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Foreword

This report, Alcohol and the Brain, is the tenth
written by a group of international alcohol
researchers initiated by many Nordic volun-
tary and academic organizations. Prior reports
have covered several areas of importance to
society that are affected by alcohol including
youth, older people, violence, fetal effects,
cancer and harm to others.

Each of these reports has followed a similar
process. First, the expert research group
selects one topic from several suggested

by initiating organizations as having unique
social relevance. Then, the group reviews
extensively the published scientific research
on that topic. By weighing evidence across
different types of research designs, analyses,
and settings, the group reaches conclusions
based on best scientific evidence.

This report on alcohol and the brain reaches
across earlier reports in the series. Many

of the effects of alcohol relate to the brain
including youth, violence, education, work-
life, old age, and pregnancy. A great number
of diseases are impacted by alcohol through

its toxic effects on tissues and organs of
the human body including the brain. Many
pervasive social effects can be traced to
physiological and psychological effects of
alcohol on human behavior.

All reports have been written to inform the
general public about the consequences of
alcohol consumption and to inform policy
makers about measures which can be taken
to reduce harms from the sale of alcohol in
society. Raising knowledge of these connec-
tions can help ensure that these relationships
are understood and appreciated for their
scope and magnitude. Given the many

areas in society and human life touched by
alcohol there are still many potential topics to
explore. It is the research group’s hope that
this work will continue for many years still and
that the reports find new readers and uses.

Harold D. Holder
PhD Chair




Executive summary

e Ethanol, the active ingredient in alcoholic
beverages, has widespread negative impacts
on the human brain. Ethanol affects most
structures within the brain, causes many types
of short- and long-term brain impairments,
and leads to a variety of neurological and
non-neurological problems across all age
groups.

Alcohol (as ethanol) easily crosses the blood-
brain barrier, reaching all structures in the
brain. Alcohol is poisonous to brain cells.

From youth through to old age, alcohol use
can cause:

(i) acute or immediate impairment due to the
presence of alcohol in the bloodstream
which influences a range of behavioural/
performance skills and increases risk of
injury, e.g. road crashes, violence, falls;

(i) longer-term cognitive deficits that emerge
as cumulative effects presenting as
decision-making difficulty among younger
people, learning disabilities and poor
educational performance, and forgetful-
ness or dementia among older drinkers;

(iii) emergence of alcohol dependence where
increasing regularity and quantity of use
sets in place processes that may progress
towards difficulty controlling intake despite
negative social or other consequences.

Fetal alcohol exposure can cause permanent
structural and functional brain changes and
result in life-long learning, behavioural and
health problems for the child. No safe level
of alcohol use during pregnancy has been
identified.

Significant brain development continues
throughout adolescence and young
adulthood with key brain regions highly
susceptible to adverse effects of alcohol,
particularly “binge drinking” (drinking to the
point of intoxication, with high blood alcohol

concentrations [BACs]). High BACs increase
impulsivity and the risk of injuries in violence;
in the case of traumatic brain injury the
damage is permanent and the effects lifelong.
Binge drinking among adolescents is also a
major risk factor for dementia later in life.

Heavy drinking is an important risk factor for
depression and suicide.

For the ageing brain, alcohol use — particularly
that above low levels - is a key risk factor for
three neurological or neurologically-mediated
conditions that are often lethal or otherwise
disabling: dementia, stroke and falls. The
more one drinks in life, the less brain matter
exists later in life. Alcohol consumption

can cause high blood pressure, which is

the major risk factor for stroke. Alcohol can
act independently or interact with a variety

of medications that can lead to increased
drowsiness, gait instability, and fall risk.

Many of these conditions can be improved by
reducing or stopping drinking. While some

of the alcohol-related harms are irreversible
e.g. FASD and some of the traumatic brain
injuries it is important to recognize that much
of the brain harms are reversible (e.g. alcohol
dependence).

Reducing alcohol consumption (both total
consumption as well as binge drinking) is
arguably the most important modifiable way
to promote cognitive and neurological health
and prevent or reduce brain harms.

This can be achieved through effective alco-
hol control policies (e.g. policies to raise the
price and reduce the availability of alcohol),
health care screening and treatment resources
including medications to treat alcohol
dependence, and individual-level information
and behaviour change informed by drinking
guidelines.

ALCOHOL AND THE BRAIN
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1 Introduction

In this report we focus on alcohol and the
human brain. Our review draws together
evidence for alcohol’s broad ranging and often
profoundly adverse impacts on neurological,
cognitive and psychological health across the
life course.

Reducing or eliminating alcohol consump-
tion is arguably the most important modifiable
way to promote cognitive and neurological
health. Conversely, ethanol, the active ingredi-
ent in alcoholic beverages, has more negative
impacts on the human brain than perhaps any
other chemical originating outside the human
body. This is because ethanol affects most
structures within the brain and causes many
types of short- and long-term brain impair-
ments which lead to a variety of neurological
problems across all age groups.

Alcohol and its primary metabolite acetal-
dehyde, are neurotoxins, which means that
they are poisonous to neurons, the main type
of brain cell. Alcohol easily passes from the
bloodstream across the blood-brain-barrier,
reaching all the structures in the brain
including the cerebral cortex (involved in
high-level thought), the cerebellum (balance
and coordination), and the brainstem (respon-
sible for breathing, wakefulness, etc.). Alcohol
can also affect the part of the nervous system
outside of the brain and spinal cord known
as the peripheral nervous system. Alcohol-
caused problems related to the peripheral
nervous system include numbness in the
hands and feet (i.e. neuropathy) and erectile
dysfunction.

1.1 Multiple mechanisms

Alcohol affects the brain through multiple
mechanisms. Some of them are acute,
meaning that there is immediate impairment
(i.e. brain dysfunction). Impairment refers to
reduced ability to perform certain tasks and
functions. Acute alcohol-related impairment
has multiple dimensions in the form of altered
mood (e.g. dysphoria, increased sociability)
and decrements in judgment, impulse
control, cognition and physical performance.
Sometimes these acute effects can combine to
cause problems. For example, alcohol-related
car crashes are generally caused by the acute
effects of alcohol. But what contributes to

the event might include reduced executive
functioning (e.g. impaired driver fails to notice
it might not be a good idea to drive a car, or
that it’s a good idea to wear a seatbelt), loss
of impulse control that could lead to faster
driving speed, plus slower reaction time to
apply the brakes or otherwise avoid crashing.
Similarly, in the case of an alcohol-caused
drowning, impaired swimming performance
might be accompanied by loss of executive
functioning and misjudgement of swimming
conditions or one’s swimming ability. A
number of conditions caused by acute alcohol
consumption can lead to chronic brain
problems. An example of this would be an
acquired traumatic brain injury, where acute
impairment leads to an injury to the brain or
spinal cord resulting in lifelong neurological
and or cognitive disability.

Ethanol, the active
ingredient in alcoholic
beverages, has more
negative impacts on
the human brain than
perhaps any other
chemical originating
outside the human
body.

ALCOHOL AND THE BRAIN 9
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ALCOHOL EFFECTS, DISEASE PROCESSES AND BRAIN OUTCOMES

ALCOHOL'S EFFECTS

Acute
(intoxication)

Chronic
(volume over
time)

DISEASE PROCESSES

Acute
(e.g. injuries)

Chronic
(e.g. dementia)

BRAIN OUTCOMES

* Death

* Disability

* Social problems

* Second hand effects

* Economic costs

Acute and chronic alcohol consumption increase risks of both acute and
chronic diseases, which can interact, and lead to brain-related outcomes.

Alcohol also has chronic effects on the brain,
meaning that it can cause lasting damage.*
Most damage is caused by heavy consumption
over a long period of time (typically years or
decades). However, high levels of consump-
tion for shorter time periods that result in
very high blood alcohol concentrations can
also cause lasting damage and subsequent
cognitive difficulties. Alcohol consumption
can over time lead to chronic structural
changes in the CNS including generalized
cortical and cerebellar atrophy.3 Studies using
Magnetic Resonance Imageing (MRI) to
measure changes from alcohol consumption
in the brain typically find loss of brain volume,
with greater loss at higher levels of consump-
tion. Studies also show that the brain in older
age may be more vulnerable to the effects of
alcohol. Research using MRI is important

in order to increase our understanding of
effects of alcohol on the brain, but strucutral
brain changes alone are not sufficient to make
conclusions of harm.#

Chronic effects can lead to chronic medical
conditions such as dementia or alcohol use
disorder (i.e. alcohol addiction). Chronic
alcohol consumption can also increase the
risk of acute conditions that then lead to
chronic deficits; an example of this would be
haemorrhagic stroke, which can, after years
of regular drinking, occur suddenly and result
in lingering deficits. Acute and chronic effects
of alcohol can also combine to cause health
problems. For example, suicide commonly
occurs in the setting of depression, and heavy
alcohol use can either cause or exacerbate
depression. But acute impairment from
alcohol can also lessen impulse control that
might otherwise protect a depressed person
from trying to harm him or herself.

1.2 Effects across the life course

As noted above, alcohol contributes to a
variety of neurological problems across all
age groups. Alcohol is the leading preventable
cause of mental disability worldwide. Fetal



alcohol syndrome (FAS), caused by exposure
to ethanol in utero, causes developmental
delay, intellectual disability, stunted physical
growth, and characteristic facial features.
Beyond FAS, there is also fetal alcohol spec-
trum disorder (FASD). Though generally less
severe than FAS, FASD is far more prevalent
in the population and may be associated with
important, common childhood conditions
such as learning disabilities and attention
deficit hyperactivity disorder.

In children and young adults, much of the
impact of alcohol relates to acute impairment,
with attendant medical and social prob-
lems. Chief among these are unintentional
injuries (e.g. traffic crashes, poisonings)
and interpersonal violence, including sexual
violence. The relationship between alcohol
and injuries has been well established and is

mediated through the acute effects of alcohol
discussed earlier. Degree of impairment is
closely related to blood alcohol concentration
(BAC), which is determined by the number
of drinks consumed in a given time period,
modified by body mass, sex and other factors.
For motor vehicle crashes, risk of injury

at any BAC is greater for younger or less
experienced drivers compared with older
adults. Poisonings, including fatal overdoses,
are also neurological events because they
involve respiratory depression/cessation,
and alcohol is a respiratory depressant at
high BACs. A substantial fraction of opioid
overdose fatalities also involve alcohol, which
may be a contributing or predominant factor
in these deaths. In terms of violence, lethal
outcomes include suicide and homicide.
Alcohol is a prevalent risk factor for both of

‘HOL AND THE BRAIN 11




Among adult populations
generally, chronic heavy
alcohol use can play a
causal or contributing
role in the onset of de-
pression, which is a major
cause of disability and
social problems and a risk
factor for suicide

12 ALCOHOL AND THE BRAIN

these conditions, mediated though it’s acute
impacts on mood and impulsivity. In addi-
tion to death, injuries can result in lifelong
disability (e.g. traumatic brain injury, other
permanent physical injuries). Heavy drinking
(high total amounts) and binge drinking (high
per-occasion amounts, typically defined as
drinking 4 or more drinks) can also change
the architecture and function of the adolescent
and young adult brain, and thus contribute to
cognitive problems relatively early in the life
course that may become more pronounced in
later life.»? (See Section 3 for more detailed
discussion of alcohol’s effect on the developing
brain).

Among adult populations generally,
chronic heavy alcohol use can play a causal or
contributing role in the onset of depression,
which is a major cause of disability and social
problems and a risk factor for suicide (see
Section 4). At low levels of consumption
some may find alcohol to be relaxing, but
at higher levels of consumption alcohol can
contribute to anxiety and exacerbate anxiety
disorder. Alcohol use disorder, commonly
referred to as alcohol dependence, can also
be regarded as an important alcohol-caused
neurological condition. For those who drink
heavily, alcohol withdrawal syndrome can be

BOX 1 TYPES OF SCIENTIFIC EVIDENCE

a life-threatening neurological condition that
consists of hallucinations, delirium, tremors
and sometimes withdrawal seizures. Alcohol
can also contribute to other seizure disorders
through a range of direct and indirect effects
such as lowering the “threshold” for a seizure
event, decreasing medication adherence and,
causing seizures from acquired alcohol-caused
traumatic brain injury. Other common but
less lethal neurological problems that can be
exacerbated by alcohol include headaches and
sleep disturbances. For migraine headaches,
alcohol is a common triggers, whereas heavy
drinking and hangovers are associated with
tension-type headaches. Even though alcohol
consumption may help some people fall asleep
initially, alcohol even in low doses disrupts
sleep architecture, both in adults and ado-
lescents, and commonly contributes to sleep
disturbances and sleep disorders.*®

For older adults, dementia and stroke are
extremely important conditions related to
alcohol consumption; the relation between
alcohol and dementia is covered in Section
5. Alcohol consumption is the sole cause of
alcoholic dementia, which is characterized
by cerebral atrophy and deficits in multiple
areas of cognition.® Alcohol is associated with
a greater risk of multiple forms of dementia,

Types of scientific studies considered in this
report are of following types:

Mendelian randomization studies are those that
rely on genetic variants that are related to alcohol
consumption in order to indirectly study effects of
alcohol consumption.

Randomized controlled trials “flip a coin” to
randomly assign one group of participants to an
intervention and another to not partaking of that
intervention (e.g. experimental lab studies that
administer alcohol to participants in the interven-
tion group).

Observational studies generally use data ob-
tained from non-randomly “observing” partic-
ipant self-reports of alcohol use to investigate

whether drinking affects risk of mortality or
morbidity from various diseases.

Neuroimaging studies use non-invasive imaging
technology (e.g. Magnetic Resonance Imagining
[MRI]) to study the structure and function of the
brain and central nervous system under certain
conditions (e.g. presence or absence of alcohol).

Each type of study brings its own strengths and
weaknesses. As discussed in previous reports and
explained here in Box 2, non-randomized obser-
vational studies are particularly prone to finding
spurious protective effects from low-to-moderate
alcohol intake for conditions that are more likely
to occur in middle and older age.



including Alzheimer’s disease, especially

at higher consumption levels. There is a
positive, linear association between how much
alcohol consumed during one’s lifetime and
the amount of cerebral atrophy (i.e. brain
wasting) seen on brain scans (e.g. CT, MRI).
Alcohol consumption is a risk factor for hae-
morrhagic stroke (the type of stroke when a
blood vessel in the brain bursts) and ischemic
stroke (the type of stroke where a blood vessel
is blocked). One of the main mechanisms for
this is that alcohol consumption above two
drinks a day can raise blood pressure, and
high blood pressure is a major stroke risk
factor. Binge drinking is a strong risk factor
for both haemorrhagic and ischemic stroke.*
Alcohol can increase the risk of falls through
acute and chronic effects on balance, strength
and sensation in the feet and legs, all of which
can contribute to unsteadiness, which increase
the risk of falls. Alcohol can also interact

with a variety of medications that can lead to
increased drowsiness, gait instability, and fall
risk." Patients with greater cerebral atrophy
due to alcohol or another cause are also at
increased risk of intracranial bleeding due to
falls than those without atrophy.

1.3 Summary of contents and methods
used in this report

The remainder of this report will explore alco-
hol’s short- and long-term effects on: brain
function, structure and potential mechanisms
underlying harms (section 2); the developing
brain (section 3), mental health from youth

through middle-age (section 4); and the
ageing brain (section 5). Section 6 provides
recommendations and outlines policy
interventions that can reduce alcohol’s harms.
Although the subject of alcohol in the brain is
broad and also complex, reduced consump-
tion in the population is critical to preventing
and reducing alcohol-caused brain problems.
Although public awareness of alcohol-brain
relationships are important, and treatment is
critical for those with an alcohol use disorder,
implementation of effective alcohol control
policies can yield the population-based
changes in alcohol consumption required to
meaningfully reduce alcohol’s contributions
to neurological, cognitive and psychiatric
problems attributable to alcohol.

In preparing this report, we have reviewed a
wide range of relevant literature with a partic-
ular focus on comprehensive and systematic
reviews, on studies providing examples from
Sweden and the Nordic countries and on
studies with more rigorous designs. In Box 1
we summarise some major types of research
design referred to frequently in this report.
Randomised controlled and Mendelian ran-
domisation studies will be given more weight
than uncontrolled, observational studies.
Systematic reviews were given special priority,
particularly where they identify higher quality
and more rigorous studies. Such reviews
ensure a comprehensive search of all pub-
lished relevant studies, usually followed by the
selection of those meeting criteria for being of
higher quality.

Although the
subject of alcohol
in the brain is
broad and also
complex, reduced
consumption in
the population is
critical to prevent-
ing and reducing

alcohol-caused brain

problems.

ALCOHOL AND THE BRAIN

13



There are various
reasons why
apparent protec-
tive effects from
low-to-moderate
alcohol use are
unlikely to reflect
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BOX 2 APPARENT BUT IMPLAUSIBLE HEALTH BENEFITS

OF LOW-TO-MODERATE ALCOHOL USE

Throughout this report, the issue of apparent
health benefits (i.e. protective effects) from
drinking at low-to-moderate levels (compared
to not drinking) occurs under almost every topic
considered. This recurring theme of apparent
protection, which we have drawn attention

to in previous reports, highlights the difficulty
inherent to interpreting results from (non-random)
observational studies which aim to investigate
associations between complex and changeable
alcohol use behaviours and health.

There are various reasons why apparent pro-
tective effects from low-to-moderate alcohol use
are unlikely to reflect genuine health benefits. In
the first place, the ubiquity of this finding across
diverse and unrelated conditions within the
observational study literature points to unre-
solved methodological weaknesses being a more
likely explanation. Alcohol use has for instance
been reported (implausibly) to reduce risk of
deafness, common cold, some cancers, liver
cirrhosis and even to benefit children exposed to
alcohol during pregnancy.'? Examples of apparent
protective effects from low-to-moderate alcohol
use described in this report include: (i) improved
cognitive and emotional development of infants
whose mothers drank alcohol during pregnancy;
(i) superior educational attainment among young
adults; (iii) improved cognitive abilities of adoles-
cents and adults; (iv) better mental health and less
depression among adults; and, (v) reduced risk of
dementia among older people.

Methodological critiques have pointed to three
key problems pervasive in the observational re-
search literature on alcohol: residual confounding,
misclassification error and reverse causation. (i) In
addition to their alcohol use, low-to-moderate
drinkers are also characteristically different from
their non-drinker counterparts in ways other that
can protect against illness and injury e.g. higher
income, better diet, more exercise, better access
to healthcare.”™ When these other differences
are not fully accounted for, residual confounding
can make it appear as if the low-to-moderate
drinker group is in better health due to their
alcohol use. (ii) Misclassification error occurs when
study drinking groups (e.g. non-drinkers, low
level drinkers, heavy drinkers) do not accurately
reflect actual alcohol exposure of participants in
those groups. This is highly problematic when the
non-drinker group (presumed to be unexposed
to alcohol), against which drinkers are usually
compared, in fact contains many people who
once drank alcohol (often heavily). Most people
change their drinking status as they age and

many who were heavy drinkers in their 20s and
30s become ex-drinkers in their middle years
due to increased ill-health and frailty. Because
change in alcohol use over time is not indepen-
dent of health, misclassification error is a serious
problem for studies that recruit middle-aged and
older people and then fail to classify participants
on the basis of their true lifetime exposure.’'®
(iii) The phenomenon of “reverse causation” may
underpin many unexpected findings that arise
from observational studies."”'® Observational
studies are not well suited to determining cause
and effect, especially when behaviors change
over time. In reverse causality, what is presumed
(incorrectly), by the research study to be the
“effect” (e.g. the disease) actually precedes what
is presumed (incorrectly), to be the “cause” (e.g.
alcohol use or absence of alcohol use). For exam-
ple, people who become depressed may reduce
participation in activities which, for many, involve
drinking (e.g. attending dinner parties, socializing
at sports clubs) or simply lose interest in alcohol
use per se. A study which suffers from reverse
causation will measure alcohol use and depression
and erroneously conclude that absence of alcohol
use leads to depression.

Taking all these factors into account, we take
a sceptical view of reported benefits of low-to-
moderate drinking unless they are supported by
randomised controlled or Mendelian rando-
misation studies (which are less susceptible to
reverse causation and residual confounding than
observational studies). Where applicable, this
issue will be noted again throughout each section
of the report.

Summary

Is low-to-moderate drinking a panacea

for all ills?

Published studies (implausibly) suggest low-to-

moderate drinking protects against a diverse

range of unrelated health problems (e.g. deaf-

ness, the common cold, liver cirrhosis, cancer,

educational attainment, cognitive functioning

and mental health across the life-course). These

apparent benefits are implausible because:

¢ Low-to-moderate drinkers have many health
protective behaviours and characteristics
unrelated to their drinking e.g. higher income,
better diet and access to healthcare.

¢ Low-to-moderate drinkers are usually compared
with abstainers who may have stopped or cut
down on drinking because of poor health.

® Observational studies of alcohol and disease are
prone to reverse causation.
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2 Ways in which alcohol use
can impair brain function

and behaviour

In this section we discuss and present
evidence for ways in which alcohol use can
impact brain functioning and behaviours

in both the short and longer term as well as
performance level when completing complex
tasks as a part of normal life. We will consider
three key processes:

(i) Acute impairment

Acute impairments are short-term effects
that occur when alcohol is present in the
bloodstream. Alcohol reaches the brain about
5 minutes after drinking and begins to affect
cognitive functioning and behaviour within
about 10 minutes. Acute impairment of cog-
nitive abilities and motor skill performance

when completing complex tasks may last a
few hours at most depending on the dose.

(ii) Longer-term and cumulative cognitive
deficits

We also focus on longer-term impacts that
endure for days, weeks or even years after
drinking, or occur as cumulative effects
from using alcohol regularly over time. As
longer-term harms accumulate over the

life course they can be harder to reverse as
people approach older age. Pre-natal alcohol
exposure presents special risks and may
cause irreversible structural changes to the
developing brain.
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Alcohol use, especially at
higher levels, can disrupt
such smooth functioning,
thus exposing drinkers
and those around them
to different kinds of
injury risks.
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(iii) Alcohol dependence

As people use alcohol with increasing regular-
ity and in larger amounts, physiological and
psychological changes that lead to difficulties
controlling intake to moderate levels may
occur. Increased craving for alcohol in a
range of regularly encountered situations can
ensue and even when negative social or other
consequences arise, resisting drinking can be
very difficult.

We will discuss evidence for each of these
key processes that may result in drinkers
experiencing serious harms, as well as areas
of the brain that may be critically involved.
In each case we will consider effects of dose
of alcohol and the extent to which these pro-
cesses and associated harms may be reversed
as people age.

2.1 Acute impairment

Acute impairment resulting from drinking
can have implications for undertaking
complicated tasks as a part of routine life

in the moment. In this section we discuss
research concerning impacts of alcohol on
overall performance, with specific examples
from the scientific literature on driving and
aggression/violence, as well as short- and
long-term cognitive functioning.

Performance decay and brain function
As a part of our daily lives, we humans must
complete or carry out many complex tasks
such as cooking, looking after children,
completing work-related tasks (e.g. oper-
ating complex machinery), driving motor
vehicles, socializing, resolving conflicts and
undertaking home maintenance. These tasks,
while commonplace, each require high levels
of information processing, decision-making
and motor skills which depend on smooth
functioning of the brain and central nervous
systems (CNS). Alcohol use, especially at
higher levels, can disrupt such smooth
functioning, thus exposing drinkers and those
around them to different kinds of injury risks.
Potential effects of alcohol-induced brain
impairment on performance of complex tasks

have been discussed in our earlier reports
(e.g. »19#1), The topic of alcohol-impaired
driving for instance, has been extensively
studied and alcohol is accepted as a major
risk factor for road crashes by laypeople
and scientists alike. Landmark reviews

and meta-analyses of observational studies
(e.g. 2>23); have, for many years, provided
convincing evidence for the causal role that
alcohol plays in both fatal and non-fatal road
injuries, as well as other non-crash related
injuries (e.g. falls, violence). Findings from
these observational studies are consistently
confirmed by experimental laboratory and
driving simulation studies (e.g. 24).

Many randomized experimental studies
have examined alcohol’s impacts on a range
of behavioural/performance skills required
for safe driving, occupational activities e.g.
operating machinery or industrial manufac-
turing equipment, other every-day tasks and
generally avoiding injury.?> What’s more,
the degree of impairment is strongly related
to the amount of alcohol consumed (i.e. a
dose-response relationship), that is, as BAC
increases, performance declines and risk of
injury increases.?3 A careful experimental
study by Dawson & Reid (1997)%° for exam-
ple, had 40 people perform unpredictable
hand-eye coordination (tracking) tasks while
drinking about one alcoholic drink every 30
minutes and until their blood alcohol reached
0.10%. For each 0.01% increase in BAC,
cognitive performance decreased by 1.16% i.e.
at a BAC of 0.10%, performance decreased,
on average, by 11.6%.

Experimental lab and neuroimaging
studies (e.g. MRI) concur that alcohol impairs
specific brain centres and CNS processes.
Extensive reviews, some of over 200
experimental studies (e.g. %) conducted on
alcohol’s acute effects on the brain and CNS
have confirmed impairments for visuo-motor
control (i.e. eye-hand-foot coordination),
divided and focused attention, reaction time,
response inhibition and threat detection,
motivation and reward-seeking, spatial
learning and working memory.?> These



findings are consistently supported by high
resolution neuroimaging studies that detect
alcohol-induced changes in brain metabolism
(i.e. shift from glucose to acetate metabolism)
and structure, even at low doses. These
changes are centred in brain regions thought
to be critical to behavioural/performance
skills including the cerebellum, hippocampus,
occipital cortex, striatum and amygdala

(e.g. 2829).

Alcohol-impaired driving studies

From a global perspective, the proportion of
crash fatalities caused by alcohol-impaired
drivers varies by region. This variability
occurs largely as a function of alcohol avail-
ability and drink-driving law enforcement
rather than country-to-country differences in
how alcohol affects the human brain.2s WHO
regional estimates for broad regions suggest

that prevalence ranges from about 2% in the
Eastern Mediterranean where alcohol con-
sumption is largely prohibited, to almost 38%
in Europe where alcohol is widely available.3°
For non-fatal injuries there is also large
between-country variability and prevalence
ranges from 5.5% in the Middle East, North
Africa, and Greater Arabia region to about
30% in the Asia region and 46% in the WHO-
South Africa region.3"3* A recent review of

60 observational studies33 confirmed earlier
meta-analyses (e.g. 2) that showed the rela-
tionship between BAC and crash injury risk to
be exponential. Interestingly, they also found
the relationship was strongest among studies
from Nordic countries and they suggested,
“This may be due to a higher prevalence of
aberrant behaviors and health problems
among drunk drivers in Nordic countries,
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Even at very lows BAC
(e.g. 0.015%), a driver’s
ability to divide attention
between two or more
sources of visual informa-
tion may be impaired.
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where drunk driving is less common than in
other countries.”33

The effect of BAC level differs across
different types of performance skill and
the World Health Organization3+ reports
evidence that alcohol impairs attention,
perception, and vigilance at different BAC
levels. A comprehensive review by Moskowitz
(2000)% found that impairment of driving
skills began with any increase above zero
BAC, that most studies found impairment
at BACs of 0.05% and nearly all (94%) did
so at 0.08% or above. Rezaee-Zavareh et al.
(2017)3¢ reviewed 13 randomized trials of
simulated driving performance comparing
drivers given alcohol and those not. Nearly all
performance measures deteriorated signifi-
cantly with alcohol administration. Similarly,
Irwin et al (2017)* reviewed 37 trials with
a total of 721 participants where a “placebo
alcohol” control was used versus real alcohol
administration, confirming that performance

decrements with alcohol were not simply due
to expectancy effects. A review by Martin et
al. (2013)* focused on low-to-moderate BAC
effects (< 0.1%) and reported that BAC level
and task complexity were more profound
factors in performance levels than were age,
gender, driving skill, and alcohol tolerance.
Even at very lows BAC (e.g. 0.015%), a
driver’s ability to divide attention between
two or more sources of visual information
may be impaired.?” Several reviews and
individual studies have concluded there are
no thresholds of BAC below which there is no
impairment. It is noteworthy that in Sweden
and Norway legal limits for blood alcohol
while driving are currently among the lowest
in the world (i.e. 0.02%).38

Studies on alcohol and aggression

Many experimental studies have examined
whether alcohol, necessarily at relatively low
doses (two to four drinks), can impair control



of aggressive behaviours as simulated in some
laboratory tasks (e.g. administering fictitious
“electric shocks” to a fellow participant for
poor performance). These placebo-controlled
designs test whether increased observed
effects are due to a pharmacological or
“expectancy” effects.

Several pathways by which alcohol use may
cause aggression have been proposed. Exum
(2006)* theorized that alcohol can suppress
inhibition of innate aggressive responses,
based upon biological evidence that alcohol
use impairs higher level brain functions
including working memory, planning and
response inhibition. Intoxicated individuals
tend to focus on more immediate situational
cues than future consequences.*° They also
have more difficulty interpreting facial and
vocal expressions and have reduced empa-
thy.# Even within the low alcohol doses used
in these experiments, dose-response effects
have been demonstrated suggesting aggres-
sive behaviour is even more likely at higher
BACs.® This same review also concluded that
expectancy effects i.e. the belief alone that
alcohol had been consumed, had minimal or
no effects on aggression.

Studies looking at possible effects on
sexual aggression support the view that
alcohol’s pharmacological effects are real
and are associated with misperceptions of
sexual arousal, sexual cues and willingness
of the victim.4>4* Interestingly, women given
placebos also anticipated that they would
be more likely to engage in risky behaviours
when drinking, suggesting expectancy as well
as pharmacological effects.

A third theoretical mechanism is that the
pharmacological effects of alcohol cause addi-
tional cognitive, emotional and physiological
changes*s that predispose towards aggressive
behaviours. Drinkers may, for example, be
more susceptible to provocation and frus-
tration. Most reviews of laboratory studies
conclude that the pharmacological effects of
alcohol are indeed an important contributing
cause of aggression under some specific
circumstances.?4! A causal relationship

between alcohol’s pharmacological effects and
aggression is also supported by findings from
animal studies.#

2.2 Longer term cognitive deficits
Even a single exposure to a high blood
alcohol can lead to measurable impairment
of cognitive abilities several weeks later.
Negative impacts on cognitive ability are
related directly to the number of blood
alcohol exposure episodes, their severity and
duration. With repetition, these impacts can
accumulate over time. Meanwhile, the extent
of recovery possible from these impacts
decreases with advancing age. At the other
extreme, if alcohol exposure occurs before
birth when the brain is at its most vulnerable,
the resultant injuries can also be profound
and lifelong. Adolescence is also a period
in which the brain is still developing, when
alcohol consumption often starts and when
its use may lead to changes in brain structure
and lasting cognitive deficits. Also, heavy
episodic drinking in adolescents and young
adulthood is a leading risk factor for early
onset dementia.+

Several physiological mechanisms that
can lead to cognitive impairment have been
identified. Alcohol (as ethanol) readily crosses
over the blood brain barrier where it is toxic
to brain cells (i.e. alcohol is a neurotoxin)
potentially resulting in short- and long-term
tissue damage. Long-term heavy alcohol use
can also lead to acute thiamine deficiency
with profound potential impacts on learning
and memory abilities e.g. Wernicke’s enceph-
alopathy and Korsakoff Syndrome.*

Intoxicated individ-
uals tend to focus

on more immediate
situational cues than
future consequences.

Types of cognitive deficits due to alcohol
across the lifespan

Dannenhoffer et al (2021)" provide a com-
prehensive review of the kinds of cognitive
deficits alcohol use may cause across different
phases of the life course and the extent

to which these can be reversed variously
through avoiding alcohol or other treatments
e.g. nutritional supplements. They conclude
that “cognitive flexibility” as indicated by the
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risks to brain developme-
nt at this most vulnerable
of developmental stages.
With exposure to high
blood alcohol levels in
utero, many children fail
to develop important
brain structures and may
have smaller brain volu-
mes overall.
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ability to change behaviours in response to
different cues is impacted by alcohol exposure
at every stage of life. Further, although the
ability to recover cognitive flexibility (learn
new habits, unlearn old) can be substantial

at young ages it increasingly deteriorates
with advancing age. Deficits caused by
alcohol exposure at a young age may persist
to older ages and even the fully developed
brain in young and middle-aged adults may
be harmed by further exposures to a degree
related to level and frequency of exposures.
However, larger doses are required for adults
to be measurably harmed by alcohol exposure
than is the case for adolescents.

Pre-natal exposure to alcohol presents
special risks to brain development at this
most vulnerable of developmental stages.
With exposure to high blood alcohol levels
in utero, many children fail to develop
important brain structures and may have
smaller brain volumes overall.+4® Temporal
lobes, which are associated with formation of
memories, auditory processing, and language
comprehension, are particularly affected.
Damage to other brain structures can lead
to poor motor control, learning disabilities,
and behavioural inhibition. Typical brain
development is associated with a large
increase in cortical grey matter during early
childhood followed by loss of cortical grey
matter during late childhood and adolescence
by condensing the synapses. Children
diagnosed with fetal alcohol spectrum
disorders (FASD) show region-specific loss
of grey matter and decreased plasticity from
early childhood through adolescence. One
frequently observed effect is the disruption of
brain plasticity. Animal models and human
studies have demonstrated enduring deficits
in learning and memory as well as abnormal
plasticity in regions of the brain associated
with these functions.+

Seemiller and Gould (2020)# reviewed
evidence for alcohol’s impact on cognitive
functioning in adolescence, examining
both human and animal studies. They
concluded that harm is particularly evident

in the prefrontal cortex area of the brain
associated with new learning, judgement and
behavioural control. Furthermore, repeated
alcohol exposure during adolescence is asso-
ciated with measurable impacts on cognitive
function in later adult life.

Hua et al (2020)# reported evidence of
measurable effects on brain functioning
from a single heavy alcohol use occasion (in
this case 21st birthday celebrations) with
measurable structural changes in the brain
and five week follow-up. Heavy drinking
occasions seem to be particular risk factors
among young adults for impacts on cognitive
ability. Linden-Carmichael et al (2023)>°
found evidence for uniquely hazardous effects
of “blackout drinking” i.e. drinking so much
that there are memory blanks the next day.
Measures of every-day forgetfulness and
difficulties in decision-making were found to
be significantly associated with the frequency
of blackout drinking among young adults.

Association between alcohol use and
cognitive ability

One method to assess the significance of alco-
hol exposure on brain function is to explore
associations between alcohol use patterns
and educational attainment among adoles-
cents and young adults. In Sweden, recent
reports indicate that the majority (57%) of
adolescents don’t drink alcohol. However,
young people that do drink appear to have
worse health and educational performance
than their non-drinking peers.5 In keeping
with this, a systematic review found that 13
out of 16 studies reported significant negative
associations between frequency of heavy
episodic drinking (i.e. binge drinking) among
adolescents and academic performance (i.e.
heavy alcohol use associated with lower
academic performance).5*

Comprehensive tests of cognitive perfor-
mance have also been conducted on large
cohorts of people as they age while looking
for associations with their current and past
drinking. Garduno et al (2023)3 for instance,
found faster cognitive decline across multiple



cognitive tests among at-risk drinkers aged
57 years and older. What’s more there was no
convincing evidence for protective effects for
low-to-moderate drinking. One complication
of this literature is that many observational
studies also tend to find that compared to
abstinence, low-to-moderate, and sometimes
heavy levels of alcohol consumption, are
positively associated with higher socio-eco-
nomic status (SES), educational attainment
and income. This applies to younger adults
as well as the whole population. A Norwegian
cohort study of educational outcomes among
young people aged 13 to 32 years is a notable
example. The study’s results suggest that
while drunkenness in early teenage years was
a marker of risk for poorer educational out-
comes later in life, after 20 years of age, more
frequent episodes of drunkenness predicted
more favourable outcomes.>* They also found
that drunkenness in young adulthood was

consistently associated with higher income
and lower risk of disability. Taken together,
findings suggest that design problems
common to observational studies including
residual confounding from socio-economic
and health-related characteristics (e.g. higher
income, better health) and reverse causation
are at play here. Indeed, a large UK study
that used a robust Mendelian randomization
design — which is far less susceptible to
reverse causation — showed that educational
attainment predicts greater alcohol use rather
than the other way around.5

Potential positive effects of alcohol
consumption at different levels on cognitive
function were also investigated in a recent
Cochrane Review Australia report.5® Their
meta-analyses indicated that for women,
consuming up to 26g of pure alcohol per
day improved performance on cognitive
function tests compared to no alcohol but
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that performance deteriorated rapidly at
higher doses. Men exhibited a similar pattern
of effect with improvement peaking at 19g
per day, i.e. 1.5 Swedish standard drinks per
day. Unfortunately, the study used “current
non-drinkers” as the comparison group and
did not, or were unable to, exclude or apply
an intention-to-treat approach to former
drinkers. It has been well documented that
former drinkers include many people who
either can’t drink or choose to stop doing so
for health reasons. Thus, they are an imper-
fect control that biases results in a positive
direction for current drinkers.

(For a more detailed discussion of misclas-
sification error, residual confounding and
reverse causation in observational studies see
Box 2, page 14).

2.3 Alcohol dependence

With increasing alcohol consumption, the
risk of dependence increases. What was
originally a rewarding behaviour gets out of
control. The primary symptoms of depen-
dence are a strong or overwhelming desire
for alcohol (craving) and impaired control
over consumption (inability to stop drinking
once begun). Both are a consequence of heavy
drinking over time. In addition, craving leads
to a prioritization of drinking, with increasing
neglect of other interests and responsibilities.
Heavy drinking also leads to physiological
changes: tolerance increases, requiring larger
amounts of alcohol to achieve the desired
effect and withdrawal leads to unpleasant
and potentially dangerous symptoms when
drinking is discontinued. Often dissatisfaction
with consumption is present, but attempts to
reduce consumption fail. The core of depen-
dence involves a drinker wishing to reduce or
stop drinking, but is unable to do so — he or
she is hooked.

Alcohol dependence is a function of high
levels of consumption. Consequently, alcohol
dependence is most prevalent among young
adults, with gradually reduced prevalence
over the life course. Heavy drinking among
adolescents, mostly in the form of binge

drinking, is a major risk factor for later devel-
opment of dependence. In a national study in
the US of 43 000 randomly selected people,
15% had developed alcohol dependence
before the age of 18, 47% before the age of 21
and two thirds before the age of 25.5 Thus,
alcohol dependence is first and foremost a
problem for young people.

Alcohol consumption activates the reward
circuitry in the brain, which for some people
leads to a release of dopamine, which is
perceived as pleasurable. The majority
of drinkers will not experience this effect
however, as for them, drinking is largely
motivated by other factors, mostly related to
social/cultural norms. Drinking also affects
the frontal cortex, with impairments in
executive functions: judgement, planning,
impulse control. Acutely, this occurs at rapid
increases in blood alcohol content, which
typically occurs during binge drinking. This is
a major cause of the acute negative effects of
drinking: accidents and violence. Long-term
effects of impaired executive function contrib-
utes to difficulties in changing behaviour — in
addition to a host of problems related to
impaired cognitive function.

Alcohol dependence is defined in several
ways. For many years the dominant view was
that dependence was a chronic brain disease,
with permanent damage to different parts
of the brain. These impairments could be
visualised with modern imaging techniques
and have been interpreted as chronic damage.
This view has been increasingly challenged.
Epidemiological studies have found that
the large majority of people that develop
dependence come out of this condition after
a number of years, mostly without receiving
treatment. This would not be possible if there
actually was permanent damage. But for a
minority dependence persists, usually as a
consequence of more severe forms of depen-
dence. A major alternative description of
dependence is that it is a problem of learned
behaviour. The behavioural view accepts
that alcohol and drugs affect different parts
of the brain, making change difficult. But in



contrast to the chronicity view, the plasticity
of the brain is emphasized. The brain has

the capacity to change, and over time most
people do change addictive behaviour, mostly
without treatment.5® Other views of addiction
include impairment of the motivational
system.5? Some see it as rational choice, where
people consciously choose to drink in spite of
negative consequences. Others again see it as
a visceral condition similar to hunger, thirst
or pain. Genetics is seen as a strong determi-
nant, where inheritance of drinking problems
have been recognised since antiquity.
Whether this inheritance is due to genetic
factors or environmental factors is still a
matter of controversy. Many see addiction as
self-medication of psychological distress. A
major controversy is whether dependence is a
disease or not. An increasingly common view
is that it should be regarded as a disease, but
not necessarily as a chronic disease.

Summary

Alcohol (as ethanol) affects most structures
within the brain causing many types of short-
and long-term brain impairments. From
youth through to old age, alcohol use can
cause: (i) acute or immediate impairment due
to the presence of alcohol in the bloodstream
which influences a range of behavioural/
performance skills and increases risk of
injury, e.g. road crashes, violence, falls; (ii)
longer-term cognitive deficits that emerge

as cumulative effects presenting as deci-
sion-making difficulty among younger people,
learning disabilities and poor educational
performance, and forgetfulness or dementia
among older drinkers; (iii) emergence

of alcohol dependence where increasing
regularity and quantity of use sets in place
processes that may progress towards difficulty
controlling intake despite negative social or
other consequences.
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3 The developing brain
— from fetus to young adult

3.1 Alcohol exposure before birth
Alcohol passes easily from a pregnant woman
to her developing baby, potentially causing
harm to the baby’s growth and development.
Alcohol exposure during pregnancy can have
a profound impact on brain development
in the fetus. This manifests as a range of
symptoms in the baby and child and causes
potential problems throughout the life course.
Alcohol exposure during pregnancy is the
most common cause of preventable intellec-
tual disability in the world, estimated to affect
1—5% of live births each year.4

There are many possible biological
pathways by which alcohol can harm the
fetus, and the impact may differ depending on
gestational stage. There are directly harmful
effects during the embryonic and fetal stages
of development, as well as toxic effects on
the placenta, altered genetic expression and
protein synthesis, hormonal alterations,
and effects on the vascular development
of both the placenta (causing hypoxia and
growth retardation) and the fetus. Alcohol
and its metabolite acetaldehyde also cause
brain cell death, which, depending on the
developmental stage, can cause a range of
problems including central and peripheral
nervous system and brain-derived hormonal
regulation disruption. Other potential
mechanisms include stem cell impairment,

damage to sperm and egg DNA, disruption
of genes responsible for regulating stress
responses and genes responsible for blood
vessel development in the brain and placenta
(which can affect oxygen and nutrient
availability).>-%3 Genetic variation in alcohol
metabolism of both mother and fetus may
also lead to differences in the susceptibility to
develop alcohol-induced organ damage.4%+%
The collective expression of consequences
to the fetus from alcohol exposure is fetal
alcohol spectrum disorder (FASD). The
most specific and well-known consequence
of alcohol exposure in utero is fetal alcohol
syndrome (FAS), described in more detail
below.

Fetal Alcohol Syndrome and Fetal Alcohol
Spectrum Disorder

There is no safe level of alcohol use during
pregnancy. Complications from fetal alcohol
exposure are called fetal alcohol spectrum
disorders (FASD), characterized by neuro-
developmental impairment with or without
facial dysmorphology, congenital anomalies
and poor growth, and includes FAS, Partial
Fetal Alcohol Syndrome (PFAS), alcohol-
related neurodevelopmental disorder
(ARND), alcohol-related birth defects
(ARBD), and neurobehavioral disorder
associated with prenatal alcohol exposure
(ND-PAE). In individuals with FASD,

Alcohol exposure during
pregnancy can have a
profound impact on brain
development in the fetus.
This manifests as a range
of symptoms in the baby
and child and causes po-
tential problems throug-
hout the life course.
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that prenatal alcohol
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tive areas, including
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learning, emotion,
cognition, motor per-
formance, perception,
and behavior.
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over 400 associated conditions have been
identified, ranging from organ specific
congenital malformations to mental and
behavioral disorders including learning
disabilities, attention deficit hyperactivity
disorder (ADHD) and conduct disorders. In
addition to medical problems, many social
and economic difficulties can occur over the
course of life. The extent of damage from
drinking alcohol during pregnancy depends
on factors such as how much was consumed,
at what stage of pregnancy and for how long,
the genetic makeup of both baby and mother,
the mother’s nutritional status and whether
other substances were used.

The exact prevalence of the full range of
FASD is not clear. Studies have estimated
that 0.2 to 1.5 infants among every 1,000
live births have FAS.0%7 Estimates across
the full range of FASD are higher; different
studies in the US have identified between 11
and 50 cases of FASD per 1,000 first grade
students®®%, and up to 98.5 cases per 1,000
children using a weighted approach.® In
Europe, the estimated prevalence is 19.8 per
1,000 children.”>” These estimates are vastly
higher than those reported in earlier stud-
ies7>73, a reflection of how FASD continues to
be a significant public health concern.

FASD has significant impacts on the
economy and society as a whole. These
include tangible expenses for substance abuse
treatment, mental health services, foster care,
the criminal justice system, and long-term
care. The estimated lifetime cost for one
person with FASD is around $2 million,
encompassing medical care ($1.6 million)
and productivity losses ($0.4 million).7 The
annual cost of FASD in Canada ranges from
CAD1.3 billion to CAD2.3 billion, the highest
contributor being productivity losses due to
health issues and premature mortality.”> Costs
in Sweden have been estimated to €76,000
per child (0—17 years) and €110,000 per adult
(18-74 years), corresponding to €1.6 billion
per year’®, based on an estimated population
prevalence of 0.2 per cent. The economic
and social costs of FASD are no doubt large

and variable. In order to better facilitate
appropriate allocation of healthcare funding
and supportive services into the future, it

is crucial therefore that efforts to advance
methods for estimating FASD prevalence and
associated costs continue.

Range of neurocognitive problems
Many neurocognitive problems are associated
with fetal alcohol exposure. These range from
hyperactivity and attention deficit to learning
disabilities to grave intellectual disability. A
review of eight studies by the U.S. Centers
for Disease Control and Prevention that
included over 10,000 children aged 6 months
to 14 years found that binge drinking during
pregnancy was associated with the child
having cognition-related problems.”7

It is well established that prenatal alcohol
exposure negatively affects many cognitive
areas”?, including problems with learning,
emotion, cognition, motor performance, per-
ception, and behavior.# Cognitive and behav-
ioral difficulties account for the majority of
functional disabilities associated with FASD.
While not everyone with FASD meets all the
requirements for intellectual disability, many
children (and adults) nevertheless experience
cognitive problems that affect various aspects
of their thinking. This includes a range of
abilities and functions key to learning such
as decision-making, memory, mathematics
and comprehension, capacity for focus, and
visual perception. In addition, problems such
as poor social skills, inability to pay attention
and poor impulse control can make it harder
for them to do well or even meet minimum
standards in school, at work, and sometimes,
to live on their own. Moreover, prenatal alco-
hol exposure has a high comorbidity rate with
other learning and behavioural disorders such
as autism spectrum disorders and ADHD.8-8

Although no specific pattern of neurobe-
havioral deficits has been distinguished for
FASD, some groups have attempted to iden-
tify constellations of impairments associated
with prenatal alcohol exposure. As described
below, three key problem areas include lower



intelligence quotient (IQ), fine and gross
motor skill impairment, and attention deficit.

Lower IQ is one of the most reported find-
ings in relation to prenatal alcohol exposure.5?
Estimates of average 1Q scores for individuals
with FAS range from about 68-79%, while
estimates for the full range of FASD fall
within a much larger range of 20-120,
with an average of about 72.848 Among the
population of affected children, overall ability
levels are lowest among individuals with
a diagnosis of FAS, followed by PFAS, and
ARND.® However, intellectual deficits occur
across the spectrum and children with and
without FAS can exhibit below average 1Q
scores. The absence of typical facial features
does not exclude impaired intellectual
functioning.83-88

Motor skills can also be affected in people
with prenatal alcohol exposure.®>° In adults
with FASD, balance and fine motor control®°,
as well as higher-order cognitive-motor
abilities such as hand-eye coordination are
affected.”* Fine motor abilities may be more
severely impacted??, but studies tend to show
that gross motor impairment is more com-
mon.8393

BOX 3 DEFICITS IN FASD

Attention deficits are commonly associated
with prenatal alcohol exposure and children
with heavy prenatal alcohol exposure show
both slower performance and attention
problems.?+9” Patterns and levels of attention
deficits are not uniform, and processing of
auditory information seems to be less affected
than that presented visually.%*°* Importantly,
attention function measures can distinguish
children with prenatal alcohol exposure
from control children with a high degree
of accuracy.*? Overall, numerous studies
have demonstrated the detrimental effect on
attention abilities associated with in utero
alcohol exposure and the potential benefit of
using such measures to aid in identification
of affected individuals. Multiple studies
have compared children with FASD to those

with attention-deficit/hyperactivity disorder

Attention deficits are
(ADHD).88

commonly associated
with prenatal alcohol
exposure and children
with heavy prenatal alco-

Long-term behavioral and physical problems
FASD is more common among young

people in foster care or involved with the hol exposure show both
justice and mental health systems. FASD slower performance and
has serious social and economic conse- attention problems.
quences, yet it often goes undiagnosed or

¢ Executive Function - Significant deficits in
working memory, problem solving, planning,
response inhibition

¢ Verbal fluency — Lower scores on verbal fluen-
cy, letter fluency, produce fewer words

¢ Inhibition — impairments in response inhibition
(the ability to suppress one response in favor of
another)

¢ Problem solving and planning - less time
pre-planning their strategy before solving a
problem, use less efficient strategies, show in-
creased rule violations, and require more moves
to solve a problem.

* Medelvdrdet av 1Q i en befolkning dr 100.

* Concept formation and set-shifting — deficits
in detecting and producing concepts as well as
poor cognitive flexibility

¢ Language — deficits in articulation, grammatical
ability (especially specific to FASD), expressive
and receptive skills, word ordering, sentence
combining, and grammatical comprehension.

Source: Mattson et al. Alcohol Clin Exp Res. 2019 June ; 43(6):
1046-1062.8%
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unrecognized publicly. Diagnosis remains
challenging because of limitations inherent to
self-reported drinking (i.e. among biological
parents), lack of biomarkers, and infrequency
of diagnostic facial traits. Disagreement over
diagnostic criteria and lack of diagnostic
systems is a hindrance, but there are efforts
to improve identification and management
of FASD. These include studies of non-clini-
cally-referred groups, studies of school-based
populations, advanced 3D imaging of facial
characteristics, and new screening tools.'s
However, even considering these difficulties,
there is a plethora of evidence for severe
long-term consequences accompanied by a
significant societal and monetary cost.
Studies have found that adolescents and
adults with fetal alcohol spectrum disorders
face a range of adverse life outcomes.
Eighty per cent experience difficulties living
independently and being employed, 61%
experience school disruptions, 50% have been
confined (detention, prison, psychiatric or
alcohol/drug inpatient). Average life expec-
tancy is significantly lower (34 years) than in
the general population. Among leading causes

of death are suicide, accidents and alcohol or
drug poisoning.4

Longitudinal cohort studies of FASD con-
sistently show that serious adverse outcomes
are more likely where support services are
lacking. The complexity of parenting a child
with FASD increases across adolescence and
young adulthood. Caregivers of children with
FASD experience increased burden, levels
of stress and feelings of isolation. Moreover,
the lifelong challenges and unmet needs of
caregivers negatively affect family functioning
and quality of life. Early recognition of FASD
and early emphasis on prevention of second-
ary disabilities may decrease demands on
families.

Summary

Alcohol is firmly established as a leading
cause of acquired intellectual disability. At
present, reviews conclude there is no level
of alcohol consumption during pregnancy
which is known to be safe.1°41°% FASD affects
all strata of society, and confers enormous
personal, social and economic effects across
the lifespan.



3.2 Adolescent Brain and
Development
Following birth, the brain continues to
develop and mature, and is generally consid-
ered fully developed in the mid to late 20s.
The prefrontal cortex, responsible for plan-
ning, prioritizing and decision making is the
last part of the brain to mature. Adolescence
is the phase of life between late childhood and
early adulthood. In this life phase (sometimes
defined as between 12—20 years of age) an
adolescent experiences major changes in
physical maturation including reaching maxi-
mum height and alterations in their brain and
CNS. As a result of changes in their mental
and emotional development, the adolescent
may explore intimate relationships, self-iden-
tity, changes in self-perspective about the
future, and a sense of independence, self-con-
fidence, and self-control.

A major factor during the time associ-
ated with adolescent brain development
is heightened risk-taking and extreme
emotions. Risk behaviour (sometimes called
“sensation-seeking behaviour”) results in
elevated risks to health and well-being, and
is frequently linked to injuries. The most
common causes of death for adolescents are
motor vehicle accidents, other accident (e.g.
falls, drownings), self harm and violence.°®

The human brain is fully grown relatively
soon after birth and the cerebral cortex soon
reaches its maximum. However, structural
imaging studies have shown'°7-*¢ that grey
matter matures from back to front such that
maximum brain density is first reached by
the grey matter, primarily the sensorimotor
cortex where sensation and motor tasks
reside. The higher functioning areas such
as the dorsolateral prefrontal cortex, the
inferior parietal gyrus, and the superior
temporal gyrus are fully developed last, which
includes higher cognitive functions such as
behavioural control, planning, and assessing
the risk of decisions. Autopsy findings
suggest that these grey matter changes are
due to synaptic pruning. Many synapses are

formed in childhood that are later removed
in adolescence'*?, condensing the amount of
synapses and increasing the effectivity.
Brain synapses that survive are likely
the ones most being used. Even as the grey
matter decreases in volume, the white matter
which conducts neural information rapidly
increases continually from childhood into
early adulthood. In short, the natural
development and state of the brain during
adolescence is one in which risk desirability
and sensation seeking behaviour are often
paramount.

Alcohol and the adolescent brain:
A circular relationship

When alcohol is added to this natural process,
high risk behaviour increases and more
mature assessment of personal risk to self
and others is decreased. Systematic research
reviews find an ongoing interaction of
adolescent brain development and neurologi-
cal changes, exposure to alcohol via drinking,
especially binge drinking, and present and
future dysfunctions and illnesses for young
adults and even older adults.

Tapert (2022)" has summarized the
scientific research on alcohol’s impact on
adolescent and young adult brains as follows:

Systematic research
reviews find an ongoing
interaction of adolescent
brain development and
neurological changes,
exposure to alcohol via
drinking, especially binge
drinking, and present and
future dysfunctions and
illnesses for young adults
and even older adults.

« Adolescent binge drinking is linked to a
greater risk of more prominent grey matter
reductions during adolescence.

« Drinking onset is associated with, and
appears to precede, disrupted white matter
integrity.

« Initiation of moderate to heavy alcohol use
and incurring hangovers during adoles-
cence may adversely influence neurocogni-
tive functioning.

» Pronounced alcohol cue reactivity in heavy
drinking teens, particularly in reaction to
alcohol advertising materials.

A review of current research concludes that
chronic alcohol exposure during critical
developmental periods can create deficits
in cognitive and related circuitry.! Alcohol
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These deficits

are evident after
exposure during
every evaluated
developmental
window including
prenatal, adolescent,
and early/middle
adulthood periods.
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exposure was determined to have long-lasting
detrimental effects on cognitive flexibility,
with deficits in reversal learning (i.e. ability
to actively supress or modulate behaviour to
obtain a reward when reward rules change)
being particularly marked. These deficits are
evident after exposure during every evaluated
developmental window including prenatal,
adolescent, and early/middle adulthood
periods. However, periods when neurological
and cognitive-behavioural deficits appear

are related to both the timing of alcohol
exposure (age of first drink) as well as the
developmental period of testing. For example,
following adolescent alcohol exposure,
prefrontal control of goal-directed over
habit-based behaviours is reduced. This shift
in cognitive flexibility is linked to decreased
connectivity between different parts of the
brain. Decreased connectivity between certain
areas of the brain, in turn, can facilitate more
alcohol consumption in adulthood, resulting
in further cognitive decline — thus highlight-
ing the cyclical and bidirectional relationship
between alcohol use and cognition.

Another review"? summarizes the
interaction between adolescence, biological
sex, and exposure to stress and adolescent
drinking. Neuroimaging studies have found
reductions in Prefrontal Cortex (PFC) volume
in adolescents with alcohol use disorder's,
especially in women."4 Alterations in white
matter microstructure during early adoles-
cence have been associated with familial
history of alcohol use and future instances of
binge drinking.'s Adolescents who went on
to engage in binge drinking tended to have
excessive maturation of connections between
striatal regions (behavioural regulation) to
the frontal cortex, but insufficient maturation
of frontal lobe regions)."s

Adolescent alcohol consumption also
poses concern for present and future
psychological illness.*® In a study of nearly
500 000 Swedish men, Nordstrom et al
(2013)#* found binge drinking in adolescence
to be the strongest risk factor for developing
early onset dementia. Several longitudinal
studies demonstrate that drinking alcohol
in early adolescence predicts higher risk of
alcohol use in late adolescence and early
adulthood.*# In addition, teenage alcohol
consumption may indirectly predict higher
incidences of Major Depressive Disorder
(MDD) in later adulthood (e.g. late 20s to
30s). Magee and Connell (2021) for instance,
described how teenage drinking can indirectly
led to MDD via one of two pathways: (i)
drinking at age 17 predicts alcohol use at age
22, which predicts higher risk of substance
use at age 23, which leads to higher risk of
MDD at age 30; (ii) alcohol use at age 17
predicts greater depressive symptoms at
ages 22 and 23, which predicts greater risk of
MDD diagnosis by age 30.1

Summary

In addition to the existing challenges posed
by normal brain development, adolescent
drinking can further increase the risk of harm
such as injury and death from motor vehicle
crashes, extreme sport and other competitive
activities, conflict and violence, and self-harm
including suicide. In some ways, the relation-
ship between adolescent brain development
and sensation seeking is further enhanced via
drinking. In like manner, inherent natural
risk behaviours can increase the desirability
of alcohol, especially higher volume con-
sumption and binge drinking as well as other
drug use.



4 Alcohol and mental health,
from young adulthood to
middle-age

Mental health disorders are a major source of
preventable mortality and morbidity. Global
prevalence and reported disability adjusted
life years for depressive disorders increase
steeply after the second decade of life but con-
tinue to remain high throughout middle-age,
particularly for women.'*°

The WHO describes depression as char-
acterized by persistent sadness and lack of
interest or pleasure in activities that were
previously rewarding. Sleep disturbance,
reduced or increased appetite, tiredness
and poor concentration are also common
and sometimes, depression may lead to

suicide.?"'*2 Depression is probably one of the
most common mental health conditions in the
general population with prevalence estimates
ranging from around 17% (self-reported) to
5%—8% (clinical interview).2>'23 Along with
anxiety-related disorders, population preva-
lence of depression appears to have increased
substantially since the Covid-19 pandemic.°
In terms of contribution to the global
burden of preventable injuries, suicide and
self-harm rate second (to road injuries).
Suicide is a major cause of premature death
for people in their twenties'** and it is
estimated that more than 700 000 people die
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from suicide each year.'?5 Suicide can occur

at any age but the age group 85+ has highest
rate of suicide.'*° In Sweden, the male (16.9
per 100 000) suicide rate is more than double
that for females (7.7 per 100 000).12¢

4.1 Alcohol and depression

There is a long standing, common recognition
that heavy drinking and depression are
related, with epidemiological and clinical
studies suggesting close linkages between

the two disorders. The nature of the causal
connection is, however, complicated and
often described as a classic “chicken-egg
problem”. Although debate continues, over
time, research evidence has increasingly
come to favour heavy drinking as the primary
condition, with depression as a secondary
consequence. Contributing to the causal

role in the aetiology of depression are the
effects of alcohol misuse on an individual’s
social, economic and legal circumstances.

In addition, other potential mechanisms
underlying these causal linkages include

1
./

|

neurophysiological and metabolic changes
resulting from exposure to alcohol.?”

The view that drinking and depression
are related has been reinforced by recent
observational studies. Systematic reviews
by Puddephatt et al. (2022)*® and Li et
al. (2020)* and a recent cohort study
(Hammerton et al. 2023)'3° concur that alco-
hol dependence and depression are strongly
related. Indeed, it has been estimated that
people with a mood disorder are twice as
likely to have a concurrent alcohol use
disorder (AUD). Moreover, a dose-response
relationship whereby risk of depression is
highest for the most severe form of AUD,
lower for more mild forms of AUD and not
found at all for alcohol consumption without
AUD has been demonstrated.*® Notably,
many of the same studies also find no
association between heavy or binge drinking
and depressive symptoms. This raises the
question of the nature of alcohol dependence
and its diagnosis. What is dependence other
than harmful levels of consumption? In an
influential critique of the diagnostic system,
Rehm and colleagues found that criteria for
the diagnosis of alcohol dependence (ICD-10
or DSM5) are all caused by heavy drinking.'s

In another series of observational studies,
researchers have looked for effects of mod-
erate drinking on risk of depression. Various
recent reviews (e.g. 132"34) including studies
of Swedish populations (e.g. 1%5), have found
that compared to non-drinkers, low-to-mod-
erate level drinkers are less likely to suffer
depression. In keeping with this, probably the
largest review to date (111 articles), reported
that moderate drinkers appeared to have
lower rates of depression than non-drinkers
and heavy drinkers.'s* However, as the
authors were careful to clarify, problems
such as residual confounding and especially,
the “sick quitter” phenomenon are very
common to this observational literature and
may well explain apparent benefits. Related
to this, another problem common to the
observational literature is “reverse causation”
whereby the direction of the causal effect is,



in actuality, opposite to what was proposed
by the study. In simple terms, rather than
stopping drinking causing depression, mental
disease, including depression, might lead
people to stop drinking. Studies which have
investigated whether treatment for alcohol
problems leads to a reduction in depressive
symptoms suggest this is likely the case. A
meta-analysis of five studies of interventions
targeting excessive alcohol use found signif-
icant reductions in depression symptoms?°
and a recent longitudinal study showed
decreases in the number of alcoholic drinks
per week, as well as abstinence, led to a
reduction in depressive symptoms.'” Finally,
a recent study® specifically tested for reverse
causation as an explanation for observed
J-shaped curves for alcohol and depression
using a reverse Mendelian randomization
approach. They showed that people with
a genetic susceptibility to depression were
more likely to drink alcohol, but, these same
people were also more likely to stop drinking
and become ex-drinkers. The study’s findings
strongly point to reverse causation and the
sick quitter hypothesis (i.e. misclassification
error) as responsible for apparent benefits
of low-to-moderate drinking among conven-
tional observational studies.

(See Box 2 for a more detailed explanation
of residual confounding and misclassification
error in observational studies).

4.2 Alcohol and suicide

Evidence for a causal relationship between
alcohol and suicide is strong and GBD data
estimate that around 15% of suicides are
caused by alcohol.? As evidenced by a series
of systematic reviews, alcohol use increases
suicide risk both acutely and chronically.
Acutely, alcohol can increase impulsivity
leading to suicide, i.e. heavy drinking
in-the-event increases suicide risk (e.g. ).
Chronically, long-term dependent drinking
increases the risk of suicide as a consequence
of increased rates of depression (e.g. *4°). In
a recent meta-analysis of 33 studies, Isaacs
et al (2022)+reported a 94% increase in the

risk of death by suicide among alcohol users
compared with abstainers. Moreover, there
is some evidence that in a dose-response
manner and up to a certain point (probably
where motor coordination becomes seriously
affected, e.g. 20.40 g/dL), alcohol intoxica-
tion increases the likelihood that a firearm
(or other violent method) will be used as the
method of suicide.4>143

Population level studies that relate per
capita alcohol consumption to suicide
prevalence or evaluate effectiveness of polices
aimed at reducing consumption also provide
evidence for a strong link between alcohol
and suicide. In a study of Swedish data,
Norstrom and Ramstedt (2018)4 reported
a 13% increase in suicides per litre increase
in (pure) alcohol consumed. In the USA, the
relationship appears to be less strong with
an estimated 2.3% increase in suicide risk
per litre of alcohol consumed. 45 Also in the
USA, almost 30% of adolescent males with
FASD reported a serious suicide attempt —
more than 19 times higher than the national
average.'¢ A systematic literature review by
Kolves et al. (2020)4” showed that, in most
cases, policy which reduced alcohol’s physical
availability or increased the cost of alcohol,
led to a reduction in suicides across Europe
and the US. In line with this, Xuan et al’s
(2016)48 review of 17 studies demonstrated
that restrictive alcohol policies contribute to
suicide prevention at the general population
level and to a reduction of alcohol involve-
ment among suicide deaths.

Summary

Alcohol use, especially heavy use, and mental
health are closely connected. Having an
alcohol use disorder (regular harmful use

of alcohol) increases the risk of depression
and both acute and chronic heavy drinking
increase the risk of suicide. Reported protec-
tive effects of low-to-moderate drinking on
risk of depression are unlikely to be causal.

Alcohol use, especially
heavy use, and men-
tal health are closely
connected. Having an
alcohol use disorder
(regular harmful use of

alcohol) increases the risk
of depression and both
acute and chronic heavy
drinking increase the risk

of suicide.
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5 The ageing brain

For the ageing brain, alcohol presents some
unique challenges. Ageing heralds the onset
of previously unexperienced chronic health
conditions, impaired vision, hearing and
balance problems, muscle weakness, social
isolation, increased medication use and a gen-
eral decline in regenerative potential. When
common age-related declines in physical

and neurological functioning converge with
decades of alcohol exposure, they can bring
unexpected and debilitating consequences.
As decades pass, most people will change how
much and how often they consume alcohol.
Generally speaking, drinkers tend to reduce
their average alcohol consumption as they
age. Some who were once heavy drinkers in
their 20s and 30s may become abstinent later
in life. It is interesting then that from some
countries, including Sweden, there is recent
evidence of a trend towards increasing levels
of average use and/or heavy drinking among
older age groups compared to previous
cohorts.'491538 Since a range of prevalent
conditions that occur in older age are either
attributable to or exacerbated by alcohol
exposure, more widespread use or increasing
prevalence of heavy use may have direct
social and economic consequences. This
section summarises evidence for alcohol’s
relationship to a selection of three condi-
tions of particular concern to older people:
dementia, stroke and falls.

5.1 Alcohol and dementia
Dementia is a general term for a range of neu-
rodegenerative diseases that affect the brain’s
ability to remember, process information and
learn. The effects of dementia go beyond that
expected with normal ageing and undermine
an individual’s ability to undertake every-day
activities, communicate with others and to
respond appropriately to their environment.
Dementia ranks fifth among causes of
death world-wide®+ and as of yet, there
are few effective treatment options. It has
been predicted that as populations age and
detection and diagnosis improve, dementia
cases will triple over the next three decades.ss
As such, among efforts key to address
dementia and its associated social costs,
reducing population exposure to poten-
tially modifiable risk factors is considered
paramount.’s® As a condition that can lead
to severe neurodegeneration (especially in
later stages), patients often require intense
care, the global financial and social costs of
which are considerable. Wimo et al (2023)%7
estimated the annual global costs of dementia
at USD 1.3 Trillion (for 55.2 million people
with dementia) with 16% going to medical
costs, 34% to social sector costs, and 50%
to informal care. A Swedish study estimated
that in 2012, social costs of dementia were
approximately SEK 398,000 per person
with dementia — about SEK 520,000 or USD

When common
age-related declines
in physical and
neurological function-
ing converge with
decades of alcohol
exposure, they can
bring unexpected
and debilitating
consequences.
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Notably, for all types of
dementia, heavy alcohol
use has been identified
as the strongest mo-
difiable risk factor for
disease onset and is
associated with all other
independent risk factors.
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47,000 in today’s dollars — and that about
60% of the total national cost was attributable
to institutional care.'s®

There are many different forms of demen-
tia including alcoholic dementia, vascular
dementia, dementia with Lewy bodies,
and frontotemporal dementias; however,
Alzheimer’s disease is the most common
and accounts for 60%—70% of cases.'s°
Alzheimer’s disease generally occurs among
people in their mid-60s or older, but about
one in ten cases will occur among younger
people (i.e. “early-onset dementia”) — even
before middle age in rare cases.’s? The biggest
risk factor for dementia is ageing but a range
of other potential causes and risk factors have
been identified, including (but not limited to)
overweight, diabetes, tobacco use, poor diet,
lack of exercise, high blood pressure, and
genetic markers.

Several plausible biological mechanisms
may explain alcohol’s role in raising dementia
risk. Cumulative direct effects such as brain
cell death brought about by exposure to
neurotoxic effects of alcohol metabolites such
as acetaldehyde or activation of inflammatory
processes that compromise brain structure
and function are probable. In addition to or
alternatively, more indirect effects such as
alcohol’s role in promoting thiamine defi-
ciency* or in elevating blood pressure in con-
nection with vascular dementia'®® may play a
key role. Some forms of dementia specifically
involve diagnosis of an underlying alcohol
use disorder and may be broadly referred to
as “alcohol-related dementia” (e.g. alcoholic
dementia, Korsakoff’s psychosis).*** For these
conditions, diagnoses directly establish that
the patient’s brain has been injured by long-
term heavy alcohol use, however, in terms of
disease expression, alcohol-related dementia
is not easily distinguished from Alzheimer’s
disease. Notably, for all types of dementia,
heavy alcohol use has been identified as the
strongest modifiable risk factor for disease
onset (especially early onset, i.e. <65yrs) and
is associated with all other independent risk

factors.?°21% An important Swedish study
conducted on men conscripted for mandatory
military service found that a history of being
treated in hospital for alcohol intoxication
during adolescence was the most important
risk factor for vascular, unspecified and
alcoholic dementia diagnosed before the age
of 65 (early onset).4

Most, but not all (e.g. 1*4), recent reviews
and meta-analyses of observational studies
agree that heavy alcohol use increases risk
of dementia, including early onset demen-
tia. 12195170 However, many of these same
meta-analyses have also found that at lower
doses, alcohol use appears to reduce demen-
tia risk. For example, drawing on data from
seven European studies Kilian et al (2023)°
found that compared to non-drinkers, heavy
drinkers (i.e. at least 24g of pure alcohol
per day) had higher risk of mild cognitive
impairment and dementia, whereas low to
moderate level drinkers (i.e. <= 24g per day)
had lower risk of dementia compared to
current abstainers.

There are many reasons to suspect that
findings of protection from dementia associ-
ated with low-dose alcohol consumption (i.e.
J-shaped or U-shaped curves) are spurious.
Across the board, reviewers have noted
significant methodological problems with
the non-randomized observational studies
that form the bulk of studies on alcohol and
dementia (e.g. °®). Frequently cited limita-
tions include inconsistent measurement of
alcohol use and/or dementia, poor control
of potential confounders such as socio-eco-
nomic status, and insufficient attention to
participant attrition effects in heavy drinker
populations. Notably, under-representation
of heavy drinkers in study populations is
common, and people with alcohol use disor-
ders have substantially lower life expectancies
(24—28 fewer years) compared to their low
and moderate drinking counterparts).””*
Another important consideration is “reverse
causation”. As people acquire dementia, they
drink less and less alcohol or may stop drink-



ing. In pre-clinical stages of dementia (i.e.
before it has been appreciated or diagnosed),
continued low-volume alcohol consumption
may therefor reflect better cognitive function,
rather than causing better cognitive function.
Moreover, as discussed in Box 2, studies
which fail to identify ex-drinkers among
(current) non-drinker groups or adopt
appropriate intention-to-treat approaches are
vulnerable to misclassification error and bias.
It has been shown for instance that ex-drink-
ers have a 20-60% higher risk of dementia
compared to moderate current drinkers'7?
and that when ex-drinkers are removed from
non-drinker comparison groups, apparent
protective effects for dementia among moder-

ate drinkers are reduced.””? Moreover, rather
than assessing lifetime drinking trajectories
that begin during youth, the vast majority of
observational studies are limited to assessing
recent past or current drinking levels among
participants who have already reached their
older years. This methodological limitation
leaves open the strong possibility of selection
bias.7 Somewhat countering findings of
protection among observational studies,
Mendelian randomization studies (which

are less prone to selection bias and reverse
causation) have shown mixed results, but no
evidence overall that low and moderate level
drinkers have reduced risk of dementia.7577
In fact, results from the Andrews et al
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lifetime alcohol
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less brain).
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(2020)7° study suggest that low to moderate
level drinking is associated with earlier age of
onset for Alzheimer’s disease.

Finally, recent large-scale neuroimaging
studies (i.e. MRI) of general populations
consistently show that alcohol use and brain
structure have a negative linear association
(i.e. more lifetime alcohol consumption,
less brain). At any level of consumption,
reductions in grey and white matter volume
and in white matter cortical thickness
and microstructure are widely apparent
throughout the brain+ and particularly the
hippocampus (an area of the brain associated
with memory).”® These findings concur with
experimental studies that have applied well
validated mouse-models and show that, even
at low-to-moderate levels, regular alcohol use
can promote both behavioral and neuro-
logical pathology in mice with pre-clinical
Alzheimer’s disease (e.g. 79*%1). On the whole,
as the capability of neuroimaging and exper-
imental lab studies has increased, putative
arguments regarding biological mechanisms
for low-to-moderate dose alcohol protection
on dementia risk have become increasingly
implausible.

5.2 Alcohol and stroke

Stroke is a condition that predominantly (but
not exclusively) affects older people. Strokes
can be either ischemic or hemorrhagic

in nature. Ischemic strokes are the most
common and they occur when blood flow to
the brain is blocked or reduced. Hemorrhagic
stroke also involves interrupted blood flow
but arises from a burst blood vessel that can
also create pressure on surrounding tissue. In
addition to premature death, stroke entails
considerable morbidity, much of which occurs
in older age when people are more vulnerable
to long-lasting debilitation and slow recovery
requiring considerable health care resources.
In both Europe and the USA, stroke is the
leading neurological disease in terms of
disability adjusted life years®2'%s and the
financial burden of stroke on health services

and societies is very large (e.g. for USA about
USD 103 Billion).'8+

Observational and Mendelian random-
ization studies concur that drinking above
low-to-moderate levels, whether regular or
episodic (binge drinking in particular), is a
risk factor for both ischemic and hemorrhagic
stroke.’ One of the main mechanisms for this
is that alcohol use can raise blood pressure,
and elevated blood pressure is the most
important major risk factor for stroke.**

Past reviews and meta-analyses of obser-
vational studies have also found that low
level alcohol use is protective for ischemic
(but not hemorrhagic) stroke. Apparent
protection is found for both men and women
and occurs at a very low levels of use, i.e. less
than one drink per day for men and about one
drink per day for women.*®5%¢ However, as
described above for dementia, the non-ran-
dom nature of observational studies makes
them prone to various sources of bias and
residual confounding which can influence
the outcome. Because alcohol use can change
considerably over a lifetime and tends to
decrease with increasing age, frailty and
ill-health, bias that works in favour of finding
protective effects can readily occur when
selecting study participants and classifying
participant exposure.# It is notable therefore,
that three large observational studies which
conscientiously separated former drinkers
from never drinkers in their analyses found
no evidence that low to moderate drinking
in middle-age protects against stroke.*:167:188
What’s more, Mendelian randomization
studies, which are not subject to the same
sources of bias as observational studies,
find no evidence that low level alcohol use is
protective for stroke.!8919°

5.3 Alcohol and falls

Older people fall more often than their
younger counterparts. World-wide, falls are a
major contributor to morbidity and mortality
and ranked 8th for people aged 75 years and
older as a cause of age-standardized disability



adjusted life years.** For older people,

falls are the leading cause of injury-related
death."? Fall-related injuries currently pose
major healthcare costs given their high
incidence and long recovery times and are set
to increase substantially as populations age.

Pooled data from emergency department
studies across 28 countries showed that
both frequent and binge drinking are strong
predictors of alcohol-involved falls.*93 A
meta-analysis of five studies that measured
drinking-in-the-event of a fall found a
pronounced dose-response relationship such
that for each 10g of alcohol consumed, the
likelihood of a fall increased by 15%.2 For
older people specifically, results from an
experimental study suggested that even low
level alcohol use adversely affects postural
stability among those aged over 65 years,
and the effect was particularly notable for
those who already have poor balance.** Two
Scandinavian studies, one from Sweden' and
one from Norway*° confirmed that heavier
alcohol use in older age increases fall risk.

In the Norwegian study, risk of fall injuries
among those aged 60 years and older was
over ten times greater among participants
who reported drinking to intoxication at least
monthly.

There are a range of reasons why falls are
more likely to occur when the brain has been
exposed to alcohol. Even at low to moderate
levels, experimental studies have established
that alcohol affects balance, visual focus and
reaction time.? Neuroimaging studies also
confirm that alcohol directly impairs the
function of the cerebellum (which regulates
balance) and the cerebral cortex (responsible
for processing new information). Impairment
of these brain structures can lead to dizzi-
ness, staggering, and reduced ability to pay
attention to environmental hazards.* For
older drinkers, physical changes that accom-
pany ageing such as reduced alcohol tolerance
due to less body fluid, slower liver function,
medication use and impaired balance or
confusion suggest heightened susceptibility

to psycho-motor impairments attributed to
alcohol.972°¢ If regular heavy alcohol use over
the lifespan is implicated, then some degree
of cognitive impairment or dementia is likely
and several studies have shown dementia to
increase the risk of falling.2°*2°s Peripheral
neuropathy, which affects gait and balance is
also more likely among heavy drinkers and
may predispose older drinkers to falls.

Summary

For the ageing brain, alcohol use — particu-
larly drinking above low levels — is a key
risk factor for three neurological or neuro-
logically-mediated conditions that are often
lethal or otherwise disabling: dementia,
stroke and falls.

(<

There are a range of re-
asons why falls are more
likely to occur when the
brain has been exposed
to alcohol. Even at low
to moderate levels, ex-
perimental studies have
established that alcohol
affects balance, visual
focus and reaction time.
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6 Summary, conclusions and
recommendations

Alcohol is a leading, modifiable threat to the
human brain and to overall physical health.
The range of neurological diseases to which

alcohol can cause or contribute is staggering:

developmental delay, learning disabilities,
attention deficit hyperactivity disorder,
alcohol use disorder, depression, stroke,
dementia, traumatic brain injuries and
seizure disorders, among others. Similarly,
the number of non-neurological conditions
that may be mediated through alcohol’s
acute or chronic effect on the brain are also

staggering: poisonings and overdoses, suicide
and homicide, falls, sexual assaults, car
crashes and so on.

Were these problems caused by a substance
other than alcohol, it is difficult to imagine
that the toll on human health and society
would be quite so overlooked and/or toler-
ated. Raising individual-level knowledge of
these connections can help ensure that these
relationships are understood and appreciated
for their scope and magnitude. We hope that
this report is useful in that regard.



But individual-level awareness and even
internally motivated change in some people
are unlikely to yield significant change in
Sweden or other nations with similarly
embedded social, economic and political
attachments to the sale and consumption
of alcohol. To achieve significant change,
alcohol consumption would need to decrease
nationally. Interventions are needed that
can reduce average consumption, heavy use
and binge drinking (i.e. drinking to the point
of impairment). Fortunately, since alcohol
is a legal product that is to be regulated by
government, such interventions exist in the
form of public alcohol control policies. Of
these, the most effective raise or maintain
higher prices for alcohol, limit convenience of
access, and restrict marketing and advertising
of alcohol products. Reductions in general
population alcohol consumption are primarily
achieved through reduced drinking among
the heaviest consumers but also among those
who binge drink but who otherwise consume
“moderate” amounts of alcohol in total.

We therefore recommend, that in order to
improve brain health of their populations,
elected representatives strive to introduce
policies that reduce affordability, availability
and acceptability of alcohol.

While screening and appropriate inter-
ventions for those identified with hazardous
alcohol use may work in some cases,
practitioners need more incentives, training,
and specialist support for these to be imple-
mented more widely and effectively. Alcohol
is often neglected in primary prevention and
is viewed by practitioners and their patients
as less important than regular exercise, diet
and not smoking.

Alcohol policy interventions

To reduce alcohol’s impact and harmful
effects on human cognition across the life
course, it is important to have policies which
restrict total alcohol consumption. The
principal ways in which this can be achieved
is through reducing alcohol’s affordability,
availability and acceptability. There are some
evidence-based strategies to achieve these
objectives:

+ Reducing affordability: this can be
achieved through pricing and taxation
strategies. It is the amount of ethanol in
alcoholic beverages that leads directly to
harm and so taxes are best applied to the
volume of ethanol in an alcoholic drink. In
addition, heavier drinkers tend to choose
the cheapest alcohol. Setting policies that
raise or maintain high minimum or floor
prices are effective at reducing consump-
tion and related harms.

+ Reducing availability: restrictions on

the hours and days of sale, the density of To achieve signifi-

liquor outlets and on access to alcohol by cant change, alcohol
those under legal drinking age are proven consumption would need
ways to reduce or maintain lower alcohol to decrease nationally.
consumption in the general population. Interventions are needed
Maintenance of government alcohol that can reduce average
monopolies such as Systembolaget in consumption, heavy use

and binge drinking (i.e.
drinking to the point of
impairment).

Sweden can be one mechanism to manage
and prevent increased population con-
sumption.

* Reducing acceptability: restrictions on
the marketing and advertising of alcohol
may be effective in reducing its acceptabil-
ity and consumption, especially among
adolescents and young adults. Labelling
alcohol containers with health warnings e.g.
cancer risks may increase public support
for the above policies designed to reduce
alcohol’s affordability and availability.

If labels are designed well they may also
have direct impacts on population levels of
alcohol use.2o4
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