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Abstract

Background: Person and environment-related childhood adverse events have been 
demonstrated to increase the risk of impaired mental health in later life differently 
for boys and girls. Altered hypothalamic pituitary adrenal (HPA)-axis functioning 
has been suggested as a key mechanism underlying this association. Cortisol and 
dehydroepiandrosterone (DHEA) are both output hormones of the HPA-axis. 
DHEA may have a protective function against long-term exposure to increased 
levels of cortisol, but has been little investigated in relation to childhood adversity.  

Objective: We aimed to test the associations between person-, and environment-
related childhood adversity and levels of cortisol, DHEA and cortisol/DHEA ratio in 
adolescent boys and girls.

Methods: A total of 215 Dutch adolescents participated in the study and filled out 
the 27-item Adverse Life Events Questionnaire for the assessment of childhood 
adversity, divided into a person-related and environment-related sub score. Cortisol 
and DHEA concentrations and cortisol/DHEA ratio were determined in proximal 
3 cm long hair segments. Additionally, saliva samples were collected immediately 
and 30 minutes after waking up, at noon and at 8 pm. Multiple linear regression 
analyses were used to test associations between childhood adversity and cortisol 
and DHEA concentrations, for boys and girls separately, with age, BMI and pubertal 
development as covariates.
 
Results: Data were available for 74 boys and 116 girls with a mean age of 15.7 years 
(SD = 2.0). Higher levels of person-related childhood adversity were associated 
with higher hair DHEA levels in girls and with higher hair cortisol levels in boys. 
A trend towards a significant association was observed between higher levels of 
environment-related childhood adversity and higher DHEA levels in boys. Neither 
person- nor environment related childhood adversity was associated with cortisol/
DHEA ratio. A trend was observed for environment-related childhood adversity and 
lower daily cortisol output in boys. 
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Conclusion: We found differential associations between childhood adversity and 
cortisol and DHEA levels in girls and boys, for respectively person-related and 
environment-related childhood adversity. Our findings suggest that different types 
of childhood adversity are not only linked to levels of cortisol, but also to DHEA 
concentrations, in a sex-specific manner, with possible future implications for mental 
health.

Introduction
 
Childhood adversity refers to a range of negative exposures during childhood, 
including abuse, neglect, violence, parental separation or incarceration, and is 
a common phenomenon (1). In high income countries, the prevalence of having 
experienced at least one adverse event during childhood has been estimated to be 
almost 40%. Childhood adversity can have detrimental effects on later mental health, 
leading to depression, substance abuse and suicide attempts in adulthood (1-3). 
 Childhood adversity can be divided into dependent or person-related 
events and independent or environment-related events (4, 5). Person-related events 
have a direct impact on the person himself or herself. Examples of such events 
are severe physical illness, a handicap, being the victim of abuse or sexual abuse. 
Environment-related events affect other individuals or the direct environment of an 
individual. Such events include parental separation, parental drug use or the death 
of a sibling or parent. It has been previously shown that these distinct categories 
of events seem to affect mental health in a different manner (5). In two studies, 
person-related childhood adverse events, but not environment-related childhood 
adverse events, were associated with more depressive symptoms among adolescents 
(6, 7). Environment-related childhood events including parental separation and 
sudden parental death, were associated with psychological maladjustment and 
conduct problems (8, 9). In a co-twin control study, person-related childhood 
adverse events were associated with the onset of depression among females 
more than environment related events (10). There is further evidence that the 
associations between person- and environment related childhood adverse events 
and development and subsequent mental health are different for boys and girls. 
Person-related childhood adversity, in the form of sexual abuse, has been associated 
with more depression, anxiety, post-traumatic stress disorder (PTSD), and suicidal 
ideation in girls, but not in boys (11, 12). Environment-related childhood adversity 
including family conflict has been associated with learning disability and decreased 
global functioning in adolescence to a greater extent in boys compared to girls (13).  
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The sex-specific associations between person and environment-related childhood 
adverse events and mental health outcomes might be (partly) explained by differential 
effects of childhood adverse events on the development of the hypothalamic pituitary 
adrenal (HPA)-axis in boys and girls. The main end product of the HPA-axis is cortisol, 
which is released after stress exposure and is involved in processes such as glucose 
release and immune responsivity. In addition to release after stress, cortisol follows 
a diurnal rhythm with peak levels shortly after awakening and decreasing levels 
during the day (14). Dysregulation of the HPA-axis is associated with depressive 
symptoms, anxiety disorders and PTSD in childhood and adulthood (15-17). Another 
important HPA-axis hormone is dehydroepiandrosterone (DHEA), a human steroid 
and androgen that is produced in the adrenal cortex and that has several effects 
on the neurological, endocrine- and immune system. Levels of DHEA typically 
increase when cortisol levels increase. DHEA has antiglucocorticoid properties and 
the co-release of DHEA with cortisol returns the stress system back to homeostasis, 
suggesting a protective function against long-term exposure to increased levels of 
cortisol (18, 19). Low, but also high DHEA concentrations have been associated with 
an increased prevalence of depression and PTSD in adults (20-23). An increased ratio 
of cortisol to DHEA concentration suggests higher stress hormone levels and lower 
‘protective’ hormone levels, and has been related to poor mental health outcomes 
(20).
 Associations between trauma exposure during childhood and altered HPA-
axis functioning have frequently been observed in animal and human studies (24, 
25). Adverse childhood events have been linked to blunted diurnal cortisol patterns 
in young children (26) and adolescents (27) and an increased cortisol awakening 
response in adult women (28). Childhood adverse events such as childhood 
maltreatment have also been linked to increased cortisol/DHEA ratio concentrations 
in adulthood (29) emphasizing the complexity of associations between childhood 
adversity and neuroendocrine variables. 
 There is evidence indicating that the association between non-specific 
childhood adversity and HPA-axis function might be different for boys and girls, 
such that boys who experienced pervasive maltreatment had higher DHEA and 
lower cortisol/DHEA ratio levels compared to girls with similar experiences (30). 
Other research showed that girls exposed to prenatal stressors (preterm birth, low 
birth weight and maternal stressors) had increased HPA-axis reactivity, compared 
to males. Among males, these stressors were associated with altered diurnal cortisol 
secretion (31). The sex-specific associations between person- and environment 
related adverse events during childhood and the development of mental health and 
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behavioral problems might be partially explained by differential associations with 
levels of cortisol and DHEA and with cortisol/DHEA ratio. 
 The association between childhood adversity and DHEA or cortisol/DHEA 
ratio has not been studied previously in adolescent boys and girls despite our 
understanding of the adolescent period as an important developmental period, 
including major changes in the HPA-axis and associated adaptability to stress. 
These changes have been linked to increased risk for the onset of internalizing and 
externalizing behavior problems among children and adolescents (26, 32). DHEA plays 
a role in the onset of puberty, the physical maturation as well as brain development 
during puberty (32). Also, to the best of our knowledge, associations of person- and 
environment-related childhood adverse events and HPA-axis measures have not yet 
been studied. Potential differential associations of person- and environment-related 
childhood adversity and HPA-axis dysregulation could possibly result in increased 
symptoms of depression and anxiety in girls, and learning and behavioral problems 
in boys, respectively. In order to further unravel the associations between different 
types of childhood adversity and cortisol, DHEA, cortisol/DHEA ratio and diurnal 
cortisol patterns in adolescence, the present study was carried out. We expected 
associations between environment-related childhood adversity and cortisol and 
DHEA levels in boys, and between person-related childhood adversity and cortisol 
and DHEA levels in girls.
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Methods
 
Participants 

Participants (age 12-18) were recruited from several high schools in the Netherlands. 
A total of 215 adolescents consented to participation in the study. The availability of 
questionnaire data, hair (part 1) and saliva (part 2) data is shown in Figure 1. 

 
 
Figure 1. Flowchart of participants and data availability for questionnaires, hair (part 1) and  
saliva (part 2). 

The study was approved by the ethical committee of the Faculty of Behavioral and 
Movement Sciences of the Vrije Universiteit Amsterdam. Participants, and in case 
of children under the age of 16 years the parents, gave written informed consent. 

Procedure 
Study assistants asked permission of high schools to invite students to participate 
in the study. When permission was obtained, youths and their parents received 
a written explanation of the study with an invitation to participate. The student 
assistants then visited schools to enroll adolescents willing to participate and who 
had filled out a written informed consent (by themselves or their parents). After 
explaining the study protocol, a piece of hair was cut as the first part of the study. In 
the second part of the study, within a week after the first part of the study, half of the 

Informed	consent	N=215

Filled out questionnaire N=190
Provided hair sample N=202 Provided saliva sample N=121

Participants with hair and 
questionnaire data N=183

Participants with saliva and 
questionnaire data N=92
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subjects received four tubes to collect saliva on a weekly day along with information 
on saliva collection. They were asked to collect the saliva in the tubes and return 
the tubes to the university by mail. The time of day each saliva sample had to be 
collected was explained in the information letter, and participants reported the exact 
time of collection of each saliva sample. After this, participants were emailed a link to 
a website where they were asked to fill out a questionnaire containing questions on 
demographic variables and seven different standardized questionnaires (see below 
for a description of the questionnaires used for the present study). Completing the 
questionnaires took about one hour. 

Self-report measures
The questionnaire contained questions about height and weight, ethnic background, 
and if the participants had ever smoked. Postal code was also self-reported, upon 
which socio-economic status was based. The Pubertal Development Scale (PDS) was 
used to assess the stage of puberty for boys and girls. The PDS is a 5-item questionnaire 
regarding growth, bodily hair development, skin changes and sex-specific pubertal 
development questions about voice changes and facial hair (boys) and breast 
development and menarche (girls). A total score between 1 (no development) and 4 
(development complete) was computed (α = 0.77) (33, 34).
 Childhood adversity can be studied by using a questionnaire assessing 
stressful life events, containing items about different types of events. In several 
studies these events have then been summed to a total number of events per person 
(29, 35). However, the death of a parent may have a much greater impact on the 
life of a child or adolescent, compared to the loss of a job by a parent. In order to 
take the potential impact of an event into account, questionnaires like the Holmes 
and Rahe Stress Scale use life change units (36). For the present study, we used the 
27-item Adverse Life Events Questionnaire (ALEQ), a reliable and valid measure 
of childhood adversity, and also took the impact of events into account. For each 
adverse event, the participant filled out if he/she experienced the event, how many 
times, the age at the time of the adverse event, and the perceived severity (5, 37). If 
the event was not perceived as severe at all the event was not scored as a stressful 
event. Events were categorized and scored with the Holmes and Rahe stress scale, 
resulting in a total life change unit score, with higher scores indicating higher impact 
of stressful events (36). We split the total score in a person-related sub score and an 
environment-related sub score, based on a previous study in which these events 
were rated by trained psychologists in the field of life events (5). An overview of the 
reported person-related and environment-related is shown in table 3. 
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Neuroendocrine measures
Hair strands (about 3 mm diameter) were taken scalp-near from a posterior vertex 
region. Cortisol and DHEA concentrations were determined in the proximal 3 cm 
long hair segment which, based on an approximate hair growth rate of about 1 cm per 
month, is assumed to reflect hormone secretion over the three-month-period prior 
to hair sampling (38). The concentrations of cortisol and DHEA were determined by 
liquid chromatography tandem mass spectrometry (LC-MS/MS). 
Participants were asked to passively drool saliva in the tubes at four different time 
points during a week day: immediately after waking up, 30 minutes after waking up, 
at noon (98% within one hour) and at 8 pm (94% within one hour). They were also 
asked to stay in bed before collecting the second sample, to not eat within the half 
hour preceding the saliva collection and to store the tubes with saliva in the freezer 
whenever possible. Cortisol concentrations were assessed by an ELISA assay. From 
the salivary cortisol values the day area under the curve (AUCg) with respect to 
ground cortisol levels was computed as a measure of daily cortisol output.

Statistical Analysis
Multiple linear regression analyses were used to test the hypotheses. Because the 
values for cortisol, DHEA and cortisol/DHEA ratio were not normally distributed, 
values were log transformed which resulted in normally distributed values. Outcomes 
included the hair variables DHEA from the last month, DHEA from the last 3 
months, cortisol from the last month, cortisol from the last 3 months, cortisol/DHEA 
from the last month and cortisol/DHEA from the last 3 months. Childhood adversity 
measured by the ALEQ in life change units was used as independent variable. 
Person-related and environment-related sub scores were analyzed separately. Age, 
BMI and PDS score were entered as covariates in the models, and each outcome 
was analyzed separately for boys and girls. AUCg was analyzed as a dependent 
variable in a regression model with dichotomized person- and environment related 
childhood adversity as factors. All analyses were conducted with IBM SPSS version 
24 (Armonk, NY, USA). 
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Results

Descriptive analyses
The responder analyses results are shown in Table 1. The characteristics of the group 
that participated in the hair collection and questionnaire part of the study were 
similar to the characteristics of the group that participated in the saliva collection 
and questionnaire part.
 As shown in Table 2, the final sample consisted of 190 adolescents (n = 74; 
39% boys) with a mean age of 15.7 years. DHEA levels in hair were comparable 
for girls and boys. Cortisol levels in hair from the last month were higher in girls 
(median = 3.6, inter quartile range (IQR) = 2.4-5.0) compared to boys (median = 2.4, 
IQR = 1.6-3.8, p < 0.01). Cortisol and DHEA from the last month were both positively 
associated with pubertal stage (r = 0.24 p < 0.01 and r = 0.22, p < 0.01 respectively). 
Cortisol and DHEA from the last month and last 3 months were not significantly 
correlated (r = 0.13, p = 0.13; r = 0.10, p = 0.26, respectively). Comparison of the most 
recent hair cortisol sample (last month) and the separate saliva cortisol samples, as a 
measure of cortisol output consistency, showed that hair cortisol from the last month 
was significantly correlated with the midday saliva cortisol sample (r = 0.21, p < 0.05), 
but not with the first (r = -0.01, p = 0.92), second (r = -0.06, p = 0.59) and last sample (r 
= 0.01, p = 0.96).
 In Table 3, the report of life events is shown, divided into person-related 
events and environment-related events. For both girls and boys, the death of 
someone they cared about was the most common adverse event (37% and 35%, 
respectively), followed by severe illness or accident of a family member (21% and 
24%, respectively) and having had a severe illness or accident themselves (12% and 
19% respectively). 
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Childhood adversity and cortisol, DHEA and cortisol/DHEA ratio in hair
If adversity was analyzed as a total score, and not according to person- and 
environment related events, no significant associations were found (data not 
shown). However, if we split the analyses into person- and environment related 
events, significantly higher DHEA levels over the last month as well as over the 
last 3 months were observed in girls with more person-related childhood adversity, 
but not in girls with more environment-related childhood adversity, as reported in 
Table 4. In boys, no significant association was observed between person-related 
childhood adversity and DHEA levels, however DHEA levels from the last month 
showed a trend towards being significantly higher in boys with more environment-
related childhood adversity. Hair cortisol levels in the last month were significantly 
higher in boys with more person-related childhood adversity. Environment-related 
childhood adversity was also associated with higher hair cortisol over the last 3 
months in boys. 

Daily cortisol output in saliva
The AUCg analyses showed no differences in daily cortisol output between boys or 
girls with and without person-related childhood adversity. There was a trend towards 
a significant lower daily cortisol output in boys with environment-related childhood 
adversity (b = -9.37; SE = 5.07; p = 0.08) compared to boys without environment-
related childhood adversity (Figures 1-4). 
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Discussion
 
Our findings demonstrated that person- and environment related childhood 
adversity were differentially associated with HPA-axis functioning in adolescents in 
a sex-specific manner. Neither person- nor environment related childhood adversity 
was associated with an altered cortisol/DHEA ratio in hair. However, in girls, person-
related childhood adversity was associated with higher hair DHEA levels in girls, 
while environment-related childhood adversity was not associated with HPA-axis 
measures. In boys, both person- and environment related childhood adversity were 
associated with higher hair cortisol levels. Also, for environment-related childhood 
adversity a trend was observed for lower daily cortisol output measured in saliva 
and higher DHEA levels in hair.
 Based on previous studies suggesting that person- and environment-related 
adverse events during childhood could be associated with mental health in a sex-
specific manner (4, 5, 11, 13), we studied person- and environment-related childhood 
adversity separately in boys and girls in relation to levels of cortisol, DHEA and 
cortisol/DHEA ratio. As we had expected, there were indeed sex-specific associations, 
which were also different depending on the type of adverse events. If the person- 
and environment-related events were combined in a total adverse event score, no 
associations were found with either cortisol or DHEA levels, which confirms the 
importance of studying person- and environment-related events separately. Our 
findings were generally in line with our hypotheses, showing that person-related 
childhood adversity was associated with altered HPA-axis functioning in girls, and 
environment-related childhood adversity was associated with altered HPA-axis 
functioning in boys. Contrary to our hypotheses though, we found that person-
related childhood adversity was also associated with increased cortisol levels in 
boys, and that person- and environment related childhood adversity were not linked 
to an altered cortisol/DHEA ratio in girls or boys.
 Previous research has suggested a sex-specific association between non-
specific childhood adversity and altered HPA-axis functioning (30). A potential 
explanation for the sex-specific associations between childhood adversity and 
altered HPA-axis functioning might be the differences in puberty development 
between girls and boys. The functioning of the HPA-axis changes during puberty 
from relatively low to increasing levels of cortisol and DHEA, and these changes 
occur earlier in girls compared to boys, since puberty starts at an earlier age in 
girls (39, 40). Childhood adversity may lead to different HPA-axis functioning in 
girls and boys, such that the brain and endocrine system react differently to the 
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environment during pubertal development (30). Previous research has shown that 
early life adversity is associated with altered cortisol day output in boys, which is 
in line with our findings (31). Our results add that the type of event is also related 
to these sex-specific associations. In one study, boys experienced more behavioral 
problems after parental divorce compared to girls, which is consistent with the idea 
that environment-related childhood adversity affects boys to a greater extent than 
girls (41). These findings together suggest that the increased susceptibility for mental 
health and behavioral problems after childhood adverse events depend on both 
sex and type of event, although more research is necessary to confirm and further 
unravel these associations.
 DHEA is a relatively new marker of mental health and recent studies have 
suggested a potential important role of DHEA in childhood adversity research, 
such that cortisol and DHEA levels could be used as predictors of mental health 
and behavioral problems after childhood adversity exposure (29, 30). The present 
study showed that there are sex-specific differential associations between different 
types of childhood adversity and levels of DHEA. Based on our results it seems 
that girls who have experienced person-related adverse events during childhood 
and boys who have experienced environment-related adverse childhood events 
have prolonged increased levels of DHEA, although the latter was not statistically 
significant. Increased DHEA levels have been shown in children with anxiety 
and obsessive-compulsive symptoms and in adult patients with major depressive 
disorder and addictive disorder (22, 42, 43). Taken together with the results from our 
study, childhood adversity may be linked to increased DHEA levels with potential 
long-term negative effects on mental wellbeing.
 In a meta-analysis childhood adversity was associated with increased cortisol 
levels in hair in both girls and boys, which is in line with our findings, although in the 
meta-analysis cortisol levels were higher in boys compared to girls (44). Our finding 
of a trend towards an association between environment-related childhood adversity 
and lower daily cortisol output in boys is in line with previous research focusing 
on non-specific childhood adversity and childhood daily cortisol output (26, 31). 
These findings collectively indicate that different types of childhood adversity may 
be linked to blunted daily cortisol output, and prolonged elevated levels of cortisol, 
suggesting HPA-axis dysregulation, with possible future associations with impaired 
mental wellbeing.
 Contrary to previous research, we did not find an association between 
person- and environment related childhood adversity and alterations of the cortisol/
DHEA ratio. This null finding may be related to the small variation in cortisol/DHEA 
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ratio in our sample, or the greater severity of stress experienced in childhood in 
previous research describing effects on the cortisol/DHEA ratio (20, 30). In addition, 
cortisol/DHEA ratio was derived from plasma and saliva in these studies, whereas 
in our study cortisol/DHEA ratio was derived from hair, which may have resulted in 
different estimations. Based on previous research though, the cortisol/DHEA ratio is 
an important measure of neuroendocrine functioning (20), and additional research 
is needed to assess the sex-specific association between person- and environment 
related childhood adversity and this ratio.
 Strengths of this study included the measurement of both cortisol and DHEA 
levels in hair, and daily salivary cortisol output, giving information about HPA-
axis activity over a period of three months and over a one-day period. In line with 
previous studies showing a positive correlation between cortisol levels from hair 
and saliva (45-47), we also observed a positive correlation between the hair cortisol 
sample from the last month and the mid-day saliva sample, although measurements 
at other time points were not related. A limitation of this study is that we could not 
adjust for smoking, as reliable information was only available about having ever 
smoked. Since there are associations between smoking and DHEA and cortisol, 
adjustment for current smoking would have been preferred (48). Another limitation 
concerns the analysis of hair to determine cortisol and DHEA levels; in boys or girls 
with short hair it was not possible to take a hair sample or only a short piece of hair. 
Furthermore, the smaller number of adolescents participating in the saliva sample 
part of the study (48%) limited the statistical power for finding differences in the 
daily cortisol output. This particular group did not seem to be a selective group 
though as the responder analyses showed no differences.
 Despite these limitations, the study revealed differential associations between 
person- and environment related childhood adversity and functioning of the HPA-
axis in girls and boys. The results from this study contribute to the understanding of 
the associations between childhood adversity and neuroendocrine functioning and 
emphasize that different types of childhood adversity may not only be linked to 
cortisol but also DHEA levels in a sex-specific manner. This may partly explain the 
differences between boys and girls in the subsequent development of mental health 
and behavioral problems. Future research is recommended to assess sex-specific 
associations between different types of adverse events and later mental wellbeing.



Chapter 4

98

References

1. Felitti VJ, Anda RF, Nordenberg D, et al. Relationship of childhood abuse and household dysfunction to 
many of the leading causes of death in adults. The Adverse Childhood Experiences (ACE) Study. Am J 
Prev Med. 1998;14(4):245-58.

2. Shonkoff JP, Garner AS, Siegel BS, et al. The Lifelong Effects of Early Childhood Adversity and Toxic 
Stress. Pediatrics. 2012;129(1):e232-e46.

3. Lovallo WR. Early life adversity reduces stress reactivity and enhances impulsive behavior: implications 
for health behaviors. Int J Psychophysiol. 2013;90(1):8-16.

4. Kendler KS, Karkowski LM, Prescott CA. The assessment of dependence in the study of stressful life 
events: validation using a twin design. Psychol Med. 1999;29(6):1455-60.

5. Amone-P’Olak K, Ormel J, Huisman M, Verhulst FC, Oldehinkel AJ, Burger H. Life Stressors as Mediators 
of the Relation Between Socioeconomic Position and Mental Health Problems in Early Adolescence: The 
TRAILS Study. Journal of the American Academy of Child & Adolescent Psychiatry. 2009;48(10):1031-8.

6. Technow JR, Hazel NA, Abela JRZ, Hankin BL. Stress sensitivity interacts with depression history to 
predict depressive symptoms among youth: Prospective changes following first depression onset. Journal 
of abnormal child psychology. 2015;43(3):489-501.

7. Williamson DE, Birmaher B, Anderson BP, al-Shabbout M, Ryan ND. Stressful life events in depressed 
adolescents: the role of dependent events during the depressive episode. J Am Acad Child Adolesc 
Psychiatry. 1995;34(5):591-8.

8. Pham S, Porta G, Biernesser C, et al. The Burden of Bereavement: Early-Onset Depression and Impairment 
in Youths Bereaved by Sudden Parental Death in a 7-Year Prospective Study. Am J Psychiatry. 
2018:appiajp201817070792.

9. Amato PR. Life-span adjustment of children to their parents’ divorce. Future Child. 1994;4(1):143-64.
10. Kendler KS, Karkowski LM, Prescott CA. Causal relationship between stressful life events and the onset 

of major depression. Am J Psychiatry. 1999;156(6):837-41.

11. Bendixen M, Muus KM, Schei B. The impact of child sexual abuse--a study of a random sample of 
Norwegian students. Child Abuse Negl. 1994;18(10):837-47.

12. Tolin DF, Foa EB. Sex differences in trauma and posttraumatic stress disorder: a quantitative review of 25 
years of research. Psychol Bull. 2006;132(6):959-92.

13. Biederman J, Faraone SV, Monuteaux MC. Differential effect of environmental adversity by gender: 
Rutter’s index of adversity in a group of boys and girls with and without ADHD. Am J Psychiatry. 
2002;159(9):1556-62.

14. Bailey SL, Heitkemper MM. Morningness-eveningness and early-morning salivary cortisol levels. Biol 
Psychol. 1991;32(2-3):181-92.

15. Olff M, Güzelcan Y, de Vries G-J, Assies J, Gersons BPR. HPA- and HPT-axis alterations in chronic 
posttraumatic stress disorder. Psychoneuroendocrinology. 2006;31(10):1220-30.

16. 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. Biological Psychology. 2001;57(1):141-52.

17. Dieleman GC, Huizink AC, Tulen JH, et al. Alterations in HPA-axis and autonomic nervous system 
functioning in childhood anxiety disorders point to a chronic stress hypothesis. Psychoneuroendocrinology. 
2015;51:135-50.



Chapter 4

4

99

18. Kimonides VG, Spillantini MG, Sofroniew MV, Fawcett JW, Herbert J. Dehydroepiandrosterone 
antagonizes the neurotoxic effects of corticosterone and translocation of stress-activated protein kinase 3 
in hippocampal primary cultures. Neuroscience. 1999;89(2):429-36.

19. Fraser R, Ingram MC, Anderson NH, Morrison C, Davies E, Connell JMC. Cortisol Effects on Body Mass, 
Blood Pressure, and Cholesterol in the General Population. Hypertension. 1999;33(6):1364.

20. Yehuda R., Brand S. R., Golier J. A., R.-K. Y. Clinical correlates of DHEA associated with post-traumatic 
stress disorder. Acta Psychiatrica Scandinavica. 2006;114(3):187-93.

21. Michael A, Jenaway A, Paykel ES, Herbert J. Altered salivary dehydroepiandrosterone levels in major 
depression in adults. Biological Psychiatry. 2000;48(10):989-95.

22. Kurita H, Maeshima H, Kida S, et al. Serum dehydroepiandrosterone (DHEA) and DHEA-sulfate (S) 
levels in medicated patients with major depressive disorder compared with controls. J Affect Disord. 
2013;146(2):205-12.

23. Uh D, Jeong HG, Choi KY, et al. Dehydroepiandrosterone Sulfate Level Varies Nonlinearly with Symptom 
Severity in Major Depressive Disorder. Clin Psychopharmacol Neurosci. 2017;15(2):163-9.

24. Anacker C, O’Donnell KJ, Meaney MJ. Early life adversity and the epigenetic programming of 
hypothalamic-pituitary-adrenal function. Dialogues in Clinical Neuroscience. 2014;16(3):321-33.

25. Van Voorhees E, Scarpa A. The effects of child maltreatment on the hypothalamic-pituitary-adrenal axis. 
Trauma Violence Abuse. 2004;5(4):333-52.

26. Bernard K, Zwerling J, Dozier M. Effects of early adversity on young children’s diurnal cortisol rhythms 
and externalizing behavior. Dev Psychobiol. 2015;57(8):935-47.

27. Zilioli S, Slatcher RB, Chi P, Li X, Zhao J, Zhao G. Childhood Adversity, Self-Esteem, and Diurnal Cortisol 
Profiles across the Lifespan. Psychological science. 2016;27(9):1249-65.

28. Gonzalez A, Jenkins JM, Steiner M, Fleming AS. The relation between early life adversity, cortisol awakening 
response and diurnal salivary cortisol levels in postpartum women. Psychoneuroendocrinology. 
2009;34(1):76-86.

29. Van Voorhees EE, Dennis MF, Calhoun PS, Beckham JC. Association of DHEA, DHEAS, and cortisol with 
childhood trauma exposure and posttraumatic stress disorder. International clinical psychopharmacology. 
2014;29(1):56-62.

30. Doom JR, Cicchetti D, Rogosch FA, Dackis MN. Child maltreatment and gender interactions as predictors 
of differential neuroendocrine profiles. Psychoneuroendocrinology. 2013;38(8):1442-54.

31. Carpenter T, Grecian SM, Reynolds RM. Sex differences in early-life programming of the hypothalamic–
pituitary–adrenal axis in humans suggest increased vulnerability in females: a systematic review. Journal 
of Developmental Origins of Health and Disease. 2017;8(2):244-55.

32. Black SR, Lerner MD, Shirtcliff EA, Klein DN. Patterns of neuroendocrine coupling in 9-year-old children: 
Effects of sex, body-mass index, and life stress. Biol Psychol. 2017.

33. Carskadon MA, Acebo C. A self-administered rating scale for pubertal development. J Adolesc Health. 
1993;14(3):190-5.

34. Brooks-Gunn J, Warren MP, Rosso J, Gargiulo J. Validity of self-report measures of girls’ pubertal status. 
Child Dev. 1987;58(3):829-41.

35. Busso DS, McLaughlin KA, Sheridan MA. Dimensions of Adversity, Physiological Reactivity, and 
Externalizing Psychopathology in Adolescence: Deprivation and Threat. Psychosomatic Medicine. 
2017;79(2):162-71.

36. Holmes TH, Rahe RH. The social readjustment rating scale. Journal of Psychosomatic Research.11(2):213-8.
37. Brugha TS, Cragg D. The List of Threatening Experiences: the reliability and validity of a brief life events 

questionnaire. Acta Psychiatr Scand. 1990;82(1):77-81.  

 



Chapter 4

100

38. Stalder T, Kirschbaum C. Analysis of cortisol in hair – State of the art and future directions. Brain, 
Behavior, and Immunity. 2012;26(7):1019-29.

39. Matchock RL, Dorn LD, Susman EJ. Diurnal and seasonal cortisol, testosterone, and DHEA rhythms in 
boys and girls during puberty. Chronobiol Int. 2007;24(5):969-90.

40. Kuhlman KR, Chiang JJ, Horn S, Bower JE. Developmental psychoneuroendocrine and 
psychoneuroimmune pathways from childhood adversity to disease. Neuroscience & Biobehavioral 
Reviews. 2017;80:166-84.

41. Sandler IN, Reynolds KD, Kliewer W, Ramirez R. Specificity of the Relation Between Life Events and 
Psychological Symptomatology. Journal of Clinical Child Psychology. 1992;21(3):240-8.

42. Barendse MEA, Simmons JG, Byrne ML, et al. Associations between adrenarcheal hormones, amygdala 
functional connectivity and anxiety symptoms in children. Psychoneuroendocrinology. 2018;97:156-63.

43. Yadid G, Sudai E, Maayan R, Gispan I, Weizman A. The role of dehydroepiandrosterone (DHEA) in drug-
seeking behavior. Neuroscience & Biobehavioral Reviews. 2010;35(2):303-14.

44. Simmons JG, Badcock PB, Whittle SL, et al. The lifetime experience of traumatic events is associated with 
hair cortisol concentrations in community-based children. Psychoneuroendocrinology. 2016;63:276-81.

45. Xie Q, Gao W, Li J, et al. Correlation of cortisol in 1-cm hair segment with salivary cortisol in human: hair 
cortisol as an endogenous biomarker. Clinical Chemistry and Laboratory Medicine (CCLM)2011. p. 2013.

46. Vanaelst B, Huybrechts I, Bammann K, et al. Intercorrelations between serum, salivary, and hair cortisol 
and child-reported estimates of stress in elementary school girls. Psychophysiology. 2012;49(8):1072-81.

47. D’Anna-Hernandez KL, Ross RG, Natvig CL, Laudenslager ML. Hair cortisol levels as a retrospective 
marker of hypothalamic–pituitary axis activity throughout pregnancy: Comparison to salivary cortisol. 
Physiology & Behavior. 2011;104(2):348-53.

48. Baron JA, Comi RJ, Cryns V, Brinck-Johnsen T, Mercer NG. The effect of cigarette smoking on adrenal 
cortical hormones. J Pharmacol Exp Ther. 1995;272(1):151-5.

 



Chapter 4

4

101

Table 1. Responder characteristics, presented as means (SD) unless stated otherwise. 

 
Table 2. Clinical characteristics, presented as means (SD) unless stated otherwise. 

 
*presented as medians (inter quartile ranges).

Hair & questionnaire data (n=183) Saliva & questionnaire data (n=92)

Age in years 15.6 (2.0) 15.3 (2.1)
European ethnicity, n (%) 163 (89.1) 87 (94.6)
Height in cm 170.1 (10.7) 169.4 (10.9)
Weight in kg 59.1 (13.1) 58.0 (14.4)
BMI in kg/m2 20.3 (3.2) 20.0 (3.2)
High SES n (%) 20 (10.9) 11 (12.0)
Smokers (ever) n (%) 41 (22.4) 19 (20.7)
Puberty stage 2.9 (0.7) 2.8 (0.7)

Total sample (n = 190) Girls (n = 116) Boys (n = 74)

Age in years 15.7 (2.0) 15.8 (1.9) 15.4 (2.1)
European ethnicity, n (%) 169 (88.9) 104 (89.7) 65 (87.8)
Height in cm 170.3 (10.6) 167.4 (7.4) 174.8 (13.0)
Weight in kg 59.3 (13.0) 57.8 (9.7) 61.7 (16.6)
BMI in kg/m2 20.3 (3.2) 20.6 (3.0) 20.0 (3.5)
High SES n (%) 22 (10.2) 15 (12.9) 7 (9.5)
Smokers (ever) n (%) 44 (23.2) 27 (23.3) 17 (23.0)

Life change units groups n (%) 

- None
- 1-149 
- 150-299
- > 300

70 (36.8)

74 (38.9)

39 (20.5)

7 (3.7)

41 (35.3)

45 (38.8)

25 (21.6)

5 (4.3)

29 (39.2)

29 (39.2)

14 (18.9)

2 (2.7)
Puberty stage 2.9 (0.7) 3.1 (0.6) 2.6 (0.7)
DHEA pg/mg last month* 14.5 (9.0-25.0) 13.9 (8.5-22.9) 15.4 (9.4-29.5)

DHEA pg/mg last 3 months* 45.3 (29.9-72.7) 44.3 (29.2-67.4) 79.2 (34.5-111.3)
Cortisol pg/mg last month* 3.2 (2.1-4.3) 3.6 (2.4-5.0) 2.4 (1.6-3.8)
Cortisol pg/mg last 3 months* 8.6 (5.9-12.1) 8.6 (6.0-12.2) 8.6 (4.8-11.6)

Cortisol/DHEA last month* 0.21 (0.11-0.36) 0.26 (0.17-0.47) 0.15 (0.08-0.28)

Cortisol/DHEA last 3 months* 0.18 (0.12-0.31) 0.18 (0.12-0.30) 0.12 (0.05-0.35)
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Table 3. Description of adverse events and frequency of experiencing such an event for girls and 
boys, n (%), and mean total scores (SD).

Girls (n = 115) Boys (n = 74)

Person-related events

     Total score 12.9 (35.2) 14.4 (30.6)
     Severe illness or accident 14 (12%) 14 (19%)
     Physically handicapped 2 (2%) 1 (1%)
     Moved to other family 2 (2%) 0
     Victim of violence 3 (3%) 1 (1%)

     Threatened with a weapon 1 (1%) 0

Environment-related events

     Total score 79.7 (92.2) 70.1 (80.9)
     Severe illness or accident of family member 24 (21%) 18 (24%)
     Severe illness or accident of good friend 8 (7%) 3 (4%)

     Physically handicapped family member 1 (1%) 2 (3%)
     Drugs addiction of family member 4 (4%) 1 (1%)
     Death of a parent 3 (3%) 2 (3%)

     Death of a sibling 1 (1%) 0

     Death of someone you cared about 42 (37%) 25 (34%)
     Parental unwanted unemployment 9 (8%) 11 (15%)
     Parental divorce or separation 8 (7%) 5 (7%)
     Family member moved 5 (4%) 1 (1%)
     Family member taken into custody 1 (1%) 1 (1%)
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Girls Boys

Person-related 
childhood 
adversity

Environment-related 
childhood adversity

Person-related 
childhood 
adversity

Environment-related 
childhood adversity

DHEA pg/mg 

last month
0.079 (0.032)* -0.007 (0.013) -0.009 (0.134) 0.093 (0.050)†

DHEA pg/mg 

last 3 months
0.223 (0.093)* -0.01 (0.038) -0.085 (0.485) 0.035 (0.276)

Cortisol pg/mg 

last month
-0.001 (0.005) -0.001 (0.002) 0.016 (0.007)* -0.002 (0.003)

Cortisol pg/mg 

last 3 months
-0.01 (0.013) -0.004 (0.005) 0.066 (0.05) 0.058 (0.022)*

Cortisol/DHEA 

last month
-0.0002 (0.001) -0.000052 (0.0003) -0.002 (0.003) -0.001 (0.001)

Cortisol/DHEA 

last 3 months
-0.0005 (0.001) -0.00004 (0.0002) 0.001 (0.002) 0.002 (0.001)

Table 4. Regression models for the associations between person- and environment related 
childhood adversity and levels of DHEA, cortisol and cortisol/DHEA ratio in hair.

Results are displayed as B (standard error); *p value < 0.05; †p value < 0.1; all analyses were  
adjusted for age, BMI and PDS score.
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Figure 1. Daily cortisol output from saliva for boys with and without environment-related  
adversity

Figure 2. Daily cortisol output from saliva for boys with and without person-related adversity
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Figure 3. Daily cortisol output from saliva for girls with and without environment-related adversity

 
Figure 4. Daily cortisol output from saliva for girls with and without person-related adversity
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