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EDITORIAL

Integrating biological measures into the design
and evaluation of preventive interventions
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University of Minnesota

The preeminent objective of the field of preven-
tion science is to intervene in the course of de-
velopment to reduce or eliminate the emergence
of maladaptation and mental disorder, as well
as to foster the recovery of function and to pro-
mote resilient adaptation in individuals at high
risk for psychopathology (Cicchetti & Hin-
shaw, 2002; Talongo et al., 2006; Luthar & Cic-
chetti, 2000). To fulfill this laudable goal, it is
important that prevention scientists possess a
complex, multilevel understanding of the course
of normality to formulate an in-depth portrayal
of how deviations in normal developmental pro-
cesses can eventuate in maladaptation and psy-
chopathology. The discipline of developmental
psychopathology, with its major focus on the
dialectic between normal and abnormal develop-
ment, is uniquely poised to provide the theoreti-
cal foundation for prevention science (Cicchetti
& Toth, 1992, 2006a; Ialongo et al., 2006; Insti-
tute of Medicine, 1994).
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From a developmental psychopathology per-
spective, maladaptation and mental disorder are
viewed as evolving from progressive liabilities
in the organization of biological and psycho-
logical systems, resulting in the undermining
of the individual’s efforts to adapt effectively
to stressful and adverse experiences (Cicchetti
& Tucker, 1994; Gunnar, 2003; Gunnar &
Vazquez, 2006). Prevention scientists are cog-
nizant that there are multiple pathways to men-
tal disorder and dysfunction, and that diverse
causal processes likely operate for different
individuals. Moreover, prevention researchers
understand that a variety of maladaptive and
adaptive outcomes will occur despite a com-
mon early liability or risk condition (Cicchetti
& Rogosch, 1996).

The dynamic interplay between risk and pro-
tective factors is conceived as influencing the
developmental course through the impact it
has on the quality of the organization of biolog-
ical and psychological systems as the individual
develops (Cicchetti & Schneider-Rosen, 1986).
Developmental psychopathology research em-
phasizes probabilistic, rather than deterministic,
models of dysfunction (Gottlieb & Willoughby,
2006; Rutter & Sroufe, 2000). Moreover, var-
ious risk factors often co-occur, and the cumu-
lative effects of multiple risk factors have been
shown to be especially harmful to competent
functioning, thereby promoting the develop-
ment of psychopathology (Cicchetti & Sroufe,
2000; Sameroff, 1989). Thus, it is important
to examine causal models of psychopathology
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that elucidate the co-action of diverse risk fac-
tors at multiple levels of biological and psycho-
logical integration (Gottlieb & Halpern, 2002;
Masten, 2007).

In addition, attention to the protective fac-
tors that individuals possess and experience
throughout development also is critical, especially
because they may promote adaptation and resil-
ience in their own right (Luthar, 2006; Masten,
2001). Moreover, some protective factors may
be influential in preserving competent function-
ing in the context of specific risk factors (Cic-
chetti & Sroufe, 2000). Research on biological,
as well as psychological protective factors is vi-
tally important for identifying processes that
contribute to the development of either the re-
covery of function or resilient adaptation in the
face of significant adversity (Cicchetti & Cur-
tis, 2007; Luthar, Cicchetti, & Becker, 2000;
Masten, 2001). Understanding the dynamic
transactions between risk and protective factors
plays a central role in building developmentally
informed models of prevention. Through in-
creasing the relative balance of protective pro-
cesses over risk factors, the potential for righting
the developmental course, attaining adaptive de-
velopmental pathways, and reducing the emer-
gence of psychopathology may be achieved
(Cicchetti & Lynch, 1993).

The articles in this Special Issue of Develop-
ment and Psychopathology stress the impor-
tance of integrating biological processes into
the design and evaluation of preventive inter-
ventions. At present, the theories, experimental
designs, and measurement batteries that under-
gird most randomized preventive trial interven-
tions, especially those conducted with children
and adolescents, have been dominated by the
assessment of processes at the psychosocial
and behavioral levels of analysis (Cicchetti &
Hinshaw, 2002; Ialongo et al., 2006).

Although predominantly nondevelopmental
in nature, a number of preventive interventions
conducted with adult patients who have mental
disorders have begun to incorporate biological
measurements into their evaluation of treatment
efficacy (see, e.g., Baxter et al., 1992; Brody
et al., 2001; Felmingham et al., 2007; Goldapple
et al., 2004; Martin, Martin, Rai, Richardson, &
Royall, 2001; Paquette et al., 2003; Schwartz,
Stoessel, Baxter, Martin, & Phelps, 1996). In
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contrast, preventive interventions conducted with
children and adolescents have paid minimal atten-
tion to neurobiological and physiological systems
in their evaluations of treatment efficacy (for ex-
ceptions, see Bakermans-Kranenberg, van IJzen-
doorn, Pijlman, Mesman, & Juffer, 2007; Dozier,
Albus, Fisher, & Sepulveda, 2002; Fisher, Gunnar,
Dozier, Bruce, & Pears, 2006).

There are at least two reasons for the dearth
of attention to biological processes in the evalu-
ation of preventive interventions with children
and adolescents. Lack of attention may partly
stem from a tradition in developmental psychol-
ogy of measuring biological processes as in-
dices of heritable, constitutional individual differ-
ences reflecting the neurobiological bases of
temperament (e.g., Kagan, Reznick, & Snid-
man, 1988; Schmidt & Fox, 1998). This tradi-
tion encourages beliefs that biological pro-
cesses are not malleable or are more refractory
to positive change as a result of experience.
Because there are bidirectional relations be-
tween different levels of psychological and
biological organization, it is essential to recog-
nize that experience also influences biology
(Cicchetti & Tucker, 1994; Eisenberg, 1995;
Gunnar, 2003; Gunnar & Quevedo, 2007).
Evidence for neurobiological reorganization
in response to alterations in the environment
may be less apparent in normative populations
where there likely is greater stability in suppor-
tive milieus, although even here there is in-
creasing evidence that variations in the range
of typical caregiving are associated over time
with variations in neurobiological activity
(e.g., Hane & Fox, 2006). Nonetheless, investi-
gations of individuals reared in extreme envi-
ronments, such as those who have been mal-
treated or who have resided in an institution,
as well as examinations of persons with mental
disorder, should enable us to more clearly iso-
late the components of these diverse systems,
thereby shedding light on the bidirectional ef-
fects of experience and neurobiology.

Although adversity and trauma are believed to
exert deleterious effects on biological systems
(DeBellis, 2001; Gunnar & Vazquez, 2006),
one of the major challenges in identifying biolog-
ical targets for intervention is the nonexperimen-
tal nature of nearly all of our data on the biolog-
ical impact of trauma and adversity in human
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development. Although we may observe differ-
ences in neurobiological activity between chil-
dren who have and have not been exposed to
traumatic events, we can neither randomly assign
children to trauma nor do we have preexposure
data that would allow assessment of trauma im-
pact. Thus, we are left with correlates of trauma
exposure that, instead of reflecting the impact
of exposure to adversity or trauma, may poten-
tially reflect preexisting differences that predis-
pose children to heightened risk of exposure to
adverse conditions or vulnerability in the face
of such conditions. Of course, similar problems
exist in the study of the psychological impact of
such conditions in human development (see ar-
gument by Kaufman et al., 1998). We face a dif-
ferent but related problem in isolating neurobio-
logical targets in studies of mental disorder in
children. Specifically, although we may identify
neurobiological correlates of different disorders,
we do not know whether these reflect processes
that impact core features of the disorder or not.
Thus, it is not always clear whether changes in
these biological correlates of the disorder over
the course of an intervention will improve func-
tions core to the disorder or not.

However, although these challenges may
seem daunting, they provide a strong impetus
for including biological measures in preventive
interventions. Although random assignment to
adversity and trauma are not possible, random as-
signment to intervention is. If biological systems
recover in response to the intervention, then this
provides support for arguments that the systems
under study are sensitive to environmental input
during development (Cicchetti & Curtis, 2006).
Furthermore, if randomized interventions alter neu-
robiological systems associated with disorders and
it can be shown that they mediate changes in psycho-
social and behavioral functioning, then this fosters a
better understanding of the neurobiological bases of
the disorder (Cicchetti, 2002). Moreover, preventive
interventions may contribute to recovery or repair of
biological sequelae in ways that have only begun to
be understood. Improved comprehension of the neu-
robiological processes that increase risk of maladapt-
ive development may also suggest novel targets for
preventive intervention. Thus, it is important for pre-
vention scientists to investigate the means by which
changes in experience and psychological function-
ing resulting from preventive interventions may
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modify biological processes. Nevertheless, in
the absence of theories about the nature of the
effects that would be expected in a multilevel
intervention, a multisystems approach to the de-
sign and evaluation of a randomized controlled
trial (RCT) is not likely to provide clear answers
(Gunnar, Fisher, & The Early Experience,
Stress, and Prevention Science Network, 2006).

From the integrative developmental psycho-
pathology framework, RCTs can be conceptu-
alized as veridical experiments in modifying
the course of development. Therefore, these
randomized preventive trials can be viewed as
tests of theory and causal mechanisms, thereby
proffering insights into the etiology and patho-
genesis of maladaptation and disordered out-
comes (Cicchetti & Hinshaw, 2002; Howe, Re-
iss, & Yuh, 2002; Ialongo et al., 2006; Kellam
& Rebok, 1992; Koretz, 1991). The incorpora-
tion of biological measures into the design and
evaluation of these RCT preventive interven-
tions will enable prevention scientists to grasp
the development of maladaptation, psychopa-
thology, and resilience in their full complexity.
Methodologically sound prevention science
that incorporates a theoretically informed and
guided multiple levels of analysis perspective
will provide a unique lens through which the
processes responsible for the development,
maintenance, and modification of both typical
and atypical functional outcomes can be dis-
cerned (Cicchetti & Hinshaw, 2002).

Translational research and multiple levels of
analysis approaches have been increasingly im-
plemented in the field of developmental psycho-
pathology (Cicchetti & Toth, 2006b; Gunnar &
Cicchetti, in press; Masten, 2007). Collabo-
rative interdisciplinary preventive interventions
between researchers and clinicians that take into
account multiple levels of influence also will help
to reduce the schisms that have long existed be-
tween science and practice. The incorporation
of an interdisciplinary, multiple level perspective
will enable prevention scientists to derive a more
precise and comprehensive understanding of the
mediators and moderators underlying successful
and unsuccessful intervention outcomes.

Now that it has been demonstrated in animal
studies that experience can exert impacts on the
microstructure and biochemistry of the brain
(e.g., Meaney & Szyf, 2005), a vital role for
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continuing neural plasticity throughout epigen-
esis in contributing to the recovery from various
forms of maladaptation and mental disorder may
be suggested (Cicchetti & Curtis, 2006). Thus,
the time has come increasingly to conduct inter-
ventions that not only assess behavioral changes,
but also investigate whether abnormal neurobio-
logical structures, functions, and organizations
are modifiable or are refractory to therapeutic
alteration. There is growing evidence in the ani-
mal literature that efficacious interventions mod-
ify not only maladaptive behavior but also the
cellular and physiological correlates of behavior
(Kandel, 1979, 1999; Nelson, 2000; Nowa-
kowski & Bates, 1999). Successful preventive in-
terventions may alter behavior and physiology
through producing alterations in gene expression
that create a new structural reorganization in the
brain (Kandel, 1999). These data provide bio-
logically plausible hypotheses about how effec-
tive interventions in children and adolescents
function to impact development. Indeed, it seems
highly likely that the efficacy of any preventive in-
tervention ultimately depends on the ability of the
nervous system, either at the cellular, metabolic,
or anatomical level, to be modified by experience.

Neural plasticity has predominantly been
thought of as reorganization within systems of
the central nervous system (CNS), evidenced
by changes in anatomy, neurochemistry, or me-
tabolism. The neuroplastic changes that occur
are often dramatic, and can include observable
changes in the neural substrate that are trans-
lated into changes at the behavioral level. Such
changes that are the hallmarks of plasticity can
take place on one or more levels of analysis, in-
cluding molecular, cellular, neurochemical, neu-
roanatomical, and at the level of brain systems
(Cicchetti & Curtis, 2006). The assumption un-
derlying the concept of neural plasticity is that
such modification is adaptive for the ongoing
survival and optimal functioning of the organ-
ism (Hebb, 1949; Huttenlocher, 2002; Kemper-
mann, 2005). Plasticity is an inherent property of
the CNS (Kempermann, vanPraag, & Gage,
2000), and it is thought that plasticity is one of
the defining mechanisms of the evolutionary
success of the human species (Hyman & Nestler,
1993).

However, plasticity cuts both ways (Nelson
& Carver, 1998). Neuroplastic adaptations that
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improve survival in some contexts may impair
functioning in others or may come at a cost to
the organism (McEwen, 2001). Plasticity is
also the hallmark of the developing nervous
system. Critical or sensitive periods exist during
which plasticity is heightened in particular,
neural systems, and following which these sys-
tems become less open to change. One impor-
tant goal of preventive intervention work is
to identify periods of development when a
specific intervention may be more efficacious
so that the intervention can be targeted to that
period. One hope of preventive intervention
work that includes measures of neural activity
is to better identify sensitive periods for inter-
vention (Zeanah et al., 2003).

In implementing studies of neurobiological
functioning into work on preventive interven-
tions, it is likely that researchers will need to
grapple with many of the same challenges
faced by researchers studying brain—behavior
and physiology—behavior relations in typically
developing children. One of the most challeng-
ing for the prevention researcher will be deal-
ing with the low correlation, at times, between
physiological and behavioral assessments. For
measures of autonomic activity and hormones,
low correlations with behavior may reflect, in
part, the fact that the measure is biologically
distant from the neurobiology of interest. That
is, brain activity may be what the researcher
is most interested in assessing and the biologi-
cal measure is a reflection, albeit dim, of activ-
ity in the CNS. However, the problem of low
association is also seen when the researcher
collects more proximal measures of brain activ-
ity (e.g., event-related potentials, EEGs, and func-
tional magnetic resonance imaging). Here the as-
sumption is that the brain measures may be
more sensitive than the behavioral measures or
the behavioral measure reflects the operation of
multiple systems, of which the neural activity un-
der study composes only a part. In some instances,
however, it may be that the biological measure
may precede changes on the behavioral level (see,
e.g., Fox, Henderson, Rubin, Calkins, & Schmidt,
2001), or the neurobiological assessment may be
more sensitive than the behavioral assessment
(see, e.g., Bauer, Wiebe, Carver, Waters, & Nel-
son, 2003). Given these challenges, we may need
to be circumspect in heralding the clarity of insight
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that adding physiological and neurobiological
measures into preventive intervention will pro-
vide. As in other studies of brain—behavior and
physiology—behavior relations, we can anticipate
a period of decreased clarity before we come to
understand what these measures are telling us.
In addition, in instances where the neurobiologi-
cal changes may be sensitive to changes that con-
tribute to processes supporting reorganization of
behavior, we may find that preventive interven-
tion studies with multiple assessments and longer
time windows will be more informative than in-
terventions that assess physiological and behav-
ioral changes concurrently.

In summary, as the papers in this Special Is-
sue attest, the prevention of maladaptation and
mental disorder requires an in-depth knowledge
of the dynamic relations among risk and protec-
tive factors and typical and atypical develop-
mental processes. Clearly, the results of random-
ized prevention trials will be informative to
practitioners. Nonetheless, it is essential that
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