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The human biology - saturated with experience

Summary

Background. Human beings are reflec-
tive, meaning-seeking, relational and
purposeful organisms. Although exper-
iences associated with such traits are
of paramount importance for the devel-
opment of health and disease, medical
science has so far failed to integrate
these phenomena into a coherent
theoretical framework.

Material and method. We present

a theory-driven synthesis of new
scientific knowledge from a number
of disciplines, including epigenetics,
psycho-neuro-endocrino-immunology,
stress research and systems biology,
based on articles in recognised scien-
tific journals and other academic
works. The scientific sources have
been deliberately chosen to provide
insight into the interaction between
existential conditions in the widest
sense (biography) and biomolecular
processes in the body (biology).

Results. The human organism literally
incorporates biographical information
which includes experienced meaning
and relations. Knowledge from epi-
genetics illustrates the fundamental
biological potential for contextual
adaptation. Intriguingly, different types
of existential stresses can enhance
disease susceptibility through disturb-
ances to human physiological adapt-
ation systems, mediated in part
through structural influences on the
brain. Experiences of support, recogni-
tion and belonging, on the other hand,
can help to strengthen or restore

a state of health.

Interpretation. New knowledge from
integrative research projects reveals
a need for theoretical and practical
reorientation in medicine with respect
to understanding health, on both the
individual and the community level.

Tidsskr Nor Legeforen nr. 7,2011; 131: 683-7

Linn Getz

linngetz@med.is

General Practice Research Unit

Department of Public Health and General Practice
Norwegian University of Science and Technology
P.0. Box 8905

7491 Trondheim

and

Landspitali University Hospital

University of Iceland

Anna Luise Kirkengen

General Practice Research Unit

Department of Public Health and General Practice
Norwegian University of Science and Technology
and

Institute of Community Medicine,

University of Tromsg

and

Centre for Health Promotion

Akershus University Hospital

Elling Ulvestad

Department of Microbiology
Haukeland University Hospital
and

The Gade Institute

University of Bergen

Human beings have unique characteristics
that distinguish them from all other known
organisms — a capacity for self-reflection, for
designing sophisticated symbolic structures,
for attaching metaphorical concepts to ex-
periences and for building models and
categories with the aid of the imagination.
Nevertheless, the traditional scientific metho-
dology of biomedicine fails to take account of
the self-aware, meaning-seeking, purposeful
and relational nature of humans (1). Doctors
therefore lack theoretical understanding of
how experiences associated with self-image,
relations and values become «inscribed» in
the body.

During the past decade, empirical docu-
mentation has demonstrated that experience —
the information that an individual acquires
during a lifetime of sensing and acting — is of
fundamental biological relevance. Unfortun-
ately, such experience does not lend itself
easily to standardised interpretation; it is
always an experience of something for some-
one, in a unique context (2). In this article, we
attempt to exemplify the importance of sub-
jective experiences for health. In so doing, we
emphasize the need to revise the theoretical
foundation of medicine, and the necessity of
integrating this new knowledge into clinical
practice, research, teaching and health policy.

Material and method
Many disciplines, including evolutionary
biology, ecology, embryology and physiolo-
gy, have investigated variable traits of organ-
isms. For a long time this fragmented research
resulted in differing views on the organism’s
significance. In recent years, more emphasis
has been put on understanding the integrity of
the organism as a living whole, be it a bacte-
rium or a human being (3). With this integra-
tive understanding as our starting point, we
present knowledge that reveals the interaction
between the human body (biology) and life
experience (biography) in the broadest sense.
The reference works we have selected sub-
stantiate the notion that the human organism
is integrated with its surroundings and relati-
onal in its nature. We include studies from
epidemiology, somatic and psychiatric clin-
ical medicine, genetics, microbiology, immu-
nology and neuroscience. We also include
works from new, overarching disciplines
such as neuro-endocrinology and psycho-
neuro-endocrino-immunology, as well as
analyses in the fields of biosemiotics, evolu-
tionary biology, theory of science and philo-
sophy. The complexity and breadth of the
subject did not allow for systematic literature
searches.

Results

Recognition of the fact that all organisms
actively interpret meaningful signals from
the external and internal environment can be
found in the ecological works of the biolo-
gist Jakob von Uexkiill (1864—1944) from
the first half of the 20" century. His ideas
gave rise to diverse fields of investigation,
including work on animal behaviour by

Key points

m The human organism is relational
and integrated with its environment

m New research both shows that experi-
ence affects human biology and indi-
cates how this can occur

m New knowledge confirms that both
biological and biographical factors
make a substantial contribution to
the development of human health
and disease

m This represents a major challenge
to medical teaching, clinical work,
research and health policy.
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Konrad Lorenz (1903-1989), philosophical
investigations of human action by Martin
Heidegger (1889—1976), and current works
in the field of biosemiotics. Biosemiotics
(from the Greek semeion — sign) is the ana-
lysis of active communicative life processes
mediated by means of signs, and thus entai-
ling interpretation (4). Since all interpreta-
tion — irrespective of the level of conscious-
ness — proceeds in a context coloured by pre-
vious experience, context and interpretation
emerge as central concepts for understan-
ding and explaining the organism’s obser-
vable phenotypes (4).

Genetic expression

is influenced by experience

The science of «epigeneticsy, which is men-
tioned with increasing frequency in medi-
cine (5), is concerned with the way experi-
ences enable contextual «programmingy of
genetic material. Genes are regarded less
and less as determinative templates. Instead
they are looked upon as dynamic agents in
an organism’s life, capable of responding to
both external and internal stimuli. Accor-
dingly, which part of the DNA becomes
expressed — and under which conditions —
will depend on experienced and interpreted

Box 1

Allostatic overload may be quantified
by measurement of autonomous,
hormonal, immunological and
genetic variables:

Cardiovascular readings (blood pres-
sure, pulse rate etc.)

Lung function tests (PEF, spirometry)

Hormone levels (cortisol, DHEA-S, A,
NA etc.)

Inflammation markers (CRP, IL-6, TNF,
fibrinogen etc.)

Glucose metabolism (blood sugar,
HbA, )

Lipid metabolism (TG, HDL, LDL, etc.)
Obesity measures (WHR, BM] etc.)

Chromosome-related variables: telo-
mere length and telomerase level

Biological parameters that form part of an
evaluation of allostatic load in the scien-
tific models and studies that have been
discussed (32). Abbreviations: PEF - peak
expiratory flow; DHEA-S - dehydroepi-
androsterone sulphate; A - adrenaline;
NA - noradrenaline; CRP - C-reactive
protein; IL-6 - interleukin 6; TNF -
tumour necrosis factor; HbA, . - glyco-
sylated haemoglobin; TG - triglycerides;
HDL - high density lipoprotein; LDL - low
density lipoprotein; WHR - waist-hip ratio;
BMI - body mass index
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impressions (6). It is therefore more appro-
priate to speak of genetic predisposition than
genetic predestination (7).

In contrast to mutational changes in the
DNA base sequence, epigenetics relates to
temporary (relatively stable, but potentially
reversible) changes in genetic expression
without changes in the DNA. Several mech-
anisms, including DNA methylation, histone
modification and non-coding RNA, can trig-
ger or block gene expression. Until quite
recently much of the literature focussed on
epigenetic modifications occurring during
pregnancy and early childhood. However,
recent data suggest that these processes may
be active from the time of conception — or
even before — and throughout the individual’s
lifetime. In addition, increasing evidence
suggests that epigenetic «programmingy can
make a substantial contribution to the devel-
opment of the complex, lifestyle related
diseases so prevalent in our time (7—13). Epi-
genetic modifications have proved to be
transmissible to future generations (11),
although the practical consequences of these
observations have yet to be determined. Still,
the potentials are high, and some researchers
claim that recognition of the epigenetic im-
pact of social influence on the human orga-
nism will not merely change medicine funda-
mentally; it will also reshape the social
sciences and the humanities (13).

Some scientists claim that epigenetic map-
ping is likely to provide answers to more
questions relating to health and disease than
genome mapping has done. In January 2010,
the International Human Epigenome Consor-
tium (IHEC) was launched for the purpose of
mapping epigenetic marks in the genome. The
journal Nature followed up with an expert
commentary which stressed that the human
genome is «singular and finite», while the
epigenome is almost infinite, as it «changes in
different states and different tissues» (14).

Convergent knowledge
from several fields of research
Growing research activities in the last
10-20 years, at the interfaces between
psychology, immunology, endocrinology,
microbiology and the neurosciences, have
resulted in studies which — with increasing
levels of precision — contribute to a picture
of the human biology as «saturated» with
experience and interpretation (15, 16). In the
following we present examples which show
that, and to some extent how, existential
experience can impact human physiology
and create or exacerbate biological vulner-
ability in individuals:

— Psychosocial stress during pregnancy
may affect the unborn individual’s biologi-
cal constitution through the mother’s
hypothalamic-pituitary-adrenal axis (HPA
axis) and epigenetic effects; a pregnant
woman'’s traumatic experiences in her own
childhood may be reflected in both her own
adult life (17) and in the HPA regulation of

her unborn child (18). In addition, psycho-
social stress in the woman represents a
direct risk to the pregnancy outcome itself
(19-21).

— The chromosomes’ telomeres (stabilising
ends) can be injured by certain types of
experience. Several studies have found a
relationship between chronically debilita-
ting caregiver situations that a person can-
not escape from (for example, being the
caregiver for a seriously/chronically ill
child or a close family member with long-
standing Alzheimer’s disease), and shor-
ter telomeres, which are regarded as an
expression of early cell ageing (22—24).

— Relational experiences appear generally
to affect human immune systems, as re-
flected in an altered cytokine balance and
a changed degree of inflammatory re-
sponse (25). Humans subjected to stress
where they are at risk of «losing face» (so-
cial evaluation threat) have, for example,
been shown to «respond» with a pro-in-
flammatory cytokine balance (26). Simi-
lar responses have been found in
experiences of unfairness at the work-
place (27) and other experiences of threat,
powerlessness and loss. Research also
describes, with increasing precision, the
physiological correlates of the emotions.
Measured in terms of cortisol and cyto-
kine levels, anger is for example associ-
ated with metabolic mobilisation, while
the biology associated with fear and
shame is characterized by physiological
and social passivity (28). It has also been
demonstrated that stressful caregiving
responsibilities and conflict-filled rela-
tionships may lead to lowered antibody
response to vaccines (29, 30).

New integrated stress research -

the concept of allostatic overload
Long-term overtaxation of the physiological
adaptability of human beings may lead to
health impairment. This phenomenon, called
«allostatic overload» (31-33), is a conse-
quence of physiological «wear and tear» due
to strong and/or persistent threats to an indivi-
dual’s existence or integrity (the word encom-
passes both mental and physical aspects). The
human body’s reaction to stressors, which in
our culture can be classified as physical (e.g.
undernourishment, overfeeding, malnutrition,
pollution, lack of sleep, lack of exercise, in-
fections, noise) prove to converge at the same
biological «level» as stressors we would clas-
sify as psychosocial (e.g. a life characterised
by threats, neglect, abuse, poverty or over-
whelming caregiving burdens): Both cate-
gories of stress can contribute over time to the
development of autonomic dysfunction,
changes in the immune system, chronic low-
grade inflammation, endocrine disruptions
and accelerated cell aging, measured as telo-
mere shortening (Box 1).
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Chronic metabolic disturbances related to
allostatic overload appear to contribute, at
least partly through epigenetic mechanisms,
to the development of the major, complex
diseases of our time — cardiovascular disease,
overweight, diabetes, chronic obstructive pul-
monary disease, other immunological and
inflammation-driven diseases, osteoporosis,
depression, anxiety, so-called behavioural
disorders, substance dependence and other
complaints classified as psychiatric, cognitive
complaints, adverse pregnancy outcomes in
the form of premature births and low birth
weight, pain syndromes and chronic fatigue
etc. (31-37). The concept allostatic overload
thus enables an entirely new understanding of
composite pictures of biological defects and
failures which have traditionally been per-
ceived as concomitant, but different disorders
and diseases; in other words so-called co- or
multimorbidity (38). The overall degree of
health hazardous stress, expressed in terms of
loss of control and lack of mastery of one’s
own life (39), can well be considered in light
of the individual’s rank in the social hierarchy.
In combination, epigenetics and the allostasis
concept may contribute substantially to a
deeper understanding of the social gradients
in morbidity and mortality (40). The extent to
which social gradients impact people’s health
is well documented, for instance by the epide-
miological Whitehall studies in England (41).
Through the concepts of epigenetics and
allostasis, the well-established epidemiologi-
cal concept «social gradients in healthy, has
acquired a pathophysiological counterpart,
expressed in the term «the biology of disad-
vantage» (42).

Recent trauma research provides insight
into how detrimental childhood experiences
may lead to toxic stress (36) which is reflec-
ted in disturbed maturation of brain structure
in the developing individual. Neuroimaging
studies have linked such structural changes
(gray and/or white matter alterations) to
experiences of verbal abuse, harsh corporal
punishment and sexual abuse (43). The plas-
ticity and vulnerability of the brain appear to
vary with the individual’s age; the detrimen-
tal potential of adverse experiences will
depend on when they occur and how long
they last (43).

The brain appears to remain receptive to
relational effects throughout life. Fortun-
ately, favourable brain changes can also
occur, in response to experiences which pro-
mote healing and health (salutogenesis). A
number of studies have documented structu-
ral changes in the brain associated with
successful psychotherapy (44). On a more
general level, a recent meta-analysis demon-
strated that strong social relations provide as
good protection against premature death as
smoking cessation, and this statistical
protection is numerically greater than the
risk associated with, for example, obesity
and physical inactivity (45). This protective
effect is independent of age, gender and a
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number of other factors, and is therefore
unlikely to be limited to sub-groups.

Discussion

Emerging knowledge of how experience «in-
scribesy itself in the human biology demon-
strates how scientific methods pertaining to
the natural sciences are currently being ap-
plied to develop new knowledge about issues
traditionally regarded as «humanistic» in
nature — for example how experiences of care
or neglect, trust or treachery, belonging or
loneliness, power or powerlessness, justice
or injustice, can be linked to maintenance of
health or development of disease. Experien-
ced clinicians have long acknowledged the
significance of these fundamental, existen-
tial living circumstances, but up to now bio-
medicine has lacked formal scientific con-
cepts for relating to this interdependence in a
consistent manner. The new research offers
one means of integrating the natural sci-
ences’ and the humanistic sciences’ under-
standing of human health and disease, and
can, accordingly, challenge the notion of
«two culturesy in science in general (46) and
in medicine in particular (47).

Health-promoting work -

a social responsibility and a medical task
The fact that experiences have a fundamen-
tal influence on human biology must be

taken into account by a scientifically respon-
sible medical community aiming to pave the
way for promotion of public health. The
creation of decent living conditions for to-
day’s children and future generations is cen-
tral in this connection (36, 37, 48). But also
the health of adults needs to be considered
from a perspective involving more than trad-
itional «lifestyle factorsy» such as diet, smok-
ing and exercise (40, 42). Doctors have an
important responsibility to disseminate and
further develop this broader knowledge. The
significant impact of experiences on the
body’s physiology will have to be reflected
in future preventive medical strategies, par-
ticularly with respect to the complex dis-
orders that are the most costly medical con-
ditions in western societies today.

Medical theory that does justice

to human nature

The recent developments in medical know-
ledge presented in this paper are incom-
patible with biomedicine’s traditional and
pragmatic divide between body and mind
(soma and psyche). Not only is the well-
established theoretical distinction between
somatic and mental disorders challenged
(49, 50) and thereby the distance between
psychiatric and somatic departments, but
also the subdivision into somatic organ-
based medical specialities. This last argu-
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Figure 1 The model shows how genetic and epigenetic elements [shown as lenses] contribute to
an organism'’s interpretation of and response to signals from its surroundings. Challenges [micro-
biological, thermal, climatic, chemical, physical, mental, relational etc.] activate evolutionarily con-
served sense organs (convex lens). After processing, the signals are transmitted to the central ner-
vous system, immune system and endocrine system (the body’s adaptive systems - concave lens]
before the body makes a response. The response will depend on the context in which the stimulus
is presented, as well as on the previous experience and development of the organism’s adaptive
systems. This means that two individuals with the same genetic make-up (identical twins with iden-
tical DNA) may experience a given stimulus differently and also make a different response to it, as
a result of experience-conditioned epigenetic processes.
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ment finds support in the work of an Amer-
ican research team that maintains that
depression should be understood as a whole
body disease, with both mental and physical
causes and manifestations (51) which also
have considerable clinical overlap with both
cardiovascular disease and other disorders
(52). A well developed professional ability
to integrate biological and biographical in-
formation may prove particularly fruitful in
encounters with patients who present com-
plex and extensive expressions of disease
that are resistant to treatment.

An integrated medical theory about hu-
man beings must take as its starting point
that every individual is conceived with a
given biological predisposition, which gra-
dually becomes shaped by experience,
understanding, interpretation and action,
influenced by physical environmental fac-
tors and woven into relationships with signi-
ficant others in a society with culturally con-
stituted values (Fig. 1). We hardly need
more empirical detail to claim with authority
that (and suggest an explanation as to how)
all these factors affect people’s health-rela-
ted development. There is a need for a basic
medical theory that recognises
« the status of the individual as a historically

and culturally situated unique subject with

inherited premises that are modulated by
experience, individual and collective
+ the individual’s life-long development

(ontogeny), where transgenerational (epi-

genetic) and evolutionary (phylogenetic)

aspects also play a part (53, 54), and
* the fundamentally complex nature of
biology (55-59).

Box 2

A concrete example of how knowledge
about the health effects of experience
can be incorporated in clinical practice

is provided by the Kaiser Permanente
Foundation in San Diego, California. The
foundation has since 1993, in addition to
recording their members’ (patients’)
conventional medical histories, also
systematically elicited and recorded their
eventual trauma histories. On the basis
of the resulting data and in collaboration
with the Centers for Disease Control and
Prevention (CDC] in Atlanta, a group of the
foundation’s doctors have produced
extensive scientific documentation of the
clinical relevance of traumatic childhood
experiences. This study is called the
Adverse Childhood Experience Study
(ACE Study) (62). There are currently
more than 60 original publications from
the ACE Study’s retrospective and pro-
spective parts. The key findings have been
summarised in a chapter in a recently
published book (37).
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Evidence-based medicine of the future
Medical doctors of the future must have ac-
cess to theoretical models which acknowledge
that every single human being incorporates
both biological and historical experiences (1,
2, 52-54, 58—60). Elaboration of such theo-
retical knowledge requires the development of
a scientific terminology that conceptualises
body and mind as undivided and interacting.
Medical education and training must, accor-
dingly, include the teaching of epistemology
(theory of knowledge), a subject that is virtu-
ally unknown to today’s doctors.

The emerging empirical knowledge revie-
wed in the present paper must be integrated
into the authoritative knowledge base of me-
dicine. Only then can the patient’s subjectiv-
ity (and access to it) be given a necessary and
verifiable status (60—62). Human subjectivity
is not only absent from contemporary eviden-
ce-based medicine, it is in fact explicitly eli-
minated by the mathematical analyses perfor-
med during assembly of evidence. However,
work with biographical data requires appro-
priate knowledge, training and organisational
preparation (Box 2). In biographical work, as
in work with biological data (63), there are in-
herent possibilities for interpretational error.

Conclusion

Doctors in training are often told that the
practice of medicine should be based on a
«bio-psycho-social» model, according to
which the patient should be «seen and trea-
ted as a person». Nevertheless, our experi-
ence is that many of our young colleagues
have no clear idea of the practical biomed-
ical relevance of biographical information.
Hopefully, we have succeeded in demon-
strating that a person’s life experiences have
«hard» medical relevance, right down to the
cellular and even subcellular levels. Lived
experience, no less than microbes, smoking
and nutrition, is thus of paramount biomed-
ical relevance and should be acknowledged
by medicine as such.

The authors are part of an interdisciplinary think-
tank organized by the General Practice Research
Unit at the Department of Public Health and Gene-
ral Practice in Trondheim. We thank the other
members of the think-tank: Tor-Johan Ekeland,
Irene Hetlevik, Edvin Schei and Arne Johan Vetle-
sen, and also Henrik Vogt, for constructive advice.
The origin of this manuscript was Linn Getz" con-
tribution to a report on the future of Biomedicine
commissioned by the Norwegian Medical Associ-
ation (64)

Conflicts of interest: None

References

1. Lock M, Gordon DR. Biomedicine examined.
Dordrecht: Kluwer Academic Publishers, 1988.

2. Vetlesen AJ. Frihetens forvandling. Essays og
artikler 2002-2008. Oslo: Universitetsforlaget,
2009.

3. Pepper JW, Herron MD. Does biology need an
organism concept? Biol Rev Camb Philos Soc
2008; 83: 621-7.

20.

2

2

23.

24.

2

26.

2

~

28.

29.

30.

N

o1

Schadt EE. Molecular networks as sensors and
drivers of common human diseases. Nature 2009;
461:218-23.

Genuis SJ. Our genes are not our destiny: incor-
porating molecular medicine into clinical practice.
J Eval Clin Pract 2008; 14: 94-102.

Barbieri M. Biosemiotics: a new understanding

of life. Naturwissenschaften 2008; 95: 577-99.
Feinberg AP. Epigenetics at the epicenter of
modern medicine. JAMA 2008; 299: 1345-50.
Petronis A. Epigenetics as a unifying principle

in the aetiology of complex traits and diseases.
Nature 2010; 465: 721-7.

Vangen S, Nordhagen R, Lie KK. Gjensyn med
Forsdahl-Barker hypotesen. Tidsskr Nor Laege-
foren 2005; 125: 451-3.

. Gluckman PD, Hanson MA, Cooper C et al. Effect

of in utero and early-Llife conditions on adult health
and disease. N Engl J Med 2008; 359: 61-73.

. Godfrey KM, Gluckman PD, Hanson MA. Develop-

mental origins of metabolic disease: life course
and intergenerational perspectives. Trends
Endocrinol Metab 2010; 21: 199-205.

. Bale TL, Baram TZ, Brown AS et al. Early life pro-

gramming and neurodevelopmental disorders.
Biol Psychiatry 2010; 68: 314-9.

. McGowan PO, Szyf M. The epigenetics of social

adversity in early life: implications for mental
health outcomes. Neurobiol Dis 2010; 39: 66-72.

. Abbott A. Project set to map marks on genome.

Nature 2010; 463: 596-7.

. Irwin MR. Human psychoneuroimmunology: 20

years of discovery. Brain Behav Immun 2008; 22:
129-39.

. Kiecolt-Glaser JK. Psychoneuroimmunology

psychology's gateway to the biomedical future.
Perspect Psychol Sci 2009; 4: 367-9.

. Pesonen AK, Raikkonen K, Feldt K et al. Childhood

separation experience predicts HPA axis hormonal
responses in late adulthood: a natural experiment
of World War II. Psychoneuroendocrinology 2010;
35: 758-67.

. Brand SR, Brennan PA, Newport DJ et al. The

impact of maternal childhood abuse on maternal
and infant HPA axis function in the postpartum
period. Psychoneuroendocrinology 2010; 35:
686-93.

. Hobel CJ, Goldstein A, Barrett ES. Psychosocial

stress and pregnancy outcome. Clin Obstet Gyne-
col 2008; 51: 333-48.

Parker VJ, Douglas AJ. Stress in early pregnancy:
maternal neuro-endocrine-immune responses
and effects. J Reprod Immunol 2010; 85: 86-92.

. Karimi K, Arck PC. Natural Killer cells: keepers

of pregnancy in the turnstile of the environment.
Brain Behav Immun 2010; 24: 339-47.

Epel ES, Lin J, Dhabhar FS et al. Dynamics of telo-
merase activity in response to acute psychological
stress. Brain Behav Immun 2010; 24: 531-9.
Damjanovic AK, Yang Y, Glaser R et al. Accelerated
telomere erosion is associated with a declining
immune function of caregivers of Alzheimer’'s
disease patients. J Immunol 2007; 179: 4249 -54.
Kiecolt-Glaser JK, Gouin JP, Weng N et al. Child-
hood adversity heightens the impact of later-life
caregiving stress on telomere length and inflam-
mation. Psychosom Med 2011; 73: 16-22.
Kiecolt-Glaser JK, Gouin JP, Hantsoo L. Close
relationships, inflammation, and health. Neurosci
Biobehav Rev 2010; 35: 33-8.

Dickerson SS, Gable SL, Irwin MR et al. Social-eva-
luative threat and proinflammatory cytokine reqgu-
lation: an experimental laboratory investigation.
Psychol Sci 2009; 20: 1237 -44.

. Elovainio M, Ferrie JE, Singh-Manoux A et al.

Organisational justice and markers of inflamma-
tion: the Whitehall Il study. Occup Environ Med
2010; 67: 78-83.

Moons WG, Eisenberger NI, Taylor SE. Anger and
fear responses to stress have different biological
profiles. Brain Behav Immun 2010; 24: 215-9.
Webster Marketon JI, Glaser R. Stress hormones
and immune function. Cell Immunol 2008; 252:
16-26.

Gallagher S, Phillips AC, Drayson MT et al. Care-
giving for children with developmental disabilities
is associated with a poor antibody response to
influenza vaccination. Psychosom Med 2009; 71:
341-4.

Tidsskr Nor Legeforen nr. 7,2011; 131



ORIGINAL ARTICLE

32.

33.

34.

35.

36.

37.

38.

39.

40.

687

. McEwen BS, Wingfield JC. The concept of allosta-

sis in biology and biomedicine. Horm Behav 2003;
43:2-15.

Juster RP, McEwen BS, Lupien SJ. Allostatic load
biomarkers of chronic stress and impact on health
and cognition. Neurosci Biobehav Rev 2010; 35:
2-16.

McEwen BS, Gianaros PJ. Central role of the brain
in stress and adaptation: links to socioeconomic
status, health, and disease. Ann N Y Acad Sci 2010;
1186: 190-222.

Kiecolt-Glaser JK. Stress, food, and inflammation:
psychoneuroimmunology and nutrition at the
cutting edge. Psychosom Med 2010; 72: 365-9.
Shankardass K, McConnell R, Jerrett M et al.
Parental stress increases the effect of traffic-rela-
ted air pollution on childhood asthma incidence.
Proc Natl Acad Sci U S A 2009; 106: 12406-11.
Shonkoff JP, Boyce WT, McEwen BS. Neuros-
cience, molecular biology, and the childhood roots
of health disparities: building a new framework for
health promotion and disease prevention. JAMA
2009; 301: 2252-9.

Felitti VJ, Anda RF. The relationship of adverse
childhood experiences to adult medical disease,
psychiatric conditions, and sexual behavior: impli-
cations for healthcare. I: Lanius RA, Vermetten E,
Pain C [eds.]) The impact of early life trauma on
health and disease: the hidden epidemic. Cam-
bridge: Cambridge University Press, 2010.

Parekh AK, Barton MB. The challenge of multiple
comorbidity for the US health care system. JAMA
2010; 303: 1303-4.

Paquet C, Dubé L, Gauvin L et al. Sense of mastery
and metabolic risk: moderating role of the local
fast-food environment. Psychosom Med 2010; 72:
324-31.

Seeman T, Epel E, Gruenewald T et al. Socio-eco-
nomic differentials in peripheral biology: cumula-
tive allostatic load. Ann N Y Acad Sci 2010; 1186:
223-39.

. UCL Research Department of Epidemiology and

Public Health. Whitehall Il Study www.ucl.ac.uk/
whitehallll/ (201.2011).

42.

43.

44,

45,

46.

47.

48.

49.

50.

52.

53.

54.

Adler NE, Stewart J, red. The biology of disadvan-
tage: socioeconomic status and health. Ann N'Y
Acad Sci 2010; 1186 (temanummer med 13 artik-
ler). www.nyas.org/publications/annals/
Detail.aspx?cid=79be4d13-c2ef-4d4c-
8249-09130fa910e7

Andersen SL, Tomada A, Vincow ES et al. Prelim-
inary evidence for sensitive periods in the effect of
childhood sexual abuse on regional brain develop-
ment. J Neuropsychiatry Clin Neurosci 2008; 20:
292-301.

Beauregard M. Effect of mind on brain activity:
evidence from neuroimaging studies of psycho-
therapy and placebo effect. Nord J Psychiatry
2009; 63: 5-16.

Holt-Lunstad J, Smith TB, Layton JB. Social rela-
tionships and mortality risk: a meta-analytic
review. PLoS Med 2010; 7: e1000316.

Snow CP. The two cultures. Cambridge: Cam-
bridge University Press, 1998. Opprinnelig utgitt

i 1959.

Ulvestad E. Sameining av «dei to kulturane»

i medisinen. Tidsskr Nor Laegeforen 2001; 121:
492-4.

Shonkoff JP. Building a new biodevelopmental
framework to guide the future of early childhood
policy. Child Dev 2010; 81: 357-67.

Insel TR, Wang PS. Rethinking mental illness.
JAMA 2010; 303: 1970-1.

Hyman SE. Can neuroscience be integrated into
the DSM-V? Nat Rev Neurosci 2007; 8: 725-32.

. Wolkowitz OM, Epel ES, Reus VI et al. Depression

gets old fast: do stress and depression accelerate
cell aging? Depress Anxiety 2010; 27: 327-38.
Kirkengen AL, Getz L, Hetlevik I. En annen kardio-
vaskuleer epidemiologi. Tidsskr Nor Legeforen
2008; 128: 2181-4.

Ulvestad E. Chronic fatigue syndrome defies the
mind-body-schism of medicine. New perspectives
on a multiple realisable developmental systems
disorder. Med Health Care Philos 2008; 11:
285-92.

Gilbert SF, Epel D. Ecological developmental
biology. Integrating epigenetics, medicine and

55.

56.

57.

58.

59.

60.

61

62.

63.

b4.

evolution. Sunderland, MA: Sinauer Associates Inc,
2009.

Mazzocchi F. Complexity in biology. Exceeding
the limits of reductionism and determinism using
complexity theory. EMBO Rep 2008; 9: 10-4.
Katerndahl DA. Lessons from Jurassic Park:
patients as complex adaptive systems. J Eval Clin
Pract 2009; 15: 755-60.

Kohl P, Crampin EJ, Quinn TA et al. Systems
biology: an approach. Clin Pharmacol Ther 2010;
88: 25-33.

Kirkengen A, Ulvestad E. Overlast og kompleks
sykdom - et intergrert perspektiv. Tidsskr Nor
Leegeforen 2007; 127: 3228-31.

Cohen D. Probabilistic epigenesis: an alternative
causal model for conduct disorders in children
and adolescents. Neurosci Biobehav Rev 2010;
34:119-29.

Kirkengen AL. Hvordan krenkede barn blir syke
voksne. 2. utg. Oslo: Universitetsforlaget, 2009.
English translation: Kirkengen AL. The lived
experience of violation. How abused children
become unhealthy adults. Bucuresti: Zeta Books,
2010.

Ekeland T-J. Kommunikasjon som helseressurs.
I: Ekeland T-J, Heggen K. Meistring og myndig-
gjering. Reform eller retorikk? Oslo: Gyldendal
Akademisk, 2007.

Centers for Disease Control and Prevention.
Adverse Childhood Experiences (ACE] Study.
www.cdc.gov/nccdphp/ACE/index.htm (20.1.2011).
Ulvestad E. Feilbruk av diagnostiske laboratorie-
tester - et beslutningsanalytisk perspektiv.
Tidsskr Nor Laegeforen 2000; 120: 2294-8.
Biomedisin - status, scenarier og anbefalinger.
Oslo: Den norske legeforening, 2010.
www.legeforeningen.no/asset/48795/1/
48795_1.pdf

Received 15 August 2010, first revision submitted
21 December 2010, approved 20 January 2011.
Medical editor Are Brean.

Tidsskr Nor Legeforen nr. 7,2011; 131




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.19444
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.19444
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Gloss-Silk-Jan04 U370 K96)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


