GGT) and
mean cellular volume (MCV).

Procedures

Blood levels of thyroid hormones (TSH, fT3 and fT4) were
assessed at baseline on the enrolment day (Week 01) and on
the last day of the study (Week 12) by standardized techni-
ques. Blood samples were collected at about 8 a.m., after an
overnight food fast. Along with each blood collection, subjects
were administered the Penn Alcohol Craving Scale (PACS)
and the Obsessive Compulsive Drinking Scale (OCDS) to
measure alcohol craving. The ‘appetitive urge’ and ‘emotion-
al–motivational state’ aspects of craving are best measured
with the PACS (Flannery et al., 2003), whereas the OCDS
better assesses the obsessive and compulsive components of
craving through its two subscales ODS for obsession and CDS
for compulsion (Anton et al., 1995; Janiri et al., 2004). Both
the OCDS total score, and the ODS and CDS subscales were
evaluated separately. Psychometric variables pertaining to
anxiety and depression were also evaluated. Specifically, the
State and Trait Inventory (STAI) test was used to assess the
state (STAI-Y1) and trait (STAI-Y2) components of anxiety

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

• Diagnosis of alcohol dependence according to DSM-IV;
• Age range 18–60 years (inclusive);
• Alcohol intake of at least 2 HDDa per week on average and an average overall
consumption of 21 drinks per week or more for men and 14 drinks per week
or more for women in the 4 weeks before enrolment;

• Ability to understand and sign written informed consent;
• Ability to refrain from drinking for at least 3 days prior to randomization day;
• Desire to achieve abstinence or to greatly reduce alcohol consumption;
• Evidence of a stable residence;
• Presence of a referred family able to assist with drug administration and
monitoring.

• Clinically significant medical disease that might interfere with the evaluation of
the study medication or that might represent a safety concern;

• Clinical significant psychiatric illness including any psychotic disorders, bipolar
disorder, severe depression, suicidal ideation, substance use disorders other than
alcohol and nicotine dependence or cannabis abuseb;

• Abstinence from alcohol for >10 days prior to randomization day;
• Concurrent use of psychotropic medication including anti-depressants, mood
stabilizers, antipsychotics, anxiolytics or hypnotics;

• Concurrent use of anticonvulsants, insulin, oral hypoglycemics or any
medication that may interact with baclofen;

• AST and/or ALT levels >3 times of UNL, or bilirubin and/or creatinine greater
than UNL;

• Urine drug screen positive for substance of abuse other than cannabis;
• Pregnant women and women of childbearing potential who did not practice a
medically acceptable form of birth control;

• Breastfeeding women;
• Individuals requiring inpatient treatment or more intense outpatient treatment
for AD;

• Participation in any clinical trial within the last 60 days;
• Court-mandated participation in alcohol treatment or pending incarceration.

DSM IV, Diagnostic and Statistical Manual of Mental Disorders; HDD, heavy drinking days; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
UNL, upper normal limit; AD, alcohol dependence.
aHDD is an overall intake of five or more drinks per day for men and of four or more drinks per day for women.
bWhile cannabis use was not an exclusion criterion, none of the included subjects tested positive for marijuana.
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(Spielberg et al., 1983). The Zung Self-Rating Depression
Scale (Zung-SDS) was used to assess depressive mood (Zung
et al., 1965) and the Aggressive Questionnaire (AQ) for ag-
gression (Buss and Perry, 1992).

Statistical analysis

Data from all 42 subjects enrolled were analyzed. All data were
expressed as mean (M) ± Standard Deviation (SD) and categor-
ical data as percentages. Normal distribution of data was tested
with the Kolmogoroff–Smirnov test. Statistical significance was
accepted if a P-value <0.05 (two-sided) was obtained. Mean
thyroid hormone levels at week 00 and week 12 were compared
using t-tests for paired samples. Correlations between baseline
hormone levels and corresponding craving or psychometric
scales were assessed using Pearson’s correlation coefficients.
After completion of the 12-week study, and controlling for
medication condition, the correlations between the changes in
hormone levels and corresponding craving or psychometric
scales were also evaluated.

We analyzed two subsets within our sample based on
whether the subjects had remained abstinent throughout the
study or had used alcohol. Using analysis of co-variance
(ANCOVA) controlling for medication condition, the abstin-
ent and the non-abstinent groups were compared for changes
in the hormone levels between the time of enrolment and the
end of the study.
Finally, using analysis of variance (ANOVA), the data col-

lected throughout the study were analyzed to assess for
baclofen-related dose-dependent variation in hormone blood
levels.
Due to the exploratory nature and the small number of sub-

jects enrolled in the study, we did not adjust for multiple com-
parisons to reduce the type I error in accordance with
recommendations from both Rothman (1990) and Perneger
(1998), as deflating the type I error for null associations
increases the type II error for those associations that are not
null (Rothman, 1990). Statistical analysis was performed
using STATAversion 11.2 (Stata, 2009).

RESULTS

Association between thyroid hormone levels and craving or
psychometric scales at baseline and at the end of the study

Mean levels for fT3, fT4 and TSH were not significantly dif-
ferent between week 0 and week 12 (Table 2). At baseline, a
significant positive correlation was found between fT3 and the
OCDS total craving scale (r = 0.358, P = 0.029; Fig. 1a), as
well as between fT3 and the CDS compulsive subscale

Table 2. Thyroid hormone levels at baseline and at Week 12

Hormone Week 0 M (SD) Week 12 M (SD) t Df P

TSH (mIU/ml) 1.61 (0.91) 1.49 (0.90) 0.78 26 0.44
fT3 (pg/ml) 3.44 (0.55) 3.55 (0.56) 1.08 22 0.29
fT4 (pg/ml) 12.11 (1.54) 11.56 (1.51) 2.01 26 0.06

TSH, thyroid stimulating hormone; fT3, triiodothyronine and fT4, thyroxine.

Fig. 1. (a) Correlation scatter plot for baseline fT3 level and OCDS. At baseline, a significant positive correlation was found between fT3 and the OCDS total
craving scale (r = 0.358, P = 0.029). (b) Correlation scatter plot for baseline fT3 level and CDS. At baseline, a significant positive correlation was found between
fT3 and the CDS compulsive subscale (r = 0.405, P = 0.013). (c) Correlation scatter plot for baseline TSH level and STAI-Y1 score. At baseline, TSH levels were
significantly and negatively correlated with the STAI-Y1 state anxiety score (r = −0.342, P = 0.031). (d) Correlation scatter plot for baseline TSH level and the

aggression score. At baseline, TSH levels were significantly and negatively correlated with the AQ aggression score (r = −0.35, P = 0.027).
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(r = 0.405, P = 0.013; Fig. 1b). At baseline, TSH levels were
significantly and negatively correlated with both the STAI-Y1
state anxiety score (r = −0.342, P = 0.031; Fig. 1c) and the AQ
aggression score (r = −0.35, P = 0.027; Fig. 1d). No other sig-
nificant correlations were found at baseline between the TSH,
fT3 or fT4 levels and any of the craving scales or psychomet-
ric scales assessed. At the end of the study (Week 12), after
controlling for the medication condition, there were no signifi-
cant correlations between TSH, fT3 or fT4 levels and the
craving or psychometric scales. Additionally, we performed
analyses that looked at the significance of other covariates,
and their effects on thyroid hormone levels, and no such rela-
tionship was found to be significant. Particularly, we exam-
ined correlations between fT3, fT4 and TSH at Week 00 or at
Week 12 and age or duration of alcohol dependence, and inde-
pendent variable T-tests between gender and baseline fT3, fT4
and TSH, or analysis of covariance (ANCOVA) between
gender and fT3, fT4 and TSH at Week 12. None of these ana-
lyses met statistical significance.

Effect of abstinent status vs. non-abstinent status on thyroid
hormone levels

At the end of the study, while controlling for the medication
condition, subjects who were abstinent had a greater change in
TSH levels than those who were non-abstinent (−0.4 vs.
−0.25, respectively; F(1,24) = 5.4, P = 0.029); no such differ-
ences in the fT3 and fT4 levels were found between the two
groups.

Effect of baclofen on thyroid hormone levels

Pre-medication baseline fT3, fT4 or TSH levels were not dif-
ferent across the three groups (baclofen 10 mg t.i.d., 20 mg t.i.
d., and placebo). Similarly, at the end of the study, we did not
find any significant differences in the hormone levels across
the three groups.

DISCUSSION

This study indicated that blood fT3 levels correlated positively
and significantly with alcohol craving in actively drinking
alcohol-dependent patients. Additionally, TSH negatively cor-
related with anxiety and aggression. These correlations disap-
peared after a 12-week period of treatment. Finally, subjects
who remained abstinent during the 12-week treatment period
had a steeper drop in TSH levels than those who did not.
A few reports previously highlighted alterations in thyroid

hormone levels in subjects with AD (Välimäki et al., 1984;
Baumgartner et al., 1994; Ozsoy et al., 2006); however, such
alterations were thought to be modulated—or at least related to
—psychiatric comorbidity, major surgery, severe liver or
kidney diseases, caloric deprivation, psychological stress, or
certain drugs (Hermann et al., 2002). In contrast, the sample
studied here was a group of AD patients who enrolled in an al-
coholism treatment study and no other psychiatric or medical
comorbidities were present.
In our previous study (Leggio et al., 2008), negative corre-

lations between TSH and craving scales and measures of
depression, anxiety and aggression were noted; positive corre-
lations between fT3 and craving scales, and negative correla-
tions between fT4 and some anxiety scales at the time of

enrollment were also reported; none of these correlations per-
sisted after 12 weeks of treatment. This follow-up study repli-
cated the positive correlation between fT3 and craving scales
and the negative correlation between TSH and measures of
anxiety and aggression. Furthermore, this study also replicated
the observation that these correlations were specific during the
active drinking phase, as they disappeared after period of treat-
ment.
TSH negatively correlated with anxiety and aggression; the

negative correlations are consistent with previously described
associations between AD and mood or anxiety disorders, as
well as their symptomatic manifestations (Willne et al., 1998;
Ozsoy et al., 2006). It is important to note that these results re-
present only correlations, and therefore do not establish a causal
relationship. Nonetheless, considering the consistency between
these results and some previous literature, including our previ-
ous study (Leggio et al., 2008) and the fact that changes in
thyroid hormones are known to cause behavioral changes
(among the other symptoms present in patients with thyroid dis-
eases), one might speculate that biochemical changes in thyroid
hormones may contribute to some behavioral symptoms, in-
cluding craving for alcohol, anxiety and aggression in AD
patients. More specifically, one may hypothesize that lower
TSH and higher fT3 levels could lead, respectively, to increased
anxiety/aggression and craving, which, in turn, may be respon-
sible for an increased risk of alcohol relapse. On a purely specu-
lative level, one might hypothesize a role of dopaminergic
signaling, as, in fact, dopamine is known to modulate TSH
(Delitala et al., 1981;Cooper et al., 1983) and TRH (Przegaliński
et al., 1991). Specifically, higher dopamine levels binding to
striatal D2 receptors cause a reduced D2 receptor availability
and lower TRH levels in the striatum (Przegaliński et al.,
1991). Lower TRH levels are associated with lower TSH
levels, leading to lower levels of circulating thyroid hormones.
Given the existing negative feedback loop between circulating
thyroid hormones and TSH, this would be consistent with the
direct correlation between fT3 and measures of craving.
However, while this hypothesized link is potentially intri-
guing, it remains speculative and the clinical significance of
the present results remains preliminary. Mechanistic and mo-
lecular studies are required to demonstrate causal relationships
and draw any final conclusions.
The greater drop in TSH levels in abstinent patients vs.

those who were non-abstinent suggests that alcohol may affect
the feedback inhibition of the thyroid hormones. Consistent
with previous studies, reduction in peripheral thyroid hor-
mones may result from the alcohol toxic effect on the thyroid
gland, which induces a central compensatory activation of the
HPT axis with increased TRH release (Hermann et al., 2002).
It is important to note, however, that this was a sample of
patients with no thyroid (or liver) diseases. Nonetheless, these
non-clinical biochemical differences in TSH changes between
the two groups are consistent with previous studies suggesting
that there is a blunted TSH response in AD patients (Liappas
et al., 2006), which might explain why changes in TSH were
more pronounced in this sample vs. in those patients who
abstained from alcohol.
It should be noted that, compared with the previous study

(Leggio et al., 2008), the present study did not represent a
mere replication in an independent sample, but addressed
some of the limitations of the earlier study, i.e.: (a) a relatively
larger (albeit still small) sample; (b) the presence of a placebo
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arm in the parent study, thus allowing us to control for the
medication condition; and (c) the fact that, after the 12-week
treatment period, both abstinent and non-abstinent patients
were assessed, thus allowing us to explore the possible effects
on drinking status. On the other hand, there are still important
limitations in the present study that need to be noted. First, the
sample was still small; therefore, future larger studies should
be attempted. Second, these data were part of a secondary
study driven from a main clinical trial; therefore, it is import-
ant to keep in mind its post hoc exploratory nature. Third, the
strict inclusion/exclusion criteria applied to this study limit the
generalizability of these findings. Fourth, thyroid hormones
were only assessed at baseline and after a 12-week treatment
period; therefore, this study does not address possible changes
in thyroid hormones during the 12-week period. Finally, as
mentioned previously, this study only looked at correlations
between thyroid hormones and self-reported assessments of
craving, anxiety, and aggression. Preclinical experiments
coupled with human laboratory studies are needed to examine
possible mechanisms to determine how and whether the HPT
axis plays a role in alcohol-seeking behaviors. For example,
human laboratory studies might assess craving and drinking in
real time and under well-controlled conditions after pharmaco-
logical manipulations (e.g. acute administration of thyroid hor-
mones, and/or TRH stimulation test) in order to investigate
whether the HPT axis plays a role as a biomarker of alcohol
craving and drinking, thus representing a target for AD
treatment.
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