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SUMMARY
Background: Puberty brings on many biological, mental, 
and social changes. In this phase of life, the prevalence of 
serious mental disorders is about 10%. 

Methods: This review is based on a selective search for 
publications on the prevalence, causes, risk factors, and 
effects of mental disorders in adolescence. 

Results: Internalizing mental disorders are more common 
in girls; these include depression, social anxiety, and 
 eating disorders. Their prevalence ranges from 12% to 
23%, depending on the particular diagnostic instruments 
and criteria that are applied. Disruptive disorders, e.g., 
 disorders of social behavior, are more common in boys, 
with a worldwide prevalence of approximately 5% to 10%. 
Marked differences between the sexes appear during pu-
berty. The one-year prevalence of self-injurious behavior is 
about 14% in boys and 25% in girls. The consumption of 
legal and illegal drugs is one of the risk-seeking behaviors 
associated with adolescence.

Conclusion: In routine check-ups and medical office visits, 
particular attention should be paid to the possibility of a 
mental disorder. Special outpatient clinics for adolescents 
can help more young people avail themselves of the exist-
ing preventive and therapeutic measures. Early diagnosis 
and treatment may prevent mental disorders in adulthood 
and foster age-appropriate development.
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“It's only in early youth [...] that a man perceives 
things in all their sharpness and freshness; all the rest 
of his life he feeds on that experience.”  (Hermann 
Hesse, e1)

P uberty is a set of biological processes marking the 
transition from childhood to adulthood. Adoles-

cence, on the other hand, is what has been called “psycho-
social puberty,” consisting of essential steps in mental and 
social development. The physical changes of puberty 
 include, among others, a growth spurt, the maturation of 
primary and secondary sexual characteristics, and the sex-
specific redistribution of muscle and adipose tissue. In 
parallel with this physical development, young people are 
faced with increasing demands from their parents, teach-
ers, and social environment. The experience of sexuality 
in its physiological, cultural, and personal dimensions is a 
further essential element of this phase of life. The typical 
developmental tasks of adolescence are listed in Box 1. 

In adolescence, the parents and wider family lose some 
of their significance as the peer group takes on greater in-
fluence. The peer group is particularly influential in such 
areas as appearance, clothing, leisure activities, and atti-
tude to school, although young people often join peer 
groups whose values resemble those of their parents (e2). 
Piercing, for example, is markedly more common in lower 
social strata than in higher ones (2), and only 9% of 
 adolescents in a recent German survey said that they could 
hardly get along with their parents, or not at all (2).

Adolescence is commonly divided into early, middle, 
and late adolescence, from age 11 to 14, 15 to 17, and 18 
to 21, respectively. The basic neuroanatomical changes 
that occur in adolescence include a relative diminution of 
cerebral gray matter (probably due to synaptic pruning) 
and an increase of white matter. Adolescence can be said 
to end when brain development ends, around age 20 (3); in 
psychosocial terms, the end of adolescence is marked by 
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The cause of mental disorders 
The fact that mental disorders become more 
common in adolescence is explained by the 
joint effects of intensive brain reorganization 
and the increasing demands placed on the 
 individual by his or her social environment.
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the assumption of mature social responsibility in terms of 
work, partnerships, and parenthood.

This “remodeling phase” is now thought to be charac-
terized by an imbalance between the systems in the brain 
that are responsible for “cognitive control” on the one 
hand, and emotion regulation on the other. According to 
this hypo thesis, the so-called affective system, which 
mainly responds to rewards and to emotional and social 
stimuli, is molded by the hormonal changes of puberty 
while the so-called cognitive control system develops 
continually throughout adolescence and young adult-
hood. It is thought that, for as long as this process remains 
incomplete, the limbic system—associated with emo-
tional and motivational stimuli—tends to prevail over the 
prefrontal cortex, which exercises control functions. This 
may explain the fluctuations of motivation and mood that 
are common in adolescence. Although such fluctuations 
are generally of no pathological significance, the 
 “systems imbalance” of adolescence may also account in 
large measure for the increasing incidence of affective 
and impulse-control disorders in this period of life (4). 

The influence of brain development on behavior in 
adolescence should not be interpreted in a biologically 
 deterministic sense; rather, it should be seen as one among 
several mechanisms in the biopsychosocial conception of 
the origins of mental disorders in this age group. Clearly, 
other individual factors, such as genetic predisposition, 
sex, earlier childhood experiences, peer influences, and 
familial and societal structures, play major roles as well. 

Our purpose in writing this review is to acquaint 
readers with the concept, based on current scientific 
understanding, that mental disorders become more 
 common in adolescence largely because of the increased 
vulnerability of the brain while numerous reorganizing 
processes are taking place (4), in interaction with the in-
creasing demands that are placed on the individual by his 
or her social environment. K. R. Eissler (e3) described his 
adolescent patients as “neurotic at one time and almost 
psychotic at another.” This, of course, is not literally true, 
but nonetheless vividly suggests the thoroughgoing and 
markedly fluctuating mental changes that typify this phase 
of life (5).

Studies from several countries have shown that one 
adolescent in five suffers from a mental disorder (6). 
The BELLA study, which was an investigation of 
 mental health by questionnaire within the framework of 
a major epidemiological survey of children and 
 adolescents in Germany (KiGGS), revealed mental ab-
normalities in 24.9% of boys and 22.2% of girls aged 14 

to 17; these abnormalities, however, were not neces -
sarily equivalent to psychiatric diagnoses (7). 

Learning objectives
The goal of this review is to acquaint readers with
● the neurobiological changes and social challenges 

of adolescence,
● the sex-specific features of mental illness in ado-

lescence,
● the common mental illnesses in adolescence, and
● the effects of risk-seeking behavior.

The prevalence of mental disorders in adoles-
cence—depressed, or just in a bad mood?
K. R. Eissler viewed adolescence as a period of 
 “stormy and unpredictable behaviour marked by mood 
swings between elation and melancholy” (e3). This 
often makes it difficult to tell whether an adolescent is 
suffering merely from a non-pathological alteration of 
mood or from a psychiatric disorder. About 40% of the 
14- to 15-year-olds in the Isle of Wight Study reported 
having feelings of unhappiness, while 20% said they 
had self-confidence crises and 7% said they had sui-
cidal ideas (e4). Recent data from Germany are similar: 
in a large-scale epidemiological study, 2.9% of adoles-
cents aged 11 to 17 reported engaging in self-injurious 
behavior or suicide attempts, and 3.8% said they had 
suicidal ideas (8). Moreover, adolescents have a lesser 
degree of well-being and a lower quality of life than 
children. Adolescents experience a diminished quality 

The end of adolescence
Adolescence can be said to end when brain 
 development ends, around age 20.

Psychopathological manifestations
Not all of the individual psychopathological 
 manifestations that appear in adolescence can  
be equated with a psychiatric disorder. 

BOX 1

 Developmental tasks in adolescence*
● Assuming the role of one’s sex
● Accepting bodily changes
● Separating from parents
● Developing a world view
● Constructing future perspectives (vocational training, 

preparing for university-level education)
● Establishing a peer group 

*modified from (1)
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of life in practically all areas: with respect to their own 
bodies, school, their mental state, and their families (9). 
Even so, three-quarters of adolescents in Germany are 
highly satisfied with their lives (10).

Many longitudinal studies have shown that mental 
disorders become more prevalent from childhood to 
adolescence. A large-scale epidemiological study with 
some 4000 subjects showed that, during this period of 
life, the prevalence of clinically relevant disorders that 
impair everyday functioning rises among both boys and 
girls (11). In most industrialized countries, the preva-
lence of serious disorders in adolescence is about 10% 
(Table) (12, e5).

Sad girls, reckless boys—sex-specific aspects
Before puberty, mental disorders are more common in 
boys than in girls; during puberty and afterward, the re-
verse holds. In particular, the prevalence of internalizing 
disorders rises among girls in this phase of life. On the 
other hand, disruptive disorders are still more prevalent in 
boys after puberty; but then become more common in girls 
over the course of adolescence, so that the prevalence gap 
between the sexes narrows (11). Sex-specific changes in 
prevalence are attributed to a variety of factors, as will be 
discussed in the following sections.

The role of hormones
Recent research findings underscore the importance of sex 
hormones for brain development (13): Hormones have 
been found to have both organizing and functional effects. 
The amygdala increases in volume mainly in pubertal 
boys, while the hippocampus increases in volume in girls. 
These volume changes may partly explain the observed 
sex differences in vulnerability to mental disorders, e.g., 
depression. Among their known functional effects, spe-
cific hormones have been found to activate certain brain 
areas acutely: Thus, some aspects of cognitive perform-
ance have been found to be linked with the menstrual 
cycle, and estrogen levels are correlated with mood (e11).

 Current studies indicate that anorexia nervosa is be-
coming more common among children (e12, 14); child 
and adolescent psychiatry services have registered a 
marked expansion of this patient group. This may be 
 because puberty is occurring at ever earlier ages (e13). 
Menarche before age 12 is considered a risk factor for 
 anorexia nervosa (e14).

Girls who undergo puberty very early are also at 
 especially high risk for conduct disorder (15), as well as 
for auto-aggressive acts such as suicide attempts (e15) and 
self-injurious behavior (e16). Aside from biological 
 factors, these phenomena seem mainly attributable to an 
inability to cope with the high demands placed on the 
 individual by her social environment. 

In contrast, boys whose puberty begins late (pubertas 
tarda) have a higher risk of mental disorders (e15), as they 
can develop feelings of inadequacy and suffer from a lack 
of appreciation by their peers. 

Sex-specific risk factors, life events, and coping strategies 
Boys, because they more often engage in risky behavior, 
also more commonly sustain physical injury (including 
head injury) and the bodily consequences of drug and 
 alcohol abuse; girls are more likely to become victims of 
sexual abuse (e17). In the Bremen Adolescent Study (16), 
62% of boys reported having been physically attacked or 
injured, and 28% reported having had a serious accident; 
the corresponding figures for girls were 41% and 24%, re-
spectively. On the other hand, 9.7% of girls, but only 1.7% 
of boys, said they had been sexually abused. There are 
also sex-specific differences in coping strategies for diffi-
cult life events and situations. While girls tend to worry 
more and be plagued by fretful thoughts, boys tend to 
seek distraction in other activities (e18). Girls, however, 
are better able to find social support and to arrive at a 
 solution by “negotiation” (17).

The Isle of Wight Study 
About 40% of the 14- to 15-year-olds in the Isle of 
Wight Study reported having feelings of unhappi-
ness, while 20% said they had self-confidence 
crises and 7% said they had suicidal ideas.

Sex-specific biological and social factors
Sex-specific biological and social factors during 
puberty play a major role in the pathogenesis of 
mental disorders. 

TABLE

The prevalence of mental disorders in children and 
adolescents aged 11 to 17*1

*1 Data on 1841 children in Germany, obtained from parents (BELLA Study, 
2003–2006) (12). Mental disorders were defined as a score beyond the cutoff 
of the relevant questionnaire, accompanied by impaired coping with everyday 
life as assessed by the Strengths and Difficulties Questionnaire [SDQ; e6]) 

*2 Center for Epidemiological Studies Depression Scale for Children  
(CES-DC [e7]) ≥ 16

*3 Screen for Child Anxiety Related Emotional Disorders (SCARED [e8]) ≥ 3
*4 ADHD (attention deficit hyperactivity disorder) rating scale for teachers and 

parents (FBB-HKS [e9]) ≥ 2
*5 Child Behaviour Checklist (CBCL [e10])

Depressive disorder*2

Anxiety disorder*3

ADHD*4

Dissocial disorder*5

Boys
% (range)

5.3 (3.5–7.9)

3.8 (2.5–5.9)

2.8 (1.7–4.5)

10.9 (8.4–14.0)

Girls 
% (range)

4.6 (3.2–6.4)

4.2 (2.8–6.1)

1.5 (0.7–3.2)

8.4 (6.3–11.2)
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Specific disorders that arise, or have their most 
pronounced manifestations, in adolescence 
Internalizing disorders
The term “internalizing disorders” refers to those charac-
terized by withdrawal and impaired quality of life of the 
individual, without being primarily directed against other 
people. Disruptive disorders, in contrast, are characterized 
by expansive behavior that affects others adversely. 

Anxiety disorders
According to the findings of the Bremen Adolescent 
Study, just under 19% of all adolescents have some type 
of anxiety disorder, most commonly a phobia (18). So-
called separation anxiety diminishes in adolescence, but 
other anxiety disorders tend to appear, including social 
phobia, agoraphobia, and generalized anxiety disorder. 
In particular, the increase in social phobia, which is 
more common in female than in male adolescents, is 
well explained as a result of developmental processes. 
On the one hand, adolescents face greater expectations 
from their social environment; on the other hand, they 
become increasingly conscious of the possibility of 
 failure, leading to embarrassment. Wittchen et al. (19) 
found the incidence of social phobia to be twice as high 
in 18- to 24-year-olds as in 14- to 17-year-olds. More 
than half of the adolescents surveyed reported having 
had conditioning experiences that gave rise to a vicious 
circle of negative experience, avoidance, repeated 
 failure, and increasing anxiety. Social phobia carries the 
risk of comorbid depression, refusal to go to school, al-
cohol and drug abuse, and problematic Internet use (20, 
21). Social phobia increases an adolescent’s risk of the 
later development of depression by a factor of 2 to 3 
(e19, e20) and the risk of alcohol dependence by a 
 factor of 4 to 5 (e21).

Depressive disorders
The lifetime prevalence of depressive disorders among 
persons aged 14 to 24 and young adults has been esti-
mated at 12% (22).

Neurobiological explanatory models for the rising 
prevalence of depression during adolescence generally in-
voke an imbalance between prefrontal brain areas and the 
limbic system. Compared to children and adults, adoles-
cents manifest stronger activation of the amygdala in 
 response to emotional stimuli (e.g., facial expressions). 
Structural MRI studies have, accordingly, shown 
 structural changes in the striatum and corticolimbic areas 
of depressed adolescents, in particular reduced volume of 

the striatum, amygdala, hippocampus, and prefrontal 
 regions (23, e22). 

Depression in adolescence is thought to arise under 
the influence of both specific and nonspecific risk fac-
tors. The specific risk factors include a family history of 
affective disorders, a negative cognitive style, or a major 
loss experience, such as the death of a parent, separation 
or divorce of the parents, or relocation of the household. 
Negative cognitive styles are characterized by hopeless-
ness, low self-confidence, and pessimistic attributions 
(“I’m no good at anything,” “Nobody likes me”), among 
other features. The nonspecific risk factors include 
 poverty, experience of violence, other negative life ex-
periences (e.g., major conflicts in the home, neglect), and 
social isolation (24) (Box 2).

The manifestations of depression in adolescents 
 resemble those seen in adults, rather than in children (Box 
3). A dysphoric or sad mood may manifest itself as a ten-
dency to withdraw. Depressed adolescents commonly 
suffer from anhedonia, which they often experience or 
 express as “boredom.” Irritability and agitation 
(misbehav ior, loss of self-control) are more common in 

Sex-specific risk factors
Boys, because they more often engage in risky be-
havior, also more commonly sustain physical injury 
(including head injury) and the bodily consequences 
of drug and alcohol abuse; girls are more likely to 
become victims of sexual abuse.

Anxiety disorders
The Bremen Adolescent Study revealed that just 
under 19% of all adolescents in Germany suffer 
from an anxiety disorder, most commonly a 
 phobia.

BOX 2

Risk factors for mental disorders in 
adolescence 
● Familial risk factors

– Strict upbringing
– Lack of care and supervision, lack of interest in 

children’s activities
– Partnership conflicts between parents
– Parental separation and divorce
– Mental illness in parents
– Criminality of parents

● Peer-group-related risk factors
– Social ties to socially disturbed or delinquent peers

● Socioeconomic and cultural risk factors
– Poverty
– Deprived living situation and environment (“social hot 

spot,” cramped accommodations, unemployment, 
 social isolation)

– Immigrant background
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Around the world, their prevalence in adolescence has 
been reported at about 5–10% (11, 12). 

The findings of a large-scale, long-term epidemiologi-
cal study suggest that disorders of conduct tend to have 
one of two characteristic time points of manifestation: 
“Early starters” begin to manifest abnormal behavior in 
childhood, “late starters” in adolescence (e27). Almost 
33% of early starters who were studied at age 32 had 
committed a violent offense in the preceding six years, 
compared to only 10% of late starters at the same age, 
even though the prevalence of alcoholism was the same 
in both groups (20%) (31). 

It follows from these data that disorders of conduct 
arising in adolescence should not be trivially dismissed 
as “teenage troubles.” Rather, they require effective 
psychotherapeutic/ child and adolescent psychiatric in-
tervention, with the involvement of as many compo-
nents of the affected adolescent’s social environment as 
possible—family, school, and peer group.

Other disorders 
Adolescent crises
This term is found in neither the ICD-10 nor the Ameri-
can classification (DSM-IV). “Adolescent crisis” is a 
pragmatic designation for any of a number of disorders 
that share the common features of age-dependent onset, 
(usually) limited duration, and often dramatic manifes-
tations. Adolescent crises can manifest themselves as 
disturbances of sexual development, as authority or 
identity crises, as narcissistic crises, or even as deper-
sonalization or derealization phenomena. They can be 
understood as extreme variants of normal developmen-
tal processes. In most cases, the affected adolescent re-
turns completely to normal; rarely, an adolescent crisis 
is the harbinger of a personality disorder or psychotic 
disease (32, e28).

Self-injurious behavior
This term refers to voluntary, repeated, direct destruc-
tion of bodily tissue that is not performed with suicidal 
intent and is not socially accepted (33). The most com-
mon types of self-injurious behavior are cutting or 
scraping the skin, hitting oneself, and burns.

Self-injurious behavior usually starts at age 11 to 13 
(e29) and peaks in early adulthood. Its one-year 
 prevalence among adolescents in Germany is about 20% 
(just under 14% in boys, 25% in girls) (WE-STAY Interim 
Report 2012, www.klinikum.uni-heidelberg.de/fileadmin/
zpm/kjupsy/pdfs/WE-STAY-Zwischenbericht.pdf). 5% of 

BOX 3

Manifestations of depression in adolescence
● Diminished self-confidence, self-doubt
● Reduced drive
● Sadness, mood lability
● Melancholic manifestations 

– Apathy, anhedonia, lack of appetite, early-morning awakening, difficulty 
 falling asleep or staying asleep, weight loss 

● Psychosomatic symptoms

depressed adolescents than in depressed adults, but weight 
loss and psychotic symptoms are rarer (25).

Eating disorders
Although eating disorders have recently become more 
common among children (e14), their incidence is still 
 highest in adolescence (27). In the BELLA study, 23% of 
14- to 17-year-olds reported abnormal eating behavior 
(26), which, however, might not necessarily fulfill all 
classification criteria of a full-blown eating disorder. 
About 40% of all new cases of anorexia nervosa arise in 
early to mid-adolescence (27); the incidence peak of 
 bulimia nervosa is in mid- to late adolescence.

A number of proposed explanations for the rising 
 frequency of eating disorders in adolescence are 
 summarized in Box 4 (28, e23).

It is now thought that strict dieting may precipitate 
an eating disorder in a (genetically) vulnerable adoles-
cent. The prognosis of anorexia nervosa in adolescence 
has markedly improved in recent years, but many 
 former anorexics have other types of mental disorder in 
adulthood (30). Some of these disorders may be the 
 expression of “biological scars” that are left behind by 
anorexia-induced hormonal deficits and dysfunctions 
(e.g., estrogen and thyroxine deficiency, hypercortisol-
ism) during the adolescent phase of brain development 
(28, e26).

Disruptive disorders
Disorders of social behavior
Disorders of conduct involve repeated violation of the 
rights of others and/or transgression of societal rules. 

Depressive disorders
Neurobiological explanatory models for the rising 
prevalence of depression during adolescence 
 generally invoke an imbalance between prefrontal 
brain areas and the limbic system.

Eating disorders
In the BELLA study, 23% of 14- to 17-year-olds 
 reported abnormal eating behavior. About 40% of all 
new cases of anorexia nervosa arise in early to 
 mid-adolescence.
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adolescents reported having injured themselves re-
peatedly.

The etiology of self-injurious behavior is not yet fully 
clear. It is probably closely linked to the hormonal 
changes of puberty (e16). Self-injurious behavior is seen 
not only in borderline personality disorder, but also in de-
pression, adolescent crises, and other disorders. It often 
serves to regulate affect and tension, but it can also be an 
expression of self-punishment or of a desire for more 
 attention. Although many individuals who injure them-
selves will never attempt suicide, self-injurious behavior 
must be regarded as a possible predictor of suicide at-
tempts (34), and any young person manifesting self-injury 
should be referred to a child and adolescent psychiatrist. 

Other serious disorders, such as schizophrenia and 
 bipolar disorders, are relatively rare in adolescence and 
will not be discussed here in view of the limited space 
available (e30, e31).

Risk-seeking behavior
One of the typical features of adolescence is that young 
people tend to seek out dangerous situations and to experi-
ment with behaviors that pose a risk to their health. 
 Adolescent risk-seeking behavior is due, in all probability, 
to an imbalance between certain brain areas that mature 
earlier, including the limbic system and the reward system 
of the ventral striatum, and the so-called control regions, 
such as the prefrontal cortex, which mature later (13). 

Smoking and drinking have become less common 
among adolescents in Germany in recent years, yet 
marked differences are seen that depend on the social 
level. Young people from families of high social status 
smoke significantly less than their counterparts from 
families of low social status (35), while the opposite holds 
for alcohol consumption. The same percentage of boys 
and girls smoke, while a markedly higher percentage of 
boys consume alcohol; there is, however, a present trend 
toward equalization of the sexes (35). Regular cannabis 
abuse usually starts between the ages of 14 and 18 but is 
currently diminishing among both boys and girls (e32, 
e33). Smoking in adolescence “prepares the way” for the 
later abuse of alcohol and illegal drugs. Substance abuse is 
associated with elevated rates of depression, anxiety dis-
orders, attention deficit hyperactivity disorder (ADHD), 
and conduct disorder (e34). 

Sexual maturation crises
Sexual maturation crises are common in adolescence (36), 
although precise figures on their prevalence are not 

 available. The affected adolescents are unsure about their 
sexual orientation, i.e., about whether they are homo -
sexual, heterosexual, or bisexual. Generally, boys fear 
being homosexual more than girls do. Uncertainty over 
sexual orientation often leads to emotional disturbances, 
such as depression and anxiety, combined with social 
withdrawal. In view of the high variability in the develop-
ment of adolescent sexuality, physicians should be cau-
tious in labelling any particular behavior as deviant. 

Overview
In summary, adolescence is a phase in which many psy-
chiatric disorders begin that continue to be relevant in 
later life. These disorders can interfere with normal de-
velopment, and they may render the affected young 
people unable to cope with age-appropriate tasks 
(schooling, vocational training, becoming independent). 
Thus, it is vitally important that mental disorders in ado-
lescents should be diagnosed and treated in timely 
fashion by child and adolescent psychiatrists, 
 psychologists, and/or psychotherapists. Sadly, the oppo-
site is more often the case: The utilization of medical or 
psychological help by adolescents has been found to be 
inadequate (37). In Germany, pediatricians offer the so-
called J1 checkup, which contains screening questions 
on drug abuse, eating disorders, and social behavior, but 
adolescents do not make adequate use of it. In some 
clinical-practice situations, an assessment by question-
naire may be useful, e.g., with the Strengths and 
 Difficulties Questionnaire (SDQ) (http://sdqinfo.org; a 

Disorders of conduct
Disorders of conduct involve repeated violation of 
the rights of others and/or transgression of socie-
tal rules. Around the world, their prevalence in 
adolescence has been reported at about 5–10% .

Adolescent crises
Adolescent crises can manifest themselves as 
disturbances of sexual development, as authority 
or identity crises, as narcissistic crises, or even as 
depersonalization or derealization phenomena.

BOX 4

Explanatory hypotheses for the rising 
prevalence of eating disorders in 
 adolescence 
● Increase of adipose tissue in girls
● Hormonal changes of puberty (e24)
● Societal expectations of increased independence and 

autonomy that are particularly difficult for anorexic ado-
lescents to meet

● Increased influence of the peer group and its values 
(thinness as the ideal state) (29, e25)
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translated version of the SDQ [e35] was used in the Ger-
man KiGGS study). Many cases of mental disorders in 
adolescents cannot, however, be detected with screening 
questions, but only by a confidential discussion between 
the patient and the physician. Adolescents, in particular, 
try to appear “as normal as possible,” and they have 
great difficulty admitting that they have mental prob-
lems. Age-appropriate diagnosis and treatment 
measures should be undertaken that neither under -
challenge nor overwhelm these patients as they make 
the transition from childhood to adolescence and on-
ward into adulthood. Their need for autonomy and their 
age-specific “culture” must be recognized, but their 
families must also be involved in their care. Such 
measures are very likely to lead to better compliance 
and thereby to better therapeutic outcomes.
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