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We are built for survival and to thrive in complex, demanding and potentially
dangerous environments. We are continuously challenged to accommodate to daily
hassles and sometimes even pushed to our limits to handle extreme conditions such as
situations of life or death. In response to any challenges, our body constantly attempts
to regulates bodily functions and the underlying biochemical processes of breaking
down and building up of molecules in order to meet current energetic demands
and simultaneously to maintain physiological integrity. Stress is a state where this
condition of balance or homeostasis is disturbed as a consequence of provoking, or in
anticipation of, stressors of physical, physiological, psychological or socioenvironmental
origin and where adaptive processes are required to regain homeostasis again (1-5).

Extreme or overwhelming stress

Stress may be overwhelming when people are exposed to situations of extreme
or traumatic stressors; events that involve actual or threatened death, serious injury
or violation of one’s physical integrity (i.e. car accidents, natural disaster, starvation,
physical assault or sexual abuse) (6). Exposure to such terrifying ordeals involves intense
fear responses and often feelings of impotence, horror or helplessness. Fortunately, the
majority of exposed individuals will recover from the initial and considered adaptive
stress response, and regains normal functioning (7). A smaller part of the people,
however, will develop ongoing mental health problems in the aftermath of the traumatic
experience with corresponding impairment in personal, social and occupational

functioning (8).

Post-traumatic stress disorder

Post-traumatic stress disorder (PTSD) is a mental health condition which is
etiologically connected with exposure to traumatic events. The syndrome includes
having repeating uncontrollable and intrusive recollections about the traumatic event(s)
(i.e., flashbacks, nightmares), avoidance of stimuli evoking the traumatic memories,
persistent negative shifts in mood and cognition, and a state of hypervigilance, reactivity
and feeling chronically aroused (6). A formal diagnosis of PTSD can be determined if
PTSD symptoms are present for the period of a month, and result in impairment in
personal, social, occupational or other important domains of functioning (6).

The term PTSD was introduced in 1980 with the release of the third edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-III) in the aftermath of
the Vietnam War, but terms used in earlier conflicts such as soldier’s heart, shell shock
and war neurosis describe quite a similar clinical picture, indicating that this mental
condition existed long before the formal description (9). Currently both DSM-5 and
ICD-11 are in use. The DSM-5 definition differs from the previous DSM-1V version as it
now consists of four symptoms clusters and has updated items.
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This great personal suffering in PTSD-patients comes with the loss of both mental
and physical health related quality of life (10, 11), with considerable somatic morbidity
(12), and increases the risk for suicidal behaviour and premature death through suicide
(13). PTSD has also great impact on society as a whole, since it is responsible for an
invalidating disease burden worldwide (14-16), has considerable economic impact (17),
and is associated with increased health care utilization (18).

Contribution of traumatic stress to broad development of
psychopathology

Not every individual responds to stressors in the same manner. Traumatic events
are associated with broader mental health problems and contribute to the development
of psychopathology in general (19-21). Some people, for instance, exposed to traumatic
events will develop symptoms classified as a major depressive disorder (MDD). They
suffer from depressed mood and anhedonia with accompanying problems as fatigue,
difficulty sleeping and concentration, and loss of appetite and weight. It is generally
accepted that exposure to chronic and traumatic stressors is also an important risk factor
in the development of MDD (22, 23). Comorbidity of depression in PTSD-patients is
high, with up to 85% of the patients affected (24).

Neuroendocrine response to stress

There now exists ample evidence that one of the key features of PTSD is the altered
regulation of stress hormones by both the hypothalamic-pituitary-adrenal (HPA) axis
and the sympathetic-adrenal-medullary (SAM) system (25-28). In line with this, stress
can also be defined as “a stimulus, either internal or external, that activates the HPA and
the sympathetic nervous system (SNS), resulting in a physiological change or adaptation
so that the organism can deal with the threat” (4).

After a stressor has been encountered, the physiological stress response is promptly
initiated in order to help regulate responses to these new environmental stimuli, to
mobilize energy resources and to restore homeostasis (29). The key brain areas involved
in forming the experience of stress and in the initiating of a stress response, are the
amygdala, involved in fear responses and arousal, the hippocampus, engaged in learning
and memory, and the medial prefrontal cortex, involved in cognition and fear extinction
(30). These interconnected brain areas are not only related to the cognitive and affective
experience to stress, but also provide for the modulation of the endocrine system as
projections to the brain stem and hypothalamus mediate the activation of the two main
hormone-sensitive effector systems, the SAM system and HPA-axis (30).

The SAM system is activated only a few seconds after a stressor is detected. Excitation
of the SNS causes the release of noradrenaline, inducing an increase in blood pressure,
heart and breathing rate, and stimulates adrenomedullary adrenaline release, preparing



the body for ‘fight, flight or freeze’ in response to the threat (31). Adrenaline is secreted
predominantly by the adrenal glands, while noradrenaline is manufactured at a number
of sites throughout the body and brain.

The HPA-axis response is seen long after the ‘fight, flight or freeze’ response. Chemical
mediators, including noradrenaline, serotonin and acetylcholine, stimulate neuronsin the
paraventricular nucleus of the hypothalamus to release corticotropin-releasing hormone
(CRH). CRH then acts on the anterior pituitary to produce proopiomelanocortin, which
is transformed into adrenocorticotropic hormone (ACTH) (32). ACTH subsequently
stimulates the adrenal cortex to secrete cortisol, a glucocorticoid, the end product and
main effector of the HPA-axis. The more stress experienced, the more catecholamines
and cortisol are released (33).

Cortisol is released in a circadian pattern from the adrenal gland in pulsations,
following an ultradian release pattern that is maintained in the face of acute or chronic
stress, with its frequency dictating the overall magnitude of both baseline activity and
the stress response (34). The rhythmicity of cortisol release is essential for maintaining
cellular responsiveness (35). Primarily bounded to the transport protein cortisol-
binding globulin (CBG), cortisol then travels via the blood stream throughout the body,
employing its various effects in almost every organ of the body.

The availability of cortisol depends on the activity of the 11B-hydroxysteroid
dehydrogenase (113-HSD) enzyme, because inactive cortisone is converted into cortisol
by its 11p-HSD1 isoform and cortisol is transformed back into cortisone by the 113-HSD2
isoform (25). Delivered at the various target sites, cortisol binds to the glucocorticoid
receptor, which is a transcription factor, and ultimately stimulates a cascade of gene
transcription changes that greatly impact metabolism (25).

The androgen dehydroepiandrosterone (DHEA) and its sulfate ester DHEA-
sulfate (DHEA-S), together called DHEA(S), are secreted together with cortisol from
the adrenal cortex in response to CRH and ACTH, somewhat later than the release of
cortisol but with its peak preceding that of cortisol levels (36-38). DHEA(S) are positively
associated with the scale of the ACTH and cortisol response (38). DHEA-S is the primary
steroid hormone of the adrenal gland and most abundantly available in the human body
(39). Unlike cortisol, the secretion of DHEA(S) has been shown to be maintained after
repeated or chronic stress (36). DHEA(S) is known to have anti-glucocorticoid effects and
although precise mechanisms remain unclear, it may affect glucocorticoid metabolism
through its effects on both 11B-HSD1 and 11p-HSD2 (39).

Metabolism: anabolism and catabolism

One of the major goals of metabolism is to maintain a tightly balanced and constant
glucose level in the blood. When the body is in an absorptive and resting or anabolic state,
the focus of metabolism is on the conversion of food into smaller molecules along the
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digestive tract and on using them as a source of energy or building blocks. Glucose, fatty
acids (FAs) and amino acids are transported from the intestines into the blood. Some of
these digested molecules are called essential as they can only be derived from diet and
cannot be synthesized from other molecules. The omega-3 and -6 polyunsaturated FAs
alpha-linolenic acid and linoleic acid, for instance, are known to be essential for humans
and to form an important factor in several psychiatric disorders (40).

Insulin is secreted from the pancreas under the influence of the abundant availability
of glucose in this stage and stimulates the conservation of energy through the formation
of large chains of glycogen from glucose (glycogenesis) in the liver and muscle cell to be
used for later energy needs. It also stimulates the conversion of glucose into pyruvate
(glycolysis), which is an essential molecule in Krebb cycle and cellular respiration.
The synthetization of FAs is promoted as a result of this process. Furthermore, insulin
affects amino acids and protein metabolism by motivating protein synthesis, promoting
the build-up of proteins in muscle tissue, and inhibiting the degradation of proteins.
Moreover, insulin promotes the formation of triglycerides by binding a glycerol molecule
to three FAs synthesized out of glucose or amino acids in the liver (lipogenesis) or directly
from FAs obtained from diet in adipose tissue. At the same time, it inhibits the breakdown
of triglycerides in adipocytes. The triglycerides formed in the liver are transported to
adipose tissue through the use of lipoproteins, which enable the transportation of the
hydrophobic triglycerides through the water-based blood circulation.

Non-essential FAs are synthesized using the intermediates acetyl-CoA and
nicotinamide adenine dinucleotide (NAD"), formed in the glycolytic pathway through
the action of FA synthases. Phospholipids can be synthesized by binding a glycerol
molecule to two FAs and a phosphorylated molecule, such as phosphatidylcholine.
Phospholipids are the main constituent of the lipid bilayers that form the basis for cell

membranes.

Anabolism also motivates the constructing of other macromolecules such as
proteins, RNA and DNA during the formation of cells and tissues. Other hormones
that stimulate anabolism are: sex steroids (i.e. DHEA(S) and testosterone), thyroxine,
prolactin and growth hormone.

However, in a post-absorptive or catabolic state the focus of metabolism is on
making energy available again. When blood-glucose levels begin to fall and insulin
secretion is decreased in consequence, glucogon secretion by the pancreas is increased.
Glucogon stimulates the liver to regain glucose from glycogen in liver and muscle cells
(glycogenolysis), from certain non-carbohydrate carbon substrates such as triglycerides
and proteins (gluconeogenesis) after the breakdown of triglycerides into glycerol and
free FAs (lipolysis), and from the breakdown of proteins into amino acids (proteolysis).



Glucogon also inhibits glycolysis and FA synthesis. Previously stored FAs are now
released by adipocytes. Liver and muscle cells switch from glucose to the usage of FAs as

their main energy source.

Cortisol stimulates gluconeogenesis, proteolysis and lipolysis at several sites including
muscle, adipose and lymphoid tissue. Cortisol has to be co-present to permit glucagon its
calorigenic action. Catecholamines also stimulate lipolysis in white and brown adipocytes
and enhance thermogenesis (41), but only when combined with cortisol. Cortisol affects
the production, utilization, and degradation of FAs as it influences the functioning of
enzymes and increases oxidative stress (40). Besides cortisol, adrenaline and glucagon,
other hormones such as thyroxine and growth hormone also stimulate catabolism.

Although we present metabolism here as largely divided into the two metabolic
pathways of anabolism and catabolism, it has become increasingly clear that metabolism
operates more as a highly integrated network (42).

Acute stress response to trauma and metabolism

In the face of extreme stress, the acute stress response is vastly prompted after which
metabolism sharply shifts to a state of mobilizing energy resources and protein substrates
to protect tissue damage repair and critical organ functions (29) in order to execute ‘fight,
flight or freeze’ responses. The body responds with a powerful increase in temperature,
heart and breathing rate, and oxygen usage. The SNS and the release of catecholamines
are largely responsible for this initial sharp increase in energy consumption.

Glucose output through gluconeogenesis by the liver rapidly increases. Initially, the
energy needed to increase gluconeogenesis is delivered from lactate and amino acids in
the liver, after which the liver turns to fat oxidation as its primary energy source. Not
only is the output of glucose increased, at the same time the uptake of glucose in muscle
and adipose tissue is reduced as well, consequently leading to a sharp increase in blood
glucose levels. Additionally, inflammatory mediators induce peripheral insulin resistance.
Together this results in large amounts of glucose in the blood, which is considered to be
adaptive and increasing chances of survival (43).

The released glucose is mainly used by tissues that do not depend on insulin, including
the brain and other parts of the nervous system. For the major part of the body, however,
free FAs form the main source of energy after extreme stress, severe injury and critical
illness (44). Through lipolysis FA and glycerol levels increase, with the increased free
FAs to inhibit glycolysis (45, 46). While at the same time FA synthesis is inhibited by an
increase in glucagon and increasing intracellular FAs (45, 46). The acute stress response
also leads to diminished protein synthesis and elevated protein degradation, resulting in
a negative protein turnover and nitrogen balance (45, 47).
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With the increase in metabolic activities, the production of reactive oxygen species
(ROS) intensifies in cells. While oxygenated radicals and oxidizing agents are normally
generated at low frequency in the mitochondrion and are neutralized by antioxidant
defenses, the presence of extreme stressors may overwhelm these natural defenses leading
to potential cell damage including modification to cellular proteins, lipids and DNA
(48). Folate metabolism, also known as the one-carbon metabolism is a set of important
biochemical pathways involved in this imbalance, often referred to as oxidative stress.
One-carbon metabolism is a universal metabolic process largely executed in mitochondria
that serves to activate and transfer single carbon units for various essential processes such
as biosynthesis, amino acid homeostasis, epigenetic processes, and protection against
ROS (49).

Need for termination of the acute stress and catabolic response

The acute response is of immediate benefit and increases chances of survival in
the short-term, but is potentially damaging if prolonged. Intensive catabolic reactions
may be harmful as tissues got damaged and energy storage is depleted (44). And excess
glucocorticoid exposure can lead to pathological outcomes (e.g. 32). Therefore a feedback
mechanism is needed to limit the duration of neural responses and hormone secretion.
Once the acute stressor is no longer detected by the amygdala, cortisol initiates a negative
feedback inhibitory response (50, 51) on the hypothalamus, pituitary, amygdala and
hippocampus, each of which contains high concentrations of glucocorticoid receptors
(52-54). The body then shifts back to the anabolic phase to start recovery from the
stressful event.

Needless to say, the actual biology of the HPA-axis and stress response is more
nuanced than presented here. For example, cytokines can cause an increase in cortisol
in the absence of an increase in ACTH (55) and FAs stimulate cortisol secretion
through their effects on CRH-secretion, while increasing inhibitory feedback through
glucocorticoid receptor-sensitivity at the same time (40). A comprehensive and more
detailed clarification of the regulation of the stress response can be found elsewhere (55).

Prolonged exposure to trauma and PTSD

Prolonged exposure to stress stimulates long-term adaptation processes, including
changes in gene regulation and neuronal structure, to cope with new environmental
demands and adversity (e.g. 56, 57). For instance, HPA-axis habituation is probably the
results of such adaptive processes (56). However, extensive pressure on neuronal and
metabolic systems can also lead to increased and inflated sensitivity to new challenges,
thereby putting the stress systems in a new equilibrium of hyper- or hypo-responsiveness
with an increased risk for the development of respectively PTSD and depression as a
result (58, 59). Chronic activation of the stress-responsive systems, with its mediators



constantly put in motion to achieve homeostasis according to new demands, causes some
degree of wear of underlying physiological systems (i.e. ‘allostatic load” (60, 61)), and
therefore may contribute to long-term consequences of stress in the form of physical and
mental health conditions. Because age, sex, genetic predisposition and environmental
context all have their influence on the neuroendocrine stress response, they all add to the
great individual variation in stress sensitivity and resilience (62).

Adverse physical conditions are associated with PTSD

A myriad of adverse psychical conditions has been observed to be commonly prevalent
in PTSD-patients. Studies have shown an association between PTSD and the metabolic
syndrome (63-68), a cluster of risk factors for the development of type 2 diabetes mellitus
(T2DM) and cardiovascular disease (CVD) incorporating insulin resistance, abdominal
obesity, high triglyceride level, low high-density lipoprotein cholesterol, and high blood
pressure (69).

Furthermore, there is ample evidence that the diagnosis of PTSD is associated with an
increased risk for a wide range of physical conditions such as hypertension (70-72), cardiac
disease (70, 71, 73-75), stroke (70, 74, 76), and T2DM (70, 72, 77, 78). In prospective studies,
PTSD has been found to contribute to the development of CVD (79-81). This association
of PTSD with CVD has been consistently found separately from both depression and
adjustment for comorbidity with other mental disorders (82).

Due to these comorbid physical conditions PTSD-patients have a considerable lower life
expectancy than non-affected individuals (75, 83-85). A large prospective study examining
early-age heart disease in male veterans using survival analysis found that veterans having
the lifetime PTSD diagnosis may die at over twice the rate at any given year as those without
the diagnosis, irrespective of lifetime depression, and that PTSD severity considerably
increased mortality risk (84). Aggregating the results of several mortality studies indicated
a29% increased risk for mortality at any given point in time in those with PTSD compared
to the comparison subjects (86). A review of studies investigating senescence in PTSD by
comparing leukocyte telomere length between patients and non-patients found that the
PTSD group had shorter telomeres compared to non-PTSD subjects (medium to large
effect size), and together with evidence from the effect of PTSD on comorbid physical
conditions the authors concluded that PTSD may be associated with accelerated aging (86).
Furthermore, having PTSD may affect the course and outcome of physical conditions. For
instance, PTSD may adversely impact cardiovascular outcome after surviving myocardial
infarction (87). Medical illness burden is larger in patients with PTSD (88). Comorbid
PTSD increases the non-fatal burden of injury for patients presented at the emergency unit
or those being hospitalized by more than 50% from 116,000 to 178,000 DALYs (89).
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Understanding the link between PTSD and physical conditions

Although huge progress is made in the past decades or so in the theorization and
understanding of the link between PTSD and physical diseases, mechanistic evidence
still remains relatively limited. Complicating the investigation of the link between PTSD
and physical diseases is the co-existence of PTSD with other psychiatric conditions (e.g.,
MDD, panic disorder) and that it often goes along with adverse lifestyle factors such as
smoking, alcohol or substance abuse, poor diet and lack of physical exercise (90, 91).
Moreover, the physiological effects of PTSD are wide-spread, affecting multiple organ
systems with intertwined health consequences (92). A direct cause and effect relationship
is therefore hard to be found.

This means that we are limited to finding statistical associations suggesting that the
PTSD diagnosis is assumed of being associated with the causal effect, i.e. risk factors. A
risk factor is a biological condition or behavior that has an association with but has not
been proven to cause an event or disease. Already at the start of our investigation back
in 2004, a number of studies had shown biological alterations in the neuro-endocrine
and metabolic response to stress that statistically discriminated PTSD-patients from
non-PTSD controls, considered risk factors for PTSD. Such biological deviations may
be loosely regarded as biomarkers. Biomarkers are used to describe the risks, exposures,
intermediate effects of treatment and biological mechanisms, and are used to predict
health outcomes (93). But even as biomarkers can reflect the influence of an intervention,
changes in their levels may not necessarily be indicative of changes in risk. In the past few
decades, scientists have tried to better understand PTSD from a biological perspective.
Finding biological markers for PTSD may support the understanding of the ways PTSD
and physical conditions are linked, and may help to prevent the large and growing
burden of especially cardiovascular morbidity and mortality in PTSD-patients.

Scope and general outline of the thesis

In sum, the prevalence of trauma and PTSD is high worldwide and the majority of
the cases persist for over a year (8). The stressful continuous exposure to intrusive and
spontaneous recollections of the once experienced horrifying ordeals is accompanied
with an increased risk for a myriad of physical conditions, especially CVD. CVD is the
main driver of the observed decrease in life expectancy. Improving our understanding
of the disease hopefully leads to the prevention of the development of PTSD, new or
augmented treatment options for PTSD, and the prevention or reduction of comorbid
CVD.Inan attempt to understand PTSD and the association of PTSD with cardiovascular
disease in particular, we investigated:

o the disease burden or prevalence rate of (potential) traumatic events and PTSD;



o the neurobiology of the (endocrinological) stress response and the effect of
treatment;

o the impact of PTSD on metabolism, particularly its impact on one-carbon
metabolism, fatty acids metabolism, lipoproteins and body weight.

We will present the results in the following chapters. In chapter 2 we focused on
establishing estimates of lifetime prevalence rates of exposure to potentially traumatic
events and PTSD in the general Dutch population in order to provide information for
policy makers on the size of its impact or burden on society. In chapter 3 and 4 we
show results from our investigations of the neuroendocrine stress response in PTSD.
In chapter 3 we investigated the HPA-axis functioning by determining whether PTSD-
patients differed in basal cortisol levels. The study also evaluated other hormones,
including DHEA(S), prolactin, thyroid-stimulating hormone (TSH) and free thyroid
levels, because they are all components of or related to HPA-axis functioning. We
further determined the association of PTSD symptom severity with these hormones. We
describe our study investigating whether recovery from PTSD following trauma focused
treatment for PTSD (using Brief Eclectic Psychotherapy for PTSD, BEPP) was associated
with changes in basal neuroendocrine levels in chapter 4. In chapter 5 we demonstrate
findings from our study evaluating some key components of the one-carbon metabolism
(homocysteine, folate, vitamin B, and B ). We also investigated the interplay of the
HPA-axis (see chapter 3) with the one-carbon metabolism. In chapter 6 we investigated
whether PTSD-patients differ from healthy controls in concentrations of the FAs:
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), arachidonic acid (AA) and
nervonic acid (NA) in erythrocytes. We also assessed overall FA-profiles and compared
patients and controls on a number of indices related to oxidative stress. Finally, we
exploratively compared concentrations of other FA’s of all FA-subclasses (e.g omega-3,
omega-9) between patients and controls. We close our study on biomarkers in PTSD
with chapter 7, which describes our investigation of the role of lipoproteins in PTSD.
We assessed whether plasma concentrations of total cholesterol, low-density lipoprotein,
high-density lipoprotein and triglycerides differed between PTSD-patients and healthy
controls. We especially focused on the presumed sex differences in lipid profiles. We
also related plasma concentrations of the measured stress hormones in chapter 3 to the
measured lipoproteins. In chapter 8 we investigated whether an exposure-dosage-like
relationship exists between body weight measured as body mass index (BMI) and PTSD
symptom severity for the DSM-IV PTSD symptom clusters (intrusions, avoidance and
hyperarousal) using data from the Collaborative Psychiatric Epidemiology Surveys. We
additionally studied whether length of exposure to PTSD and the period of recovery from
PTSD were associated with BMI. Finally, chapter 9 will provide an overall summary and
discussion of the findings presented in this thesis in the light of related work of others.

Chapter I INTRODUCTION



20

Chapter I INTRODUCTION

References

1.

Peterson PK, Chao CC, Molitor T,
Murtaugh M, Strgar F, Sharp BM. Stress
and pathogenesis of infectious disease.
Rev Infect Dis. 1991;13(4):710-20.
Chrousos GP, Gold PW. The concepts
of stress and stress system disorders.
Overview of physical and behavioral
homeostasis. JAMA. 1992;267(9):1244-52.
Black PH. Immune system-central
nervous system interactions: effect and
immunomodulatory consequences

of immune system mediators on the
brain. Antimicrob Agents Chemother.
1994;38(1):7-12.

Maier SF, Watkins LR. Cytokines for
psychologists: implications of bidirectional
immune-to-brain communication for
understanding behavior, mood, and
cognition. Psychol Rev. 1998;105(1):83-107.
Manuck SB, Marsland AL, Kaplan

JR, Williams JK. The pathogenicity

of behavior and its neuroendocrine
mediation: an example from coronary
artery disease. Psychosom Med.
1995;57(3):275-83.

Association AP. Diagnostic and Statistical
Manual of Mental Disorders: DSM-IV.
Fourth ed. Washington, D.C.: American
Psychiatric Association; 1994 1994.

de Vries GJ, OIff M. The lifetime
prevalence of traumatic events and
posttraumatic stress disorder in

the Netherlands. ] Trauma Stress.
2009;22(4):259-67.

Kessler RC, Aguilar-Gaxiola S, Alonso
], Benjet C, Bromet EJ, Cardoso G, et al.
Trauma and PTSD in the WHO World
Mental Health Surveys. European
Journal of Psychotraumatology.
2017;8(sup5):1353383.

Crocq MA, Crocq L. From shell shock
and war neurosis to posttraumatic
stress disorder: a history of
psychotraumatology. Dialogues Clin

10.

11.

12.

13.

14.

15.

16.

Neurosci. 2000;2(1):47-55.

Goldberg J, Magruder KM, Forsberg
CW, Kazis LE, Ustun TB, Friedman
MJ, et al. The association of PTSD with
physical and mental health functioning
and disability (VA Cooperative Study
#569: the course and consequences

of posttraumatic stress disorder in
Vietnam-era veteran twins). Qual Life
Res. 2014;23(5):1579-91.

Cohen BE, Marmar CR, Neylan TC,
Schiller NB, Ali S, Whooley MA.
Posttraumatic stress disorder and health-
related quality of life in patients with
coronary heart disease: findings from
the Heart and Soul Study. Arch Gen
Psychiatry. 2009;66(11):1214-20.
Koenen KC, Sumner JA, Gilsanz P,
Glymour MM, Ratanatharathorn A,
Rimm EB, et al. Post-traumatic stress
disorder and cardiometabolic disease:
improving causal inference to inform
practice. Psychol Med. 2017;47(2):209-25.
Pompili M, Sher L, Serafini G, Forte

A, Innamorati M, Dominici G, et al.
Posttraumatic stress disorder and suicide
risk among veterans: a literature review.
J Nerv Ment Dis. 2013;201(9):802-12.
Baxter AJ, Vos T, Scott KM, Ferrari AJ,
Whiteford HA. The global burden of
anxiety disorders in 2010. Psychol Med.
2014:1-12.

Wittchen HU, Jacobi F, Rehm J,
Gustavsson A, Svensson M, Jonsson

B, et al. The size and burden of mental
disorders and other disorders of the
brain in Europe 2010. Eur Neuro-
psychopharmacol. 2011;21(9):655-79.
Wabhlstrom L, Michelsen H, Schulman A,
Backheden M, Keskinen-Rosenqvist R.
Longitudinal course of physical and
psychological symptoms after a natural
disaster. Eur ] Psychotraumatol. 2013;4.



17.

18.

19.

20.

21.

22.

23.

24.

Kessler RC, Greenberg PE. The economic
burden of anxiety and stress disorders. In:
Davis KL, Charney D, Coyle JT, Nemeroff
C, editors. Neuropsychopharmacology:
The Fifth Generation of Progress
Philadelphia, PA: Lippencott, Williams &
Wilkins; 2002. p. 981-92.

Richardson JD, Elhai JD, Pedlar DJ.
Association of PTSD and depression with
medical and specialist care utilization

in modern peacekeeping veterans in
Canada with health-related disabilities. J
Clin Psychiatry. 2006;67(8):1240-5.
Brown RC, Berenz EC, Aggen SH,
Gardner CO, Knudsen GP, Reichborn-
Kjennerud T, et al. Trauma Exposure

and Axis I Psychopathology: A Co-twin
Control Analysis in Norwegian Young
Adults. Psychol Trauma. 2014;6(6):652-60.
Heleniak C, McLaughlin KA, Ormel J,
Riese H. Cardiovascular reactivity as
amechanism linking child trauma to
adolescent psychopathology. Biol Psychol.
2016;120:108-19.

Fink DS, Galea S. Life course
epidemiology of trauma and related
psychopathology in civilian populations.
Curr Psychiatry Rep. 2015;17(5):31.
Vitriol V, Cancino A, Weil K, Salgado

C, Asenjo MA, Potthoff S. Depression
and psychological trauma: an overview
integrating current research and specific
evidence of studies in the treatment

of depression in public mental health
services in chile. Depress Res Treat.
2014;2014:608671.

Tiwari A, Gonzalez A. Biological
alterations affecting risk of adult
psychopathology following childhood
trauma: A review of sex differences. Clin
Psychol Rev. 2018.

Spinhoven P, Penninx BW, van

Hemert AM, de Rooij M, Elzinga BM.
Comorbidity of PTSD in anxiety and
depressive disorders: prevalence and
shared risk factors. Child Abuse Negl.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2014;38(8):1320-30.

Yehuda R, Seckl J. Minireview: Stress-
Related Psychiatric Disorders with Low
Cortisol Levels: A Metabolic Hypothesis.
Endocrinology. 2011;152(12):4496-503.
Lanius R, Olff M. The neurobiology

of PTSD. Eur J Psychotraumatol.
2017;8(1):1314165.

OIff M, van Zuiden M. Neuroendocrine
and neuroimmune markers in PTSD: pre-,
peri- and post-trauma glucocorticoid and
inflammatory dysregulation. Curr Opin
Psychol. 2017;14:132-7.

Michopoulos V, Norrholm SD,
Jovanovic T. Diagnostic Biomarkers

for Posttraumatic Stress Disorder:
Promising Horizons from Translational
Neuroscience Research. Biological
psychiatry. 2015;78(5):344-53.

Munck A, Guyre PM, Holbrook

NJ. Physiological functions of
glucocorticoids in stress and their
relation to pharmacological actions.
Endocr Rev. 1984;5(1):25-44.

Ulrich-Lai YM, Herman JP. Neural
regulation of endocrine and autonomic
stress responses. Nat Rev Neurosci.
2009;10(6):397-409.

Radley JJ, Kabbaj M, Jacobson L,
Heydendael W, Yehuda R, Herman

JP. Stress risk factors and stress-

related pathology: neuroplasticity,
epigenetics and endophenotypes. Stress.
2011;14(5):481-97.

Lupien SJ, McEwen BS, Gunnar MR,
Heim C. Effects of stress throughout
the lifespan on the brain, behaviour
and cognition. Nat Rev Neurosci.
2009;10(6):434-45.

Seyle H. Stress in health and disease
Boston, MA: Butterworth, Inc.; 1976.
Sarabdjitsingh RA, Joels M, de Kloet
ER. Glucocorticoid pulsatility and rapid
corticosteroid actions in the central
stress response. Physiology & behavior.
2012;106(1):73-80.

Chapter I INTRODUCTION



22

Chapter I INTRODUCTION

35.

36.

37.

38.

39.

40.

41.

42.

42.

Sarabdjitsingh RA, Conway-Campbell
BL, Leggett JD, Waite EJ, Meijer OC, de
Kloet ER, et al. Stress responsiveness
varies over the ultradian glucocorticoid
cycle in a brain-region-specific manner.
Endocrinology. 2010;151(11):5369-79.
Maninger N, Capitanio JP, Mason

WA, Ruys JD, Mendoza SP. Acute

and chronic stress increase DHEAS
concentrations in rhesus monkeys.
Psychoneuroendocrinology.
2010;35(7):1055-62.

Lennartsson AK, Kushnir MM, Bergquist
], Jonsdottir IH. DHEA and DHEA-S
response to acute psychosocial stress in
healthy men and women. Biol Psychol.
2012;90(2):143-9.

Izawa S, Sugaya N, Shirotsuki K, Yamada
KC, Ogawa N, Ouchi Y, et al. Salivary
dehydroepiandrosterone secretion in
response to acute psychosocial stress
and its correlations with biological and
psychological changes. Biol Psychol.
2008;79(3):294-8.

Maninger N, Wolkowitz OM, Reus VI,
Epel ES, Mellon SH. Neurobiological
and neuropsychiatric effects of
dehydroepiandrosterone (DHEA)

and DHEA sulfate (DHEAS). Front
Neuroendocrinol. 2009;30(1):65-91.
Mocking RJT, Assies J, Ruhe HG,
Schene AH. Focus on fatty acids in the
neurometabolic pathophysiology of
psychiatric disorders. J Inherit Metab
Dis. 2018.

Arner P, Langin D. Lipolysis in lipid
turnover, cancer cachexia, and obesity-
induced insulin resistance. Trends
Endocrinol Metab. 2014;25(5):255-62.
Alberich R, Castro JA, Llabres M,
Palmer-Rodriguez P. Metabolomics
analysis: Finding out metabolic building
blocks. PLoS One. 2017;12(5):¢0177031.
Shepherd PR, Kahn BB. Glucose
transporters and insulin action--
implications for insulin resistance

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

and diabetes mellitus. N Engl ] Med.
1999;341(4):248-57.

Marik PE, Bellomo R. Stress
hyperglycemia: an essential survival
response! Crit Care Med. 2013;41(6):e93-4.
Simsek T, Simsek HU, Canturk NZ.
Response to trauma and metabolic
changes: posttraumatic metabolism.
Ulusal cerrahi dergisi. 2014;30(3):153-9.
Correia MITD. Organic Response to
Stress. In: Cresci G, editor. Nutrition
Support for the Critically Il Patient. Boca
Raton: CRC Press; 2015. p. 705.
Waitzberg DL, Torrinhas RS, De Nardi L.
Lipid Metabolism: Stress versus Nonstress
States. In: Cresci G, editor. Nutrition
Support for the Critically Ill Patient. Boca
Raton: CRC Press; 2015. p. 705.

Cresci GA. Protein and Amino Acid
Metabolism: Stress versus Nonstress
States. In: Cresci G, editor. Nutrition
Support for the Critically Il Patient. Boca
Raton: CRC Press; 2015. p. 705.

Finkel T, Holbrook NJ. Oxidants,
oxidative stress and the biology of ageing.
Nature. 2000;408(6809):239-47.

Ducker GS, Rabinowitz JD. One-Carbon
Metabolism in Health and Disease. Cell
Metabolism. 2017;25(1):27-42.

McEwen BS, De Kloet ER, Rostene W.
Adrenal steroid receptors and actions

in the nervous system. Physiol Rev.
1986;66(4):1121-88.

Keller-Wood ME, Dallman MF.
Corticosteroid inhibition of ACTH
secretion. Endocr Rev. 1984;5(1):1-24.
Jacobson L, Sapolsky R. The role of the
hippocampus in feedback regulation

of the hypothalamic-pituitary-
adrenocortical axis. Endocr Rev.
1991;12(2):118-34.

McEwen B, Brinton R, Harrelson A,
Rostene W. Modulatory interactions
between steroid hormones,
neurotransmitters and neuropeptides

in hippocampus. Adv Biochem



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Psychopharmacol. 1987;43:87-102.
Reul JM, de Kloet ER. Two receptor
systems for corticosterone in rat

brain: microdistribution and
differential occupation. Endocrinology.
1985;117(6):2505-11.

Herman JP, McKlveen JM, Ghosal S,
Kopp B, Wulsin A, Makinson R, et

al. Regulation of the Hypothalamic-

Pituitary-Adrenocortical Stress Response.

Compr Physiol. 2016;6(2):603-21.
McEwen BS. Plasticity of the
hippocampus: adaptation to chronic
stress and allostatic load. Ann N'Y Acad
Sci. 2001;933:265-77.

Cook SC, Wellman CL. Chronic stress
alters dendritic morphology in rat
medial prefrontal cortex. ] Neurobiol.
2004;60(2):236-48.

Morris MC, Compas BE, Garber J.
Relations among posttraumatic stress
disorder, comorbid major depression,
and HPA function: a systematic review
and meta-analysis. Clin Psychol Rev.
2012;32(4):301-15.

Ehlert U, Gaab J, Heinrichs M.
Psychoneuroendocrinological
contributions to the etiology of
depression, posttraumatic stress disorder,
and stress-related bodily disorders: the
role of the hypothalamus-pituitary-
adrenal axis. Biol Psychol. 2001;57(1-
3):141-52.

McEwen BS, Stellar E. Stress and

the individual. Mechanisms leading

to disease. Arch Intern Med.
1993;153(18):2093-101.

McEwen BS. Protective and damaging
effects of stress mediators. N Engl ] Med.
1998;338(3):171-9.

Feder A, Nestler EJ, Charney DS.
Psychobiology and molecular genetics
of resilience. Nat Rev Neurosci.
2009;10(6):446-57.

Jakovljevic M, Saric M, Nad S, Topic R,
Vuksan-Cusa B. Metabolic syndrome,

64.

65.

66.

67.

68.

69.

70.

71.

somatic and psychiatric comorbidity in
war veterans with post-traumatic stress
disorder: Preliminary findings. Psychiatr
Danub. 2006;18(3-4):169-76.

Violanti JM, Fekedulegn D, Hartley TA,
Andrew ME, Charles LE, Mnatsakanova
A, et al. Police trauma and cardiovascular
disease: association between PTSD
symptoms and metabolic syndrome. Int J
Emerg Ment Health. 2006;8(4):227-37.
Babic D, Jakovljevic M, Martinac M,
Saric M, Topic R, Maslov B. Metabolic
syndrome and combat post-traumatic
stress disorder intensity: preliminary
findings. Psychiatr Danub. 2007;19(1-
2):68-75.

Jakovljevic M, Babic D, Crncevic

Z, Martinac M, Maslov B, Topic R.
Metabolic syndrome and depression

in war veterans with post-traumatic
stress disorder. Psychiatr Danub.
2008;20(3):406-10.

Heppner PS, Crawford EF, Haji UA,
Afari N, Hauger RL, Dashevsky BA, et al.
The association of posttraumatic stress
disorder and metabolic syndrome: a
study of increased health risk in veterans.
BMC Med. 2009;7:1.

Jin H, Lanouette NM, Mudaliar S,

Henry R, Folsom DP, Khandrika S, et

al. Association of posttraumatic stress
disorder with increased prevalence

of metabolic syndrome. J Clin
Psychopharmacol. 2009;29(3):210-5.
Alberti KG, Zimmet P, Shaw J. The
metabolic syndrome - a new worldwide
definition. Lancet. 2005;366(9491):1059-62.
Lauterbach D, Vora R, Rakow M. The
relationship between posttraumatic
stress disorder and self-reported

health problems. Psychosom Med.
2005;67(6):939-47.

Kang HK, Bullman TA, Taylor JW. Risk
of selected cardiovascular diseases and
posttraumatic stress disorder among
former World War II prisoners of war.

Chapter I INTRODUCTION



24

Chapter I INTRODUCTION

72.

73.

74.

75.

76.

77.

78.

79.

Ann Epidemiol. 2006;16(5):381-6.
Avdibegovic E, Delic A, Hadzibeganovic
K, Selimbasic Z. Somatic diseases in
patients with posttraumatic stress
disorder. Med Arh. 2010;64(3):154-7.
Boscarino JA, ChangJ.
Electrocardiogram abnormalities among
men with stress-related psychiatric
disorders: implications for coronary
heart disease and clinical research. Ann
Behav Med. 1999;21(3):227-34.

Spitzer C, Barnow S, Volzke H, John

U, Freyberger HJ, Grabe HJ. Trauma,
posttraumatic stress disorder, and
physical illness: findings from the
general population. Psychosom Med.
2009;71(9):1012-7.

Ahmadi N, Hajsadeghi F, Mirshkarlo
HB, Budoff M, Yehuda R, Ebrahimi R.
Post-traumatic stress disorder, coronary
atherosclerosis, and mortality. Am J
Cardiol. 2011;108(1):29-33.

Dobie DJ, Kivlahan DR, Maynard

C, Bush KR, Davis TM, Bradley KA.
Posttraumatic stress disorder in female
veterans: association with self-reported
health problems and functional
impairment. Arch Intern Med.
2004;164(4):394-400.

Weisberg RB, Bruce SE, Machan JT,
Kessler RC, Culpepper L, Keller MB.
Nonpsychiatric illness among primary
care patients with trauma histories and
posttraumatic stress disorder. Psychiatr
Serv. 2002;53(7):848-54.

Norman SB, Means-Christensen AJ,
Craske MG, Sherbourne CD, Roy-Byrne
PP, Stein MB. Associations between
psychological trauma and physical
illness in primary care. ] Trauma Stress.
2006;19(4):461-70.

Kubzansky LD, Koenen KC, Jones C,
Eaton WW. A prospective study of
posttraumatic stress disorder symptoms
and coronary heart disease in women.
Health Psychol. 2009;28(1):125-30.

80.

81

82.

83.

84.

85.

86.

87.

Kubzansky LD, Koenen KC, Spiro A,
111, Vokonas PS, Sparrow D. Prospective
study of posttraumatic stress disorder
symptoms and coronary heart disease in
the Normative Aging Study. Arch Gen
Psychiatry. 2007;64(1):109-16.

Paulus EJ, Argo TR, Egge JA. The
impact of posttraumatic stress disorder
on blood pressure and heart rate in a
veteran population. ] Trauma Stress.
2013;26(1):169-72.

Scott KM, de JP, Alonso J, Viana MC,
Liu Z, O’Neill S, et al. Associations
between DSM-IV mental disorders

and subsequent heart disease onset:
beyond depression. Int J Cardiol.
2013;168(6):5293-9.

Boscarino JA. External-cause mortality
after psychologic trauma: the effects

of stress exposure and predisposition.
Compr Psychiatry. 2006;47(6):503-14.
Boscarino JA. A prospective study

of PTSD and early-age heart disease
mortality among Vietnam veterans:
implications for surveillance and
prevention. Psychosom Med.
2008;70(6):668-76.

Boscarino JA, Figley CR. The impact of
repression, hostility, and post-traumatic
stress disorder on all-cause mortality: a
prospective 16-year follow-up study.

J Nerv Ment Dis. 2009;197(6):461-6.
Lohr JB, Palmer BW, Eidt CA,
Aailaboyina S, Mausbach BT, Wolkowitz
OM, et al. Is Post-Traumatic Stress
Disorder Associated with Premature
Senescence? A Review of the Literature.
The American journal of geriatric
psychiatry : official journal of the
American Association for Geriatric
Psychiatry. 2015;23(7):709-25.

von Kanel R, Hari R, Schmid JP,
Wiedemar L, Guler E, Barth J, et al. Non-
fatal cardiovascular outcome in patients
with posttraumatic stress symptoms
caused by myocardial infarction.



88.

89.

90.

J Cardiol. 2011;58(1):61-8.

Sripada RK, Pfeiffer PN, Valenstein M,
Bohnert KM. Medical illness burden is
associated with greater PTSD service
utilization in a nationally representative
survey. General hospital psychiatry.
2014;36(6):589-93.

Haagsma JA, Polinder S, Toet H,
Panneman M, Havelaar AH, Bonsel GJ,
et al. Beyond the neglect of psychological
consequences: post-traumatic stress
disorder increases the non-fatal burden
of injury by more than 50%. Injury
prevention: Journal of the International
Society for Child and Adolescent Injury
Prevention. 2011;17(1):21-6.

Franklin BA, Durstine JL, Roberts CK,
Barnard RJ. Impact of diet and exercise
on lipid management in the modern era.

91.

92.

93.

Best Pract Res Clin Endocrinol Metab.
2014;28(3):405-21.

Park SY, Zhu K, Potter JF, Kolonel LN.
Health-related characteristics and dietary
intakes of male veterans and non-
veterans in the Multiethnic Cohort Study
(United States). ] Mil Veterans Health.
2011;19(2):4-9.

Wentworth BA, Stein MB, Redwine LS,
Xue Y, Taub PR, Clopton P, et al. Post-
traumatic stress disorder: a fast track

to premature cardiovascular disease?
Cardiol Rev. 2013;21(1):16-22.

Institude of Medicine, Disease
CoQoBaSEiC. Evaluation of Biomarkers
and Surrogate Endpoints in Chronic
Disease. Washington, D.C.: The National
Academies Press; 2010. 334 p.

Chapter I INTRODUCTION





