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Abstract
This study aimed to investigate the molecular mechanisms by which chronic alcohol consumption impacts female infertility, high-
lighting significant societal implications. By conducting a comprehensive literature review, we examined existing evidence on the 
association between long-term alcohol use and female reproductive health. Relevant studies were identified through systematic 
searches of electronic databases and key journals. We synthesized information on the molecular pathways affected by alcohol con-
sumption, with particular emphasis on oxidative stress, inflammation, and hormonal disruptions. Additionally, we reviewed efforts 
to address alcohol-related health issues, including public health interventions, regulatory measures, and educational initiatives. Our 
study found strong evidence linking chronic alcohol consumption to increased mortality rates and a range of preventable diseases 
globally. Alcohol's effects extend beyond physiological consequences to psychological, social, and economic burdens. Chronic 
alcohol consumption disrupts hormonal balance and reproductive function, contributing to female infertility. Future research should 
focus on quantifying mortality risks associated with alcohol consumption, understanding gender-specific patterns in alcohol-related 
health outcomes, and elucidating the molecular mechanisms underlying female infertility. Addressing these gaps will inform strate-
gies to mitigate the burden of alcohol-induced health issues and promote overall well-being. Collaborative efforts among diverse 
stakeholders are essential for advancing research agendas and translating findings into effective interventions.
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Exploring the Link Between Excessive 
Alcohol Intake and Increased Mortality

Chronic alcohol intake has repeatedly been linked with a higher 
likelihood of death and a range of health issues [1]. Multiple 
studies and thorough research have firmly proven a significant 
correlation between excessive alcohol use and increased death 
rates. Excessive alcohol consumption can lead to increased 

mortality in several significant ways [2]. Throughout history, 
alcoholism has consistently held its place as one of the recog-
nised risk factors for preventable diseases worldwide. Based 
on research from the World Health Organisation (WHO), 
5.3% of global deaths in 2016 were attributed to detrimental 
alcohol consumption [3]. Alcohol is the primary cause of the 
progression of numerous chronic diseases, and it significantly 
amplifies the severity of diseases and diminishes the effective-
ness of therapies [4]. Alcohol consumption not only affects 
the physiological system (Fig. 1) but also has a multitude of 
adverse consequences on the psychological and social welfare 
of an individual. Moreover, the inclination towards alcohol-
ism results in substantial economic problems [5]. Furthermore, 
apart from the diverse array of clinical presentations that ensue 
from systemic involvement, there exist specific indicators and 
symptoms that frequently lack specificity and fail to propose or 
indicate an exact evaluation [6]. Headache, anxiety, vomiting, 
nausea, delirium, seizures, tremors, elevated body temperature, 
rapid pulse rate, visual hallucinations, and so forth, are some 
of these symptoms. These signs and symptoms are not always 
necessarily associated with illness conditions [1].
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Gender Disparities in Alcohol‑Related Mortality: 
A Closer Look at Risk in Women

Research shows that alcohol consumption and abuse among 
women are on the rise as depicted in (Fig. 2) [7, 8]. Although 
excessive alcohol consumption is harmful to the health of eve-
ryone, women are disproportionately impacted by alcohol-
related problems [9]. In addition to the 2020–2025 Dietary 
Guidelines for Americans, women should be aware of these 
health hazards associated with alcohol usage in order to make 
informed decisions regarding their use. Adult women who 
are of legal drinking age might choose to either completely 
abstain from alcohol or to limit their intake to no more than 
one drink per day [10]. This amount is not intended to be 
an average, but rather a daily cap. Lowering alcohol use 
can lessen its risks, but it won't completely eradicate them. 
Some people should never drink alcohol at all, such as those 
who are pregnant or may become pregnant [11]. The study 
emphasizes the critical need for future research to establish 
causality through longitudinal and epidemiological studies, 
highlighting a significant gap in our current understanding 
of the causal relationship between alcohol consumption 
and health outcomes. Although existing evidence strongly 

connects chronic alcohol use to various health issues, such 
as liver toxicity and female infertility, most studies remain 
correlational. Longitudinal studies, which track individu-
als over time, are essential for observing the direct effects 
of alcohol on health. Similarly, epidemiological studies can 
reveal causal patterns within populations, clarifying how 
chronic alcohol consumption contributes to specific health 
conditions. Additionally, while the study briefly touches on 
gender disparities in alcohol-related health outcomes, there 
is a need for deeper exploration into the specific mechanisms 
linking alcohol consumption to female infertility. This further 
investigation is crucial for developing targeted interventions 
and effective public health strategies to mitigate the impact of 
alcohol-related health problems [12].

Physiological Differences

In general, women possess a greater percentage of adipose 
tissue and a lesser percentage of water compared to males 
[13]. Due to the bodies of women are less able to metabolise 
alcohol, their blood alcohol concentrations rise with each unit 
of alcohol they ingest [14]. This may increase the chance of 
experiencing health problems linked to alcohol use. Several 

Fig.1   Alcohol interaction. As a result of the deleterious byproducts 
produced during alcohol metabolism, tissue and cell damage can 
be accelerated. Several pathophysiological processes, such as epi-
genetic modifications, growth factor signalling, altered nutritional 
deficiencies, mitochondrial damage, and oxidative stress, are fre-
quently associated among alcohol metabolisms. These interact in 
conjunction with inflammation, systemic immune activation, cell 
senescence, and exhaustion induced by gastrointestinal leakage. As a 

result, tissue damage is exacerbated and homeostatic mechanisms are 
disrupted, which raises the risk of developing cardiometabolic syn-
drome (CMS). CMS is linked to a cluster of target organ dyshomeo-
stasis syndromes, which increases the risk of neurocognitive deficits 
and pain syndromes, both of which have the potential to accelerate or 
worsen biological ageing. CMS signifies cardiometabolic syndrome; 
HTN denotes hypertension; RAS stands for the renin-angiotensin sys-
tem
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studies show that women experience alcohol-related problems 
earlier and at lower alcohol intake levels than men do, for a 
number of reasons [13]. In general, women weigh less than 
men do. In addition, women have less water per pound than 
men do, and bodily water serves as the main storage space for 
alcohol. This suggests that after a male and a woman of equal 
weight consume an identical amount of alcohol, women are 
more likely to have elevated blood alcohol concentrations, or 
blood alcohol content, which increases their risk of harm. For 
example, studies show that women are more prone than men 
to develop hangovers and alcohol-induced blackouts at similar 
alcohol levels [15, 16].

Metabolism Variation

Alcohol metabolism in women generally differs from that of 
males as a result of discrepancies in the activity of enzymes 
involved in alcohol metabolism [17]. This may potentially 
heighten the vulnerability of an individual to the detrimen-
tal consequences of alcohol, such as hepatic impairment. 
Previous research has documented variations in alcohol 
metabolism parameters based on gender [18, 19]. In contrast 

to males, females exhibit reduced activity of alcohol dehy-
drogenase in the stomach, an enzyme that enhances the bio-
availability of ethanol [20]. A 7.3% reduction in the volume 
of ethanol distribution relative to men causes an increase in 
blood alcohol concentration among females. In comparison 
to males, women exhibit a 10% increase in the rate of etha-
nol oxidation and elimination in the liver, while their gastric 
emptying rate of alcohol is 42% slower. As a consequence 
of these disparities, women consume an equivalent amount 
of alcohol, which elevates their blood alcohol concentra-
tion [21–24]. Additionally, disparities between genders 
have been identified regarding the frequency and volume of 
alcohol consumption. A cross-cultural investigation reveals 
that males consume alcohol at a greater frequency and in 
greater quantities [25, 26]. Conversely, the prevalence of 
alcohol use disorder, high-risk alcohol consumption, and 
alcohol use among women has increased substantially over 
the past decade (16%, 58%, and 84%, respectively), while 
men have experienced a comparatively lesser surge (7%, 
16%, and 35%, respectively) [27, 28]. Gender disparities in 
a few neurotransmitter systems might significantly influence 
the likelihood of developing alcohol use disorders [29, 30].

Fig. 2   Monthly alcohol use by both men and women in 2020
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Pregnancy and Fertility

The consumption of alcohol throughout pregnancy may 
result in harmful outcomes for the development of the foe-
tus, including the emergence of foetal alcohol syndrome 
[31]. Alcohol consumption causes distinct considerations and 
potential repercussions for women who are in the reproduc-
tion age group [32]. The optimal level of alcohol consump-
tion for expectant or potentially pregnant women is unknown 
[33]. Alcohol exposure during pregnancy has the potential 
to induce physical, cognitive, and behavioural complications 
in children, all of which may ultimately develop into foetal 
alcohol spectrum disorders [34]. Additionally, drinking during 
pregnancy may elevate the likelihood of preterm labour [35].

Jones and Smith (1973) documented a syndrome in foe-
tal subjects exposed to alcohol that manifested as growth 
retardation, dysfunction of the central nervous system, and 
facial dysmorphology [36]. It is disconcerting that, not-
withstanding reductions in alcohol consumption through-
out pregnancy, around 10% of pregnant women persist in 
consuming alcohol on a monthly basis [37]. Foetal alcohol 
spectrum disorder (FASD) affects one percent to five per-
cent of American babies, according to recent estimates [38]. 
Birth weight in babies was found to be lower in a prospective 
research including almost 31,000 women, even when alcohol 
consumption was restricted to an average of one drink per 
day (about 14 grammes of alcohol) [38]. A minimum of 3.5 
standard U.S. servings (14 grammes each) of alcohol per 
week is associated with decreased intelligence quotient (IQ) 
scores in children as young as eight years old, particularly 
when those children have one of four genetic variants in 
the genes accountable for alcohol metabolism [39]. While 
the detrimental consequences of alcohol exposure appear to 
be particularly conspicuous during the first trimester, even 
moderate to low levels of alcohol intake have been associ-
ated with cognitive, motor, and developmental setbacks [40, 
41]. According to recent studies, alcohol usage by the father 
before conception may have an impact on the development 
of the foetus and later alcohol use [42].

Treatment Disparities

Psychological and sociodemographic differences exist between 
men and women seeking treatment for AUD [43]. Women face 
unique challenges in accessing treatment and possess specific 
needs that differ from those of males undergoing treatment 
for AUD [44]. Regarding sociodemographic characteristics, 
AUD-treated women are distinguished from non-participating 
women. There was a higher prevalence of psychotropic medi-
cation use among individuals who held the belief that they did 
not necessitate treatment [45]. Treatment for AUD in women 
is impeded by a combination of internal and external barriers 
[46]. The gender discrepancy in treatment initiation rates can 

be attributed by diminished recognition of the necessity for 
treatment, emotions of guilt and shame stemming from the dis-
crepancy between societal expectations and traditional gender 
norms regarding women with AUD, the presence of depression 
and other co-occurring disorders, more pronounced inequities 
in employment, health insurance, and economic prospects in 
comparison to men, childcare responsibilities, and concerns 
regarding potential churn [46].

Contemporary gender norms and prevalent misconcep-
tions concerning AUD may contribute to the decreased utili-
sation of AUD treatment among women, according to recent 
research. According to research by Lale and colleagues, 
women were more likely than men to attribute AUD to "bad 
character" and less likely to attribute AUD to heredity [47]. 
Furthermore, women articulate apprehensions regarding the 
possible consequences that may ensue if they disclose an alco-
hol dependency, such as being viewed as "bad mothers" or 
losing custody of their children [48]. Likewise, it is observed 
that women are more likely than males to experience feel-
ings of embarrassment, dread, hopelessness, and the belief 
that their situation does not warrant AUD treatment [49]. In 
addition to these interpersonal barriers, women may experi-
ence a scarcity of social support in comparison to males when 
attempting to seek treatment for AUD. There is a higher likeli-
hood that women with AUD are involved in an intimate rela-
tionship with another woman who also has the disorder [50]. 
Additionally, during recovery, women receive less support 
from their spouses and families [51]. Furthermore, greater 
logistical barriers are frequently encountered by women when 
endeavouring to access treatment. The challenges commonly 
encompass issues related to transportation, restricted avail-
ability of nursery, and inadequate insurance coverage [52].

When comparing men and women, it has been observed 
that women are more likely to seek treatment for AUD in 
clinical settings specialising in general mental health or 
substance use. In addition, the likelihood that the court 
will order them to attend treatment is diminished [53]. 
Furthermore, women with AUD often cite nonsubstance-
related mental health issues and distressing life events as 
the primary reasons for seeking treatment [54]. The child 
welfare, legal, and welfare systems provide additional chan-
nels through which specific women can obtain treatment 
for AUD. An initiative to provide primary care physicians, 
gynaecologists, and psychiatrists with specialised knowledge 
on how to recognise and refer women with AUD has the 
potential to reduce the gender gap reflected in the dispro-
portionate number of cases where women seek treatment 
for AUD. In addition, empirical evidence indicates that car-
egiving-oriented AUD treatment facilities are generally pre-
ferred by women. As a result, it is anticipated that treatment 
facilities that are easily accessible, suitable for children, and 
broadly available will also increase the utilisation of services 
among women who have been diagnosed with AUD [55].
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Complex Molecular Mechanisms Behind 
Alcohol‑Induced Liver Disease and Female 
Infertility

An association has been established between chronic alco-
hol consumption and the onset of liver disease as well as 
infertility in females [56]. Figure 3 shows some factors that 
may aid in controlling alcohol consumption. These con-
ditions are caused by complex molecular processes that 
involve alcohol metabolism, oxidative stress, inflamma-
tion, and hormonal imbalances [7]. When considering liver 
disease, it is observed that females are more susceptible to 
alcohol-induced liver injury compared to males [57]. This 
may be owing to variations in the way alcohol is metabo-
lised by women. Since women have lower concentrations of 
the enzyme ADH in their stomachs and livers, their alco-
hol metabolism is slower than that of males [58]. Conse-
quently, women have a higher likelihood of developing liver 
disease even when they consume alcohol at lower amounts 
compared to men [59]. Chronic alcohol use can cause a 
number of liver illnesses in women, such as cirrhosis, alco-
holic hepatitis, and alcoholic fatty liver disease (AFLD) [7]. 
The molecular mechanisms that underlie these conditions 
encompass several critical pathways. Oxidative stress occurs 
when there is an imbalance between the ability of the body 

to remove reactive oxygen species (ROS) and the amount of 
ROS being produced. Chronic alcohol consumption in the 
liver can lead to the overproduction of reactive oxygen spe-
cies (ROS), causing harm to lipids, proteins, DNA, and other 
cellular components [60]. Chronic alcohol consumption can 
lead to the activation of innate immune components such as 
Kupffer cells, LPS/TLR4, and complements. These compo-
nents have a vital role in the development and progression 
of acute liver illness [61]. Moreover, it has been found that 
the connection between the gut and liver plays a vital role in 
the development of alcoholic liver disease (ALD). Extended 
alcohol consumption triggers the activation of CYP2E1 in 
liver cells, resulting in compromised antioxidant function, 
excessive generation of reactive oxygen species (ROS), and 
increased activity of inducible nitric oxide synthase (iNOS). 
The reactive oxygen species trigger endoplasmic reticulum 
stress and generate an inflammatory response through the 
TLR4/MyD88/NF-κB signalling pathway, which greatly 
enhances the activation of the NLRP3 inflammasome [61].

Inflammation has a vital role in the progression of liver 
disease. Prolonged alcohol consumption has the potential 
to stimulate inflammatory cells within the liver, which are 
capable of secreting cytokines and other signalling mol-
ecules that have a detrimental effect on tissues and inflam-
mation. Chronic alcohol consumption in relation to female 

Fig. 3   Factors which may control alcohol consumption
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infertility is linked to disturbances in the menstrual cycle, 
decreased fertility, and an increased risk of miscarriage and 
foetal alcohol syndrome [62]. The precise molecular mecha-
nisms that contribute to alcohol-induced infertility in women 
remain poorly elucidated; however, they potentially entail 
interference with the hypothalamic-pituitary–gonadal axis, 
a critical regulator of reproductive function [62–67]. Hor-
monal imbalances caused by chronic alcohol consumption 
in women may have a negative impact on their fertility [68]. 
Oestrogen, progesterone, and luteinizing hormone (LH), 
all of which are essential for ovulation and the menstrual 
cycle, can be disrupted by alcohol [69]. Additionally, alcohol 
has the potential to disturb the equilibrium of pregnancy-
related hormones, including progesterone and human cho-
rionic gonadotropin (hCG), thereby elevating the likelihood 
of miscarriage and foetal alcohol syndrome [70]. Figure 4 
shows the chronic alcohol consumption has been linked to 
irregular menstrual cycles, decreased fertility, increased risk 
of miscarriage, and foetal alcohol syndrome in the context 
of female infertility [71–73]. Moreover, it is important to 
remember that smoking and alcohol can both damage DNA 
and alter the epigenetic makeup of germ cells, which can 

eventually result in genetic defects and heritable imprinting 
as well as associated disorders [74, 75] (Table 1).

Future Directions: Areas for Further 
Research and Policy Implications

Policy initiatives and research pertaining to alcohol encom-
pass a vast array of subjects, including public health and social 
behaviour [122]. Engage in research within the domains of 
public health and epidemiology to investigate the long-lasting 
health effects of alcohol intake. This should involve a compre-
hensive examination of its impact on mental health, chronic 
illnesses, and overall state of well-being [123]. Policymakers 
must establish and execute public health initiatives aimed at 
enhancing knowledge of the detrimental health consequences 
associated with excessive alcohol consumption [124]. Con-
sider laws that prevent dangerous drinking habits, such as 
alcohol taxes and advertising limits [125]. Analyse the various 
determinants that impact the occurrence of underage drink-
ing, the resulting outcomes, and effective strategies for preven-
tion. Establish and uphold rigorous restrictions that govern 

Fig. 4   Repercussions of alcohol consumption on the fertility of both men and women
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the sale and distribution of alcohol to those who are under 
the legal drinking age. Support instructional programmes in 
schools and communities that aim to reduce underage drink-
ing. Investigate effective interventions and therapies for alco-
hol consumption disorder, including both pharmaceutical 
and behavioural approaches. Increase access to high-quality 
addiction treatment facilities, encourage early intervention, and 
decrease the stigma associated with getting help for alcohol-
related problems [126]. Examine the effects of alcohol on 
road safety, the efficacy of sobriety checkpoints, and the role 
of technology in reducing drunk driving. To combat drunk 
driving, enforce severe regulations, increase public awareness 
efforts, and invest in technology like ignition interlock devices 
[127]. Examine the connections between the accessibility of 
alcohol, the concentration of alcohol-selling establishments, 
and the negative consequences associated with alcohol con-
sumption. Enforce zoning regulations and licencing prerequi-
sites to restrict the quantity of establishments selling alcohol 
[128]. Consider pricing and taxation policies to impact alcohol 
supply and consumption. Investigate how cultural and social 
norms influence alcohol consumption trends [129]. Create cul-
turally tailored interventions and educational programmes to 
address social norms and attitudes towards alcohol. Encour-
age community involvement to promote appropriate drinking 
habits [126]. Examine the impact of alcohol advertising on 
patterns of alcohol consumption, specifically among sus-
ceptible groups. Enforce regulations on alcohol advertising, 
specifically targeting the youth demographic [130]. Consider 
limiting the substance and placement of alcohol marketing to 
decrease their influence. Investigate harm-reduction methods 
such as supervised consumption sites and alcohol substitution 
programmes. Incorporate harm reduction techniques into a 
comprehensive approach to address alcohol-related problems. 
Allocate financial resources to initiatives that seek to mitigate 
the adverse effects of alcohol intake. Investigate the bidirec-
tional link between alcohol use and mental health problems. 
Integrate mental health care and substance misuse treatment 
programmes. Enact measures to tackle the simultaneous pres-
ence of mental health conditions and substance abuse disor-
ders. Examine the variations in alcohol consumption patterns 
across different cultures and analyse the resulting effects on 
policy formulation [131]. To address global alcohol concerns, 
develop policies that take cultural settings into account and 
involve international collaboration. Effective policy in these 
areas should be evidence-based, taking into account the unique 
requirements of varied populations, as well as individual and 
social viewpoints on alcohol consumption [132]. A compre-
hensive approach including numerous stakeholders, including 
government agencies, healthcare providers, communities, and 
the alcohol business, is frequently required to make meaningful 
influence. Alcohol research includes various areas for future 
research and policy consequences [133, 134].
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Conclusion

The study concludes that alcohol-induced liver disease 
(ALD) and female infertility are multifaceted health issues 
with significant societal and individual consequences. 
Chronic alcohol consumption is strongly associated with 
increased mortality rates and a range of preventable diseases 
globally. The molecular mechanisms behind ALD involve 
a progression from steatosis to fibrosis/cirrhosis, which 
greatly affects liver function and overall health. Addressing 
alcohol-related health consequences requires a comprehen-
sive approach involving public health interventions, regula-
tory measures, and targeted educational programs. Future 
research efforts should focus on quantifying mortality risks 
associated with alcohol consumption, establishing causal-
ity through longitudinal and epidemiological studies, and 
understanding gender disparities in alcohol-related health 
outcomes, particularly regarding female infertility.
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