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ABSTRACT 
 
The Minimum Legal Drinking Age of 21 (MLDA-21) has been a source of contentious debate, enduring over a century 
of ethical and medical justifications. Critics cite the neurological and behavioral consequences of adolescent alcohol 
consumption to argue for the maintenance or even an increase from MLDA-21. Advocacy groups even propose man-
datory training for adolescents in order to reduce harmful binge-drinking behavior. On the other hand, proponents of 
lowering the age limit argue that, ethically and politically, MLDA  must match the threshold of legal adulthood. They 
also claim that there are some scientific basis for lowering MLDA. However, this study that analyzed a wide breadth 
of scientific sources found that medical consensus validates MLDA-21. Studies find that the harms of adolescent 
alcohol consumption, including mental disorders, behavioral complications, and developmental consequences, out-
weigh the benefits of making alcohol more legally accessible. 
 
Introduction 

Alcohol has long been a source of debate at the intersection between politics and science. When America was still a 
young republic, the consumption of alcohol stimulated regional economies, with workers everywhere spending their 
wages at pubs and bars [1]. In response, the Temperance Movement opposed the widespread consumption of alcohol, 
especially since many of participants’ husbands returned home drunk, increasing rates of domestic violence and sexual 
abuse [2]. Since then, the question of who can drink alcohol has adapted with the times, most notably with the 1984 
increase of the federal drinking age from 18 to 21. 

The Minimum Drinking Age Act of 1984 encouraged all states to adopt the national drinking age of 21 [3]. 
Congress justified its decision through the recent rise in traffic accidents, teen pregnancy, and drug abuse among high 
school seniors who were eligible to drink. Advocacy groups aggressively argued that early adolescent drinking was 
causing chaos in American society. Still, many teenagers continued to consume and abuse alcohol despite the legal 
barrier. Research has shown that in 2012, despite the increase in legal drinking age, 42% of high school seniors re-
ported drinking over the 30 days before the survey [3]. In fact, adolescents and young adults have frequent opportu-
nities to binge drink. Studies have found that these activities mostly occurred during unsupervised parties [4]. Thus, 
it can reasonably be inferred that the risk due to alcohol increases without parental supervision. It is to this reason that 
proponents of lowering the drinking age argue that with adequate parental control and guidance in consuming alcohol, 
the inevitability of adolescent drinking can be controlled in a mature, healthy manner [5].  

Furthermore, many countries, such as those in Europe and East Asia, already have adopted lower national 
drinking ages than those of the United States. For example, the Korean national drinking age is around 19, while 
Germany’s national drinking age is 16 [6]. These ages are considerably lower than that of the United States. Combined 
with the aforementioned possible safeguards, some groups have pushed the United States government to lower the 
drinking age. However, despite these arguments, the current legislation has not correlated with a reduction in underage 
drinking with medical and/or political concerns. 
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The controversy therefore requires a thorough analysis of the available studies to justify and negotiate for the 
best solution that protects the American adolescents. Specifically, current literature can add a scientific approach to 
the debate, synthesizing medical studies to consider whether the United States federal drinking age should be lowered, 
maintained, or raised. The researched answer can guide future legislations to determine next steps to take that can 
satisfy both sides of the debate. 

 
Methodology 

This study analyzes peer-reviewed studies gathered from PubMed, EBSCOhost, and Google Scholar, though some 
external sources were utilized for elaboration of current research. Inclusion in this study depended on three criteria: 
(1) its credibility according to currency, authority, accuracy, and purpose; (2) its relevance to the biological effects of 
alcohol consumption among adolescents; and (3) the article’s relationship to other sources. Most studies were com-
pleted after 2010, though a few were drawn from earlier if it adds significant validation or refutation. Finally, authors’ 
backgrounds and affiliations were analyzed for potential conflicts of interest. This analysis considers potential bias to 
evaluate the extent to which it may have influenced the results. During the assessment, four were excluded for reasons 
such as: (1) insufficient evidence to determine the author(s)’ credibility, (2) a lack of relevant scientific research, and; 
(3) a conflict of interest that created bias within the research. 

Sources were then classified according to their theme. One overarching keyword that appeared multiple times 
was “development.” Therefore, this study will first analyze how alcohol influences adolescent development, a topic 
further subdivided into neurological and psychological development, though there was often overlap between the two. 
However, the categories were analyzed separately until the final discussion. Altogether, this literature review analyzes 
31 sources.  
 
Review of Scientific Literature 
 
Summarizing Effects of Alcohol on Various Aspects of Development 

There is already a broad consensus that early consumption of alcohol correlates to developmental disorders, but the 
extent to which alcohol causes them remains unclear; there are disagreements on what exactly happens to adolescent 
drinkers as they mature. Thus, a key question in the debate is how far the effects of alcohol can transfer into adulthood. 

Although features of physical development such as brain size and volume remain unimpaired by alcohol, its 
consumption causes critical changes such as brain cortical volume and refinement of cortical connections that persist 
into late adolescence and even into the early stages of adulthood [7]. Adolescent drinkers also showed smaller total-
brain, frontal-lobe, and temporal-lobe volumes [8]. Thus, alcohol could inhibit vital stages of development, causing 
various neurological problems that often express themselves as behavioral problems. One such consequence is a dis-
ruption in evaluating risk and reward. Because of a heightened sensitivity to alcohol, the developing adolescent brain 
may recognize alcohol as a reward, making them more prone to initial drinks [9]. They are then more likely to binge-
drink than those who are more neurologically and physically mature [10]. Thus, it can be reasonably concluded that 
early drinking can cause adolescents to seek alcoholic beverages at a greater frequency in the future than those who 
do not. 

Understanding the full effects of alcohol on adolescents also requires an understanding of environmental 
factors. For example, early pubertal development among adolescents can increase the likelihood of early drinking 
behaviors, especially among girls [11]. Adolescent girls who begin puberty earlier often engage socially with older 
students who are more likely to use alcohol frequently [11]. Similarly, a COMPASS Host Study surveyed Canadian 
high school students and found greater occurrences of binge-drinking among students who engaged in related, risky 
behavior [12]. Furthermore, the more that students felt connected to their school, especially through involvement in 
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school sports, the greater the chance of drinking alcohol and binge drinking [12]. It also found that students who had 
not drunk as lowerclassmen were less likely to drink when they were upperclassmen [12]. Initial exposure has a sig-
nificant impact on later behavior, emphasizing the need for early alcohol prevention and cessation programs. Habits 
transfer from adolescence to adulthood, just as those who drank at least once demonstrated a much greater likelihood 
of chronic drinking habits [12]. These studies agree that alcohol can have different effects based on individuals’ envi-
ronments. From gender to sense of place at school, adolescents have more risk factors associated with drinking; they 
need policies that consider both health and environmental factors.   

However, not all studies seem to agree on the extent of alcohol’s influence in teen development. For example, 
a conducted in London did not find a key correlation between early adolescent drinking and alcohol-related disorders 
in adulthood [13]. These researchers did concede short-term harms of alcohol consumption, such as the risks associ-
ated with malfunction in the central nervous system (CNS) [13]. However, they also emphasized that there is not 
enough evidence to confirm a connection between teenage alcohol consumption and problems that develop later in 
adulthood [13]. Despite contradicting most other research, the authors not only reported no competing interests but 
also were formally approved by the Norwegian Data Protection Authority and the Regional Committees for Medical 
and Health Research Ethics (REC) in Southeast Norway. Moreover, their study was funded by the Research Council 
of Norway of Alcohol and Drug Research, so it can be safely concluded that their research is accurate and trustworthy. 
This then paves the way for another task: there must be more concrete, experimental evidence, especially from cross-
sectional studies, to prove that adolescent alcohol consumption actually causes developmental disorders. 
 
Neurological Assessment of the Effects of Alcohol 

Unlike for developmental disorders, there is a clear consensus on the immediate neurological effects of alcohol con-
sumption. Casual drinking causes anomalies in the limbic and affective regions of the brain [7].  These asynchronies 
within the brain can cause a variety of cognitive malfunctions that induce further alcohol usage [7]. Thus, even casual 
drinking increases the likelihood of binge-drinking, especially for adolescents whose malleable brains perceive alco-
hol more as a reward than a risk [9]. Several studies have also indicated the possibility of familial influence on alcohol 
consumption [5, 14]. When parents facilitate drinking habits, it is more likely for adolescents to develop more healthy 
behaviors than when they drink unsupervised, such as at parties and other social events [5]. However, once these 
adolescents graduate from high school and leave home, they are no longer under parental supervision. Therefore, there 
is no guarantee that they will still maintain the same habits without supervision. Moreover, even under parental su-
pervision, adolescents may still binge drink because they are still susceptible to the “reward” their brains perceive 
alcohol to be [9,14]. This can possibly lead to permanent binge-drinking habits that may take a long period of time to 
recover from.   

Furthermore, binge drinking has detrimental neurological effects. For example, as the adolescents transi-
tioned from moderate to higher levels of drinking, they frequently exhibited unusual cue-elicited brain responses in 
the dorsal striatum, cerebellum, PNG, and thalamus, a finding which researchers said has “important implications for 
future intervention strategies” since cue-elicited responses from alcohol could be lowered with at least 28 days of 
alcoholic abstinence [8]. However, even 18 months were not enough to reduce alcohol dependence for heavy users 
[8]. Young people are more susceptible to alcohol dependence; they have lower engagement of the frontoparietal 
network and greater engagement of the premotor cortex after the onset of binge drinking [8,14]. Thus, adolescents 
were more likely to fail to successfully respond to external stimuli than peers who did not drink.      
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Figure 1. Replicated image that summarizes the impacts of alcohol in the developing adolescent brain [8]. 
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As exemplified in Figure 1, researchers found many other complications associated with adolescent alcohol 
consumption, such as reduced cholinergic neuron makers and reduction of hippocampal neurogenesis [8, 14]. They 
emphasized neurobiological consequences could more quickly lead to an Alcohol Use Disorder (AUD) diagnosis [8]. 
Another study on the effect of different drug substances on rodents also agreed, finding that alcohol inhibits condi-
tional discrimination and object recognition [15]. Furthermore, rodents injected with ethanol had a higher prevalence 
of depressive symptoms [15]. Alcohol can create a neurological imbalance that increases the likelihood of psycholog-
ical problems such as anxiety and depression. Because the adolescent brain is so vulnerable to external damage, inter-
ruptions in neurological processing can lead to various behavioral, psychological, and physiological problems [7, 8, 
15]. 

Another study analyzed the effects of binge-drinking on transgenic, modified mice and wild-type mice [16]. 
They evaluated hippocampal-dependent learning and the memory functions of both types of mice, exposing them to 
saline (SAL) and ethanol (EtOH). To maintain the integrity of the research, all of the test mice were housed under 
identical conditions, including housing space, temperature, a reversed light schedule (white lights from 19:30 to 
07:30), and food and water provided when necessary. Researchers evaluated the mice’s spatial learning and the extent 
of memory disturbances caused by ethanol accumulation by counting the number of errors and measuring the time 
each mouse took to complete a Hebb-Williams maze under different difficulty levels. They evaluated the data with 
two-way ANOVA studies, a technique in line with other neurological studies [16]. 

 
Figure 2. The chart above depicts the results of the described experiment [16]. 
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Charts A and B demonstrate the time that the wild-type (WT) and transgenic Alzheimer’s type (AZ) mice 
took to solve an easy maze (labeled as 1) and a difficult maze (labeled as 8). Graph A visualizes the data for mice at 
6-months of age, and graph B visualizes the data for the mice at 12-months of age. A (#) mark identifies that alpha 
level P < 0.05 was significantly different from all other collected data, while (*) and (**) identified that P < 0.05 and 
0.01, respectively, were significantly different from their corresponding WT-Sal counterparts. 

The data show that ethanol exposure accelerates the appearance of AZ-like symptoms and a corresponding 
cognitive decline [16]. Ethanol consumption worsened cognitive impairment, significantly increasing the time it took 
for AZ-EtOH much to navigate the maze, especially at 12 months of age. Even mice without the AZ gene took much 
longer to complete the maze after EtOH was administered, especially for twelve-month-old mice at the most difficult 
maze [16]. The research supports the conclusion that adolescent binge drinking exacerbates the progression of demen-
tia and cognitive impairment [16, 17]. The EtOH mice also experienced discrepancies in hippocampal function; they 
were unable to make precise actions in response to given stimuli. Further research will be needed to identify the exact 
mechanism through which EtOH activates inflammatory processes and exacerbates the onset of AZ [16]. 

Furthermore, the accumulation of ethanol in the central nervous system caused other symptoms throughout 
the body. In the muscular system, when the blood alcohol concentration was elevated, the rate of protein synthesis 
decreased by 25% in the first hour after alcohol consumption[18]. Moreover, intragastric alcohol reduced both sarco-
plasmic and myofibrillar protein synthesis rates, although muscle protein synthesis remained unaffected after an ade-
quate two-hour recovery period followed by twenty-four hours of admission of alcohol [18]. The immunological ef-
fects of ethanol remain largely unexplored, opening areas of possible investigation in the future. However, the accu-
mulation of ethanol prevented cells from storing Vitamin C and E, impairing the ability of T-cells to respond quickly 
and precisely to pathogens [19, 20]. Chronic consumption of alcohol also caused disturbed body osmolality and thy-
roid interruptions, signaling a deleterious effect on endocrine homeostasis [21]. Alcohol’s damage beyond the nervous 
system adds weight to the argument that maintaining or even raising the drinking age will reduce health complications 
associated with binge drinking, especially among adolescents. Research all agreed that physical and mental maturation 
before consuming alcohol was critical for safe consumption. 
 
Correlation between Alcohol Consumption, Age, and Behavior 

Illogical decision-making due to alcohol consumption is often dangerous enough to harm others. The United States 
saw an initial decrease in crime rates when the drinking age was first raised to 21 from 18 [3]. However, during 
Prohibition (1919 to 1933), crime rates dramatically increased. Legal sales of alcohol were banned, but many were 
still drinking illegally, increasing the number of violent mafia organizations who profited from these illegal sales [22]. 
Furthermore, traffic accidents and teen pregnancy rates remained at similar rates [22]. Banning alcohol today may not 
bear as sever consequences today, but people will continue to drink, even illegally [22]. Thus, it may be illogical to 
raise the drinking age just to avoid neurological problems. 

Despite the controversy that surrounds the relationship between drinking age and behavior, neurological 
problems do lead to behavioral consequences. Alcohol causes damage in the visuospatial function, worsening verbal 
memory and mechanical learning [23]. These psychological effects transferred into adulthood and positively corre-
lated to binge-drinking rates among young adults [23, 24]. Frequent binge-drinking also led to the development of 
criminal behavior and teenage pregnancy [25]. To support these findings, a five-year longitudinal study surveyed 
eighty-nine young adolescents with moderate to heavy drinking behavior found a higher prevalence of unprotected 
sex, which explains the rise in teen pregnancy rates when the drinking age was initially set to 18 [23]. Adolescent 
drinkers also experienced anxiety-like, impulsive behavior [24]. The strong positive correlation between underage 
drinking and behavioral issues makes underage drinking inadvisable. Early initial drinking encourages further drink-
ing and causes cognitive impairment. Binge drinking then creates proven, tangible neurological and physical conse-
quences that harm the wider community [24]. 
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Differences due to sex and gender still remains unclear [23]. There are some studies on differences in con-
sumption by sex, but not across the age spectrum [11]. More research on how sex affects the extent of cognitive 
impairment and behavioral damage attributed to alcohol would allow for more personalized AUD treatment based on 
social and demographic factors. 

An important case study in Toronto, Canada from 1970 to 1972 shows what could occur if the United States 
were to lower the federal drinking age. Researchers asked twelve questions on how the new minimum drinking age 
of 18 impacted student behavior within the respondents’ schools and communities, answering with either “yes,” “no,” 
or “uncertain,” based on the recent decrease in drinking age to 18. 170 responses were collected as part of the case 
study [26].  
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Behavior Yes No Uncertain No Reply 
More drinking of alcohol on school property 31 52 16 1 
More drinking by students during lunch hours 40 40 19 1 
More disciplinary problems involving drinking 34 60 6 0 
More absenteeism related to drinking 22 60 17 1 
More signs of hangovers among students 23 57 19 1 
More discussion of drinking among students 43 29 26 2 
More students arriving at school functions (i.e. 
dances, football games) with alcohol on their breath 

56 28 14 2 

More drinking at school functions 58 30 10 2 
More students appearing “high” at school dances 43 39 16 2 
Less smoking of cigarettes  1 70 28 1 
Less smoking of marihuana 11 37 51 1 
Less use of drugs such as LSD, speed, etc.  19 26 52 3 

Figure 3. The reproduced chart above illustrates the responses collected. All numbers are calculated as percentages.  

Surprisingly, the study shows that the majority of respondents answered that alcohol did not cause more 
dangerous behavioral consequences within the school, as 60% answered that they did not see more disciplinary prob-
lems or absences involving drinking [26]. However, the majority reported that they did see more students participating 
in school-related activities and social gatherings after drinking, though the questions did not ask how much students 
were drinking [26]. Some answered that more students appeared “high” during school dances [26], but despite the fact 
that alcohol did not cause a reduction in the consumption of other drugs such as nicotine, research demonstrates that 
the aftermath of the reduction in drinking age was not as detrimental as many feared. 

Even so, the survey was based only on students’ opinions, and there was no quantitative evidence on the 
consumption of alcohol or its effects. For example, the study did not measure students’ blood alcohol content, nor 
could it determine how many absences were due to alcohol consumption outside of school. Moreover, the world has 
rapidly transformed since the 1970s, especially with the mass proliferation of the internet and mobile devices. The 
geographical, political, and ideological landscape has also transformed; students have a different understanding and 
knowledge of alcohol than students would have had in the 1970s. Thus the case study cannot apply directly across the 
United States today.; it requires careful assessment to determine its true meaning.  

Even so, the case study warns that lowering the drinking age may lead to more students attending school after 
consuming alcohol and more students drinking during school-facilitated activities or parties. These activities can po-
tentially lower academic success rates among students [26]. Before lowering the drinking age, lawmakers must con-
sider the behavioral and social consequences just as carefully as they do the consequences to health. 
 
Results 

All studies in this review agree that early drinking facilitates the onset of neurological and behavioral complications 
that may cause developmental disorders. However, the extent of these developmental disorders remains in dispute, 
which contributes to the controversy surrounding the current federal drinking age. 
 

Discussion 

Many agree that lowering the drinking age can be dangerous. The overwhelming majority of the studies analyzed 
reported harmful effects that occur when alcohol is consumed at an early age. Only a consider the effects negligible, 
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but even these generally agree that binge drinking causes problems among young adults [13]. Furthermore, research 
proves a link between early drinking and chronic drinking in adulthood. Lowering the drinking age may create more 
severe health problems in the future [16]. 

Raising the drinking age does not seem to be a viable option either. The adolescent brain continues to mature 
well into the 20s; in fact, the complete development of the prefrontal cortex of the brain occurs around the age of 
twenty-five [27]. Excessive alcohol consumption between the minimum drinking age of 21 and the full maturation of 
the prefrontal cortex impairs critical functions such as cognitive thought process and moderation of social behavior 
[28]. However, adolescents continue to drink illegally even with the current minimum age of 21 [29]. Thus, raising 
the drinking age may not have the intended effect of reducing the amount of underage drinking. 

Instead, mandatory education regarding alcohol consumption behavior may be more effective. Regardless of 
the drinking age, adolescents will still find both legal and illegal methods of binge drinking. Thus, the question is not 
a matter of “when” but a matter of “how” – how can legislators keep adolescents safe as they consume alcohol? 
Current studies show that current high school students often consume alcohol through dangerous methods such as 
combining alcoholic beverages with non-alcoholic beverages to increase their consumption [12]. Such methods of 
drinking lead to a higher prevalence of binge drinking among adolescents in unregulated settings such as parties [4]. 
Education can help students monitor their own consumption and drink more safely. 

Maintaining the current drinking age appears to be the best option. Drinking after the age of 21 allows indi-
viduals to complete most critical maturation processes and avoid the complications of binge drinking during adoles-
cence [30]. Moreover, adults are more likely to self-regulate and make safer choices [30]. With individuals more 
matured to consume alcohol, they can stand more firmly against aggressive peer pressure to make better decisions that 
protect their physical and mental health from inappropriate drinking.  

Comparing alcohol education and intervention options to determine which is most effective requires further 
cross-sectional study. Current research has gaps where subjective surveys leave room for bias and misrepresentation. 
Furthermore, current cross-sectional studies have large disagreements, necessitating an urgent requirement for much 
wider variety of data to support either one case or the another. [13, 31]. These gaps must be filled in order to strengthen 
the scientific perspective on the drinking age controversy by providing a common data that the public and lawmakers 
can rely on.  
 
Conclusion 

Evidence suggests that rather than raising or lowering the current drinking age, maintaining the current United States 
minimum drinking age is the safest, most feasible option. Researchers have also highlighted the importance of inter-
vention and education programs in preventing the development of physical, neurological, behavioral, and social com-
plications through adolescent binge drinking. Further study is needed to compare possible strategies as soon as possi-
ble in order to reduce binge drinking across demographics. 
 
Limitations 

There are hundreds of already published alcohol-related research, many of which were not included in this review. 
Thus, this study is not a complete, systematic review of currently available research. The conversation in the medical 
community is ongoing, especially in regard to behavior – through what mechanisms does cognitive impairment lead 
to a rise in crime rates and risky behavior? The how and the why of the behavioral consequences of alcohol remains 
unknown. It will be critical to identify these processes in upcoming research in order to guide the development of 
more advanced treatment options for AUD. 

Finally, though this study carefully evaluated each source for credibility, there always is the possibility of 
bias even without stated conflicts of interest. Thus, it becomes increasingly critical to adopt a holistic approach in 
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evaluating another available research to ensure that one source does not detract from understanding scientific consen-
sus. 
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