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Childhood adversity is emerging as a significant risk fac-
tor for mental and physical illness later in life (Shonkoff, 
Boyce, & McEwen, 2009). The field of psychobiology has 
two types of theoretical orientations to explain how early 
life stress “gets under the skin” to set people on pathways 
toward physical and mental health problems. The role of 
the brain in coordinating behavioral and physiological 
stress systems to adapt to ongoing demands of the exter-
nal and internal environment is accounted for in both 
types. Both allow for an understanding of these processes 
as resulting in individual differences in stress reactivity 
that shape the organism’s responses to later conditions. 
These two orientations are different in their frame of ref-
erence for adaptation and, as a result, their emphasis on 
whether patterns of stress responses to chronic adversity 
are adaptive versus maladaptive. Our goals are to exam-
ine the strengths and limitations of each approach and  
to identify future directions that, we hope, will inform 
science and policy.

The Two Models

The allostatic load model (ALM) (McEwen, 1998, 2008; 
McEwen & Stellar, 1993) was designed to explain the 

processes linking stress and disease by studying allostatic 
load, which has been defined as “the impact of wear and 
tear on a number of organs and tissues [that] can predis-
pose the organism to disease” (McEwen & Stellar, 1993, 
p. 2094). Allostasis (allo = variable, stasis = state) is 
defined as “achieving stability through change” (McEwen 
& Wingfeld, 2003, p. 3); that is, the organism undergoes 
physiological changes to respond to challenges in an 
attempt to restore its optimal state, for instance by pro-
ducing stress hormones or launching immune responses. 
The model suggests that even though allostasis often has 
short-term benefits, over long periods these allostatic 
adjustments—if frequent or chronic—can take a toll on 
the body. Consequently, there are trade-offs in health and 
disease, and animals can adopt different behavioral strat-
egies (e.g., low or high aggression) for coping with stress 
that have differential costs and benefits for the organism 
(Korte, Koolhaas, Wingfeld, & McEwen, 2005). The cumu-
lative aspect of allostasis has been termed allostatic load. 
Furthermore, when certain events dramatically increase 

488889 CDPXXX10.1177/0963721413488889Hostinar, GunnarDevelopmental Effects of Early Life Stress
research-article2013

Corresponding Author:
Camelia E. Hostinar, 51 East River Road, Minneapolis, MN 55455 
E-mail: hosti002@umn.edu

The Developmental Effects of Early Life 
Stress: An Overview of Current  
Theoretical Frameworks

Camelia E. Hostinar and Megan R. Gunnar
Institute of Child Development, University of Minnesota

Abstract
The field of psychobiology has two major theories for talking about stress and health: the allostatic load model, which 
grew out of biological and neuroscience approaches to understanding health and disease, and the adaptive calibration 
model, which developed out of an explicitly evolutionary-developmental framework. Both are based on assumptions 
that the brain coordinates a distributed and dynamic set of neural circuits that regulate behavior and stress physiology 
to help the organism adapt to the demands of the environment. Both models support the notion that experiences early 
in life are embedded into the regulation of stress systems in ways that shape the organism’s future responses. These 
two paradigms differ in their emphasis on whether changes in how stress systems function are viewed as adaptive or 
maladaptive. The goal of this review is to identify the strengths and weaknesses of each framework and to discuss 
some implications for future studies and for policy.
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the allostatic load on the organism, the term allostatic 
overload (McEwen & Wingfeld, 2003) has been intro-
duced to describe the process presumed to play a role in 
the development of mental and physical illness through 
effects on the body and the brain. The ALM describes a 
range of systems that mediate allostasis, including neural, 
endocrine, cardiovascular, autonomic, immune, and met-
abolic systems (see Fig. 1 and McEwen, 2008). This model 
has contributed significantly to the science of aging and 
of socioeconomic disparities in health. The continued 
goal of advocates of the ALM is to identify biological 
mechanisms that increase the risk for pathologic condi-
tions and to understand the role of stress systems in 
health and disease processes.

From the perspective of the adaptive calibration 
model (ACM; Del Giudice, Ellis, & Shirtcliff, 2011; a revi-
sion of biological sensitivity to context theory—Boyce & 
Ellis, 2005; Ellis & Boyce, 2008—and similar to differen-
tial susceptibility theory—Belsky & Pluess, 2009), indi-
vidual differences in stress reactivity are evolutionarily 
selected adaptations that enable the developing organism 
to match its phenotype to different environmental condi-
tions (Fig. 2). This theory constitutes an evolutionary-
developmental approach, attempting to enable analysis of 
behaviors through the lens of potential evolutionary 
advantages that might have facilitated their emergence 
and maintenance while also suggesting a role for indi-
vidual developmental change across several life stages. 
Furthermore, the model allows for a broader role for 
stress-response systems in affecting a wide array of behav-
iors and physiological systems, including reproduction, 

competition, learning and growth, and so forth (see Fig. 
2). This is because adversity is thought to shift life history 
strategies, and the theory proposes sex differences in 
these strategies and in how they are affected by stressors. 
One of the strengths of the ACM for developmentalists is 
that it is explicitly developmental, and it allows for  
the possibility that what is programmed early in life may 
be recalibrated later to accommodate changes in life 
conditions.

Where the Two Frameworks Converge

The two theoretical views are consistent in that stress 
systems are understood to play a pivotal role in the 
organism’s adaptation to the demands of the external and 
internal environment. By mobilizing energy and propel-
ling the organism to avoid or cope with threat (to name 
just a few examples), stress responses protect the organ-
ism. Both theoretical perspectives support the idea of 
mediating roles of the hypothalamic-pituitary-adrenal 
axis and autonomic nervous system in executing these 
stress responses and implementing allostasis, as well as 
their interactions with neural, immune, and metabolic 
systems. Both models posit that stress responses have 
evolved because they increase our survival advantage. 
The ALM indicates that allostatic processes have probably 
been shaped by evolution to maximize survival in certain 
environments given that vital functions need to be main-
tained within narrow parameters for the organism to  
be viable (Danese & McEwen, 2012; Korte et al., 2005). 
The ACM also suggests that stress systems have been 

Allostatic load

Environmental stressors
(work, home, neighborhood)

Major life events

Individual
differences

(genes, development, experience)

Perceived stress
(threat,

helplessness,
vigilance)

Behavioral
responses

(fight or flight;
personal behavior—diet,

smoking, drinking, exercise)

Physiologic
responses

Allostasis Adaptation

Allostatic load

Trauma, abuse

Fig. 1. Allostatic load model. From “Protective and damaging effects of stress mediators,” by B. S. McEwen, 1998, New England Journal of Medicine, 
338, p. 172. Copyright © 1998 by the Massachusetts Medical Society. Reprinted with permission.
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evolutionarily selected for their survival advantage and 
further that individual differences in stress reactivity are 
due to an evolved ability for conditional adaptation to 
environmental conditions (Del Giudice et al., 2011). Both 
models take into account the role of stress system activity 
in shaping broader behavioral strategies such as aggres-
sion, parenting, and reproduction (Del Giudice et al., 
2011; Korte et al., 2005).

Both models also acknowledge the biological trade-
offs associated with deploying the stress-response system. 
For example, the ALM describes how stress-induced ele-
vations in cortisol and inflammation accompany meta-
bolic processes that conserve energy during stressful 
periods but also elevate risk for metabolic syndrome 
(Danese & McEwen, 2012). Furthermore, the model sug-
gests that stress effects on brain systems involved in threat 
and reward allow adaptation to adverse contexts, poten-
tially at the cost of increasing the risk of addiction, depres-
sion, and other outcomes that may increase morbidity and 
mortality ( Juster, McEwen, & Lupien, 2010). The ACM bor-
rows from life-history theory to illustrate how organisms 
prioritize the life domains to which they dedicate their 
energy (e.g., reproduction over survival or survival over 
growth; Ellis, Del Giudice, & Shirtcliff, 2013). For instance, 
others and we have observed that children adopted  
from orphanages exhibit stunted growth (Gunnar, 2001; 
Johnson, Bruce, Tarullo, & Gunnar, 2011). The condition 
is believed to be the result of interactions between the 
stress and growth axes, such that elevated activity of the 

hypothalamic-pituitary-adrenal axis decreases both the 
activity of the growth hormone axis and tissue sensitivity 
to growth hormone. These findings highlight the ener-
getic costs of adapting and activating stress physiology.

Is Adaptation to Maladaptation 
Adaptive? Differences Between the 
Models

This meaningless title shows that the use of the term 
adaptive can be a source of confusion when its reference 
framework (public health or evolutionary biology) is not 
clarified. The two models are not necessarily mutually 
exclusive; they simply specify different benchmarks for 
what is considered adaptive. Much like the blind men 
attempting to describe the elephant in the ancient Indian 
parable, these models are different lenses through which 
to observe the phenomenon and may seem to be describ-
ing different “elephants” sometimes. The ALM is con-
cerned with proximal mechanisms and the question of 
how chronic stress exposure affects stress-mediating sys-
tems in ways that eventually lead to disease processes. In 
contrast, the ACM adopts an ultimate lens, in which the 
critical issue is the natural evolution of physiological and 
behavioral systems across large spans of time, attempting 
to answer the question of why stress systems operate the 
way they do today by examining the function of variation 
across individuals and across development. The organ-
ism’s fitness (i.e., the ability to transmit genes contributing 

Fig. 2. Adaptive calibration model. SRS = stress-response system; LH = life history; OT = oxytocin; 5-HT = serotonin; and DA = dopamine. From 
“The adaptive calibration model of stress responsivity,” by M. Del Giudice, B. J., Ellis, and E. A. Shirtcliff, 2011, Neuroscience & Biobehavioral 
Reviews, 35, p. 1564. Copyright © 2011 by Elsevier Science. Reprinted with permission.
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to different patterns of adaptation to future generations) is 
the criterion for adaptation in the ACM. The two frame-
works diverge in some ways, because allostatic overload 
is considered in the ALM to be detrimental to the organ-
ism (unlike allostasis, which has adaptive functions), 
whereas the ACM allows for the possibility of some unex-
amined positive outcomes associated with cumulative 
stress (Ellis et al., 2013).

Proponents of the ACM criticize the ALM for its over-
emphasis on pathology and the long-term costs of allo-
stasis (Ellis et al., 2013); however, several decades of 
undeniable epidemiological findings link chronic stress-
ors with increased risk of cardiovascular disease, meta-
bolic syndrome, accelerated cognitive declines, and 
shorter life spans (McEwen & Gianaros, 2011). Thus, 
there is a societal benefit to better understanding these 
links to prevent disease. Supporters of the ACM might 
argue that these outcomes are not necessarily maladap-
tive from an evolutionary perspective; rather, they are 
simply undesirable from a societal and public health per-
spective. This is an ideological and not an empirical dif-
ference between the two models that is likely to remain 
unresolved because people and organizations who aim 
to promote public health drive a large portion of research. 
The ideological orientation one chooses to adopt will 
indeed shape the types of questions asked and whether 
these questions focus on disease or desirable outcomes 
that may be affected by environmental conditions, but we 
believe that empirical results obtained under each frame-
work could well complement the other to show the full 
spectrum of outcomes associated with early life stress.

Another critique leveled against the ALM is that it 
specifies both hypo- and hyperarousal as dysregulated 
patterns, despite developmental findings that in some 
instances have related both low and high cortisol activity 
to positive outcomes. As an example, the ACM accounts 
for children with externalizing problems that are also 
more stress-reactive and consequently less likely to 
develop conduct problems later (Calkins & Keane, 2009). 
However, the more desirable clinical outcome (low con-
duct problems) does not preclude undesirable health 
outcomes later in life as a result of frequent activation of 
stress mediators that can increase allostatic load. Again, it 
would be useful to specify the frame of reference for our 
benchmark for “adaptation.” Furthermore, we must be 
cautious in extrapolating findings that link unfortunate 
experiences (child maltreatment, combat trauma, etc.) 
with hypo- or hyperarousal of stress systems, because the 
reverse inference is not always true (hypo- or hyperreac-
tivity does not uniquely or necessarily point to a trau-
matic experience). The ACM highlights the need to better 
understand these nonlinear associations between physi-
ology and behavior. We agree that psychobiological sci-
ence needs to go beyond single correlations between a 

physiological measure and a desirable or undesirable 
behavioral outcome, leading to labeling of a physiologi-
cal process as well regulated versus dysregulated. 
Proponents of the ACM would seem to agree with valid 
criticisms (a) that too many studies report “dysregulation” 
when a difference in cortisol levels is observed between 
groups, (b) that we would benefit from a value-neutral 
description of relations between physiology and behav-
ior, and (c) that clear criteria are necessary to describe 
the stress system as “dysregulated.”

Another divergence of the two models is their per-
spective on individual differences in the tuning of stress 
systems. We know that some people succumb and others 
thrive when confronted with similar challenges (Gunnar 
& Quevedo, 2007), but researchers have yet to fully elu-
cidate the origins of these differences. The ALM recog-
nizes the individual differences that influence the 
accumulation of allostatic load and acknowledges  
the work on early adversity and the programming of the 
hypothalamic-pituitary-adrenal axis as one source of 
individual difference in vulnerability to allostatic over-
load (Danese & McEwen, 2012), but complete mecha-
nisms explaining these individual differences in theory 
have not yet been proposed.

On the other hand, the ACM is explicitly a model of 
evolved differences in patterns of biobehavioral responses 
to stressors. Its predecessor model (biological sensitivity 
to context theory) postulated the provocative idea  
that people who are highly responsive to the environ-
ment fare best under supportive conditions (better than 
people with low responsivity) but worst under poor con-
ditions. These models stand in marked contrast to older 
diathesis-stress models, which viewed certain individual 
characteristics as diatheses that turn into negative out-
comes under stressful conditions, but do not provide 
advantages otherwise. Although theories such as the 
ACM depend on statistical interactions that are notori-
ously difficult to replicate, such interactions are increas-
ingly reported (Belsky, Bakermans-Kranenburg, & van 
IJzendoorn, 2007). Furthermore, some preliminary evi-
dence supports some of the ACM predictions on the basis 
of family stress in a middle childhood sample (Del 
Giudice, Hinnant, Ellis, & El-Sheikh, 2012). However, the 
ACM does not explain or predict the biological mecha-
nisms through which different stress reactivity pheno-
types emerge.

Developmental Phenomena Seeking 
Developmental Explanations: Future 
Directions

Finally, the models diverge on the issue of development.
Despite providing some useful insights, neither  

theory offers a complete account of the developmental 
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psychobiology of stress systems. The ALM was not 
designed to explain developmental processes but might 
be applied to childhood stressors and, as noted, its sup-
porters are increasingly acknowledging that the prenatal 
and early postnatal periods (Danese & McEwen, 2012) 
and pubertal period (Romeo & McEwen, 2006) may be 
sensitive periods for programming of the hypothalamic-
pituitary-adrenal axis and thus vulnerable periods for 
chronic stress exposure. However, it is likely that there is 
not a single sensitive period for stress systems; rather, 
each of the distributed systems that orchestrate behav-
ioral and physiological responses to stressors has its own 
developmental history, with multiple sensitive periods 
involved. Proximal mechanisms need to be better charac-
terized, and science is indeed beginning to understand 
some of the molecular bases of sensitive periods in devel-
opment (Hensch, 2005).

The ALM holds that disease emerges from cumulative 
damage on the body over time and from the program-
ming of physiology during sensitive periods such as the 
first years of life (Shonkoff et al., 2009). The ACM sug-
gests that maladaptation occurs as a result of miscalibra-
tion or mismatches between (a) early development and 
later development or (b) an organism’s evolutionary his-
tory and the environment actually encountered (Ellis et al., 
2013). There is indeed evidence that developmental mis-
calibration occurs (e.g., the case of prenatal program-
ming; Barker, 1998); however, the effects of evolutionary 
miscalibration are more challenging to study. For instance, 
the ACM makes no predictions about the development of 
children reared in orphanages because its proponents 
argue that these extreme experiences are outside our 
evolutionary heritage (Ellis et al., 2013). If mismatches 
between the environments that we evolved in and cur-
rent life are rare, then the failure of the ACM to account 
for them is nominal. However, there is a strong argument 
that much in modern life, particularly as it affects stress 
and metabolic systems, constitutes mismatches to our 
evolutionary heritage (Gluckman & Hanson, 2007). Thus, 
failure to deal with evolutionary mismatches and assum-
ing that common patterns are adaptive solutions that will 
facilitate fitness could be serious limitations of the ACM. 
The ALM does not address these mismatches either, but 
its focus on the effects of cumulative stress on individual 
development may orient us to understanding people 
who experience these extreme circumstances.

The ACM postulates a prolonged period of plasticity 
for the development of stress systems and many periods 
during which the organism is especially open to pro-
gramming or calibration, including the prenatal period 
and first years of life, middle childhood, puberty, and 
even continuing into adulthood. Major transitions such as 
the birth of the first child or menopause are proposed to 
serve as potential switch points in a person’s trajectory 

(Del Giudice et al., 2011). These are provocative claims, 
and it will be important to gather empirical evidence for 
these predictions. Furthermore, it will be important to 
specify exactly which periods (and which components of 
the stress-response system in which periods) are most 
plastic across development, because this may be relevant 
for future interventions. An example of the type of evi-
dence needed for these hypotheses comes from Quevedo, 
Johnson, Loman, LaFavor, and Gunnar (2012). They 
showed that the morning cortisol response reflected early 
adversity (experienced before age 3) in teenagers who 
were in the early stages of puberty compared with those 
in late stages, who showed no differences in cortisol 
awakening responses compared with a low-stress com-
parison group. This may suggest a recalibration of stress 
systems during puberty but does not rule out prior peri-
ods of plasticity. Thus, we need a better understanding of 
when different aspects of the stress-response system 
recalibrate, which will require a better understanding of 
proximal mechanisms.

An answer to this issue may emerge from recent 
advancements in molecular biology that have shown that 
environmental signals can regulate gene expression 
through epigenetic changes (Gilbert & Epel, 2009), which 
can be both inherited by offspring and reversed under 
specific conditions. For instance, rodents experiencing 
high levels of maternal care exhibit epigenetic changes in 
the glucocorticoid receptor gene promoters in the hip-
pocampus, which are important in controlling the hypo-
thalamic-pituitary-adrenal stress response (Meaney & 
Szyf, 2005). These effects are observed even if the pups 
are cross-fostered at birth (Francis, Diorio, Liu, & Meaney, 
1999), supporting the causal role of experience. Finally, 
there is also evidence that variations in early rearing envi-
ronments produce marked differences in the epigenome 
in many organs and tissues of the body. Intergenerational 
transmission of characteristics thus happens not only 
through inheritance of structural genes but also through 
epigenetically transmitted patterns of development. 
Furthermore, classic evolutionary theory could not 
explain the emergence of variation in phenotypes caused 
by environmental parameters, which have been termed 
polyphenisms (Gilbert & Epel, 2009). Modern evolution-
ary biology emphasizes developmental plasticity (West-
Eberhard, 2003) and the need for a biological theory of 
developmental change. Such a theory would help us 
understand the emergence of these variations upon 
which natural selection ultimately operates, and recently 
there have been efforts to integrate these insights into the 
study of childhood adversity (Blair & Raver, 2012). A 
deeper understanding of epigenetics and the underlying 
biology of developmental plasticity in stress systems will 
contribute to our future understanding of these individ-
ual differences.
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Public Policy Implications

Both models discussed have explicit and implicit conse-
quences when we attempt to translate the science of 
early life stress into public policy. Emphasizing the nega-
tive impact of stress on health shifts policy toward mini-
mizing adverse experiences and fostering programs to 
help people manage stress more effectively. But without 
an understanding of the adaptive significance of the 
stress-stimulated behavior, our intervention efforts may 
be ineffective. For instance, callous bullying by adoles-
cent boys who have experienced chronic stress may have 
persisted through evolution because of beneficial conse-
quences on social status or access to resources (Ellis  
et al., 2012). Taking the behaviors away without provid-
ing an effective alternative may meet resistance and result 
in failed interventions or it may worsen these behaviors. 
Thus both perspectives may add importantly to our 
approach to public policy and public health.

Conclusions

The ALM and ACM are largely orthogonal. The ACM  
is explicitly developmental, which is a benefit for devel-
opmental researchers. However, it does not clearly  
delineate the proximal mechanisms through which devel-
opmental effects are instantiated. The ALM is not a devel-
opmental theory, but its proponents often point to the 
fetal/perinatal programming literature as one of the 
mechanisms through which individual differences in vul-
nerability to allostatic load may emerge. In truth, neither 
model yet provides an adequate developmental theory of 
stress. In this regard, both are works in progress.
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