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INTRODUCTION

Cortisol levels change when individuals are under stress via 
the hypothalamus-pituitary-adrenal (HPA) axis.1 The hypo-
thalamus secretes vasopressin and corticotropin-releasing hor-
mone when an individual is under stress, which stimulates the 
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pituitary gland to secrete adrenocorticotropic hormone.2 This, 
in turn, stimulates the adrenal cortex to increase the cortisol 
level, which regulates various systems in the body to help the 
individual cope with stress.3 Cortisol has been measured in se-
rum, saliva, and urine as an objective marker for stress;4 how-
ever, serum-based and saliva-based methods have limitations, 
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including diurnal variation and invasive sampling.5 In recent 
years, to overcome these limitations, hair samples have been 
used to measure human cortisol. Hair cortisol concentration 
(HCC), which represents the average cortisol concentration 
of the preceding months, has advantages over saliva-based or 
plasma-based methods of cortisol analysis because it is less in-
vasive and is unaffected by diurnal variations in cortisol level.5 
These characteristics make HCC more suitable than other forms 
of cortisol measurement for psychiatric research on chronic 
stress.

Despite efforts to use HCC as a biomarker of stress, associa-
tions between cortisol concentrations and stress-related psy-
chological factors are inconsistent.6 One possible reason for this 
inconsistency is a lack of consideration of childhood trauma, 
which affects both stress-related psychological factors7,8 and 
HPA axis function.9-11 Childhood trauma has been reported 
to increase depression and anxiety7 and disturb the automatic 
regulation of emotions later in life.8 Disruption of the HPA axis 
and a blunted cortisol response were also shown to be related 
to childhood trauma.9-11 However, the effect of childhood trau-
ma on HCC is still inconclusive. While one meta-analysis12 re-
ported a small positive effect to a robust negative effect, a more 
recent study with a large adult cohort13 reported no difference 
on HCC. Furthermore, because these previous studies have 
not considered stress-related psychological factors, the role 
of childhood trauma in the relationship between psychologi-
cal factors and HCC is unclear. 

Another possible reason for the inconsistent association be-
tween cortisol and stress-related psychological factors is that 
various measures of psychological stress were not analyzed com-
prehensively. HPA axis and cortisol levels have been shown to 
respond differently to various psychological factors; while they 
were not associated with self-reported stress perception,6 they 
were affected by psychological states, such as depression and 
anxiety14 and the ability to regulate emotions.15 

We examined the impacts of childhood trauma on the rela-
tionship between HCC and various stress-related psycholog-
ical measures in young, healthy adults. We hypothesized that 
compared with young adults with no history of childhood trau-
ma, young adults with a history of childhood trauma would 
have more difficulties in stress perception and emotion regu-
lation but would not have a correspondingly elevated HCC due 
to the negative effects of childhood trauma on the HPA axis. 
Furthermore, given that people with childhood trauma have 
exhibited changes in stress-related psychological factors and 
cortisol levels, we hypothesized that the association between 
HCC and stress-related psychological measures would be dif-
ferent in individuals with a history of childhood trauma than 
in individuals without such history.

METHODS

Participants
Two hundred six individuals, 105 females and 101 males, 

ranging in age from 19 to 30 years old were recruited via inter-
net job advertisement or posters at Severance Hospital of the 
Yonsei University Health System, Seoul, Korea. Participants 
were assessed using the Structured Clinical Interview in the Di-
agnostic and Statistical Manual of Mental Disorders IV and 
found to have no major psychiatric illness. Individuals were ex-
cluded if they had history of one or more of the following: 1) 
neurological illness; 2) head trauma accompanied by loss of 
consciousness; 3) a medical or surgical condition requiring hos-
pitalization; 4) discharge from a hospital in the past six months; 
5) use of glucocorticoid medication, oral contraceptives, or hor-
mone replacement therapy; or 6) current pregnancy or breast-
feeding. This study was approved by the Institutional Review 
Boards at Severance Hospital of the Yonsei University Health 
System, Seoul, Korea (4-2014-0744). Written informed con-
sent was obtained from all participants.

Measures

 Childhood Trauma Questionnaire 
The participants were divided into two groups depending 

whether or not they had a history of moderate-to-severe child-
hood trauma as determined by the 28-item Childhood Trauma 
Questionnaire (CTQ).16 Five categories of childhood trauma 
were assessed: emotional abuse, physical abuse, sexual abuse, 
emotional neglect, and physical neglect. Considering past re-
ports of lower level of childhood trauma being relatively com-
mon among the general population,17 dichotomous cutoff points 
between ‘none-to-minimal’ and ‘moderate-to-severe’ were used 
for each category of childhood trauma (i.e., scores greater than 
12, 9, 7, 14, and 9 indicating moderate-to-severe emotional 
abuse, physical abuse, sexual abuse, emotional neglect, and 
physical neglect, respectively).

 
Stress-related psychological measures

Multiple psychological measures for different aspects of stress 
were assessed. The Korean version of the Social Readjustment 
Rating Scale (K-SRRS) was used to identify major stressful life 
events that occurred over the last year.18 For each reported 
stressful event, the participants indicated how many times it 
occurred in the past 12 months, and the weighted sum over all 
events was calculated to produce a total score. The Cronbach’s 
alpha measure of the internal consistency of the K-SRRS was 
0.717 for the present study. The Perceived Stress Scale (PSS)19 
and the Global Assessment of Recent Stress (GARS) scale20 were 
used to quantify subjective feelings or thoughts that followed 
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after a stressful event or encounter. Although participants with 
major psychiatric disorders were excluded a priori from the 
study, the Beck Depression Inventory (BDI)21 and the State-
Trait Anxiety Inventory (STAI)22 were used to assess the partici-
pants’ emotional states, including depression and anxiety symp-
toms. The Difficulties in Emotional Regulation Scale (DERS)23 
was used to investigate the participants’ emotion regulation 
by asking if the participants understand and accept their own 
emotions and how they behave when they experience negative 
emotions. Each item in the DERS was scored on a five-point 
Likert scale, with a higher score indicating trouble accepting 
or regulating emotions (range: 36–180).

Hair cortisol measurement
Approximately 10 strands or 10 mg of hair were collected us-

ing scissors. To minimize variance due to the hair growth rate, 
the hair sample was collected from the posterior vertex of the 
head.24 For each strand, the 3 cm of hair closest to the scalp was 
used for cortisol measurement. Assuming an average growth 
rate of 1 cm of hair per month, the sample was taken to repre-
sent the average cortisol level of the preceding three months. 
The hair samples were stored at room temperature for 12 months 
in a plastic bag. The hair protein was then extracted using a 
MinuteTM Protein extraction kit (Invent Biotechnologies, Plym-
outh, MN, USA). The total amount of protein in each sample 
was normalized using a PierceTM BCA Protein Assay Kit (Ther-
mo Fisher Scientific, Waltham, MA, USA). Enzyme-linked im-
munosorbent assays were performed to detect the cortisol con-
centration with a limit of detection of 1.14 ng/mL (lower 95% 
confidence limit). The final value of HCC was recorded as pg 
hair cortisol/μg hair protein. The mean intra-assay coefficient 
of variation was 3.47%.

Statistical analysis. 
All statistical analyses were conducted using SPSS version 

25 (IBM Corp., Armonk, NY, USA). To produce a normal dis-
tribution of responses, logarithmic transformation was applied 
to the HCC. HCC had a skewness level that were acceptable 
for statistical analysis (<1.0) after transformation. Chi-square 
tests and independent t-tests were used to compare baseline 
and clinical characteristics between groups. For each group, 
multiple linear regression models were developed to assess 
the associations between stress-related psychological measures 
and HCC. Sex was included as an independent variable in all 
regression analyses. Each model was built using stepwise for-
ward selection (p-value threshold: ≤0.05 to enter, ≥0.10 to re-
move). Participants with missing data were not included in the 
corresponding regression analyses. The significance threshold 
was p<0.05 for all analyses.

RESULTS

The effect of childhood trauma on HCC and 
stress-related measures

Eighty study participants reported moderate-to-severe child-
hood trauma (CT+). All participants were psychotropic drug 
naïve. The results of between-group analyses of baseline char-
acteristics, HCC, and stress-related measures are shown in Ta-
ble 1. There was no significant difference in HCC or number of 
stressors between the two groups; however, the CT+ group had 
significantly worse perceived stress levels (PSS: t=-2.9, p=0.005; 
GARS: t=-2.4, p=0.016), depressive symptoms (t=-2.5, p=0.012), 
anxiety symptoms (Trait Anxiety Inventory: t=-2.4, p=0.017), 
and difficulties in emotion regulation (t=-3.3, p=0.001). 

Associations between stress-related psychological 
measures and HCC

For the CT- group, emotion dysregulation was significantly 
associated with HCC (B=0.010, p=0.018) in the regression 
model (R2=0.046; F=5.798; p=0.018) (Table 2). The R2 value 
of the model was 0.046, indicating that 4.6% of the total vari-
ance can be explained by our model. For the CT+ group, none 
of the stress-related psychological measures was significantly 
associated with HCC. 

DISCUSSION

We investigated the associations between stress-related psy-
chological factors and HCC in a cohort of young adults strati-
fied by history of childhood trauma. Even without major psy-
chiatric illness or stressful events, CT+ group had significant 
disturbance in stress perception, depressive symptoms, trait 
anxiety and emotion regulation. However, there was no differ-
ence in HCC itself between CT+ and CT- group. HCC was as-
sociated with difficulty in emotion regulation among individuals 
without history of childhood trauma. However, no psychologi-
cal factors were associated with HCC in the CT+ group, sug-
gesting that the relationship between psychological factors and 
HCC was different between adults without childhood trauma 
and adults with childhood trauma. These results underscore 
the importance of considering childhood trauma when con-
ducting research on psychological stress, especially when cor-
tisol level is used as an indicator of stress.

Compared with the CT- individuals, the CT+ individuals 
showed disturbances in stress perception, emotional states, and 
emotion regulation, despite the fact that none of the partici-
pants had major psychiatric illness. Previous reports of elevat-
ed scores on self-assessments of depression and anxiety7 and 
disruption of emotion regulation8 among individuals with his-
tory of childhood trauma are in line with our findings. Even in 
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the absence of psychiatric illness, young individuals who expe-
rienced moderate-to-severe childhood trauma may nonethe-
less endure turbulent and long-lasting psychological changes.

Difficulty in emotion regulation was a predictor of increased 
HCC in CT- individuals. Considering that emotion regulation 
has a moderating effect on stress and HCC,15 our findings sug-
gest that screening for difficulties in emotion regulation might 
be valuable when estimating physiological reactions to stress. 
On the other hand, subjective stress perception was not associ-
ated with HCC. This is in line with a previous report that found 
no significant associations between HCC and self-reported 
measures of perceived stress.6 Given that the major stressful life 
events in the past year was also not associated with HCC in 

our study, the number of stressful events encountered, as well 
as individuals’ subjective perceptions of those events, might not 
have a major influence on the physiological response to stress. 
Neither depressed mood nor anxiety was associated with HCC 
in our regression model. By contrast, a previous study found 
that depression and anxiety were associated with exaggerated 
and blunted HPA axis function measured by salivary cortisol 
responses, respectively.14 The contrasting results may indicate 
that the relationships between psychological symptoms and 
HCC are moderated by additional unknown factors. Taken 
altogether, the results suggest that interventions to help indi-
viduals cope with uncomfortable emotions might be beneficial 
in lowering stress, even when perceived stress or psychological 

Table 2. Stepwise multiple linear regression of hair cortisol concentration on stress-related psychological measures

Childhood trauma Independent variable B SE β t p-value Model properties
Absent (N=123) (Constant) 7.810 0.313 24.967 <0.001 R2=0.046 

DERS 0.010 0.004 0.214 2.408 0.018 adj. R2=0.038
F=5.798
p=0.018

Present (N=79) No variables were entered into the equation
DERS, Difficulty in Emotion Regulation Scale; SE, standard error

Table 1. Baseline characteristics and stress-related psychological measures of the study participants

No childhood trauma (N=126) Childhood trauma (N=80) p-value‡

Sex, male/female 61/65 40/40 0.824
Age, years 23.0 (2.7) 23.0 (2.5) 0.903
Education*, years 14.3 (1.5) 14.5 (1.3) 0.465
Type of childhood trauma

Emotional abuse - 10
Physical abuse - 22
Sexual abuse - 9
Emotional neglect - 54
Physical neglect - 44

HCC, pg/μg 7,254.4 (8371.7) 8,183.7 (9136.1) 0.455
Stress-related psychological measures

K-SRRS† 594.6 (1027.4) 634.5 (1405.1) 0.815
PSS 24.7 (5.6) 27.0 (5.6) 0.005
GARS* 21.6 (11.2) 25.6 (12.0) 0.016
BDI* 4.3 (4.3) 7.3 (9.8) 0.012
SAI 35.8 (9.2) 38.0 (8.8) 0.094
TAI 40.1 (6.8) 42.5 (7.8) 0.017
DERS 70.0 (16.4) 78.4 (19.0) 0.001

Data are presented as the N or mean (SD). *level of education, GARS, and BDI data were available for 125 participants without childhood 
trauma and for all participants with childhood trauma; †K-SRRS data were available for 125 participants without childhood trauma and for 
79 participants with childhood trauma; ‡independent t-tests and chi-square tests were used to compare the two groups. BDI, Beck Depres-
sion Inventory; DERS, Difficulty in Emotion Regulation Scale; GARS, Global Assessment of Recent Stress; HCC, hair cortisol concentration; 
K-SRRS, Korean version of the Social Readjustment Rating Scale; PSS, Perceived Stress Scale; SAI, State Anxiety Inventory; SD, standard de-
viation; TAI, Trait Anxiety Inventory
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symptoms of stress are not prominent.
Among the CT+ individuals, none of the stress-related psy-

chological measures was associated with HCC. This lack of 
association in CT+ individuals could provide explanation to 
our prior results that showed no difference in HCC between 
CT+ and CT- group, although there were significant differenc-
es in stress-related psychological factors. Chronic exposure to 
elevated corticotropin-releasing hormone levels has been linked 
to down-regulation and dysregulation of the HPA axis in adults 
with history of childhood trauma.25 Our findings provide fur-
ther evidence that the HPA axis function in response to stress-
related psychological changes is reduced in adults with history 
of childhood trauma. Because the small number of CT+ par-
ticipants (n=79) in relation to the number of CT- participants 
(n=123) might have led to false-negative findings, replication of 
this study with a larger cohort is needed to verify our findings.

Our study has a few limitations. First, we cannot determine 
causality between the variables because of the cross-sectional 
nature of data. Hence, future longitudinal studies would be 
beneficial. Second, although we excluded individuals with se-
vere medical diseases, detailed medical factors and anthropo-
metric factors were not used in the analysis. The effect of those 
factors would be negligible in young, healthy adults; however, 
consideration of factors such as inflammatory state or body 
mass index might eliminate potential confounding effects. Third, 
there were differences in the time scales of the psychological 
assessments and the HCC measurement. For example, 3 cm 
of hair represents roughly 3 months of cortisol levels, whereas 
the K-SRRS asks about stressful events over the previous year. 
Fourth, since hair characteristics have been suggested to be 
considered as covariates,6 including more comprehensive fea-
tures such as hair washing frequency or hair treatment in the 
analysis of HCC may further enhance our understanding. Fifth, 
childhood trauma was reported retrospectively, so recall bias 
could exist; however, the CTQ is one of the most frequently 
used methods to measure traumatic childhood experiences.26,27 
The CTQ was validated using adolescents with corroborative 
data,16 but the results should be interpreted with caution. Fi-
nally, we could not investigate each subtype of childhood trau-
ma separately because the sample size for each subtype would 
have been too small for statistical testing. In future studies, the 
subtype of childhood trauma could be an important factor to 
consider in the relationship between childhood trauma and 
HCC,12 and a larger study accounting for each separate category 
of childhood trauma is warranted for a more thorough analysis.

In conclusion, our findings suggest that HCC might be a 
useful biomarker for stress-related psychological factors, espe-
cially difficulty in emotion regulation, in people without history 
of moderate-to-severe childhood trauma.
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