
INTRODUCTION

Trauma is defined as a direct exposure of an individual to 
a severely distressing event such as experiencing or witness-
ing a real death or death threat, severe injury or any threat to 
the physical integrity of an individual.1 Sexual abuse is one of 
the most severe forms of trauma, considering its future con-
sequences. Brain tissue continues its development in child-
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hood and during adolescence.2 Traumas experienced during 
these periods have been reported to have more serious con-
sequences.3

The individuals who have experienced trauma often ex-
hibit one or more psychiatric disorders, including post-trau-
matic stress disorder (PTSD), depression, dissociative disor-
der, alcohol and substance abuse, personality disorders, and 
suicide attempts.4 Although PTSD is the most commonly 
encountered psychiatric condition after trauma, not all pa-
tients who experience trauma develop PTSD. Some individ-
ual and environmental risk factors are associated with the 
development of PTSD. The type and severity of trauma are 
the most important predictors of PTSD.5

Oxidative stress implies overproduction of reactive oxygen 
species (ROS) and/or failure of antioxidant defense mecha-
nisms.6 Brain tissue is vulnerable to oxidative stress due to its 
higher demand for oxygen.7-9 Oxidative stress also impairs 
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normal brain functions through the inhibition of neurogene-
sis, altering neuronal transmission, and inducing mitochon-
drial dysfunction.10

The anti-oxidant defense system involves enzymatic and 
non-enzymatic components. Superoxide dismutase (SOD) 
and glutathione peroxidase (GPx) are anti-oxidant enzymes.11 
Coenzyme Q is a non-enzymatic anti-oxidant.12 Coenzyme 
Q is a lipid-soluble vitamin-like substance, and it is an im-
portant cofactor in mitochondrial electron transport from 
complex I to complex III.13 It is found at high concentrations 
in the brain and heart.14 8-Hydroxy-2-Deoxyguanosine (8-
OHdG) is a biochemical marker of ROS-mediated DNA 
damage.15

The human and animals studies demonstrated that oxida-
tive stress is related to anxiety.16-21 In animal model of PTSD, 
inflammation and oxidative stress were reported to play a 
critical role in the development and exacerbation of PTSD.22 
There are also studies that did not report a significant differ-
ence between patients with PTSD and the control group in 
terms of oxidative stress.23,24

It was reported that oxidative stress could be a critical mo-
lecular linkage between the hypothalamic–pituitary–adrenal 
(HPA) axis dysfunction and mental disorders.25 It was also 
reported that the stress-induced increase in cortisol levels ac-
celerates glucose metabolism and production of reactive oxy-
gen species.26

The present study considered the fact that children and 
adolescents are more susceptible to the effects of trauma, and 
there are no studies demonstrating the relationship between 
oxidative stress and PTSD in this particular age group; the 
studies on adults have reported controversial data. The aim 
of this study was to investigate whether cortisol and oxidative 
stress levels and DNA damage differ between individuals 
who developed PTSD or not following a sexual trauma.

METHODS

Study sample 
The study was conducted in the Department of Child Psy-

chiatry at Dicle University Training and Research Hospital. 
The study data were collected between July 2013 and Febru-
ary 2014. 

A total of 61 children, aged between 5 and 17 years (18 
males and 43 females), participated in the study. CSA includ-
ed intercourse, attempted intercourse, oral-genital contact, 
fondling of genitals directly or through clothing, exhibition-
ism or exposing children to adult sexual activity or pornog-
raphy. The cases were selected from among the children who 
were subjected to the psychiatric examinations required by 
the legal authorities. A total of 160 CSA cases were admitted 

within the data collection period. Of these 105 cases agreed 
to be involved in the study, and 44 cases were excluded from 
the study based on the exclusion criteria. The patients were 
divided into two groups, patients with PTSD and patients 
without PTSD, based on the results of a structured psychiat-
ric interview. Children who had mental retardation, history 
of head trauma, and those who received oral contraceptives 
and psychotropics, previous or current cortisol therapy, and 
vitamins, and patients who had ≥30 body mass index, chron-
ic systemic disorders, and clinically active infection were ex-
cluded in order to prevent interference with biochemical pa-
rameters. Furthermore, cases with a psychopathology different 
from PTSD and depression were excluded from the study. 
They weren’t paid for participation in the study. The patients 
were evaluated by two experienced psychiatric doctors who 
had been working with these patient groups for four years. 
Parents provided informed consent for their children to par-
ticipate in the study. Inter-rater agreement was 0.70. Ethical 
approval of the study protocol was obtained from the Non-
Interventional Clinical Research Ethics Committee at Dicle 
University Faculty of Medicine.

Study procedures 
Sociodemographic features and clinical dates of the partic-

ipants were recorded by the psychiatrists. This was followed 
by a structured psychiatric interview (K-SADS-PL and CAPS-
CA) and administration of the self-reported Children’s De-
pression Inventory (CDI). Finally, a 2 mL venous blood sam-
ple was obtained for biochemical tests.

Forms and scales

Sociodemographic data and clinical data form
This form included questions about age, gender, age of the 

parents, education level, number of siblings, age at menarche 
and menstrual cycle, type of abuse, duration and frequency 
of abuse, relationship with the abuser, and abuse history. 

Affective disorders and schizophrenia for school age 
children-present and lifetime version

The schedule (K-SADS-PL) was originally developed by 
Kaufman et al.27 It was adapted to the Turkish language by 
Gökler et al. in 2004.28 K-SADS-PL is administered during 
an interview with the parents and children, and the final 
evaluation is performed using input from all data sources. 
The presence of common psychopathologies in children and 
adolescents may be investigated with this tool.
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Clinician-administered post-traumatic stress disorder 
scale for children and adolescents

CAPS-CA is a semi-structured interview developed to eval-
uate the frequency and severity of present and past PTSD in 
children and adolescents according to DSM-III and DSM-IV 
diagnostic criteria. It was adapted from the Clinician-Ad-
ministered Post-Traumatic Stress Disorder Scale (CAPS) by 
Nader et al. in 1996.29 There are totally 36 items in the scale. 
While seventeen evaluate PTSD symptoms, eight examine 
other symptoms related to PTSD, such as feelings of guilt, 
shame, dissociation, change in attachment behavior and 
trauma related fears. In the current study, other symptoms 
related to PTSD were not examined, and only PTSD symp-
toms occurring within the last one month were examined. 
The total score of the scale ranges between 0 and 68. A diag-
nosis of PTSD could be made based on the presence of at 
least one sign of re-experiencing, three symptoms of avoid-
ance or numbing, and two symptoms of a hyper-arousal 
state. If the patient did not meet these criteria, they were di-
agnosed as subthreshold PTSD. Each item is scored based 
both on the children’s answers and on a clinical judgment 
made during the interview. It was adapted to the Turkish lan-
guage by Karakaya et al.30

The children’s depression inventory
The Children’s Depression Inventory (CDI) developed by 

Kovasc based on the Beck Depression scale was used in the 
study.31 However, questions specific to the childhood period 
such as school success and relationship with the friends were 
added. The scale was adapted to the Turkish language by 
Öy32 and the scale contains 27 items. Each item is scored as 
“0”, “1”, or “2” points depending on the severity of the symp-
tom. The highest score is 54 points. High scores indicate the 

level or severity of depression. The cutoff point for the scale 
is 19 points.

Biochemical analysis
The blood samples were obtained in the morning between 

1000 h and 1200 h. The samples were collected into gel tubes. 
After collection, blood samples were allowed to set for 15 min-
utes for clotting. Then, blood samples were centrifuged at 
5000 rpm for 6 minutes. The sera were transferred to 1.5 mL 
polypropylene tubes and stored at -80 degrees centigrade un-
til the analysis. Serum levels of cortisol, GPx, coenzyme Q, 
8-OHdG, and SOD were determined with an enzyme linked 
immunosorbent assay (ELISA) method (Hangzhou Eastbio-
pharm CO. LTD China), according to the manufacturer’s in-
structions. Briefly, samples were added to monoclonal antibody 
enzyme well which is pre-coated with cortisol monoclonal 
antibody, incubated; then, cortisol antibodies labeled with bio-
tin were added, and combined with Streptavidin-HRP to form 
immune complex; then incubation and washing were carried 
out again to remove the uncombined enzyme. Then Chromo-
gen Solution A, B were added, the color of the liquid changed 
into the blue, And at the effect of acid, the color was finally be-
come yellow. The absorbance was measured at 450 nm.

Statistical analysis
The statistical analysis was performed using SPSS 18.0 

software package. The student’s t-test was used to compare 
normally distributed variables in independent groups, and 
the Mann-Whitney test was used to compare not-normally 
distributed categorical variables. The significance of the dif-
ference between the groups in terms of gender, history of 
psychiatric disorders, or substance abuse in the family mem-
bers or relatives, type of abuse, frequency and duration of 

Table 1. Data related to some sociodemographic variables and scale scores

PTSD (N=31) Not PTSD (N=30) z or t value p value
Age (years) 14.5±2.1 13.7±2.6 z=-1.35 0.12
Sex (M/F) 8/23 11/19 0.52
Education duration (years) 7.3±1.7 6.7±2.0 t=-1.12 0.21
Mother’s age (years) 37.8±8.1 38.8±7.5 t=0.54 0.49
Father’s age (years) 43.4±8.1 43.1±7.7 t=-0.11 0.91
Age at menarche 12.6±0.8 12.9±1.2 z=-0.66 0.47
Date (month) 24.1±28.1 21.1±15.4 t=-0.85 0.41
CDI 22.8±10.2 8.7±7.1 t=-5.56 0.01
CAPS-CA-B 18.1±4.9 6.5±5.9 z=-5.63 0.00
CAPS-CA-C 12.9±4.5 3.9±2.9 z=-5.90 0.00
CAPS-CA-D 13.2±5.3 2.7±3.2 z=-6.13 0.00
PTSD: post-traumatic stress disorder, Date (month): time between the first date of trauma and examination date, CDI: Child Depression In-
ventory, CAPS-CA: Clinician-Administered Post-Traumatic Stress Disorder Scale for Children and Adolescents 
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abuse, relationship with the abuser was evaluated using the 
chi-square test or Fisher’s exact test, where appropriate. Pear-
son’s test was used to evaluate correlation coefficients and 
statistically significance of normally distributed variables, 
and Spearman’s test was used to evaluate not normally dis-
tributed variables. A p value below 0.05 was considered sta-
tistically significant. 

RESULTS

The mean age was 13.3±2.4 years (range: 5-17 years) 
among the victims of sexual abuse. Our evaluation revealed a 
diagnosis of PTSD in 51% (n=31) of victims. There was no 
significant difference between patients with or without PTSD 
in terms of gender, smoking status, and menstrual cycle, the 
latter being assessed for adolescent patients. There was also 
no significant difference between the groups in terms of age, 
age of the mother/father. Data related to some sociodemo-
graphic variables and scale scores are presented in Table 1.

Regarding the parameters related to sexual abuse, 48% 
(n=29) of the victims experienced sexual abuse involving 
penetration. Of the victims, 46% (n=28) experienced single 
assault and 54% (n=33) experienced multiple assaults. 21% 
(n=13) of victims experienced sexual abuse within the family 
(incestuous), and 79% (n=48) experienced sexual abuse 
committed by non-related persons. There was no significant 
difference between patients with or without PTSD in terms 
of relationship with the abuse and presence of penetration 
(p=0.34 and p=0.68, respectively). However, the rate of PTSD 
was higher in patients who experienced multiple sexual as-
saults compared to the victims of a single assault (p=0.01). 
The rate of depression was significantly higher in patients 
with PTSD (p=0.01).

There was no significant difference between the groups 
with or without PTSD in terms of cortisol, GPx, SOD, coen-
zyme Q, and 8-OHdG levels (Table 2). Likewise, there was 
no significant difference between the groups with or without 

depression in terms of cortisol, GPx, SOD, coenzyme Q, and 
8-OHdG levels (p=0.43, p=0.46, p=0.38, p=0.53, and p=0.48, 
respectively). There was no correlation between CAPS scores 
and GPx, SOD, coenzyme Q, and 8-OHdG levels between 
patients with or without PTSD. 

The mean time that elapsed since the first sexual abuse un-
til the date of examination was 23.9±24.1 months (range: 
1-115 months). There is no difference between PTSD and 
non-PTSD group according to their mean time that elapsed 
since the first sexual abuse until the date of examination 
(p=0.41). In the PTSD group, cortisol levels decreased with 
increasing time after trauma, and there was no significant 

Table 2. Biochemical parameters in patients with or without post-traumatic stress disorder

PTSD (N=31) Not PTSD (N=30) z value p
HPA axis

Cortisol (ng/mL) 91.3±65.8 92.8±74.4 -0.12 0.91
Oxidative stress

GPx (U/mL) 90.7±55.6 83.2±50.2 -0.52 0.61
SOD (U/L) 151.3±149.8 147.6±155.9 -0.31 0.76
Coenzyme Q (ng/mL) 114.8±144.3 127.6±160.2 -0.02 0.99

DNA damage
8-OHdG (ng/mL) 22.9±24.0 23.2±28.9 -0.40 0.69

PTSD: post-traumatic stress disorder, GPx: Glutathione peroxidase, SOD: Superoxide dismutase, 8-OHdG: 8-Hydroxy-2-Deoxyguanosine
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Figure 1. Time x 8-OHdG interaction. 8-OHdG levels in the Post-
Traumatic Stress Disorder (PTSD) group decreased with increas-
ing time after trauma, and there was no significant correlation 
with 8-OHdG levels in patients without PTSD (r=-0.42, p=0.03 
and r=-0.04, p=0.85, respectively). The mean time that elapsed 
since the first sexual abuse until the date of examination was 
23.9±24.1 months (range: 1–115 months).
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correlation with the cortisol levels in patients without PTSD 
(r=-0.46, p=0.01 and r=-0.07, p=0.73, respectively). Similarly, 
8-OHdG levels in the PTSD group decreased with increasing 
time after trauma, and there was no significant correlation 
with 8-OHdG levels in patients without PTSD (r=-0.42, p= 
0.03 and r=-0.04, p=0.85, respectively) (Figure 1). 

DISCUSSION

In the present study, there was no significant difference be-
tween patients with or without PTSD in terms of oxidative 
stress and DNA damage. Furthermore, no relationship was 
found between the severity of the symptoms of PTSD and 
oxidative stress and DNA damage. In their study, Tezcan et 
al.24 and Čeprnja et al.23 did not report any association be-
tween PTSD and oxidative stress. However, healthy volun-
teers having no past history of trauma were selected as the 
control group in their study. In addition, the type of trauma 
in their study was different compared to the present study. In 
contrast to our findings, human and animal studies showed 
an association between oxidative stress and anxiety.16-21 In an 
animal model of PTSD, inflammation and oxidative stress 
were reported to play a critical role in the development and 
exacerbation of PTSD.22

In the present study, cortisol and 8-OHdG levels decreased 
with increasing time after trauma in the PTSD group. Al-
though we did not find any difference between the groups in 
terms of 8-OHdG concentrations, this finding was consid-
ered to be a reflection of the relationship between cortisol 
and DNA damage. In addition, the decrease in cortisol levels 
in time was suggested to be a reflection of adaptive process 
preventing harmful effects of prolonged exposure to high 
cortisol levels on brain structures such as the hippocampus 
and frontal cortex.33

The present study had several limitations. Biochemical pa-
rameters were analyzed in serum samples. The sources other 
than brain may have effects on the consequences. The pres-
ent study performed single measurements to determine cor-
tisol levels. This study did not include a healthy control group 
that did not have a history of trauma. 

In conclusion, there was no significant difference between 
children and adolescents with or without PTSD after sexual 
abuse in terms of the level of oxidative stress and DNA dam-
age. However, cortisol and 8-OHdG levels decreased with in-
creasing time after trauma in the PTSD group. Although we 
did not find any difference between the groups in terms of 
8-OHdG concentrations, this finding was considered to be a 
reflection of the relationship between cortisol and DNA 
damage. This is the first study conducted in this age group. 
On the other hand, longitudinal studies with larger sample 

size are required to confirm the findings of the current study.
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Ş Şimşek et al. 

   www.psychiatryinvestigation.org  621

22. Wilson CB, McLaughlin LD, Nair A, Ebenezer PJ, Dange R, Francis J. 
Inflammation and oxidative stress are elevated in the brain, blood, and 
adrenal glands during the progression of post-traumatic stress disor-
der in a predator exposure animal model. PLoS One 2013;8:e76146. 

23. Čeprnja M, Derek L, Unić A, Blazev M, Fistonić M, Kozarić-Kovacić 
D, et al. Oxidative stress markers in patients with post-traumatic stress 
disorder. Coll Antropol 2011;35:1155-1160.

24. Tezcan E, Atmaca M, Kuloglu M, Ustundag B. Free radicals in patients 
with post-traumatic stress disorder. Eur Arch Psychiatry Clin Neurosci 
2003;253:89-91. 

25. Colaianna M, Schiavone S, Zotti M, Tucci P, Morgese MG, Bäckdahl L, 
et al. Neuroendocrine profile in a rat model of psychosocial stress: re-
lation to oxidative stress. Antioxid Redox Signal 2013;18:1385-1399. 

26. Richards RS, Nwose EU, Bwititi P. Biochemical basis of circadian rhythms 
and diseases: with emphasis on post-traumatic stress disorder. Med Hy-
potheses 2011;77:605-609.

27. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. Sched-
ule for Affective Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version (K-SADS-PL): initial reliability and validity 
data. J Am Acad Child Adolesc Psychiatry 1997;36:980-988.

28. Gökler B, Ünal F, Pehlivantürk B, Kültür EÇ, Akdemir D, Taner Y. Re-
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