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Abstract

Alcohol use disorder (AUD) is a chronic, relapsing brain disease with profound health,
societal, and economic consequences. Alcohol misuse not only leads to AUD, but it
is also a driver of multimorbidity, exacerbating a wide range of chronic comorbidi-
ties, including cancer. Despite being formally recognized over six decades ago as a
medical condition, AUD remains one of the most prevalent and costly public health
issues in the United States. Alcohol misuse contributes to more than 90,000 deaths
annually in the United States, with hundreds of billions of dollars lost annually due
to healthcare costs, lost productivity, and criminal justice expenditures. Beyond its
economic burden, alcohol adversely affects nearly every organ system. Chronic
heavy alcohol use changes brain structure and impairs brain function, drives neuro-
inflammation and neurodegeneration, and contributes to neurological and psychi-
atric comorbidities as well as cognitive decline. Alcohol-associated liver disease is a
leading cause of cirrhosis and hepatocellular carcinoma. In addition, chronic alcohol
misuse leads to cardiomyopathy, hypertension, and arrhythmia, and increased risk
for pulmonary disease. Through alterations in endocrine signaling, alcohol leads to
reproductive dysfunction, osteoporosis, and metabolic derangements including dia-
betes and obesity. Alcohol compromises musculoskeletal integrity, impairs immune
responses, alters gut microbiota and increases cancer risk. Particularly concerning is
the rising prevalence of alcohol misuse in women and older adults, populations with
increased physiological vulnerability. There are three FDA-approved treatments for
AUD, but they are underutilized, and patient response rates are variable, highlight-
ing the need for continued investment in translational alcohol research. This paper
summarizes the widespread and systemic impact of alcohol misuse on the health of
US citizens and US society. Given the substantial burden of disease, disability, and
death associated with alcohol, and the clear benefits yielded by alcohol research
to date, sustained and enhanced support for alcohol-related biomedical research

remains a public health imperative.
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INTRODUCTION

The goal of this review and commentary is to provide a high-level
summary of the many negative health consequences associated
with chronic alcohol use and/or diagnosis with alcohol use disor-
der (AUD). It has long been understood, even among the lay public,
that chronic alcohol use negatively affects the brain and the liver.
In recent years, we have gained new knowledge with respect to the
effects of chronic alcohol use on several other organs, and emerg-
ing literature describes many adverse effects of alcohol on specific
health outcomes beyond liver and brain. Here, we provide a snapshot
of what is currently known about the myriad health consequences
of alcohol use and to make the argument that this area of research
is vital for improving human health and ensuring healthy aging. We
discuss these health consequences both in terms of direct alcohol
effects on the brain and body and in terms of worsening outcomes
related to other comorbid conditions.

ALCOHOL USE DISORDER

In 1956, the American Medical Association (AMA) designated
alcoholism as a “major medical problem” (Henry, 2019). In their
1968 ruling on Powell vs. State of Texas, the US Supreme Court
acknowledged this designation for the first time and provided that
the AMA urged that alcoholics, a term considered to be unde-
sired when speaking of people with an AUD, be admitted to gen-
eral hospitals for care (Marshall & Supreme Court of the United
States, 1967). Since that time, arguments have continuously been
advanced that “addiction is a brain disease” (Heilig et al., 2021;
Leshner, 1997).

Although addiction was mentioned in earlier editions of the
American Psychiatric Association's Diagnostic and Statistical
Manual of Mental Disorders (DSM), the third edition (DSM-III)
listed substance abuse and substance dependence (including alco-
hol as well as other illicit drugs) as separate diagnoses for the first
time (Nathan et al., 2016). In the fifth edition of the DSM (DSM-5),
addictive disorders were reclassified as substance use disorders
(Nathan et al., 2016). There are some important differences in the
diagnostic schemes presented across versions of the DSM, but
in general, diagnosis with a disorder related to excessive alcohol
use has relied on physiological and behavioral symptoms for the
better part of five decades. To this end, the National Institute on
Alcohol Abuse and Alcoholism (NIAAA), one of the more than two
dozen National Institutes of Health (NIH) institutes and centers,
was established on December 31, 1970. The NIAAA website cur-
rently states that “alcohol use disorder (AUD) is a medical condi-
tion characterized by an impaired ability to stop or control alcohol
use despite adverse social, occupational, or health consequences”
and that “considered a brain disorder, AUD can be mild, moderate,
or severe” (National Institute on Alcohol Abuse and Alcoholism
[NIAAA], 2025d).

Recent federal guidance has emphasized that, going forward,
the NIH should focus its efforts on understanding and treating
chronic disease. The CDC defines chronic conditions as those
which “last 1 year or more and require ongoing medical attention
or limit activities of daily living or both.” Executive Order 14212
states that “six in 10 Americans have at least one chronic disease,
and four in 10 have two or more chronic diseases” and it further
states that “to fully address the growing health crisis in America,
we must re-direct our national focus, in the public and private sec-
tors, toward understanding and drastically lowering chronic dis-
ease rates” (Trump, 2025).

Here, we emphasize that AUD is a chronic disease, that AUD is
highly comorbid with many other chronic diseases, that the national
burden of AUD in terms of economic loss and human disability is so
high as to be almost incalculable, and that research understanding
and combatting the causes and consequences of AUD is critical for
the health and health care of Americans.

ALCOHOL MISUSE: ECONOMIC AND
HEALTH IMPACT IN THE UNITED STATES

Alcohol misuse has a negative economic impact in the
United States

In 2010, alcohol misuse cost the United States $249 billion (Sacks
et al., 2015). Alcohol misuse is defined by the National Institute
on Alcohol Abuse and Alcoholism (NIAAA, 2025c) as “drinking in a
manner, situation, amount, or frequency that could cause harm to
the person who drinks or to those around them.” Alcohol misuse
is a catch-all term that “includes binge drinking and heavy alco-
hol use,” and chronic alcohol misuse can lead to an AUD diagnosis.
Types of alcohol misuse include heavy drinking, defined by NIAAA
as more than 4 or 5 drinks on any one day, or more than 8 or 15
drinks per week, for women and men, respectively, and binge
drinking, defined by NIAAA as 4 or 5 drinks (or more) in a two-hour
period, in women and men, respectively (US Department of Health
and Human Services).

Alcohol misuse negatively impacts the economies of all 50
states in the United States (US Centers for Disease Control and
Prevention, 2024). Some major sources of economic loss asso-
ciated with alcohol misuse include healthcare costs, insurance
costs, criminal justice costs associated with alcohol-related
crimes, lost productivity, and early mortality. At a social level,
alcohol misuse can lead to strained family relationships and
child neglect. In fiscal year 2024, the US Congress appropri-
ated $595.3 million to NIAAA (2024b), which amounts to <1%
of the economic impact of alcohol misuse in the United States.
NIAAA uses this budget to fulfill its mission by supporting
alcohol-related research, collaborating with other institutes and
programs on alcohol-related issues, and translating and dissem-

inating research findings to healthcare providers, researchers,
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FIGURE 1 Alcohol misuse negatively impacts health across the lifespan and the economy. AUD diagnoses contribute to increased risk of
comorbidities, death, and disability. This is especially true in older individuals, and the US population is rapidly aging. The estimated annual
financial cost of alcohol misuse in the United States is significant. Investment in research to prevent, treat, and rehabilitate individuals is a
priority. Each dollar invested in NIH research returns more than $2.50 to the US economy.

policymakers, and the public (NIAAA, 2025b). Based on the eco-
nomic cost of alcohol misuse to the United States, one could
easily argue that research into the causes and consequences of
alcohol misuse deserves an increase in attention and resources
going forward (see Figure 1).

Alcohol misuse has negative health impacts on
Americans

Globally, 5.3% of all deaths are attributable to alcohol, rising to
13.5% among individuals aged 20-39 years. Despite recent (de-
served) increases in attention to the opioid misuse crisis, alcohol
misuse is by far the costliest form of substance use. According
to the CDC, during the years 2011 to 2015, excessive drinking
was responsible for an average of 93,296 deaths and 2.7 million
years of potential life lost per year in the United States (Esser
et al., 2020). Similarly, heavy alcohol consumption and binge drink-
ing are associated with shorter lifespans (Nyberg et al., 2022).
Alcohol ranks among the leading causes of global burden of dis-
ease, along with tobacco use, high blood pressure, being under-
weight during childhood, and unsafe sex. While some of these
factors have a larger negative impact in developing regions, alco-
hol misuse has a major negative impact on disability adjusted life
years (DALYs) in developed regions, including the United States
(Ezzati et al., 2002). Between 2015 and 2019, the leading causes

of alcohol-attributable deaths due to chronic conditions in the
United States were liver disease (e.g., cirrhosis), cardiovascular
disease, and cancer (NIAAA, 2024a). Other alcohol-related causes
of death include severe alcohol withdrawal syndrome (Steel
et al., 2021), traumatic injuries (e.g., due to alcohol-impaired driv-
ing and other risky behaviors), and suicide associated with alcohol
misuse (NIAAA, 2024a). Chronic heavy alcohol use is associated
with diabetes, gastrointestinal diseases, and fetal alcohol syn-

drome, which carry their own death tolls (see Figure 2).

Alcohol misuse is comorbid with other serious health
conditions

Alcohol use disorder is highly comorbid with chronic pain (Egli
et al., 2012), traumatic stress disorders (Gilpin & Weiner, 2017),
anxiety disorders (Castillo-Carniglia et al., 2019), major depres-
sive disorder (Castillo-Carniglia et al., 2019), and schizophrenia
(Castillo-Carniglia et al., 2019). AUD is also highly comorbid with
diseases that affect organ systems other than the brain; for exam-
ple, nonalcoholic steatohepatitis (NASH) liver disease (van Kleef
etal., 2023) and infectious diseases such as HIV (Duko et al., 2019).
Further complicating matters, individuals diagnosed with one sub-
stance use disorder (including alcohol) are more likely to exhibit
misuse of or dependence on other substances (including alcohol)
(Crummy et al., 2020).
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FIGURE 2 Alcohol misuse is a major contributing factor to global health burden through its impact on multiple organ systems and
diseases. Alcohol use increases the risk for many comorbid conditions, making alcohol the third leading lifestyle-related cause of mortality in
Western civilization. The organ systems affected by alcohol include the liver, central nervous system, gastrointestinal tract, cardiovascular

system, and musculoskeletal system.

Alcohol misuse remains highly prevalent

Despite these economic and health burdens, treatment prevalence
for AUD remains low (NIAAA, 2025a), probably due at least in part
to ongoing stigma and inadequate healthcare provider training in
the recognition and management of alcohol misuse. Alcohol mis-
use is linked to over 60 acute and chronic diseases (Im et al., 2023),
with higher incidence observed in men. Approximately 18% of
adults globally report heavy episodic drinking in the past month
(World Health Organization, 2018); in the United States, 6.4% of
males and 3.7% of females ages 12 and older report past-month
heavy alcohol use (Substance Abuse and Mental Health Services
Administration, Center for Behavioral Health Statistics and
Quality, 2025a, 2025b).

Alcohol misuse in older adults has also increased, with age-
related vulnerabilities that include multimorbidity, polypharmacy,
reduced metabolic clearance, and cognitive decline heightening
susceptibility to alcohol-related complications. Alcohol can inter-
act with medications, disrupt sleep, and increase fall and injury risk
in this population. Therefore, for adults over 65, recommended
limits are no more than three drinks per day and seven drinks per
week (Kuerbis et al., 2014; Meier & Seitz, 2008).

Alcohol misuse among women has risen significantly in recent
years (NIAAA, 2025e). Women are more susceptible to alcohol-
related harms and develop these conditions more rapidly and at

lower intake levels than men. Biological differences, including
lower average body weight and water content, reduce alcohol dis-
tribution volume in women. Additionally, women have lower con-
centrations of gastric alcohol dehydrogenase, resulting in reduced
first-pass metabolism and higher blood alcohol concentrations for
equivalent alcohol consumption, thereby increasing their risk of
harm (Frezza et al., 1990).

ALCOHOL MISUSE NEGATIVELY IMPACTS
THE BRAIN

Alcohol misuse leads to neurodegeneration and
neuroinflammation

Chronic heavy alcohol use can lead to structural changes in the
brain, including ventricular enlargement, cortical and subcortical
gray matter volume loss, and white matter volume loss (Jernigan
et al, 1991; Pfefferbaum et al., 1992), and these effects are
modified by age (Pfefferbaum et al., 1992) and sex (Pfefferbaum
et al., 2001). Thiamine deficiency associated with heavy alcohol
use can lead to neurotoxicity and neuronal death, eventually lead-
ing to Wernicke-Korsakoff Syndrome, which is characterized by
brain damage and cognitive impairment (Nutt et al., 2021). More re-

cently, excessive alcohol use has received attention as a risk factor
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for Alzheimer's disease and other dementias (Anton et al., 2025),
anissue of rapidly escalating concern in an aging population (Urban
Institute, 2024). Alcohol promotes brain inflammation, and heavy
alcohol use during adolescence can have lasting effects on the
brain (into adulthood) via increases in transcription of proinflam-
matory factors (Crews et al., 2024). Finally, chronic heavy alcohol
use damages small and large peripheral nerves, culminating in what
is termed “alcoholic neuropathy,” which results from both direct
toxic effects of alcohol and vitamin deficiency, and manifests clini-
cally as sensorimotor deficits (Hammoud & Jimenez-Shahed, 2019;
Noble & Weimer, 2014).

Alcohol misuse alters brain function

Alcohol easily permeates the blood-brain barrier, and it is likely
that no brain region, no brain cell type, and no brain circuit is
spared from the effects of ingested alcohol (Gilpin, 2022; Gilpin
& Koob, 2008). Acute alcohol intoxication leads to impairment of
sensorimotor (Lovinger, 2025) and cognitive function (Garrisson
et al.,, 2021) that eventually recovers once alcohol is metabo-
lized and excreted, but chronic heavy alcohol use can lead to
lasting or even permanent sensorimotor (Lovinger, 2025) and
cognitive impairments (Sullivan & Pfefferbaum, 2019). Acute
alcohol has rewarding effects during intoxication that promote
continued and escalated use (Gilpin & Koob, 2008), but chronic
heavy alcohol use leads to reward deficits (i.e., anhedonia) dur-
ing abstinence, which promotes subsequent alcohol use (Koob
& Vendruscolo, 2023). Similarly, acute alcohol reduces stress,
anxiety, and pain, likely explaining its misuse in specific sub-
sets of individuals, including those with pre-existing conditions
(i.e., using alcohol as self-medication) (Egli et al., 2012; Koob
& Vendruscolo, 2023), but chronic heavy alcohol use leads to
higher stress, anxiety, and pain during periods without alcohol.
Collectively, this leads to a vicious cycle in which the user experi-
ences desirable effects during consumption, followed by aversive
effects during withdrawal that promote subsequent continued
intake (Koob & Le Moal, 2001). This progressively worsening
cycle is defined by drug tolerance over time (i.e., the same alco-
hol dose has less effect after chronic use, leading to higher dose
intake), and worsening of withdrawal symptoms over time due to
higher doses that are consumed in more advanced stages of the
disease. Decades of work have uncovered nuanced roles for spe-
cific brain regions, cells, and circuits in mediating specific effects
of acute and chronic alcohol. This neuroscience research has led
to the development of two of the three medications currently
approved by the FDA for use in people with AUD: naltrexone and
acamprosate both target the brain, whereas disulfiram targets
alcohol metabolism. While naltrexone and acamprosate work
well for some people diagnosed with AUD, they do not work for
many others diagnosed with AUD, highlighting the critical impor-
tance of continued work in this area.

L [ s
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ALCOHOL MISUSE NEGATIVELY IMPACTS
MULTIPLE ORGAN SYSTEMS

Alcohol misuse negatively impacts the liver

Alcohol-associated liver disease (ALD) is one of the primary comor-
bidities associated with AUD, and the morbidity and mortality as-
sociated with advanced forms of disease outpaces that of any other
steatotic liver diseases. ALD-associated cirrhosis is a leading cause
for both liver transplants and hepatocellular carcinoma in the United
States. The complex pathophysiology of this disease, frequent con-
founding factors and comorbidities, as well as challenging diagnos-
tic criteria are among reasons why effective therapies for ALD are
lacking. The underlying pathology of ALD ranges from steatosis
to cirrhosis-related liver failure (Aslam & Kwo, 2023). Progression
beyond steatosis involves inflammation, immune infiltration, and
ECM remodeling, termed alcohol-associated hepatitis (AH) with or
without fibrosis (Mullish & Thursz, 2024). The most severe stage of
ALD is cirrhosis, defined by nodular formation and significant re-
placement of hepatic parenchyma by fibrous septae, which impede
intrahepatic blood flow and contribute to portosystemic shunting
(Hernandez-Evole et al., 2024).

The rising incidence of obesity and metabolic syndrome has un-
veiled the overlap between metabolic stress and alcohol-associated
liver injury (Diaz et al., 2023). The multiple shared mechanistic path-
ways leading to steatosis and inflammation synergize to increase the
risk for steatotic liver disease. Epidemiological evidence indicates
that individuals with alcohol misuse frequently have at least one car-
diometabolic risk factor and develop more severe liver injury than
individuals with similar cardiovascular risk factors that do not con-
sume alcohol (Seitz & Neuman, 2021). These observations empha-
size the greater comorbidity risk in persons with AUD and the need
for better educational and preventive measures among individuals

that misuse alcohol and in the population at large.

Alcohol misuse negatively impacts cardiovascular
function

Until recently, moderate and light alcohol drinking had long been
considered cardioprotective. However, more rigorous examination
of data reflecting a J-shaped curve—where low-to-moderate drink-
ing is cardioprotective and heavy drinking increases cardiovascular
risk—has raised concerns due to those studies reflecting limited
populations or having low sample sizes (Israelsen et al., 2024). Lack
of randomized controlled trials to confirm the benefits of alcohol
on cardiovascular health is notable. While low levels of alcohol
consumption may exert some cardioprotective benefits, significant
evidence indicates that chronic heavy consumption of alcohol has
detrimental effects on the cardiovascular system (Guzzo-Merello
et al.,, 2014; Mirijello et al., 2017). Alcohol misuse is a significant
risk factor for a range of cardiovascular diseases, including heart
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failure (HF), hypertension, and arrhythmias (Ettinger et al., 1978;
Klatsky, 2004). Pathophysiological mechanisms of alcohol-induced
cardiovascular risk include cardiac hypertrophy, oxidative stress,
mitochondrial damage, apoptosis, altered protein turnover, and
development of cardiac fibrosis (Piano & Phillips, 2014). Alcohol-
associated cardiac myopathy (ACM), characterized by left-ventricular
hypertrophy, dilation of the heart chambers, and reduced ejection
fraction, impairs cardiac function (Figueredo & Patel, 2023). In the
United States, ACM is a leading cause of non-ischemic dilated car-
diomyopathy, with approximately 21% to 32% of cases attributed to
long-term alcohol use.

Alcohol also produces indirect cardiovascular effects through
increased sympathetic nervous system (SNS) activity and activation
of the renin-angiotensin-aldosterone system (RAAS), which increase
blood pressure and cardiac afterload (Bigalke et al., 2024; Gardner &
Mouton, 2015; Kawano, 2010; van de Borne et al., 1997). Persistent
RAAS activation contributes to SNS stimulation and myocardial
stress, promoting adverse ventricular remodeling and hypertrophy
(Vacca et al., 2023). Alcohol is further linked to increased endothe-
lin-1 production and reduced nitric oxide (NO) bioavailability, re-
sulting in vasoconstriction, impaired coronary microcirculation, and
exacerbated myocardial dysfunction. Epidemiological, clinical, and
preclinical studies indicate that heavy alcohol consumption increases
the risk of hypertension (Husain et al., 2014). In recent years, cardio-
vascular disease (CVD) deaths related to substance use have signifi-
cantly increased, with alcohol being the most common psychoactive
substance associated with CVD mortality. While abstinence can re-
sult in partial or full cardiac recovery, chronic alcohol misuse leads to
irreversible myocardial damage and end-stage heart failure.

Alcohol misuse negatively impacts pulmonary
function

Among the respiratory complications arising from chronic alcohol
use are pneumonia, aspiration, and acute respiratory distress syn-
drome (ARDS) (Moss & Burnham, 2003; Nielsen et al., 2024). Alcohol
increases the risk of ARDS by priming the lung for exaggerated in-
flammatory responses during sepsis (Nelson & Kolls, 2002), trauma,
or pneumonia, leading to increased requirements for mechanical
ventilation and higher ICU mortality rates (Mehta & Guidot, 2017).
Individuals with chronic alcohol use who smoke are at a higher risk
of lung cancer (Guidot & Hart, 2005). Alcohol impairs pulmonary
function by altering central respiratory control, damaging the alveo-
lar-capillary barrier, and impairing respiratory muscle performance,
and many of these changes are only unmasked by secondary insults
such as infection, surgery, or trauma.

Alcohol misuse negatively impacts endocrine function

Alcohol can disrupt endocrine function through its effects on
neurotransmitter production, hormone levels, and substrate

concentrations (Rachdaoui & Sarkar, 2017), manifesting in condi-
tions such as hypothyroidism, stress intolerance, impaired reproduc-
tive function, osteoporosis, and growth retardation.

Alcohol reduces nocturnal plasma levels of growth hormone
(GH), the principal driver of longitudinal growth, and diminishes tis-
sue responsiveness to GH and insulin-like growth factor-1 (IGF-1) (De
Marinis et al., 1993; McCullar et al., 2024). Suppression of the GH/
IGF-1 axis is particularly detrimental during adolescence, a period
of high-risk alcohol use, and during disease states. Chronic alcohol
use also elevates circulating prolactin levels (hyperprolactinemia) in
both men and women (Rachdaoui & Sarkar, 2017), which suppresses
gonadotropin-releasing hormone (GnRH) release, leading to amen-
orrhea and galactorrhea in women, and decreased libido, reduced
spermatogenesis, and gynecomastia in men. Additionally, chronic
alcohol consumption lowers circulating antidiuretic hormone (ADH)
levels and impairs the hypovolemia-induced ADH response, compro-
mising homeostatic mechanisms essential for restoring blood volume
following hemorrhage (Linkola et al., 1978; Taivainen et al., 1995).

Dysfunction of the hypothalamic-pituitary-thyroid (HPT) axis,
commonly observed in individuals with AUD, contributes to behav-
ioral manifestations associated with alcohol misuse, including de-
pression (Sagaram et al., 2022). Alcohol-associated HPT disruption
is characterized by decreased circulating thyroid hormone levels,
decreased thyroid volume, increased fibrosis, and altered periph-
eral thyroid hormone metabolism (Baumgartner et al., 1994; Heinz
et al.,, 1996; Majumdar et al., 1981).

Alcohol misuse is also linked to altered bone metabolism, re-
duced bone mineral density and mass, and an increased risk of
fractures—even in the absence of liver disease (Gaddini et al., 2016;
Ke et al., 2023; Zhang et al., 2015). The prevalence of osteoporo-
sis among individuals with AUD exceeds 40%, partly due to at-
tenuation of the hypothalamic-pituitary-gonadal (HPG) axis and
associated reductions in circulating testosterone levels (Emanuele
& Emanuele, 2001). Alcohol-related myopathy, decreased bone
mineral content, and balance impairments resulting from alcohol in-
toxication further compound the risk of osteoporotic fractures and
delayed fracture healing in aging individuals.

Heavy and chronic alcohol consumption is a major contributing
factor to the development of pancreatitis (Samokhvalov et al., 2015).
Alcohol intake exceeding 40g/day is particularly detrimental, pro-
ducing direct toxic effects on acinar cells, with pancreatic stellate
cells implicated in the development of fibrosis. Although alcohol
consumption alone rarely initiates pancreatitis, it sensitizes the pan-
creas to additional insults such as smoking, bacterial toxins, viral in-
fections, and binge drinking (Setiawan et al., 2017) and contributes
to the risk for pancreatic cancer.

Alcohol misuse is also an independent risk factor for type 2 dia-
betes mellitus (T2DM) (Cook et al., 2025; Rachdaoui & Sarkar, 2017;
Wang et al., 2025) and reduced insulin secretion in response to a glu-
cose load. Alcohol use is reported to increase beta cell apoptosis, de-
crease GABA receptor expression, elevate oxidative stress, reduce
expression of insulin-secretion genes, and increase ghrelin secre-
tion (Bansal et al., 2011; Dembele et al., 2009; Ford Jr. et al., 2016).
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Alcohol use is associated with reduced glucagon-like peptide 1
(GLP-1) levels, an intestinal incretin that promotes insulin secre-
tion (Farokhnia et al., 2022; Molina-Castro et al., 2024). Emerging
evidence indicates that GLP-1 receptor agonists reduce alcohol
consumption behaviors in animal models and may prevent alcohol-
related adverse events in clinical populations (Leggio et al., 2023;
Wium-Andersen et al., 2022). GLP-1-based therapies represent a
promising strategy for treating AUD, potentially offering protection
against alcohol-induced beta cell dysfunction.

Alcohol consumption disrupts stress-response pathways and the
hypothalamic-pituitary-adrenal (HPA) axis, with alcohol's effects
varying based on duration of use (Richardson et al., 2008). Acute
alcohol exposure activates the HPA axis, increasing corticotropin-
releasing factor (CRF), adrenocorticotropic hormone (ACTH), and
glucocorticoid levels in a dose-dependent manner. In contrast,
chronic alcohol use suppresses basal ACTH and glucocorticoid lev-
els, decreases CRF mRNA expression, and attenuates pituitary re-
sponsiveness to CRF. Overall, chronic alcohol use blunts HPA axis
responsiveness during baseline conditions and in response to stress,
diminishes diurnal cortisol rhythms, and impairs glucocorticoid re-
ceptor sensitivity (Richardson et al., 2008). These neuroendocrine
adaptations contribute to dysregulated stress responses, which are
central to the pathophysiology of alcohol use disorder (AUD), mood
disorders, and relapse vulnerability. Dysregulation of the HPA con-
tributes to the pathophysiology of addiction, dependence, and re-
lapse in AUD (King et al., 2006).

Circulating aldosterone levels positively correlate with alcohol
consumption, craving, and anxiety in both preclinical models and
humans (Leggio et al., 2008). Aldosterone levels rise during acute al-
cohol withdrawal and decline with abstinence. Additionally, actively
drinking males exhibit a blunted angiotensin lI-mediated aldosterone
response, suggesting that dysregulation of the aldosterone-miner-
alocorticoid receptor (MR) pathway contributes to AUD, supporting
MR antagonism as a promising therapeutic target (Aoun et al., 2018).

Chronic alcohol use also disrupts the hypothalamic-pituitary-go-
nadal (HPG) axis, resulting in reduced gonadotropin release, abnormal
menstrual cycles, infertility, impotence, and decreased oocyte num-
bers (Li et al., 2013; Mendelson & Mello, 1988). In premenopausal
women, heavy alcohol consumption is associated with elevated estro-
gen levels. In men, alcohol impairs reproductive function by reducing
testosterone levels, semen volume, sperm count, and motility.

While alcohol's effects on some endocrine systems are better
understood, many mechanisms underlying endocrine dysfunction in
acute and chronic alcohol use remain unclear. Promising therapeutic
approaches targeting the HPA axis, GLP-1 signaling, and MR path-
ways highlight the critical need for continued research in this area.

Alcohol misuse negatively impacts the gut and
microbiome

Acute and chronic alcohol consumption profoundly affects the
gastrointestinal (Gl) tract, increasing risk for gastritis, liver disease,
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portal hypertension, esophageal varices, pancreatitis, malabsorp-
tion, and nutritional deficiencies. Chronic use also increases risk for
esophageal, gastric, and colorectal cancers (Rehm & Shield, 2020).
Alcohol is classified as a Group 1 carcinogen by the International
Agency for Research on Cancer (IARC), and in the United States, it
is the third leading preventable cause of cancer after tobacco and
obesity, contributing to approximately 100,000 cases and 20,000
deaths annually. Alcohol increases cancer risk via oxidative stress,
inflammation, and interference with the uptake and metabolism of
carcinogens.

Studies increasingly show that chronic alcohol use alters
gut microbiome composition, leading to overgrowth of patho-
bionts and reduction in beneficial commensal bacteria (Day &
Kumamoto, 2022). This dysbiosis contributes to intestinal inflam-
mation and permeability, enabling translocation of toxins and mi-
crobial products that affect the liver and other organs (Hartmann
et al,, 2015; Leclercq et al., 2019). Overgrowth of pathogenic
bacteria and reduction in Lactobacillus species are frequently ob-
served in individuals with AUD.

Alcohol misuse negatively impacts the
musculoskeletal system

An often underrecognized consequence of chronic alcohol use is its
detrimental effect on skeletal muscle (SKM), resulting in myopathy
affecting up to 60% of individuals with AUD (Preedy et al., 1988;
Simon et al., 2017), characterized by progressive muscle weakness,
particularly in the proximal muscles, selective atrophy of type Il glyc-
olytic fibers, and reductions in both SKM mass and strength (Steiner
& Lang, 2015). Alcohol-associated myopathy may occur indepen-
dently of alcohol-associated nutritional and micronutrient deficien-
cies, is a frequent complication in patients with alcohol-related liver
disease (ALD), and is further exacerbated by metabolic imbalances,
nutritional deficiencies, and compounded by subclinical inflamma-
tion (Molina et al., 2014). In individuals with alcohol-associated cir-
rhosis, SKM loss is accelerated and is linked to increased mortality,
particularly in females (Thapaliya et al., 2014), and aggravated by

sedentary lifestyles.

ALCOHOL RESEARCH IS CRITICAL FOR
IMPROVING THE HEALTH OF AMERICANS

Alcohol use disorder is a chronic disease. AUD is highly prevalent
with other chronic diseases, and AUD worsens outcomes associ-
ated with other chronic diseases. Chronic excessive alcohol use
costs the US hundreds of billions of dollars, dwarfing the economic
impact of most other drugs. Research in the field has definitively
established AUD as a chronic disease impacting the brain, liver, and
multiple organ systems contributing to the risk for and severity
of several conditions including cardiovascular disease, pulmonary
disease, musculoskeletal deficits, and impaired gastrointestinal
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and endocrine function. Chronic excessive alcohol use worsens
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the health of Americans and accounts for tens of thousands of
American deaths annually. Alcohol research funded by NIH has
led to many successes over the past several decades, including
the development of three FDA-approved medications for AUD,
establishment of clinical guidelines regarding alcohol consumption
during pregnancy, and increases in our understanding of chronic
alcohol effects on multiple organ systems and various comorbid
conditions. Each of these scientific advances has had major posi-
tive impacts on the health of Americans. In one way or another, it is
likely that no US citizen is untouched by the consequences of AUD,
and it is therefore likely that all US citizens benefit from biomedical

alcohol research.
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