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The overall aim of this thesis was to better understand the association of PTSD with 
physical conditions. We investigated: (I) the disease burden or prevalence rate of (potential) 
traumatic events and PTSD; (II) the neurobiology of the stress response, in particular 
the endocrine response; (III) the impact of PTSD on metabolism, particularly its impact 
on one-carbon metabolism, fatty acid metabolism, lipoproteins and body weight. In this 
general discussion, we will first summarize the main findings and conclusions of the 
described studies and then integrate these findings with existing literature. We finally 
discuss the limitations of our studies and the implications and recommendations for 
future research and clinical practice.

Summary of main findings
In chapter 2 we describe our nationally representative survey of non-institutionalized 

Dutch adults. We found that lifetime exposure to potentially traumatic events (PTEs) is 
the rule rather than the exception with about 80% of the general population exposed 
at least once during life. Male respondents witnessed and experienced more serious 
threat of harm and physical violence, accidents, disasters, or to have fought in combat 
than did women. Considerably more women than men reported sexual violence and 
life-threatening illness. We found that the lifetime prevalence rate for DSM-IV PTSD 
was 7.4% and that 3.3% of the respondents reported PTSD symptoms within the last 
12 months. The probability of PTSD after being exposed to a traumatic event is about 
14%, with women having a substantial higher risk of PTSD than men (OR = 2.6). We 
concluded that PTSD is a fairly common disorder in the Netherlands. 

In chapter 3 we present data from our biomarker study. In this cross-sectional study 
we compared unmedicated 39 chronic PTSD-patients due to mixed civilian trauma to 44 
healthy controls. The subsequent studies described in chapter 4 to 8 are also based on this 
sample. We investigated hypothalamic–pituitary–adrenal (HPA)-axis functioning by 
determining whether PTSD-patients differ in basal plasma cortisol levels. Additionally, 
we evaluated other hormones in plasma, including dehydroepiandrosteron (DHEA), 
and its sulfate ester (DHEA-S), together called DHEA(S), prolactin, thyroid-stimulating 
hormone (TSH) and thyroid hormone (free T4), because they are all components of - or 
related to - HPA-axis functioning. We found lower cortisol, TSH and prolactin in PTSD-
patients than in healthy controls. Additionally, we found no associations between these 
hormones and comorbid MDD (about 25% in our sample). Finally, we found an inverse 
association between PTSD intrusion severity and cortisol. 

We investigated in chapter 4 whether effective psychological treatment for PTSD 
influences the neuroendocrine system. We compared plasma cortisol, DHEA(S), 
prolactin, TSH and T4 of 21 PTSD-patients before and after treatment with brief eclectic 
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psychotherapy (BEP). We found that in those who had responded to treatment (i.e. no 
longer fulfilling the criteria of the PTSD diagnosis) cortisol had increased, while in those 
unsuccessfully treated, cortisol decreased even further. Additionally, we found that 
DHEA increased in those who had responded to treatment and decreased in those who 
did not. Both these effects only emerged after correcting for the severity of depressive 
symptoms pretreatment and the change in depressive symptoms during treatment.

Chapter 5 describes our assessment of key components of one-carbon metabolism 
(fasting plasma homocysteine, folate, vitamins B6 and B12) in our mixed-gender sample 
of 49 PTSD-patients and 45 healthy controls. Additionally, we examined the interplay 
between HPA-axis functioning and one-carbon metabolism. PTSD-patients had 
elevated homocysteine compared to controls, but without any alterations in folate and 
vitamins B6 and B12. This extended earlier findings in male only samples by generalizing 
evidence to female patients as well. Patients showed a highly increased risk for 
hyperhomocysteinemia, independent of comorbid depression. Moreover, homocysteine 
was negatively associated with PTSD symptom severity. Furthermore, folate was 
positively associated with cortisol and negatively associated with DHEA in both patients 
and controls. In addition, DHEA-S was positively associated with folate, but only in 
controls. Finally, we found that these differences in stress hormones could explain our 
previous finding of higher homocysteine in PTSD.

In chapter 6 we investigated the role of fatty acid (FA) metabolism in PTSD 
by comparing erythrocyte FA concentrations between PTSD-patients and healthy 
controls. We found that the long chain omega–3 FA docosahexaenoic acid (DHA), was 
significantly lower in PTSD after adjusting for sociodemographic and dietary factors. 
Additionally, PTSD-patients had lower vaccenic and eicosatrienoic acid, but higher erucic 
acid levels in the exploratory analyses, which however disappeared after correction for 
sociodemographic factors and dietary factors. Other FA did not differ, so we found little 
evidence for a considerable role of FA metabolism in PTSD.

We further investigated in chapter 7 the role of lipoproteins in PTSD. We tried to 
explain the apparent discrepancy between evidence of associations between lipoproteins 
and PTSD in male war veterans samples vs. recent civilian studies with female or mixed 
samples that provided little evidence for a role of lipoproteins in PTSD. In a both male 
and female sample, we therefore compared total cholesterol (TC), low-density lipoprotein 
(LDL), high-density lipoprotein (HDL) and triglycerides (TG) between patients with 
PTSD due to civilian trauma and healthy controls. Second, we related these lipoproteins 
to several stress hormones (prolactin, cortisol, DHEA(S), TSH, free T4). We found that 
patients showed lower LDL and LDL:HDL ratio compared to controls and that sex 
influenced the effect of having PTSD on LDL with only male patients having lower 
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values than male controls. Strikingly, all stress hormones were associated with several 
lipoproteins, mostly in a sex-dependent manner. Thus, in our male and female sample 
we found a somewhat more favorable lipoprotein profile in PTSD-patients in contrast to 
evidence from strictly male veteran samples exhibiting a less favorable lipoprotein profile. 

Finally, in chapter 8 we used data from the Collaborative Psychiatric Epidemiology 
Surveys (2001-2003), incorporating 3 nationally representative cross-sectional studies 
(National Comorbidity Survey Replication, National Survey of American Life, and 
National Latino and Asian American Study). In these data we determined the exposure-
response-like relationship between PTSD severity and body weight (measured as body 
mass index (BMI)), the contribution of the three different PTSD criterions: intrusions, 
avoidance and hyperarousal, the impact of the years with the diagnosis and the recovery 
from it. We found that the association of PTSD with BMI was only found in respondents 
suffering from active PTSD, i.e. PTSD in the last 12 months, and not in those who 
remitted from PTSD. In respondents with active PTSD, PTSD intrusion severity was 
positively and PTSD hyperarousal severity negatively associated with BMI. Moreover, 
we found that the years with PTSD and the period of recovery influenced body weight 
through their effect on the intrusion and hyperarousal symptoms.

Integrating findings
What is the disease burden or prevalence rate of traumatic events and PTSD?

We provided the first estimates of the lifetime prevalence of PTE and PTSD in the 
Netherlands and its sociodemographic correlates. We found that the majority of adults 
is exposed to at least one PTE during lifetime. This was in range with other findings of 
PTE exposure in that time period in the United States (1, 2), Canada (3), Mexico (4), and 
Sweden (5), but higher than Australia (6), Chile (7), Germany (8) and Switzerland (9). 
Recently, aggregated data shows that exposure to PTEs is common as about 70% of the 
worldwide general population experiences this at least once during life (10, 11). Hence, in 
most countries, trauma exposure seems inherent to life (11).

Regarding trauma type, we found somewhat lower exposure rates of threat of or 
using weapons, robbery, and motorized accidents in the Netherlands than found in 
the American studies. We further found exposure to sudden unexpected death of a 
loved one to be highly prevalent. A number of studies did not include this PTE and 
consequently this may have led to lower estimates of prevalence of PTEs and PTSD in 
other countries. Importantly, moderately higher exposure rates of physical and sexual 
violence were found in our study. However, studies on the occurrence of sexual abuse in 
the Netherlands have reported even higher prevalence figures (12, 13). As an explanation, 
differences in sample definition (i.e. adults vs adolescents and adults) and methodology 
(i.e. random digit dialing and proportionally weighted sampling vs. personal interviews 
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and ‘snow ball’ sampling (12) or online questionnaire and proportional sampling within 
members of a research panel (13)) may have influenced the estimated prevalence of rape 
and sexual violence. We highlight the exposure rate of rape (as child, younger than 16 
years old: 3.7%; as adult: 2.7%) because a large part of those exposed will develop PTSD 
or other (serious) psychiatric disorders, have sexual and physical problems and utilize 
psychiatric and obstetrics/gynecology services (14-16). Furthermore, prior sexual assault 
may lead to revictimisation (18-20).

We found a conditional risk for PTSD of 14.1%. Typically, a conditional risk 
between 10-25% is found in general population studies (17-19). The conditional risk is 
known to differ with type of the traumatic event (20). In line with international data 
(11), assaultive violence provided the highest risk for developing PTSD with rape to 
have the highest conditional risk of PTSD (approximately 60% of the exposed people to 
fulfilled the diagnosis of lifetime PTSD). An alarming observation is that the most recent 
birth cohorts reported considerable higher exposure to assaultive violence. A potential 
explanation is the large proportion of young adults heavily using alcohol and illicit drugs 
(especially cannabis, XTC, cocaine), which is considerably higher compared to other 
European countries (21-23). Alcohol and drug usage disorders and risky behaviors have 
been observed to precede exposure to traumatic events (24-26). 

With an estimated lifetime prevalence rate of 7.4% — equivalent to a national 
population projection of approximately 900 thousand adults — we concluded that PTSD 
is a prevalent psychiatric disorder in the Netherlands. Our findings appeared more 
in agreement with that of the American studies than that of other European studies 
(National Comorbidity Study: 7.8%; National Comorbidity Study Replication: 6.8%) (18, 
27) with a similar sex difference in prevalence rates between men and women. It also 
somewhat resembled findings found in Portugal (28) and Sweden (5), but seemed to be 
higher than in other European population surveys in the time period our survey was 
executed (8, 9, 29-31). The European Study of the Epidemiology of Mental Disorders 
(ESEMeD) found a cross-European prevalence rate of 1.9% with 0.9% of men and 2.9% of 
women having PTSD (32). When we consider the continuation of symptoms within the 
past year as an approximation of the 12-month prevalence rate, our finding of 3.3% in the 
Dutch adult population is in agreement with that found in ESEMeD (32). It resembled 
that for France, but was found to be considerably higher than in other European 
countries (9, 33). Again, findings appeared consistent with that in the United States 
(34) and Canada (3). Demyttenaere et al. (35) showed that there exists large differences 
between ESEMeD’s participating countries in the prevalence of psychiatric disorders. 
Twelve-month prevalence rates for alcohol usage disorder, any mental disorder, any 
mood disorder or any anxiety disorder were among the highest in the Netherlands (35). 
More recent birth cohorts show higher prevalence rates of psychiatric disorders (36) 
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and higher alcohol and illicit drugs usage (21). Because prior existing psychopathology 
considerably increases the risk of developing PTSD (37), this may partly explain our 
higher estimates, especially in the more recent birth-cohorts.

Our prevalence estimates are based on the DSM-IV criteria for PTSD, while currently 
the DSM-5 criteria are in use (38, 39). We can only speculate about the consequences 
for the prevalence estimate of PTSD when adopting the new DSM-5 criteria. A study 
comparing the estimates of PTSD based on the DSM-IV and DSM-5 criteria showed that 
lifetime PTSD prevalence rates was only slightly but statistically significantly lower for 
the DSM-5 criteria (40). An additional study found that PTSD prevalence rates based 
on the DSM-IV or DSM-5 diagnostic criteria satisfactory matched (41). However, some 
studies have indicated increased instead of decreased rates of PTSD using the DSM-
5 compared to the DSM-IV criteria (42, 43). Additionally, the DSM-5 criteria seem to 
(further) raise the sex differences found in PTSD rates with females to endorse almost 
all DSM-5 PTSD criteria more than males (40, 44). One of the main reasons individuals 
met the DSM-IV but not DSM-5 criteria was that non-accidental and non-violent deaths 
are no longer accepted as traumatic event in the DSM-5, and that now at least one active 
avoidance symptom is required (40). Because in our study a considerable number of 
individuals with lifetime PTSD reported to have developed PTSD after exposure to the 
loss of a loved one, we expect a decrease in the lifetime PTSD prevalence rate in the 
Dutch adult population when using the DSM-5 diagnostic criteria. 

Thus, exposure to PTE’s in the general adult population of the Netherlands is the 
rule rather than the exception. While many are resilient and succeed to overcome the 
horrifying ordeals they experience and only a minority will develop PTSD, interpersonal 
and assaultive violence appear particularly difficult to manage and to cope with. The 
difference we found between the lifetime PTSD prevalence rate (7.4%) and the proportions 
of respondents who reported disabling PTSD within the last 12 months (3.3%) or in the 
last month (1.3%) suggest that the majority diagnosed with PTSD will eventually remit. 
However, a recent comprehensive review of the literature indicated that 44.0% of those 
initially diagnosed with PTSD spontaneously had long-term remitted (i.e. without specific 
treatment) at follow-up with a mean of 40 months and that remission rates do not vary 
drastically with type of trauma (45). Higher remission rates were found in the studies 
with shorter follow-up periods; over half the PTSD cases then remitted within a period 
of 5 months (45). Kessler et al. found in their study that duration of PTSD symptoms 
averaged approximately six years, but that the duration varied considerably depending 
on trauma type; ranging from about one year for traumas after being exposed to natural 
disaster to a high of over 13 years for traumas as a result of combat and war (11). Speed of 
recovery is, however, not normal distributed with its distribution curves demonstrating 
long right tails as between 25 to 40% of the PTSD-patients recover within one year and 
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some patients having persisting symptoms for many years (11). Even when fully remitted 
from PTSD people generally do not feel that they have returned to the psychological 
state before they experienced the traumatic event and on average there is no complete 
restoration of baseline hormone levels (46). Who is sensitive to the disturbing influence 
of stress and who is resilient may be influenced by age, gender, genetic predisposition, but 
neuroendocrine stress response and metabolism as well.

What about the neuroendocrine response?
Cortisol

In our biomarker study, we found lower basal cortisol in PTSD-patients than 
in healthy controls. In line with our findings, the most comprehensive meta-analysis 
of cortisol studies in PTSD today revealed that morning and daily cortisol output in 
PTSD-patients with or without comorbid MDD was lower than that in trauma-exposed 
controls and that afternoon/evening cortisol was lower in both individuals with PTSD 
and trauma-exposed controls compared to non-exposed controls (47). 

One explanation for these lower cortisol levels may be enhanced negative feedback 
(measured by dexamethasone-induced inhibition/low dose dexamethasone suppression 
test (DST)). Enhanced negative feedback was indeed found in PTSD-patients with or 
without comorbid MDD compared to the non-exposed controls (47). But as enhanced 
negative feedback was also found in trauma-exposed individuals without PTSD and 
not always found in PTSD-patients, it is not considered a specific vulnerability to PTSD 
(48). Nevertheless, trauma-exposed controls did not differ from non-exposed controls 
in morning cortisol levels. Thus, the coupling between lower morning and afternoon/
evening cortisol levels and HPA-feedback seems to be specific for PTSD-patients. 

An alternative explanation for the lower cortisol may be that it partly reflects 
pre-trauma conditions. In a recent prospective study among male soldiers, low hair 
cortisol levels and low cortisol stress reactivity measured prior to deployment predicted 
the development PTSD in those men who had experienced traumatic events during 
deployment (49). Also directly after being exposed to a traumatic event lower cortisol 
levels have been found (50). These findings seem to contradict theories positing a time-
dependent effect of chronic stress on cortisol secretation with cortisol to be initially 
secreted in large quantities, then shifting to a steady decrease and ending below normal 
levels (51, 52). Whether or not there’s an initial boost in cortisol just after the onset of 
trauma, HPA-axis regulation seems to become more pronounced with the passing of 
time as cortisol output further decreases and negative feedback is enhanced (47, 50).

An alternative research perspective may be to investigate whether biological 
dysregulation attenuates upon adequate PTSD treatment. Indeed we found that cortisol 
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increased with successful PTSD treatment. In the course of time, a number of studies 
replicated our finding of raised basal cortisol levels and cortisol output after successful 
treatment to approximately the levels found among healthy controls and lowered levels 
in those considered non-responsive to the treatment (46, 53, 54). But not all found 
consistent results as one study reported that cortisol output differed only between female 
responders and non-responders treated with either trauma-focused psychotherapy 
or pharmacological treatment for PTSD (55). Others have found cortisol levels to be 
lowered from the beginning to the end of treatment for PTSD when assessed directly 
after treatment sessions, which may suggest decreased reactivity to reminders of the 
traumatic event(s) when under treatment (56, 57). Additionally, cross-sectional studies 
in individuals with lifetime but not current PTSD suggest that dysregulation may be 
reduced upon PTSD recovery (58). 

We did not find differences in cortisol levels prior to treatment between PTSD-
patients who no longer fulfilled the PTSD diagnosis after treatment and those considered 
non-responsive to treatment. However, in other studies, higher cortisol levels before 
treatment (53, 55, 59), after imaginative cued exposure to the trauma (59), and a more 
suppressed cortisol curve after DST (60, 61) were all found predictive of successful 
response to trauma focused psychotherapy. 

In line with findings of others (53, 62, 63), we found PTSD symptom severity — 
foremost the severity of intrusion symptoms — to be significantly negatively associated 
with cortisol levels, particularly in the more severely affected individuals. One explanation 
of this relationship is that lower cortisol reflects the passing of time and the HPA-axis’ 
inability to rebounce to normal levels and that the more severe affected people are those 
unlikely to recover and consequently keep suffering with the passing of years (47). 

Another potential explanation is that lower cortisol values reflect the appraisal of 
the stressor, specific emotions triggered by the (type of) stressor, the extent to which 
one experiences control over the stressor, psychological defenses and subsequent coping 
behaviors (52, 64-66). 

A final explanation is that with decreasing basal cortisol levels memory and cognitive 
processes are increasingly affected. There is cumulating evidence of the influence of 
cortisol in memory, cognition and response inhibition (67-69). After being confronted 
with a stressor, considerable amounts of cortisol are released, supporting memory 
encoding and consolidation, but impairing memory retrieval for material other than 
that related to the stressful event (70). The effect of cortisol, however, on these memory 
processes depends heavily on timing and therefore chronic stress and PTSD may actually 
impair memory formation or (re)consolation and hinder memory retrieval (70, 71). 
Recently, it has been shown that lower cortisol levels in response to watching a ‘trauma’-
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inducing film predicted greater vividness of intrusions in the following week, with 
lower cortisol especially found among the participants with more traumatic experiences 
and higher stress symptoms (72). This suggests that normal memory processes are 
increasingly affected by lower cortisol with enhanced encoding, consolidating or 
reconsolidating of affectively laden material as a consequence, because encoding context 
is lost and the ability to use cues from the environment to retrieve memories is altered 
(71). Low-dose cortisol administration enhanced non-traumatic memory retrieval in 
patients with PTSD, but not in those with MDD (68). This suggests that lower cortisol 
plays a role in the everyday cognitive and memory problems PTSD-patients experience. 
It further suggests that the role of cortisol in memory performance is specific to PTSD 
and therefore results from ‘normal’ memory research using healthy participants may not 
simply be applied to this patient group. Finally, in a small study cortisol administration 
was found to reduce intrusions of traumatic memories of PTSD-patients and the effect 
was sustained after cortisol treatment was stopped (73). The authors’ rationale is that 
the persistent sponteneous retrieval of traumatic memories in patients keeps traumatic 
memories active and alive, because the memory traces are continuously reconsolidated 
and that by affecting memory retrieval the traumatic memory trace may weaken (73).

DHEA(S)
We found no overall differences in basal DHEA or DHEA-S levels between patients 

and controls, which is in line with results from a recent meta-analysis pooling results 
from respectively 9 and 8 studies in PTSD-patients (74). In this meta-analysis, exploratory 
subgroup analyses pointed to higher DHEA(S) levels in PTSD-patients compared to non-
exposed controls and in trauma-exposed compared to non-exposed controls, suggesting 
that exposure to trauma in itself might elevate DHEA(S) levels (74). Furthermore, we 
found DHEA to differ between male patients and male controls, but not in women, with 
lower values in patients. Overall higher DHEA levels were found in men than in women. 

Such a gender difference in DHEA(S) with only lower levels in male patients was 
also recently found in patients with schizophrenia (75). This group of patients is known 
to be highly exposed to (childhood) trauma (76) and with many to suffer from coexisting 
PTSD (77). Lower DHEA has also been found in individuals with attention-deficit/
hyperactivity disorder (ADHD), observed to often co-occur with PTSD in both clinical 
and epidemiological samples of children and adults (78). Also non-clinical studies show 
sex differences in the role of DHEA in the HPA-axis, which may be through the gonadal 
steroids testosterone and estradiol (79). 

Finally, we found an overall lower cortisol/DHEA ratio, but this difference did 
not remain statistically significant when adjusting for various background variables 
including sex. DHEA has anti-glucocorticoid effects and is thought to protect against 
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cortisol’s neurotoxicity, although is precise mechanism remains unclear (80). A lower 
cortisol/DHEA ratio has repeatedly been found in PTSD-patients compared to controls 
(80), reflecting an anabolic balance (81). 

At this point, the physiological significance of DHEA(S), their different forms, their 
mechanisms of action and their possible roles in human health or disease including 
PTSD are still not well understood, but DHEA is thought to promote neurite growth, 
neurogenesis, neuronal survival, and to have neuroprotective and memory-enhancing 
characteristics (80). DHEA regulates structural plasticity of cortico-amygdalar networks 
during normal development and corresponding bottom-up visual attention processes, 
increasing response times (82). During normal development, increasing DHEA levels 
are associated with a shift toward increasingly insular-hippocampal and occipito-
hippocampal structural co-activation, with consequent higher overall working memory 
and lower spatial memory performance (83). Speculating, DHEA may thus be involved 
in the optimization of cortical top-down functions of goal-directed processes against 
the more bottom-up processes of visual awareness and shift responding to what attracts 
our attention. 

Notably, we found a strong correlation between DHEA and DHEA-S levels (r = 0.51, 
p = .003) in our patient group, which was found absent in the healthy control group 
(r = 0.03, p = .870) (unpublished). Subgroup analysis revealed that this effect was sex-
dependent as we only found this difference in women (male patients and controls: r = 
0.53; female patients: r = 0.45, p = .008; female controls: r = -0.02, p = .905) (unpublished). 
The cholesterol-derived steroid DHEA is synchronously secreted with cortisol by the 
adrenal glands under the control of ACTH, but is also produced in the gonads and in the 
brain. DHEA is then almost exclusively transformed into DHEA-S by sulfation via the 
sulfotransferase enzymes SULT2A1 and to a lesser extent SULT1E1DHEA, but can be 
easily reconverted into DHEA via steroid sulfatase (STS). The availability and duration 
of the effect of DHEA (which has a short terminal half-life) depends on the conversion of 
DHEA-S into DHEA. Sulfated steroids can act as circulating reservoirs for the peripheral 
formation of bioactive hormones (84). Because the association between DHEA and 
DHEA-S is found in patients and not in controls, and given that availability of DHEA 
depends on desulfation of DHEA-S, and that desulfation is a necessary step in liberating 
androgens for aromatization and to synthesize testosterone and estrogens (84), STS 
might play a role in the sex-dependent levels of DHEA found in our PTSD-patients. 

Moreover, we found that DHEA levels increased substantially after response to 
treatment. This effect on DHEA appeared only when adjusting for the change in severity 
of comorbid depressive symptoms. Other studies in chronic PTSD-patients also observed 
changes in basal DHEA(S) levels in parallel to changes in symptom severity (85, 86), 
although the direction of the observed association differed between studies. Such a 
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rise in DHEA levels may well shift the cortisol/DHEA balance into a ratio reflecting 
anabolism, while in general a lower cortisol/DHEA ratio in PTSD-patients compared to 
controls is found (81). 

It remains to be investigated what comes first; do the changes in DHEA(S) precede 
changes in PTSD symptoms and are they causally involved in this symptom improvement 
or do DHEA(S) levels change after PTSD symptom improvement? A suggestive and 
cautious answer to this question may come from a case report of five treatment-resistant 
women who all benefited from orally administered 7-Keto-DHEA (an active metabolite) 
as they improved significantly on their PTSD symptoms (87). Additional evidence comes 
from a study in healthy male individuals who received a single dosage of DHEA, which 
reduced activity in amygdala and hippocampus (associated with the production of 
negative emotion) and enhanced activity in the right anterior cingulate cortex (linked 
to top-down control over emotion) thereby inflicting reduced memory accuracy for 
emotional stimuli (88). 

Hypothetically, the increased values of DHEA in responders in our study may indicate 
a process of finding a new optimum between top-down and bottom-up information 
processes; the focus may have become less on survival and the corresponding speeded 
response might have been traded-off for more accurate and goal-directed behavior. 

TSH and T4
We were among the first to investigate the role of the hypothalamic–pituitary–

thyroid (HPT) axis in individuals with PTSD. We found overall lower basal TSH levels 
in our patients compared to healthy controls, but without the expected accompanying 
lower T4 (FT4), which together is indicative of subclinical hyperthyroidism. Friedman 
et al. also found lower TSH values in PTSD-patients (89), but others did not find such a 
difference in TSH (90-92). Of note, the studies where TSH was found to be lower had 
female only or mixed male and female samples. We only found a significant effect of 
PTSD on TSH when adjusting for various background variables, with sex and smoking 
to be highly associated with TSH levels. 

Because some patients with depressive disorders are characterized by subclinical 
forms of hypothyroidism (93), our finding of low TSH in PTSD-patients can be due to 
comorbid depression. However, when we controlled for the effect of MDD or depressive 
symptoms we did not observe a change in effects. 

Furthermore, all other studies assessing FT4 did not find a difference in FT4 between 
PTSD-patients and controls (90, 94). FT4 is the unbound and ready available thyroid, 
while total T4 (TT4) is the hormone bound thyroid binding globulin (TBG) (about 95%). 
T4 is a pro-hormone converted into T3, which has higher metabolic activity and shorter 
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half-life, that is also assessed as ready available to the cell (FT3) or bound to TBG (TT3). 
Studies have reported higher concentrations of TT3 (89-91, 94), FT3 (90, 94), TT4 (94), 
and FT3/TT3 (89), T3/FT4 and/or FT3/FT4 (89, 94) ratios in individuals with PTSD as 
compared to control groups. In sum, the data mainly indicate higher availability of T3 
and an increased conversion rates of T4 to T3 among PTSD-patients.

We found no differences in change in TSH and/or FT4 between responders or non-
responders to trauma focused psychotherapy. These findings may indicate that differences 
in HPT-axis activity found between PTSD-patients and controls are constitutional, 
acquired early in childhood, hard to be modified or need a longer time period to adapt to 
new environmental demands. Some evidence for a role of (childhood) trauma exposure 
in HPT-axis alterations has been found (91, 92, 95). For instance, Sinai et al. found that 
the conversion rate of T4 to T3 expressed in the FT3/FT4 ratio was conditional on the 
extent someone had been exposed to interpersonal violence in childhood (92). The 
effect of severity and/or intensity of childhood trauma exposure on thyroid function is 
potentially mediated through the PTSD diagnosis (91, 92). 

The HPT and HPA-axes are considerably intertwined. CRH is known to suppress the 
release of TRH. Because higher CRH in plasma and cerebrospinal fluid have been found 
in PTSD-patients (63, 96-98), lower TSH is to be expected. Furthermore, excess cortisol 
normally inhibits the production of TSH and the conversion of T4 into T3. Strikingly, 
we found no association between cortisol and FT4 in our patient group (r = 0.06, p = 
.694), while we did find a negative association in our control group (r = -0.30, p = .040) 
(unpublished). Thus, the normal limiting role of cortisol on the conversion of T4 to T3 
seems to be diminished or no longer existent with the lower cortisol values found in 
our PTSD-patients. Nonetheless, we did not find changes in TSH and FT4 after effective 
psychotherapy for PTSD even when cortisol levels increased in responders to treatment. 

In sum, we found lower TSH without accompanying differences in FT4, which 
indicates a state of subclinical hyperthyroidism (99). The decreased TSH level probably 
results from the pituitary’s response to minor elevations in plasma or tissue T4 and T3 
(99). The lower cortisol found in our patients may have taken away the normal existing 
limiting role of the HPA-axis on the conversion of T4 to T3, leading to small elevations 
in T4 and T3. Because we found no alterations in TSH and/or FT4 levels after effective 
psychotherapy for PTSD, the lower TSH in PTSD-patients compared to controls may 
point to the effects of (childhood) trauma exposure rather than that of the PTSD 
diagnosis.
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Prolactin
In our cross-sectional study we found lower prolactin in patients with PTSD 

compared to healthy controls, which were not influenced by effective psychotherapy. 
Although prolactin’s relation with stress is well-recognized, relatively little research 
has yet been performed to examine its role in PTSD. A recent study, however, in a 
moderate-large sample of male combat veterans replicated our findings of lower basal 
prolactin in PTSD-patients compared to healthy controls, and additionally showed that 
these prolactin values were stable when reassessed after three months (100). Others 
have confirmed the stability of prolactin levels even over a period of 18 months (101). 
However, opposite findings of considerable higher prolactin (101) or no differences 
in basal prolactin have also been reported (102-106). Many of the latter studies were 
potentially limited in statistical power due to their small sample sizes. Thus, evidence of 
a role of prolactin in PTSD still remains inconclusive. 

One explanation for the discrepancy in findings is that prolactin secretion is 
determined by sex, age and BMI (107). These factors should therefore be taken into 
account when group comparisons are made. Second, prolactin levels in PTSD-patients 
have been related to dysregulation of the HPA-axis, since earlier studies demonstrated  
increased prolactin suppression after a DST in those patients (104, 105), indicating that 
the release of prolactin may be moderated by glucocorticoids. Yet, prolactin was found 
to be stable when reassessed after 3 or 18 months even when cortisol changed with the 
passing of time (100, 101). This suggests that glucocorticoid sensitivity is one of several 
mechanisms affecting prolactin. Third, prolactin and dopamine have a negative feedback 
relationship, and therefore lower prolactin values may serve as an indicator of higher 
dopamine levels (108). Dopamine has been implied a role in PTSD as it is essential in 
regulating fear learning and anxiety (109, 110). However, a recent meta-analysis found no 
evidence of altered dopamine in PTSD (111). Finally, lower prolactin is associated with a 
subordinate and dependent social position (112), dysphoria and difficulties in identifying 
feelings (i.e. alexithymia) (113), and reexperiencing symptoms (114). Hence, prolactin 
may reflect how someone subjectively relates to the stressor and how it is appraised. 

What is the impact of PTSD on metabolism?
Weight, body mass and adiposity 

Analyzing the CPES data revealed that BMI was associated with lifetime PTSD, which 
is in line with findings of earlier studies (8, 115-118). However, by distinguishing between 
respondents having PTSD within the past 12-months and those who have remitted from 
PTSD versus the larger group of respondents with lifetime PTSD, we found that the 
effect of PTSD on BMI was only attributable to those actively having PTSD.
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More importantly, we found an exposure-response-like relationship between PTSD 
and BMI with both PTSD intrusion severity to be positively and PTSD hyperarousal 
severity to be negatively associated with BMI. We also found that the years with 
PTSD and the period of recovery affect BMI through their effects on PTSD intrusion 
and hyperarousal severity. The demonstration of this (complex) exposure-response 
relationship provides increasing evidence for a causal relationship between the PTSD 
and adiposity, as well as metabolism in a broader sense. Pointing out this relationship 
is important because weight gain and obesity are linked to various physical health 
conditions such as cardiovascular disease (CVD), stroke, hypertension, type 2 diabetes 
(DMT2) and certain types of cancer (119-124).

A recent meta-analysis of non-clinical studies on the relationship between cortisol 
and adiposity showed that greater abdominal fat and BMI were associated with greater 
responsivity of the HPA-axis, generally reflected in morning awakening and acute stress 
reactivity, although some studies showed under-responsiveness (125). Thus, evidence 
for a role of cortisol in mediating the relationship of stress and adiposity remains 
inconclusive. The generally proposed mechanism that underlies this relationship is that 
visceral fat has enhanced receptor sensitivity for glucocorticoids; that increased cortisol 
stimulates FA uptake and lipid deposition; and that visceral fat contributes to a low-grade 
pro-inflammatoy status, thereby further dysregulating the HPA-axis, so that visceral fat 
deposition is exacerbated and preserved (126). However, a study in patients with affective 
disorders showed that enhanced negative feedback inhibition (i.e. having low cortisol 
after DST) increased the risk for obesity, overweight and poor lipid profile (high LDL, 
low HDL) compared to subjects having normal or diminished negative feedback in both 
patients and controls, although more pronounced effects were found in patients (127). 

Other hormones than cortisol have been found to affect anthropometric parameters 
as well. Among healthy individuals with normal thyroid gland function, TSH is typically 
positively associated with body weight and BMI, and both TSH and T3 are found 
increased in obese compared with lean individuals, potentially mediated by the effect of 
leptin (128). In healthy woman, BMI was found negatively associated with TSH, while 
waist circumference was associated with prolactin (129). 

Revisiting data from our biomarker studies, we found that in PTSD-patients 
BMI was negatively associated with cortisol (r = -0.323, p = .025) and that both waist 
circumference and BMI were negatively associated with FT4 (respectively r = -0.382, 
p = .007; r = -0.396, p = .005), while no significant associations were found for TSH, 
DHEA(S) and prolactin or for the control group. Thus, we found overall weight gain 
with decreasing basal early morning cortisol levels in individuals with PTSD, which is 
in line with other findings of a relationship of central obesity with hypocortisolism and 
hyperreactivity of the HPA-axis (125, 127).
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Human fat stores not only shield against undernourishment, but also regulate 
reproduction and immune function (130). The capacity to accumulate fat is considered a 
major evolutionary adaption to make the large expensive and metabolically demanding 
brain possible and to elaborate physiological systems to protect against starvation (126, 
130). Our inborn ability to sustain energy stress is, however, maladaptive in the modern 
environment where fluctuations in energy supply have been minimized (130). The lower 
basal cortisol found in our PTSD-patients could well reflect the demand to build up 
energy reserves and keep energy expenditure as conservative as possible.

Cholesterol and lipids
Cholesterol is essential for human life, because it is a structural component of all cell 

membranes, maintaining membrane structural integrity and fluidity. Moreover, it is a 
precursor for the synthesis of all steroid hormones. 

In our cross-sectional study we found no differences in TC between PTSD-patients 
and healthy controls, indicating that the balance in synthesized and dietary cholesterol 
remains controlled in individuals with PTSD. However, we did find that patients differed 
in LDL compared to controls, but that this differences was only found in males, with 
male patients having lower values than male controls. Of note, about two thirds of 
plasma cholesterol is found in LDL. Our findings seemed to contradict previous results, 
because earlier studies in mainly male veterans samples found higher LDL in PTSD-
patients compared to controls (131-136). However, a recent study also found lower LDL 
in male patients (100). Interestingly, it was found that LDL increased to almost the 
equivalent of that in controls when lipids were reassessed after a three-months period 
(100). Importantly, we found that the discrepancy in findings could be attributed to 
sex-dependent effects of HPA-axis related hormones such as cortisol, DHEA(S), and 
prolactin on LDL. 

First, it has been shown earlier that plasma cortisol was associated with LDL in healthy 
male subjects (with about 12% of the variance explained by cortisol concentration) (137). 
Higher cortisol secretion is thought to decrease lipid uptake by impairing insulin action 
(138-141), but also though reduction of LDL-receptor gene expression and negatively 
influencing LDL-receptor binding, uptake, and degradation (142). Glucocorticoid 
receptor polymorphisms were found to partly determine LDL concentrations (143, 144),

Second there are increasing observations for a negative association between DHEA(S) 
and LDL and/or LDL-particle size in strictly male samples (145-147), potentially 
through the relation of DHEA-S with androstenedione (148). However, the mechanisms 
underlying these associations still remain largely unknown. 
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 Vice versa, regarding the effect of LDL on stress hormones, cholesterol is the only 
precursor of cortisol and other steroid hormones. About 80% of the cholesterol needed for 
the synthesis of adrenal steroids is supplied by LDL. A mathematical model investigating 
the dynamic influence of cholesterol on ultradian HPA-axis activity showed that the 
amplitude of ultradian oscillations may be reduced with lower cholesterol concentrations 
(149). Initially expanding the capacity to handle stress, but with further lowering of 
cholesterol the dynamic regulation of HPA-axis is diminished. It then becomes in a 
stable and steady low state for extended times during the day, but occasionally shifts to 
states with peaking cortisol levels. The characteristics of both this hyper-responsiveness 
to a challenge and diminishing of HPA-axis activity are considered typical for PTSD-
patients (47). However, reducing LDL levels using intensive statin treatment to even very 
low levels did not lead to a different pattern of cortisol levels in heart patients compared 
to healthy controls (150). 

In sum, there exist bidirectional relationships between lipoproteins and hormones 
that both may mediate or moderate the found associations between PTSD and CVD. 

Fatty acid metabolism
In our investigation of the role of FA profiles in PTSD we found no differences 

between PTSD-patients and healthy controls in the a priori selected omega–3, –6, 
and –9 FAs measured in erythrocytes, except for the essential FA DHA (C22:6ω-3). 
However, this effect only emerged after additional correction for diet. Our findings 
indicate that differences in FA concentrations between PTSD-patients and healthy 
controls are negligible or small with most differences being statistically insignificant. 
Our observations in patients with PTSD therefore seem to differ from studies of FA 
patterns in MDD patients where many more FAs were found to differ between patients 
and healthy controls (151-153). The physiological significance, however, of statistically 
small deviations remains largely unknown. Because FAs of the omega–3 and –6 series 
are considerably interdependent and tightly balanced, relatively minor disruptions could 
still play a major role (154). Unfortunately, no other studies have been performed today 
so that our findings remain unverified by replication.

Still there are a number of studies indicative for a role of FA metabolism in especially 
the development of PTSD. In a prospective cohort study, serum EPA and AA levels 
measured directly after exposure to traumatic event was observed to decrease the risk for 
developing PTSD (155). Kalinic et al. found in their cross-sectional study that serum EPA 
levels were associated with PTSD severity (156). Based on these observations a number 
of supplementation studies have been executed in PTSD-patients. A recent trial showed 
DHA-rich supplementation was not effective for preventing PTSD (157). However, 
changes in concentrations of both EPA and DHA, EPA, and changes in the EPA:AA and/
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or EPA:DHA ratios were inversely associated with PTSD symptom severity (158). Finally, 
administration of a combination of DHA and EPA started shortly after the traumatic 
event resulted in lower heart rate reactivity when listening to their personal traumatic 
story than patients who had received a placebo (159). 

A meta-analysis evaluating the effect of omega–3 PUFAs supplementation on heart-
rate demonstrated that heart-rate was mildly reduced among widely divergent both 
healthy and patient groups, which was mainly attributable to DHA supplementation 
(160). Hence, the effects of supplementation of omega–3 PUFAs in PTSD-patients may 
not be specific to this patient group and do not necessarily reflect psychopathological 
mechanism of the PTSD diagnosis, but rather may reflect general and broad effects on 
the autonomic nervous system. Speculatively, individuals exposed to trauma or PTSD-
patients may benefit from a downregulation of the sympathetic nervous system (SNS) 
through omega–3 PUFAs supplementation. 

EPA and DHA serve as bioactive lipids and may act as peroxisome proliferator 
activated receptor (PPAR) agonists that are transcription factors for genes involved in 
glucose and lipid homeostasis (161). Especially DHA binds with high affinity to PPARs 
and the beneficial health effects of DHA may be obtained through PPAR stimulation 
(162). A recent study investigating genetic susceptibility factors identified a large number 
of genes and pathways related to PTSD, among which PPAR-alpha activated gene 
expression (163) with its influence on the peroxisomal β-oxidation pathway, the uptake, 
utilization, and catabolism of FAs, and lipoprotein metabolism (163-165). Improper PPAR 
sensing together with low activation of PPAR due to low synthesizes of lipid mediators 
from low omega–3 PUFAs levels may underlie the development of chronic disease (166). 

In the previous paragraph we described the influence of the HPA-axis and other 
stress hormones on cholesterol and lipoprotein metabolism. These hormones have also 
been associated with FA metabolism, potentially forming a neurometabolic network of 
related alterations. These alterations may constitute vulnerability psychiatric disorders 
like PTSD (167). Cortisol has been found inversely associated with DHA in recurrently 
depressed patients, the unsaturation index, chain length, and peroxidation index (168). 
We found in our cross-sectional study that DHA was inversely related to basal morning 
cortisol levels in controls (r = -0.332, p = .042), but unrelated in PTSD-patients (r = 0.022, 
p = .905) (unpublished). This dissociation of the HPA-axis activity and FA metabolism in 
PTSD-patients might be the result of the low basal cortisol values found in our sample. 

One-carbon metabolism
Folate metabolism, also known as the one-carbon metabolism, is a universal 

metabolic process largely executed in mitochondria that serves to activate and transfer 
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single carbon units for various biosynthetic processes. One-carbon metabolism supports 
biosynthesis (i.e. purine and thymidine), amino acid homeostasis (i.e. glycine, serine, 
and methionine), and protection against oxidative stress (169). It also contributes to 
the clearance of homocysteine though remethylation, impacting epigenetics and hence 
potentially various health conditions such as cardiovascular disease (169). 

Alterations in the one-carbon metabolism may well lead to changes in the stress 
response, FA metabolism and lipid metabolism. Therefore it may be highly relevant 
for our findings of alterations in the stress response and metabolism in individuals 
with PTSD. Firstly, FA metabolism depends on the one-carbon metabolism in varous 
ways. Phospholipids are formed through methylation, receiving their methyl groups 
from S-adenosyl methionine (154). Phospholipids are essential in the transport of 
PUFA from the liver to the brain. Mehylation is also important in the synthesis of 
omega–3 and –6 PUFAs as it regulates the activities of FA desaturases and elongases 
enzymes (154). FA elongation depends on mehylation as well (154). Second, one-carbon 
metabolism influences the maintenance of lipid metabolism in the liver through its role 
in phosphatidylcholine synthesis, and any problems in the methyliation process may 
even result in steatosis (170). Moreover, a potential link between folate status and obesity 
has been observed (170). For instance, folate have been shown to be lower in women 
with higher body fat mass (171). Finally, through histone methylation the activity of all 
enzymes directly or indirectly involved in stress hormone, FA and/or lipid metabolism 
may be influenced (172, 173). 

We found higher plasma homocysteine in PTSD-patients compared to healthy 
comparisons without the expected accompanying differences in folate, vitamins B12 and 
B6 after adjustment for sociodemographic and dietary factors. Cortisol and DHEA were 
associated with folate concentration in both patients and controls, while DHEA-S was 
inversely related to folate in controls only. Thus, the connection between DHEA and 
DHEA-S to folate status might be lost in patients, potentially reflecting an abnormal 
low conversion rate of DHEA-S to DHEA. Strikingly, the increased homocysteine levels 
appeared primarily under regulation of HPA-axis activity in both patients and controls. 

A recent animal study showed that psychologically induced stress increased 
homocysteine levels through increasing cortisone levels (174). Hence, this study 
demonstrated that homocysteine levels may built-up over time under the influence 
of psychological stress through activation of the HPA-axis and reduced outflow. Our 
results may be interpreted in parallel to these findings. 
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Oxidative stress may underlie PTSD and its association with disease
We humans need to breath to sustain life, because oxygen is required for cell 

respiration thereby capturing energy in the ATP molecule, the primary energy carrier 
for cells. Redox-dependent processes where the oxidation states of atoms are changed 
and an electron is transferred, affect most cellular functions such as differentiation, 
proliferation, and apoptosis (175). Cellular respiration is carried out in mitochondria 
and high levels of reactive oxygen species (ROS) are generated during this process. Cells 
need to maintain a steady state level of ROS, without allowing the potentially toxic ROS 
to accumulate to levels that would lead to cell death or senescence (175). The state of a 
persistent imbalance between the formation of ROS and the ability to neutralize these 
ROS by antioxidant defenses or to repair its damage is called oxidative stress. 

The quality, quantity and relatedness of alterations in neuroendocrine and metabolic 
parameters we found in our studies could indicate a common underlying mechanism, 
and this mechanism may well be the concept of oxidative stress as it translates subjectively 
experienced stress into biological stress down to the cellular level. Biological stress 
relates to the alterations found in our PTSD-patients in various manners, which may 
reflect long-term adaptive mechanisms to cope with new environmental demands and 
adversity, but also (perhaps in parallel) indicate maladaptive processes with a subsequent 
increase in BMI and risk for developing CVD. 

Since our brains uses about one-fifth of the total available oxygen amount (and 
even more under conditions of stress) to support the cellular respiration of each neuron 
and its synapses, the brain is highly vulnerable to oxidative stress (176). This explains 
why psychiatric disorders and a chronic state of oxidative stress are observed so often 
together (154). For instance, oxidative stress has been implied a role in the initiation 
schizophrenia (177, 178), autism spectrum disorders (179), depression (180-182), anxiety 
disorders (180) and PTSD (180, 183-185). Furthermore, ample evidence exists supporting 
the role of oxidative stress in the development of CVD (186-188) and related/intertwined 
conditions such as DMT2 (189), inflammation (190) and obesity (191). Hence, oxidative 
stress may function as a common pathogenetic mechanism linking psychiatric disorders 
to physical disease and vice versa (154). 

Unfortunately, oxidative stress is still quite difficult to measure and quantify (192), so 
we were limited by the reflections in related alterations in neuroendocrine and metabolic 
parameters. Below we try to relate these points to our findings in PTSD-patients.

Neurotransmitters and glucocorticoid signaling
In individuals with PTSD, the increased synthesizing and secretion of noradrenaline 

(111, 193) may increase oxidative stress, because metabolizing endogenous amine 
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based neurotransmitters via monoamine oxidase enzymes generates highly reactive 
mitochondrial hydrogen peroxide (176). In addition, neurotransmitters with catechol 
groups (e.g. noradrenaline, adrenaline, serotonin) all autoxidize. That is, when for 
instance noradrenaline reacts with oxygen, a new noradrenaline semiquinone radical — 
a molecule with an unpaired electron or free radical — is created, which may then react 
with another oxygen molecule, creating a cascade of semiquinone forming (176). Hence, 
these neurotransmitters render the brain sensitive to oxidative stress.

Growing evidence exists for a link between oxidative stress and dysregulation of 
the HPA-axis (194), although the exact mechanisms remain largely unknown. ROS may 
affect the HPA-axis through alteration of the normal translocation of the glucocorticoid 
receptor from the cytoplasm to the nucleus (194). It may also lead to an increase in 
stress-induced glutamate toxicity via NMDA receptor up-regulation (194). Furthermore, 
ROS may affect RNA synthesis and RNA stability (176, 183). In this manner, oxidative 
stress may impair glucocorticoid signaling and disturb metabolic processes where 
glucocorticoids exert their effect on. 

In addition, the HPA-axis is involved in limiting the effects of oxidative stress 
as well, because DHEA(S) is found to have anti-oxidative effects (80, 195, 196). Some 
studies suggest that one of the anti-oxidant effects of DHEA(S) is mediated through the 
PPAR-alpha (80) (see also paragraph on FA metabolism). DHEA(S) levels decrease with 
aging and may therefore contribute to the low grade chronic pro-inflammatory status 
commonly observed in age-related diseases (196). Under the influence of oxidative stress 
DHEA may be synthesized in the brain via other pathways then the adrenals to protect 
the neuronal cells against oxidative stress (197). But the effects of DHEA(S) on the brain 
is probably more complex as some studies found that it may also exhibit pro-oxidant 
effects, especially at older age (e.g. 198).

One-carbon metabolism
The one-carbon metabolism is strongly connected to oxidative stress, because 

the transsulfuration pathway contributes to glutathione synthesis; the main cellular 
antioxidant. Additionally, cellular redox homeostasis is supported through the synthesis 
of reduced cysteine, because as a NADPH equivalent is conserved that would otherwise 
be required to reduce extracellular cystine taken in from the circulation (199). Oxidative 
stress increases homocysteine and decreases folate (200), probably because folate is a 
direct ROS scavenger and hence can act as an antioxidant, but is affected during the 
process, thereby losing its normal functioning (154, 201). Deficiencies in folate status are 
strongly related to eleavations in homocysteine concentrations (202). Although we did 
not find evidence of lower folate in our study, we did find higher homocysteine levels that 
were inversely related to folate levels, which may be indicative of oxidative stress. 
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Fatty acids
More than half of the brain’s dry weight consists of lipids, about one-third of which 

is PUFAs, because they form the basis of neuronal cell membranes (203). FAs differ 
greatly in the extent to which they can be affected/degraded by oxidation, a process 
called lipid peroxidation. Lipid peroxidation is initiated by ROS, then propagated via 
free radical chain reactions, and will cause damage when not terminated fast enough 
by antioxidants. PUFAs form a cause of oxidative stress in itself because of their 
susceptibility to lipid peroxidation; with every additional double (i.e. electron-rich) bond 
a FA becomes exponentially more susceptible (203). Hence, the use of peroxidised lipids 
to signal may come at a cost (204). 

With its six double bonds, DHA is particularly susceptible to oxidation. To give an 
impression about the size of the potential impact; DHA contributed about 20% of FAs 
to the total human brain grey matter and about 40% to gray matter phosphatidylserine 
(205). Beyond DHA, myelin synthesis requires FA being enriched with cholesterol, but 
cholesterol auto-oxidizes by free radical and non-radical mechanisms (176). Mocking et 
al. hypothesize that cells may adaptively respond to increased levels of oxidative stress 
with a reduction of DHA content in their membranes in order to lower the susceptibility 
to oxidative stress and that observed low DHA and DHA-derived lipoxins are the 
result of these adaptive processes (203). Our finding of lower DHA in erythrocytes in 
PTSD-patients compared to controls after additional controlling for dietary factors may 
therefore signal oxidative stress or an adaptation to sustain the impact of oxidative stress.

Lipoproteins
Compelling evidence from cellular and animal studies exists that indicate a direct 

role of oxidative stress in atherothrombosis by modification of lipids and/or lipoproteins 
(e.g. LDL, HDL) in the arterial wall (206). LDL is very susceptible to oxidation and 
can easily be affected in the highly oxidative conditions of the vessel wall. Oxidized-
LDL is thought to mediate vascular damage as it promotes foam cells formation (207), 
stimulates platelet aggregation, inhibits the expression of nitric oxide synthase and/or 
the activity of endothelial nitric oxide, which has a major role vascular tone regulation, 
cellular proliferation, and leukocyte adhesion (206). During the earlier stages of arterial 
wall remodeling; a phenomenon where blood vessel dimension changes in response 
to atherosclerotic plaque accumulation (208), an increase in lipoprotein retention 
is observed (206). Vessel shrinkage or negative arterial remodeling has been found 
negatively associated with LDL in diabetic patients (209) and related to higher oxidized-
LDL, lower HDL and positively associated with the HDL/oxidized-LDL ratio in non-
diabetic patients (210). In patients with DMT2, progression of coronary artery disease 
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may be primarily attributed to vessel shrinkage, which was among others predicted by 
apolipoprotein-B (208). Speculating, our finding of lower LDL might signal the beginning 
of atherosclerotic disease in some PTSD-patients, because insulin resistance, obesity and 
other risk factors for DMT2 are common in PTSD (e.g. 211). 

Recent research point at the role of HPA-axis hormones in the regulation of 
atherogenesis and oxidized-LDL induced inflammatory processes. For instance, it has 
been found that glucocorticoids have a direct effect on the working of macrophages, 
leading to a reduction in pro-inflammatory markers, decreased uptake of oxidized-
LDL and re-esterification of cholesterol (212). Additionally, DHEA is found to diminish 
inflammation in endothelial cells (213). Speculating, our findings of lower cortisol and 
DHEA in male patients may therefore lead to less regulation of macrophages activity and 
faster foam cell development impacting the progress of atherothrombosis. 

Weight, body mass and adiposity
Oxidative stress is also considered to play an important role in obesity and in the 

development of obesity associated complications such as the metabolic syndrome, DMT2 
and CVD. Although adipose tissue is predominantly composed of adipocytes, it also 
contains preadipocytes, fibroblasts, endothelial and immune cells that secrete hormones 
and cytokines (214, 215). However, adipokines such as leptin and adipocytokines also 
produce ROS. In obese patients, excessive build-up of fat reserves lead to high levels of 
plasma free FA levels that inhibit glucose metabolism and stimulate the conservation 
of energy in adpose, liver and muscle tissue, thereby promoting mitochondrial and 
peroxisomal oxidation (214). This oxidative status may eventually lead to lipotoxicity and 
cellular damage, with subsequent production of cytokines that in turn generate ROS, 
with increasing lipid peroxidation as a result, further contributing to inflammation (214). 

We found that with every additional intrusion symptom BMI increased in 
respondents with PTSD in the past 12-months. Because intrusion symptoms are 
considered to reflect HPA-axis activity and correspond to cortisol levels, our finding 
of lower cortisol in PTSD therefore brings the assumption that the inflammation 
response induced via oxidative stress in adipose tissue cannot be limited. Basal cortisol 
does not exert anti-inflammatory effects (216). Only when provoked, cortisol exerts 
an acute, concentration-dependent, anti-inflammatory effect, but has a delayed effect 
of amplifying the inflammatory response to a subsequent and delayed stimulus (216). 
This makes the extrapolation of our findings of lower basal cortisol to inflammation and 
obesity even more speculative. 
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Oxidative stress in PTSD
Notwithstanding the ample evidence in cell and animal studies, human studies 

do not yet provide unambiguous evidence for an association between oxidative stress 
biomarkers and PTSD. However, new and larger studies found a number of indications 
for increased oxidative stress. Oglodek recently found increased markers of oxidative 
stress in individuals with PTSD alone and depressed patients with PTSD compared 
to healthy controls, with increasing severity of psychopathology being associated with 
increased concentrations of these markers (217). Additionally, lower anti-oxidant status 
was found in patients with PTSD and those with comorbid MDD compared to healthy 
controls (218). Indications were further found for increased lipid peroxidation in PTSD-
patients and not in trauma-exposed controls (219). Yet another study found lower levels 
of the antioxidants superoxide dismutase and glutathione peroxidase in PTSD-patients, 
but without accompanying differences in malondialdehyde concentrations, suggesting 
an adaptive response to the level of oxidative stress (220). 

However, a study using a strictly male veteran sample did not find differences in 
various markers of oxidative stress (e.g. 8-OHdG, thromboxane B2, urates) in the PTSD 
group compared to healthy controls (221). In another study among survivors of the same 
earthquake, oxidative status determined by calculating the total antioxidant status, 
oxidant status and an oxidative stress index did also not differ between individuals with 
PTSD and trauma-exposed controls (222). 

Taken the provisional findings of these studies together, it can be suggested that some 
markers of oxidative stress may be relevant for PTSD, while others are not. Furthermore, 
the assessment of oxidative stress markers may heavily depend on timing, because 
oxidative stress may only become detectable after a certain amount of build-up and 
adaptive processes may then limit this effect after a certain period of being exposed to 
stress and PTSD. For instance, in a sample of survivors of child sexual abuse it was found 
that initially higher cortisol and 8-OHdG levels decreased with the passing of time after 
trauma (223). Moreover, coexisting MDD proved to have a significant effect on oxidative 
stress status (217-219). Thus, large-scale longitudinal and preferably prospective future 
studies are needed to further illuminate the role of oxidative stress in PTSD (185). 

Did we find any usable biomarkers?
Although we found several significant differences between PTSD patients and 

controls the short answer is no. We did not find biomarkers completely distinguishing 
the PTSD-patients group from the healthy control group. Even when differences in 
biomarker levels were found, there existed a considerable overlap in absolute values 
between the two groups, and differences were only found when taking sex, age, BMI 
and other sociodemographic factors into account. The omega–3 FA, DHA was only 
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found to differ in PTSD-patients compared to control when additionally controlling for 
dietary factors. Especially important was that many of our findings were sex-dependent. 
Fortunately, biomedical research is increasingly focusing on the role of sex and gender in 
order to understand sex-specific biological phenomena and to close the gap in knowledge 
that has arisen from using normal-weighted young adult male subjects as the default 
human model (224, 225). Addressing sex differences is in line with recent policies from 
scientific journals to promote sex- and gender-sensitive statistical analyses, reporting 
and communication in science (226, 227).

Lower daily cortisol still seems to be the best marker to indicate the entire patient 
group. We found cortisol to be a sensitive marker for treatment response: that is, its 
values changed under the influence of treatment, but baseline values did not differentiate 
between responders or non-responders to the treatment. Although small studies have 
indicated DST response to be a predictor of treatment outcome (60, 61), due to the 
abundant variability among studies and patient subgroups (e.g. war veterans, child 
sexual abuse, civilian trauma), and because basal cortisol and HPA-feedback function 
alters through the years with PTSD, studies have not yet resulted in reliable individual 
biomarkers for PTSD diagnosis or treatment response (228). 

Lower basal prolactin may be a more stable and reliable biomarker for PTSD 
that seems unaffected over time. However, prolactin did not change after responding 
to psychological treatment for PTSD. It is therefore unclear whether the moment of 
change in prolactin values is to be expected later on, or whether lower prolactin reflect a 
vulnerability to develop PTSD, or that it points to another underlying construct separate 
from the PTSD diagnosis. In sum, our findings did not result in the discovery of (new) 
biomarkers that are clinically relevant yet.

Strengths and limitations 
Strengths

Strengths of our biomarker study are that we increased the generalizability of earlier 
findings of others in exclusive male or veterans samples to our male and female sample 
with civilian trauma, by extending the number of measured hormones (chapter 3 and 
chapter 4) or important vitamins (chapter 5), by refining research methodology through 
inclusion of dietary assessment (chapters 5, 6, 7) and more advanced statistical analyses, 
and by controlling for the effect of MDD or depressive symptoms. Furthermore, we 
attempted to link the subjective experience of the severity of PTSD to the various 
biomarkers. And we addressed the question of the role of sex in the diagnosis of PTSD. 
Moreover, we were the first to provide evidence that successful trauma focused treatment 
for PTSD may alter HPA-axis functioning — a finding later replicated in a number of 
studies — and that there is little evidence of a considerable role for FA metabolism in 
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PTSD. Importantly, we are among the first to make a step in the direction of assessing 
multiple systems at the same time, as we explored the interplay between metabolism in 
a more broader sense and the HPA-axis in PTSD. Finally, we used the large CPES data 
set to investigate the more biological grounded question of the incremental influence 
of stress on metabolism. Using epidemiological survey data allowed us to test such a 
hypothesis that otherwise would probably be unable to investigate.

Limitations
Potential limitations deserve consideration. First, causality cannot be determined 

from our cross-sectional studies and therefore we are largely unable to state whether 
attenuated or elevated levels in measured biomarkers are a specific risk marker affecting 
the development of and recovery from PTSD, is a pre-existing risk factor for developing 
PTSD, or the consequence of trauma or PTSD. Only in our study investigating whether 
cortisol and other stress hormones could be moderated by successful treatment for 
PTSD, we were able to investigate the changeability of these parameters. Even in our 
study using the large CPES data set we could not with certainly determine causality, 
although estimates of timing of the PTEs and onset of PTSD were available. However, 
establishing dosage- or exposure-response-like associations may contribute to increasing 
or decreasing evidence of a causal relationship. 

Second, we had to make decisions about the inclusion criteria of our samples, 
thereby excluding people from analysis and affecting generalizability. For the most part 
we decided to have our exclusion criteria as broad as possible. Because the vast majority 
of the Dutch population will experience a potentially traumatic event, this was not an 
exclusion criterion for controls in our biomarker study. However, our participants were 
screened for the potential presence of physical conditions (such as CVD) as we wanted 
to rule out the alternative explanation that instead of a PTSD diagnosis these conditions 
that are responsible for the potential elevation in the biomarkers at hand. By excluding 
people with physical conditions from participation we may have narrowed the range of 
for instance lipoprotein, FA, endocrine and other values. This may possibly have limited 
the generalization of our findings to the larger PTSD-patient population with a high 
cardiovascular comorbidity. Moreover, unfavourable life styles such as poor diet, alcohol 
and drugs use, smoking and physical inactivity are often observed in individuals with 
psychiatric disorders, that may all influence metabolism. Psychotropic medication may 
also affect metabolism and the risk for CVD. Nevertheless, we adjusted or controlled for 
medication when applicable or even only included medication-free patients.

Third, our data were collected using the DSM-IV diagnostic criteria, while currently 
the DSM-5 is in use (updated in 2013). In the DSM-5, PTSD is included in a new category; 
Trauma- and Stressor-Related Disorders. Studies investigating the impact of changing 



537150-L-sub01-bw-deVries537150-L-sub01-bw-deVries537150-L-sub01-bw-deVries537150-L-sub01-bw-deVries
Processed on: 28-10-2019Processed on: 28-10-2019Processed on: 28-10-2019Processed on: 28-10-2019 PDF page: 207PDF page: 207PDF page: 207PDF page: 207

207

Ch
ap

te
r 9

   
 S

U
M

M
A

RY
 &

 G
E

N
E

R
A

L 
D

IS
C

U
SS

IO
N

the DSM-IV to the DSM-5 PTSD diagnostic criteria on general population prevalence 
rates suggest only a slightly lower DSM-5 PTSD lifetime prevalence rate (40, 41, 229). 
Furthermore, the division of mental health complaints into distinct categories using 
the DSM criteria might prove artificial and invalid to some extent as many trauma 
survivors display a mixture of both PTSD, anxious and depressive symptoms, and that 
the combination of PTSD intrusion and hyperarousal, or depressive symptoms has 
implications for the functioning of metabolism. Transdiagnostic pathophysiological 
dimensions (for instance based on the Research domain criteria (230, 231)) may offer a 
way out and could help us further understand a complex construct such as PTSD. 

Fourth, we did not consider complex PTSD as this was not a separate diagnosis in 
DSM-IV (and DSM-5), but it is under the WHO ICD-11 classification system (e.g. 229, 
232, 233). Complex PTSD is associated with conditions of sustained, multiple or repeated 
traumatic exposure, often in childhood and it is not unlikely that this classification 
which incorporates the three core elements of PTSD as well as the impact trauma can 
have on personality and the organization of the self (emotion regulation, self-concept, 
and relational domains) is differentially associated with neurobiological dysregulations 
(234). A recent study by Karatzias et al. suggests that complex PTSD is common in both 
clinical and general population samples, and that in clinical samples complex PTSD is 
even a more commonly observed condition than PTSD (232). Because we used the DSM-
IV diagnostic criteria for PTSD we did not discriminate between these different forms 
of PTSD, which may have affected both the results of our general population prevalence 
survey and that of our biomarker study as it may have added heterogeneity to the clinical 
sample we did not account for in the statistical analyses. 

Fifth, unfortunately, at the time our research started we did not fully understand 
that sex had such an influential role on how PTSD reveals itself and its implications for 
metabolism. It is surely possible that the influence of sex is even greater than we now 
apprehend and realize. Although we had a reasonable sample size to be able to make 
reliable and valid statements for the entire group, we had insufficient statistical power to 
discover small difference and to make assertions for smaller subgroups. A considerably 
larger sample size where small statistical differences can be found for both men and 
women, and which allows a comparison between findings in males and females is to be 
preferred in future research. We therefore support the gender policy that ask authors to 
consider sex and gender aspects in their research (227).

Finally, we investigated the impact of PTSD and its wear and tear on metabolism 
through indirect measures and single assessments. At the start of our investigation 
the assessment of the assumed underlying common process of oxidative stress was not 
feasible and this is one of the reasons we investigated PTSD’s role on folate, lipid and FA 
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metabolism separately. Although we tried to link activity of individual metabolic systems 
with activity of the HPA-axis and related hormones, it’s still a large oversimplification 
of reality where many bodily systems interact in parallel and there exists extensive 
interdependence and mutual influence. The mid-term and long-term meaning or 
consequence of found or unfound differences in stress or metabolic parameters for both 
mental and physical health remains unanswered. 

Research implications
In order to further investigate the impact of psychological stress on metabolism 

in general and to disentangle the effect of the stress response on glucose, amino acid, 
FA, or lipid metabolism, and its relation to mental functioning, future studies should 
focus on a combination of pathophysiological and clinical design. Treating patients with 
psychotherapy for PTSD brought us the opportunity to look at individual alterations in 
biomarkers when the pathological condition was moderated/manipulated. Future studies 
may in the same way identify individual and specific psychopathological pathways or 
pathways of adaptation. These future studies should preferably be carried out over a long 
period with high numbers of measurement prior and during the potentially moderating 
intervention, and with more spaced assessment in the tail of the study. Because of the 
repeated measurements design, sample size can be considerably reduced compared to 
classical case-control studies. When individual pathways found in the longitudinal and 
repeated measures studies cluster together into larger groupings, case-control designs 
may illuminate how to relate these findings to healthy individuals. A possible focus could 
be the relationship between oxidative stress and stress reduction through psychotherapy, 
life style changes such as physical exercise and diet, and/or medication. 

More insight is warranted into the very long-term effects of our treatments; do 
these treatments reduce the physical complaints and the development of CVD and other 
physical conditions that so often coexist with the diagnosis of PTSD? If not, we will need 
to develop supplementary interventions to reduce the risk for and impact of comorbid 
CVD and other life-limiting disease. It may also provide more insight on the underlying 
pathogenetic links between PTSD and physical disease. 

Having the focus on a single or a few ‘parameters’ of a pathway of system, may lead 
to incomplete answers and null-findings are even harder to interpret. Instead, it seems 
advisable to focus on the understanding of the ‘complete chain’ of hormones, messengers, 
transcription factors, receptors, and the mechanisms of action. 

Genomics and similar approaches such as transcriptomics, proteomics and 
metabolomics are new techniques that closely investigate a range of metabolites 
including amino acids, lipids, nucleic acids, vitamins, carbohydrates and organic acids, 
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which are the final products of tightly controlled cellular processes, thereby revealing 
gene expression and proteins (184, 235). These techniques are promising, because in 
this way complete metabolic pathways relevant to PTSD including its interaction with 
genetic and environmental factors can be highlighted (184, 235). 

Trying to investigate the combined effect of two systems; — for instance, HPA-
axis functioning and lipid metabolism in our study — may bring new insight in why 
significant differences are found in one study, but not in the other. This shifts the 
question of whether there is a difference, to the question of which mechanism or factors 
contribute to the difference.

Considering the PTSD diagnosis as something emerging from a single psycho-
pathological mechanism might be misleading. It is not unthinkable that there exist 
various different biological pathways with approximately similar end points that lead 
to the phenonema of intrusive recollections and hyperarousal, clustered together in the 
PTSD classification. Because of the sometimes large differences between male and female 
patients with PTSD in prevalence rates, hormone and lipid levels, it is not inconceivable 
that distinct sex-dependent pathways exist in the development and persistence of PTSD. 
The same argument can be made for patients having experienced hardship and trauma 
in their early lives compared to those being exposed to trauma later in adulthood or 
those developing PTSD versus complex PTSD.

Besides that PTSD is highly comorbid with MDD, other anxiety disorders, and 
alcohol and/or drugs use disorders, we found that characteristics of PTSD were shared 
with disorders like ADHD and schizophrenia. The boundaries between these distinct 
psychiatric disorders do, however, not simply map to the complex configurations of human 
experience revealed in mental illness. Trying to understand common symptom features, 
behavioural and other characteristics (e.g. metabolism) of these different psychiatric 
disorders in transdiagnostic dimensions may not only lead to better understanding of 
psychopathology, but may also contribute to a better understanding of resilience and 
adaptation. It seems important not to interpret differences between groups of patients 
and controls as strictly pathological and to exclude the possibility of an adaptive process, 
even though potentially bringing negative long-term effects in the form of mental or 
metabolic problems. Clinical staging is a heuristic model to determine in what stage a 
patient is on a continuum of disorder progression from being at-high-risk to the end-
stage of disease that may provide the logic and timing of interventions (i.e. prevention, 
early intervention, treatment, care) and direction to research (236, 237). McFarlane et al. 
propose a staging model for PTSD that could be used in future studies (236). 
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Clinical implications
Our findings stress the importance of mental health for physical health outcomes in 

our patients. This relationship between psychological stress and physical health is thought 
to be at least partly mediated through oxidative stress and seems to go in both directions. 
Although our body and mind are resilient and adaptive, too much psychological stress 
eventually corresponds to oxidative stress with consequent physical strain. One the one 
hand, we should therefore lower the experience of stress in order to prevent the built-up 
of toxic substances and tissue damage. On the other hand, improving physical health 
may well lead to stress reduction and improvement in symptoms and functioning. 

To have effect on the experience of stress we should start at the very beginning. 
Exposure to adverse and stressful events are able to sensitize the HPA-axis and 
metabolism already early in childhood and may predispose to the development of mental 
health problems later in life (238, 239). Thus, the first step seems to make programs 
widely available aimed at lowering psychological stress in both children and parents, 
for instance by promoting parental rearing and mentalization skills (240-242). Specific 
groups of parents — for instance but not exclusive parents with a history of child abuse 
— may be targeted for these programs (243). As we have noticed that prevalence rate of 
PTEs and PTSD among young adults is high, we should especially address the group 
of adolescents and young adults. For instance through school programs addressing 
bullying and how to be resilient (244). 

Second, early interventions for those exposed to trauma (but who have not yet 
developed mental health problems) are needed and unfortunately still lacking efficacy 
(245, 246). Psychological and/or physical stress should be reduced as early as possible 
(247). High-risk groups should therefore be considered for screening and specific 
prophylactic measures before complications have already occurred. A recent meta-
analysis of studies examining the effects of pharmacotherapies within the first month 
after a traumatic event to prevent the development of acute stress disorder or PTSD 
found no evidence for their efficacy, except for the effect of hydrocortisone which reduced 
the risk of developing PTSD (248). Additionally, intranasal administration of oxytocin 
may a promising preventive intervention for PTSD as it has been found to reduce PTSD 
symptomology in adult emergency department patients, but only in patients with high 
baseline PTSD symptoms (249). 

Third, when ultimately a trauma-related psychiatric disorder has then developed, 
it seems important that treatment should be made available as soon as possible (250). 
Although, it is not yet clear how high the threshold for stress is to have a negative effect 
on physical health, it seems wise to have reduced stress levels as low as possible after 
treatment. Unfortunately, still a large part of our patients do not benefit from treatment 
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and many patients report persisting and remaining (subclinical) symptoms even after 
successful treatment (45, 46). This means that we have continuously have to rethink 
how to improve our existing treatment programs (e.g. augmentation treatments, add-
ons, supplementing, personalized medicine) (251, 252). For end-stage patients with 
long-lasting complaints, symptoms and functional limits we should implement lifestyle 
change and stress-reducing programs (i.e. relaxation techniques, improving sleeping 
behaviour, yoga, and mindfulness) (253).

As we found that subjective experienced PTSD symptoms (assessed using interviews 
or questionnaires) are in some way connected to activity of the stress-axes and metabolism 
we could rely on the patient’s point of view in parallel to attempting to find objective and 
biological markers of PTSD and metabolic alterations.

We found some indication for the existence of subclinical hyperthyroidism in PTSD 
patients. Professionals should be alert on the signs of hyperthyroidism, but these mild 
and many times unspecific symptoms overlap to some extent with symptoms of PTSD. 

As mentioned, improving physical health may well lead to a reduction in stress and 
improvement in functioning. Recently, a randomized and controlled trial has been started 
investigating whether a low-cost exercise training and health improvement program 
could lower PTSD symptoms (254). Lifestyle factors as smoking, alcohol and drugs use, 
sleeping problems, overeating and poor diet quality are known to be highly prevalent 
among PTSD-patients (255-259). Cigarette smoking is an enormous contributor of 
oxidative stress and known to cause physical disease such as obesity, lung disease and 
various cancers, leading to premature death. Additionally, cigarette smoking is highly 
prevalent among PTSD-patients (260), and is associated with the development of anxiety 
and depressive disorders (261), increased severity of anxiety and depressive symptoms, 
disturbed emotional regulation and affect lability (262), and might therefore affect 
treatment success rates. Therefore, patients should be systematically and persistently 
helped to quit smoking. Attitudes and misconceptions of mental health professionals 
that undermine the delivery of smoking cessation interventions are however common 
and should be taken away (263). PTSD-patients tend to have lower physical fitness and 
less physical functioning compared to healthy controls (264). PTSD-patients must be 
supported to overcome the various obstacles associated with PTSD such as physical 
pain, loss of energy, lack of interest, tiredness and hyperarousal, in order to become 
more physically active (264). Assessment of diet and dietary advise, might also improve 
physical health and potentially the sensitivity to treatment. However, research should 
find supporting evidence for this first. 

We found no indications of omega–3, omega–6, folate, vitamin B12 and B6 deficiencies 
in PTSD-patients and therefore supplementation of PUFA or B vitamins seems 
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unnecessary and unadvisable. Supplementation may also lead to adverse side effects 
(265, 266). In addition, the use of dietary supplements leads to a significant number 
of emergency room visits in the United States every year due to choking and adverse 
reactions (267). 

Conclusion
Our findings demonstrate that the biological systems involved in the stress response 

are highly intertwined with metabolic processes in such a way that the effect of one 
system can hardly be distinguished from the other. And it remains hard to tell whether 
found differences reflect resilience, adaption, maladaptation, psychopathology, or a 
combination of these processes. Reality confronts us with the impact of traumatic events 
on the lives of many people as a considerable proportion develops PTSD or other mental 
health problems with a chronic course in many of them. By avoiding the exposure to 
early life stress, protecting those who are vulnerable, improving resilience, reducing 
the experience of stress through treatment and improving physical health and fitness, 
but staying away from supplements that do not work, the wear and tear of the body 
will hopefully be kept within certain limits. We are confident that this will increase the 
chance to overcome the burden of mental illness and to prevent the physical morbidity 
and mortality associated with PTSD.
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