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a b s t r a c t
Aims: Longitudinal and experimental studies have shown that chronic stress contributes to the onset and
progression of different diseases. Although it is not possible to eliminate stress completely, people can learn to
manage it by participating in different kinds of stress management interventions. This study examined the
effectiveness of stress management interventions on neuroendocrine responses in stressed students and health
professionals, by measuring hair cortisol in comparison to salivary cortisol.
Main methods: Salivary and hair cortisol measurements were performed in 37 subjects (31 women, 6 men; mean
age 34.0 ± 10.6) who attended to a Coping Stress and Quality of Care Program at the University of Buenos Aires.
Cortisol was measured at the beginning and at the end of the program. The State-Trait Anxiety Inventory STAI
was used to evaluate state and trait anxiety.
Key ﬁndings: In subjects who completed the program, no differences were observed in salivary cortisol levels
between the ﬁrst and the last session. However, in these subjects, hair cortisol obtained in the last session was
signiﬁcantly lower than hair cortisol in the ﬁrst session.
Signiﬁcance: Hair cortisol appears to be a better biomarker than salivary cortisol for evaluation of the effectiveness
of a stress reduction program and it seems to be a better indicator of stress system dysregulation as well.
© 2015 Elsevier Inc. All rights reserved.

1. Introduction
Longitudinal and experimental studies have shown that chronic stress
contributes to the onset and progression of different diseases [7,9,23,24,
34]. The relationship between stress and the onset or prognosis of different diseases, such as the metabolic syndrome (MS), is quite established
[7]. In fact, in cardiovascular disease (CVD), risk associated with psychosocial stress factors is similar to traditional CVD risk factors [43].
Although it is not possible to eliminate stress completely, people can
learn to manage it by participating in different kinds of stress management interventions [1,13,40]. These interventions include cognitive behavioral therapies [8] and/or special practices such as mind–body
techniques [19,21]. In experimental studies, the effectiveness of these interventions at workplace settings has been determined using variables derived from psychological tests (e.g., stress, anxiety, or depression tests)
and, to a lesser extent, using physiological measurements (e.g., blood
pressure, heart rate, salivary cortisol, galvanic skin response) [27].
Stressful stimuli can activate neural and neuroendocrine pathways.
Glucocorticoids are commonly used as biomarkers of stress [29,30]. A
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blunted cortisol response is associated with negative health outcomes
[26] and it was found in patients with panic disorder under psychosocial
stress [25], as well as in people with depressive and anxiety disorders
[38], or diabetes mellitus [3] and tinnitus [11]. Among the different
samples used for the measurement of cortisol, morning saliva provides
a measurement at a single point in time and considering its major
physiological daily ﬂuctuations, it does not reﬂect the stress response
for extended periods of time. Recently, the use of hair cortisol measurement demonstrated that it provides a retrospective index of integrated
cortisol secretion over periods of several months and it was also
described as a potential biomarker of chronic stress [28,33].
The aim of this study was to examine the effectiveness of stress
management interventions on neuroendocrine responses in students
and health professionals through the measurement of hair cortisol in
comparison to salivary cortisol.
2. Methods
2.1. Participants
In this study, 83 subjects (71 women, 12 men; mean age 35.7 ±
12.2) were voluntarily enrolled through a recruiting e-mail sent to the
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databases of Schools of Medicine, Biochemistry and Psychology, University of Buenos Aires (UBA) to attend to a Coping Stress and Quality of
Care Program at this university. Health professionals and students
were included in the study. Subjects were excluded if they refused to
sign the informed consent form or if they presented serious underlying
medical or psychological conditions that could interfere with the results
of the study (such as Cushing's syndrome, depression or generalized
anxiety disorder). Additional exclusion criteria were dyed hair and/or
shorter than 3 cm hair length. The training program was considered
completed with at least 70% of attendance. Only 67 subjects (58
women, 9 men; mean age 36.3 ± 12.3) attended the ﬁrst meeting and
37 completed the program. Salivary and hair cortisol measurements
were performed in 37 subjects (31 women, 6 men; mean age 34.0 ±
10.6). One of the limitations of this study could be the small sample
size and the fact that it was carried out with a majority of female
participants another, taking into account the fact that the associations
of psychosocial stress with endocrine activities may differ between
genders [39].
The participants did not receive any kind of compensation for participating in the study and all of them gave written prior informed consent.
The study was approved in advance by the Ethics Committee of the hospital and was performed following the Helsinki Declaration for medical
studies in humans.
2.2. Program
The program intervention consisted in stress reduction lessons. The
group received 90–120 minute training sessions during 10 weeks. All
participants received a training manual containing a program summary.
The aim of the program was to teach a variety of skills that each subject
could integrate into his or her life on a regular basis and they were encouraged to practice them outside the sessions. These sessions were divided into a day topic introduction (40–50 min per session), formal
practice of deep breath, relaxation, meditation-guided imagery exercises (20–30 min per session), and a ﬁnal reﬂective group discussion
(30–40 min per session). The program included the following topics:
stress, stress symptoms, physiology of stress and relaxation response,
mind/body connection, diaphragmatic and deep breathing, control vs.
stress, cognitive restructuring, personal problem-solving and time
management [13].
2.2.1. Anxiety levels
The State-Trait Anxiety Inventory STAI [17,32] was used to evaluate
state and trait anxiety. This test differentiates between transient state
anxiety (STAI-S) and more stable trait anxiety (STAI-T), with respondents reporting how they feel at the time the test is performed and in
general in their daily life. Each subscale comprises 20 items, with total
scores ranging from 20 to 80. Usually levels between 20 and 40 are
associated with moderate anxiety [5,17].
2.3. Measurements
2.3.1. Biochemical determinations
Salivary and hair cortisol were measured at the beginning (pre
sample, ﬁrst session) and at the end (post sample, last session) of the
program.
2.3.2. Salivary cortisol
Saliva samples were obtained by spontaneous salivation immediately after awaking, 30 min after awaking and before bedtime (at 11 pm)
in order to measure salivary cortisol, which was determined by
electrochemiluminescence (Cobas e411 autoanalyzer, Roche Diagnostics, Mannheim, Germany) The results were expressed in nmol/L. Saliva
sampling compliance was evaluated by participants' reports.
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2.3.3. Hair cortisol
Hair samples were obtained from the posterior vertex, hair was cut
in the area closer to the scalp. Once the samples were obtained, three
centimeters were measured from the root segment adjacent to the cutting. Then, each sample was weighed and a minimum of 20 mg of hair
was needed for a proper extraction. Cortisol was extracted by shaking
and subsequently overnight incubation, using methanol as extraction
solvent. An aliquot of the extract was taken out and the solvent
evaporated before being reconstituted and processed by an automated
method (Cobas e411 autoanalyzer, Roche Diagnostics, Mannheim,
Germany).The results were expressed in pg/mg.
Initial hair samples were collected at the beginning of the ﬁrst
session of the program, then, the participants spent three months in
the program, and end hair samples were collected at the end of the
last session. So, there was a period of three months between pre- and
post-program sampling. Hair grows on average about one centimeter
per month, that is why measuring the cortisol in the ﬁrst three centimeters of hair closer to the scalp would represent cortisol exposure during
the past three months.
Roche Cobas e-411 Cortisol assay is standardized with Cortisol
Enzymun-Test, which is standardized through isotopic dilutionmass spectrometry (ID-MS). The analytical sensitivity (limit of detection) is 0.5 nmol/L and it shows the following cross-reactivities:
corticosterone 5.8%; cortisol-21-sulfate 0.04%; cortisone 0.30%; 11deoxycorticosterone 0.69%; 11-deoxycortisol 4.1%; dexametasone
0.08%; 17-α-hidroxyprogesterone 1.50%; prednisone 0.28%; progesterone 0.35%. The quality control used was BIO-RAD Liphocheck
Immunoassay Plus Control, Lot number 48,280.
2.3.4. Statistical methods
We ﬁrst tested the distribution of variables using normality tests
(kurtosis and skewness), and then performed transformations in
order to normalize the data. Pearson correlations were computed between dependent and independent variables and between dependent
variables and potential confounders. T-test for independent samples
was performed between participants that completed the program and
those that did not. Wilcoxon signed-rank test was used to analyze differences in pre- and post-program variables. A p-value of less than
0.05 was considered as statistically signiﬁcant. The Statistical Package
for Social Sciences (SPSS: version 17.0) was used for data analysis.
3. Results
3.1. Comparison of groups at baseline
Socio-demographic and anthropometric characteristics of the subjects who attended the ﬁrst meeting are shown in Table 1. Regarding
age and gender distribution, no differences were observed between
the subjects who completed the program and those who did not.
Although psychophysiological variables showed lower values in the
subjects who completed the program, these differences were not statistically signiﬁcant (Table 1). Among the subjects who attended the ﬁrst
meeting, 70% reported the need to incorporate tools to better manage
stressful situations as they considered themselves as stressed.
3.2. Effects of stress reduction programs
Pre- and post-program sample values and the effects of stress reduction programs in participants who completed the program and those
that did not, are shown in Table 2. In those subjects who completed
the program, no differences were observed in salivary cortisol at any
time (basal, 30 min, 11 pm) between ﬁrst and last session, (Fig. 1).
However, hair cortisol from the last session was signiﬁcantly lower
than hair cortisol from the ﬁrst session in these subjects (Table 2, Fig.
2). No correlations were found between any other variable.

