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a  b  s  t  r  a  c  t

Every  40  s a person  dies  by  suicide  somewhere  in  the  world.  The  causes  of suicidal  behavior  are  not  fully
understood.  Dysregulated  hypothalamic-pituitary-adrenal  (HPA)  axis  activity,  as measured  by cortisol
levels, is one  potential  risk  factor.  The  current  study  aimed  to investigate  whether  cortisol  reactivity  to a
laboratory stress  task  differentiated  individuals  who  had previously  made  a suicide  attempt  from  those
who  had thought  about  suicide  (suicide  ideators)  and  control  participants.  One hundred  and  sixty  partic-
ipants  were  recruited  to  a previous  attempt,  a suicidal  ideation  or a  control  group.  Participants  completed
background  questionnaires  before  completing  the  Maastricht  Acute  Stress  Test  (MAST).  Cortisol  levels
were  assessed  throughout  the  stress  task.  Measures  of  suicide  behavior  were  measured  at  baseline,  1
month  and  6 month  follow-up.  Participants  who  had  made  a previous  suicide  attempt  exhibited  signif-
icantly  lower  aggregate  cortisol  levels  during  the  MAST  compared  to participants  in  the control  group;
suicide  ideators  were  intermediate  to both  groups.  This  effect,  however,  was driven  by  participants  who
made an  attempt  within  the  past  year,  and  to some  degree  by those  with  a  family  history  of  attempt.
Participants  who  made  a suicide  attempt  and  had  a  family  history  of  suicide  exhibited  the  lowest  levels

of  cortisol  in  response  to  stress.  Finally,  lower  levels  of  cortisol  in  response  to the  MAST  were  associated
with  higher  levels  of  suicidal  ideation  at 1-month  follow-up  in the  suicide  attempter  group.  These  results
are  consistent  with  other  findings  indicating  that  blunted  HPA axis activity  is  associated  with  some  forms
of  suicidal  behavior.  The  challenge  for researchers  is  to elucidate  the precise  causal  mechanisms  linking
stress,  cortisol  and  suicide  risk.

©  2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Every 40 s a person dies by suicide somewhere in the world
WHO, 2014). Researchers have been exploring the causes of sui-
idal behavior for many decades with a view to identifying targets
or suicide prevention. To this end, numerous models have been
roposed that differ in their emphasis on the role of psychological,
ocial, psychiatric and neurobiological factors in predicting risk of

uicide (Mann et al., 1999; O’Connor, 2011; O’Connor and Nock,
014; van Heeringen and Mann, 2014; van Orden et al., 2010). Cen-
ral to many of these models is a stress-diathesis component, which

∗ Corresponding author.
E-mail address: d.b.oconnor@leeds.ac.uk (D.B. O’Connor).

ttp://dx.doi.org/10.1016/j.psyneuen.2016.10.019
306-4530/© 2016 Elsevier Ltd. All rights reserved.
states that suicidal behavior is a result of an interaction between
acutely stressful life events and a susceptibility to suicide (a diathe-
sis). Stress-diathesis explanations of behavior (and illness) typically
have three aspects: a predispositional vulnerability factor, a stress-
ful life event(s) or trigger(s) and protective factors that may  shield
the individual from developing the illness (or in this case, engag-
ing in suicidal behavior). In terms of a vulnerability factor, data
from post-mortem, neuroimaging and in-vivo studies are emerg-
ing that a trait diathesis is not only manifested in impairments
of the serotonergic and noradrenergic neurotransmitter systems,
in structural brain abnormalities and via epigenetic pathways but

also in dysregulation of hypothalamic-pituitary-adrenal (HPA) axis
stress response activity (Mann, 2013; Turecki et al., 2012; van
Heeringen et al., 2011; van Heeringen and Mann, 2014).

dx.doi.org/10.1016/j.psyneuen.2016.10.019
http://www.sciencedirect.com/science/journal/03064530
http://www.elsevier.com/locate/psyneuen
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2016.10.019&domain=pdf
mailto:d.b.oconnor@leeds.ac.uk
dx.doi.org/10.1016/j.psyneuen.2016.10.019
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Cortisol is the primary effector hormone of the HPA axis stress
esponse system, and has received extensive empirical investiga-
ion. In the context of suicide research, the majority of previous
ork has focused on assessing HPA axis functioning through phar-
acological manipulation of the stress system (e.g., see Coryell

nd Schlesser, 2001; Coryell et al., 2006; Mann and Currier,
007; Pompili et al., 2010). However, recently researchers have
urned their attention to investigating other aspects of the cor-
isol response, such as cortisol reactivity to laboratory stressors
e.g., Giletta et al., 2015; McGirr et al., 2010). McGirr et al. (2010)
xplored the extent to which dysregulation of the HPA axis to a
aboratory stressor was a heritable risk factor for suicidal behav-
or. In this study, a small sample of first-degree relatives of suicide
ompleters and matched controls were compared on their cortisol
eactivity to a well-established psychosocial stressor known as the
rier Social Stress Test (TSST; Kirschbaum et al., 1993). The results
howed that the first-degree relatives exhibited a blunted corti-
ol (and � amylase) response to stress. In addition, this study also
easured executive function and found that participants who  had

 first-degree relative who had completed or attempted suicide did
ot improve on measures of inhibition upon repeated testing after
he TSST. Taken together, these authors have suggested that their
ndings indicate that blunted cortisol reactivity to stress may  rep-
esent a trait marker (or phenotype) of suicide risk and impairment
f aspects of executive function may  be a consequence of dysreg-
lation that increases vulnerability to suicide. These findings are
ndoubtedly important, however, as the authors acknowledge, the
esign utilised cannot rule out the possibility that the observed
ffects were accounted for by the impact of the traumatic loss of

 close family member on the HPA axis (and may  not represent a
rait diathesis per se). Therefore, important next steps for this line
f research are: i) to investigate differences in cortisol reactivity to
tress in individuals who have attempted suicide with and with-
ut a family history of suicide and, ii) to draw comparisons with
ndividuals who have thought about taking their own  life (suicide
deators), but have not translated these intentions into action (cf.,
hingra et al., 2015; O’Connor, 2011).

More recently, two studies have been published that have used
he TSST to examine HPA axis responses to stress in vulnerable, at
isk groups (Giletta et al., 2015; Melhem et al., 2016). Giletta and
olleagues explored the extent to which cortisol reactivity to stress
as associated with lifetime history of suicide ideation (i.e., devel-

ping suicidal thoughts) and whether reactivity predicted future
uicidal ideation in at-risk adolescent females. The results of this
tudy found that adolescents who exhibited heightened cortisol
esponses to stress were more likely to report a lifetime history of
uicide ideation and they were approximately 16 times more likely
o report suicide ideation 3 months later. This study also found

 subsample of adolescents who exhibited a blunted response
o stress in which low cortisol reactivity also predicted future
uicide ideation. However, when compared to those who  exhib-
ted a heightened response, the likelihood of suicide ideation was
ubstantially lower. This research has numerous strengths includ-
ng the relatively large sample size and the prospective design.
onetheless, its focus on female adolescents and suicide ideation
nly limits the extent to which the findings can be generalised to
ctual suicide attempts and to vulnerable populations more gener-
lly.

Melhem et al. (2016) conducted the second of the recent stud-
es utilising the TSST and this study examined cortisol responses
o stress in a large sample of adult offspring of parents with mood
isorder. The results of this research found that an offspring sui-

ide attempter group exhibited the lowest levels of total cortisol
utput during the stressor compared to an offspring with suicide-
elated behavior but never attempted suicide group, a non-suicidal
ffspring group and a healthy control group. Moreover, the suicide
ocrinology 75 (2017) 183–191

attempter group also showed the lowest baseline cortisol levels
pre-TSST, but, surprisingly, there were no significant differences
between groups on their measure of cortisol reactivity to stress.
Taken together, these results suggest that blunted HPA axis activity
may  increase risk for suicide attempt among vulnerable individuals.

The conflicting results of these three key cortisol reactivity
studies highlight the complexity of attempting to understand the
causes of suicidal behavior and the interplay between a myriad
of different influences. A number of factors may  account for these
mixed findings including deviations in the measurement of corti-
sol levels, differences in the nature of the samples recruited (e.g.,
first-degree relatives of suicide completers versus at-risk adoles-
cents), variations in cumulative exposure to stress and the age of
participants. In terms of the latter, a recent meta-analysis of natu-
rally fluctuating cortisol levels and suicidal behavior showed that
cortisol was  associated with suicide attempts in an age-dependent
fashion (O’Connor et al., 2016). Relatedly, variations in the cumu-
lative exposure to chronic stress over a life course may  account
for differences in observations of enhanced secretion compared to
blunted secretion in vulnerable individuals (cf., McEwen’s notion
of allostatic load, McEwen, 1998, 2000). Moreover, in line with a
stress-diathesis approach, it is also likely that the time elapsed since
any acutely stressful event(s) or trigger(s) will influence cortisol
reactivity. In their influential review, Miller et al. (2007) highlighted
the importance of the temporal features of stressors and showed
that time of onset of stress was negatively associated with HPA axis
activity. More specifically, they found that the greater the amount of
time that had elapsed since the stressor was  initially encountered,
the lower participants’ morning cortisol and total daily cortisol
output (which will also include cortisol reactivity to stress). These
authors argued that the HPA axis exhibits initial activation in the
form of elevated cortisol release and following prolonged exposure
to the stressors, they theorized that, this activity reduces and corti-
sol secretion rebounds to less than normal. Therefore, in the current
study, we were also interested in exploring whether the time since
suicide attempt (i.e., within the last 12 months versus more dis-
tant history of suicide attempts) was  related to cortisol reactivity
to stress in the laboratory.

To summarise, the primary aim of the current study was to
determine whether heightened or blunted cortisol reactivity to
stress was  associated with a history of suicide ideation and/or sui-
cide attempt in comparison to healthy controls. Secondary aims
were: i) to explore whether family history of suicidal behavior and
the time since suicide attempt (i.e., within the last 12 months versus
more distant history of suicide attempts) were related to cortisol
reactivity to stress and ii) to investigate whether cortisol reactivity
to stress predicted later suicide ideation or attempt at 1 month and
6 month follow-up.

2. Method

2.1. Design and participants

One hundred and sixty participants (100 females) were
recruited to a previous attempt (n = 49), a suicidal ideation but no
attempt (n = 55) and a control group (n = 48) based upon estab-
lished measures of suicidal behavior (see below). Participants were
aged between 18 and 62 years (M = 26.84 years, SD = 9.32) with
73.8% identified as Caucasian. Participants were enrolled to the
study in response to a local advertising campaign on websites (e.g.,
Gumtree, Twitter), via poster, flyers and emails. Eligible partici-

pants were required to be at least 18 years old and to understand
English. Suicide ideation and attempt were assessed using the Self-
Injurious Thoughts and Behaviors Interview (SITBI; Nock et al.,
2007) and the Beck Scale for Suicide Ideation (Beck et al., 1979,
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Table  1
Baseline characteristics for participants in each study group (n = 145).

Characteristic Control group
(n = 45)

Ideator group
(n = 53)

Attempter group
(n = 47)

Age (SD) 24.13 (8.46) 27.87 (8.29) 28.55 (10.88)
Sex  (% female) 29 (64.4) 29 (54.7) 30 (63.8)

Current psychiatric/psychological diagnosisa

Depression 0 16 8
Anxiety 0 9 3
Bipolar disorder 0 0 4
Personality disorder 0 0 3

Number of lifetime attemptsb 1 attempt = 21
2  attempts = 6
3 attempts = 5
4 attempts = 2
≥5 attempts = 13

Method in most recent attemptb

Own  prescription drugs 13
Over-counter drugs 8
Poison 2
Immolation 1
Hanging 5
Sharp  object 5
Auto  exhaust 1
Suffocation 1
Alcohol 1
Salt  water 1
Multiple methods 9

Family history of suicide (%) 3 (6.7) 6 (11.3) 16 (34.0)
Prescribed medications (%) 5 (11.1) 16 (30.2) 17 (36.2)
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a Participants were asked to provide details of any current diagnosed medical con
b From Self-Injurious Thoughts and Behaviors Interview.

988). Participants were allocated to the previous attempt group if
hey reported attempting to take their own life in the past or to the
deation group if they reported having thoughts of killing their self
n the past 12 months. Participants were recruited to a control con-
ition who reported no history of suicide attempt or ideation (and
id not report any current psychiatric or psychological conditions).
f the 160 participants recruited to the study, 6 participants with-
rew due to having a negative reaction to the Maastricht Acute
tress Test (e.g., felt faint, or did not want to take part in all of
he stress test), 8 other participants were unable to be clearly
llocated to any of the conditions (e.g., reporting an inconsistent
uicide history or changing their suicide history between screening
nd commencing the study) and 1 participant had extreme corti-
ol values (e.g., exhibiting values of 45.80 nmol/L and 52.42 nmol/L
hich remained outside the distribution after log transformation).

ollowing removal of these participants, the statistical analysis
as conducted on 145 participants (control group = 45, ideator

roup = 53, attempter group = 47; see Tables 1 and 2 for baseline
haracteristics and descriptive statistics for the main study vari-
bles). In the attempter group, 14 reported an attempt within the
revious 12 months and 33 reported an historical attempt. The
ange of methods used in the most recent attempt is shown in
able 1. Preliminary analyses revealed there was  no association
etween type of suicide method (using the Traskman et al., 1981
lassification of violent [e.g., hanging, drowning, gas poisoning] vs
on-violent methods [e.g., drug overdoses by ingestion, alcohol])
nd cortisol reactivity to stress, F(1, 40) = 0.85, p = 0.36. In terms
f family history of suicide, 25 participants reported they had a
rst degree relative who had attempted or completed suicide (con-
rol group = 3 [6.7%], ideator group = 6 [11.3%], attempter group = 16
34%]). Moreover, it is important to note that 5 of the 14 participants

n the recent attempter group had a family history of suicide. At
aseline, 26.2% (n = 38) of participants reported using prescribed
edication (control group = 5 [11.1%], ideator group = 16 [30.2%],

ttempter group = 17 [36.2%]).
ns; physical and/or psychiatric/psychological.

2.2. Maastricht acute stress test (MAST)

The MAST is a recently developed stress protocol designed to
be both physiologically and psychologically challenging by com-
bining an uncontrollable physical stressor (i.e., a cold pressor
challenge) with a social-evaluative (i.e., mental arithmetic) com-
ponent (Smeets et al., 2012). In addition, it has been shown to yield
similar subjective and cortisol stress responses to the Trier Social
Stress Test (TSST), however, it does not require the presence of a
panel (see Kirschbaum et al., 1993).

2.3. State-trait anxiety inventory–6 item short form (STAI-6)

The STAI is a 6-item measure which is sensitive to fluctuations
in state anxiety and has been found to demonstrate good reliability
and validity (Marteau and Bekker, 1992). Participants were asked
to complete the STAI at baseline, immediately following the MAST
and during recovery. Respondents have to rate how they feel right
now (e.g., I feel calm) on a 4-point Likert-type scale ranging from 1
(not at all) to 4 (very much). Cronbach’s alphas for the scale ranged
from � = 0.84 to 0.85.

2.4. Scale for suicidal ideation (SSI)

The SSI is a 21-item scale to assess current intensity of suicidal
thinking and planning over the previous 7 days (Beck et al., 1979).
The first 5 items are screening items. The additional items are only
completed if the respondent reports an active or passive desire to
engage in suicidal behavior. Each item consists of three response
options (e.g., ‘I have no wish to die’, ‘I have a weak wish to die’, ‘I
have a moderate to strong wish to die’). The SSI was  administered at

baseline, 1 month and 6 months follow-up. In the current paper, we
combined the ‘wish to die’ item (#2) with the ‘desire to kill myself’
item (#4) to provide a separate, clear and unambiguous measure
of suicidal ideation. Cronbach’s alpha for the summed scale ranged
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Table  2
Descriptive statistics (means and standard deviations) for main study variables across experimental groups (n = 145).

Control group (n = 45) Ideator group (n = 53) Attempter group (n = 47)

M SD M SD M SD

Cortisol (nmol/L)
Pre-MAST (00 min) 5.61 4.15 5.16 3.43 5.03 6.65
10  min  post-MAST 8.87 5.76 8.29 5.87 6.98 5.28
20  min  post-MAST 9.36 7.47 8.36 7.01 6.31 5.14
30  min  post-MAST 7.65 7.52 7.48 7.83 5.47 4.74
40  min  post-MAST 7.60 8.72 6.51 6.16 4.47 3.18
AUCg  32.49 23.07 29.97 22.93 23.52 17.30
AUCi  10.05 20.04 9.34 16.65 3.40 10.60

State  anxiety-baseline 8.38 2.43 13.89 4.19 8.24 2.66
State  anxiety-post test 11.32 3.66 15.77 3.97 10.27 3.37
State  anxiety-recovery 11.41 3.70 15.90 4.06 10.85 3.67
Suicide ideation-baseline 1.00 0.00 1.60 0.91 1.94 1.13
Suicide ideation-1 month 1.00 0.00 1.54 1.09 1.89 1.26
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Suicide ideation-6 months 1.03 0.16 

ote: MAST = Maastricht Acute Stress Test; AUCg = area under the curve with respec

rom � = 0.81-0.91. Scores were log transformed due to skewness
efore statistical analyses were conducted.

.5. Cortisol measurement

Cortisol levels were assessed five times during the MAST: at the
eginning of the stress task (T00) and at +10, +20, +30 and +40 min
ost-task. Cortisol was collected from saliva, using Salivettes
Sarstedt, Germany). Participants were instructed to refrain from
rinking alcohol, doing excessive exercise or taking any pain med-

cation on the day of the test session. They were also instructed to
ot eat food, brush your teeth or have any drinks (except water)

n the hour before the testing session. Note that all laboratory vis-
ts were scheduled after 11am in the morning (with 97% taking
lace between 11a.m. and 3p.m.) in order to ensure the sampling
as not influenced by the cortisol awakening response. Moreover,

esting time schedules were very similar across groups with the
ost frequent testing times at 12p.m. or 14:30p.m. In the control

roup, 48.9% and 33.3% of participants were tested at 12p.m. and
4:30p.m., respectively; in the attempter group, 46.8% and 31.9% of
articipants were tested at 12p.m. and 14:30p.m. respectively and

n the ideator group, 39.6% and 37.7% of participants were tested at
2p.m. and 14:30p.m., respectively. Cortisol samples were stored
t −20 ◦C or lower until assay. Cortisol levels were determined
y using a competitive enzyme-linked immunosorbent assay kit
ELISA) designed for analysing saliva. Intra-assay and inter-assay
oefficients of variation of this assay were 4.26% and 4.91%, respec-
ively. Before conducting the statistical analyses the cortisol levels
ere log transformed due to skewness, however, non-transformed

alues are presented in Table 2 for ease of interpretation. In addition
o the cortisol levels at each time point, two measures of area under
he curve were calculated. Using the five sampling time points, the
wo AUC measures were determined following established proce-
ures (Gartland et al., 2014; O’Connor et al., 2013; Pruessner et al.,
003). Area under the curve with respect to ground (AUCg) is a mea-
ure of total cortisol output throughout the stressor and area under
he curve with respect to increase (AUCi) captures the sensitivity
f the HPA axis system and is a measure of its ability to change in
esponse to the MAST.

.6. Procedure

After a short preparation and anticipation phase (5 min), partic-

pants were asked to complete five socially evaluated cold pressor
rials where participants immersed their hands in cold water for
arying durations (60–90 s) over a 10-min time span. In between
rials, participants were instructed to perform a mental arithmetic
1.57 0.93 1.74 1.08

round; AUCi = area under the curve with respect to increase.

task as fast and as accurately as possible and received negative feed-
back on their performance when mistakes were made. To increase
unpredictability and uncontrollability participants were told the
duration and the order of the hand immersion trials and mental
arithmetic task were randomly chosen by the computer, whereas in
reality the order and duration of trials was fixed for all participants.
As outlined above, the state anxiety measure (STAI) was  completed
at baseline, immediately after the MAST (at +10 min) and again at
the end of the recovery period (at +40 min). To measure cortisol,
saliva samples were taken using Salivettes at the beginning of the
stress task (T00), at +10, +20, +30 and +40 min  post-task. At 1-month
and 6-month follow-up, participants were invited to complete a
brief telephone interview, where suicide ideation and attempt were
assessed using the Self-Injurious Thoughts and Behaviors Interview
(SITBI; Nock et al., 2007) and the Beck Scale for Suicide Ideation
(Beck et al., 1979, 1988).

2.7. Statistical analysis

Repeated measures analysis of covariance (ANCOVA) for a mixed
design was utilised to examine the main effects of study group (con-
trols, ideators & attempters) and time (baseline, T10, T20, T30, T40)
on cortisol reactivity to stress, together with the group by time
interaction effects. Next, ANCOVA was used to investigate the same
main and interactive effects on cortisol output as assessed by AUCg
and AUCi. Age, BMI, medication usage, time of day and smoking
status were controlled for and entered as covariates. We  tested the
assumption of sphericity and where the results were significant, the
Greenhouse-Geisser correction was applied. As outlined earlier, all
statistical analysis was performed on the log transformed data. Pre-
liminary analyses including gender as a factor revealed there was a
significant effect on cortisol levels during the MAST, F(1, 136) = 4.40,
p = 0.04, indicating that female participants secreted lower levels
throughout the stress task compared to their male counterparts.
However, there was no significant gender x suicide group inter-
action, F(2, 136) = 0.34, p = 0.71. Nevertheless, in order to reduce
the variability in our outcome measure, gender was included as
a covariate in all analyses. As indicated above, smoking status was
also entered as a covariate because there were more smokers in the
attempter (n = 16; 34%) and ideator (n = 16; 30%) groups compared
to the control (n = 6; 13%) group, �2 = 5.78, p = 0.055. Hierarchical
linear regression was  utilised to test the final hypothesis following
the procedures outlined by Kenny et al. (1998). First, in order to

control for age, gender, BMI, medication usage, time of day and
smoking status, adjusted cortisol values were calculated (in the
form of residuals) by regressing the control variables against AUCg
and then AUCi. Second, for each outcome variable (suicide ideation
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ig. 1. Effects of experimental group on cortisol reactivity to stress (n = 145).
ote:  Error bars represent the standard error of the mean.

t 1 month, suicide ideation at 6 months), study group (suicide
ttempt vs suicide ideation) was entered at step 1, baseline suicide
deation (and 1 month suicide ideation when predicting 6 month
deation) at step 2, adjusted AUCg or adjusted AUCi at step 3, and
nally the study group by adjusted AUC multiplicative interaction
erm entered in step 4.

. Results

Descriptive statistics for the main study variables are shown in
able 1. Inspection of these data show that the mean levels of cor-
isol at pre-test were similar across the groups and that the levels
ere within acceptable normal ranges (Aardal and Holm, 1995;
’Connor et al., 2009; Newman et al., 2007).

.1. Effects of study group on cortisol reactivity to stress

In terms of the cortisol levels at each of the time points, a signif-
cant main effect of group was observed, F (2, 136) = 3.31, p = 0.04,
ut not for time,1 F(2.32, 315.50) = 0.18, p = 0.86, or for the group x
ime interaction, F = (4.64, 315.50) = 1.67, p = 0.10. Bonferroni post-
oc comparisons were used to decompose the main effect of group
nd showed that overall (across all time points) the attempter
roup exhibited significantly lower cortisol in response to the MAST
ompared to control participants (p = 0.01). The ideator group did
ot differ from the control group (p = 0.56) or the attempter group
p = 0.48; see Fig. 1) and were intermediate to both groups. Next we
xplored effects of group on the AUC measures. Using ANCOVA, a
ignificant main effect of group was found for AUCg, F(2, 136) = 3.44,

 = 0.035, and a marginal effect for AUCi, F(2, 136) = 2.61, p = 0.08.
ost-hoc comparisons for AUCg showed that the attempter group
eleased significantly lower total cortisol in response to the MAST

ompared to control participants (p = 0.03), and the ideator group
id not differ from the control group (p = 0.55) or the attempter
roup (p = 0.45).

1 The absence of a main effect of time was accounted for by group differences in
ime effects cancelling each other out (in particular in the attempter group) and by
articipants’ cortisol levels recovering quickly by 30 min  post-stressor. In addition,

t is worth noting that in the control and ideator groups, cortisol levels increased
arkedly and significantly between baseline and 10 min  and between baseline and

0  min  but were back to normal by 30 min. In the attempter group, cortisol levels
nly  exhibited a modest increase between baseline and 10 min. Nevertheless, it is
orth noting that there was also an absence of a significant main effect of time in the

ontrol group when examined separately indicating that the MAST may  not be as
n effective stress induction paradigm compared to other techniques that include a
trong social evaluation component such as the Trier Social Stress Test (Kirschbaum
t  al., 1993).
ocrinology 75 (2017) 183–191 187

Given the absence of an overall main effect for time or a time
by group interaction, the subsequent analyses focused on the AUC
measures. Next in order to explore the extent to which family
history contributed to the main effects of study group, we re-
ran the analyses excluding participants who reported a family
history of suicide (i.e., they had a first degree relative who had
attempted or completed suicide). The results showed that the
main effects of study group became non-significant for AUCg, F(2,
111) = 2.05, p = 0.13, and remained non-significant for AUCi, F(2,
111) = 0.72, p = 0.49. However, importantly, when the ANCOVAs
were run including the control and attempter groups only (given
this is where the main effects of group were observed), the main
effects of study group were statistically significant for AUCg, F(1,
65) = 4.28, p = 0.04, but not for AUCi, F(1, 65) = 1.35, p = 0.25.

Next, we re-ran the main analyses excluding participants who
had a recent attempt (n = 14) in order to explore the extent to which
recent history of suicide attempt (i.e., less than 1 year ago) con-
tributed to the main effects of study group. The results showed
that the main effects of study group became non-significant for
AUCg, F(2, 122) = 2.05, p = 0.24, and remained non-significant for
AUCi, F(2, 122) = 0.80, p = 0.45. In addition, when the ANCOVAs were
run including the control and attempter groups only, the main
effects of study group also remained non-significant for AUCg, F(1,
70) = 1.67, p = 0.20, and for AUCi, F(1, 70) = 1.02, p = 0.32. Therefore,
taken together, these sensitivity analyses indicate that familial his-
tory does influence the main effects of study group on AUC, but
does not account for the observed difference between participants
in the attempter and control groups. However, recent history of sui-
cide attempt appears to have a stronger effect and accounts for the
significant differences between the attempter and control groups.

3.2. Effects of study group on psychological reactivity to stress

In terms of state anxiety levels at baseline, post-stress and dur-
ing recovery, a significant main effect of group was observed, F
(2, 137) = 9.91, p < 0.001, but not for time, F(1.68, 229.78) = 0.51,
p = 0.57, or for the group x time interaction, F = (3.35, 229.78) = 0.81,
p = 0.52. With respect to the main effect of group, Bonferroni post-
hoc comparisons showed that the attempter and ideator groups
reported significantly higher state anxiety levels in response to
the MAST (means = 12.65, 12.50, respectively) compared to control
(mean = 10.18) participants (p < 0.001). The attempter and ideator
groups did not differ from each other.

3.3. Effects of recent attempt (less than 1 year ago) versus
historical attempt (greater than 1 year ago) on cortisol reactivity
to stress

Next in the suicide attempt group only, we  explored the extent
to which length of time since suicide attempt was  associated with
AUC measures (see Fig. 2). The results showed there was a signifi-
cant main effect of attempt history group on AUCi, F(1, 39) = 4.74,
p = 0.03, such that individuals who  had attempted to take their own
life within the past 12 months exhibited a lower AUCi compared to
those individuals with a lifetime history of suicide attempt (greater
than 1 year ago). The main effect of attempt history group on AUCg
was not statistically significant but was marginal, F(1, 39) = 3.00,
p = 0.09.

3.4. Effects of family history of suicide and study group on cortisol
reactivity to stress
As outlined in the Method section, only 3 participants in the con-
trol group reported a family history of suicide. Therefore, given the
associated small cell sizes, this analysis focused on the ideator and
attempter groups only. The results of two-way ANCOVAs revealed
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 significant family history x study group interaction for AUCi, F(1,
0) = 8.59, p = 0.004. Post hoc ANCOVA revealed that the effect of
amily history on AUCi was only significant in the attempter group,
(1, 39) = 10.18, p = 0.003, such that significantly lower levels of cor-
isol were secreted by the participants who had a family history
ompared to those participants who did not have a family history
see Fig. 3). The interaction between family history and study group
as not significant for AUCg, F(1, 91) = 1.07, p = 0.30.

.5. Predictive effects of cortisol reactivity to stress on suicide
deation at 1 month and 6 months follow-up in combined suicide
ttempt and ideator group

.5.1. 1-month follow-up
As outlined earlier, the predictive effects of cortisol reactivity

o stress (as measured by AUCg and AUCi) on suicide ideation at
ollow-up were examined using hierarchical regression. For suicide
deation at 1-month follow-up, study group (at step 1) did not sig-
ificantly enter the equation. However, at step 2, baseline suicide

deation significantly explained an additional 41% of the variance,
(1, 91) = 66.30, p < 0.001, such that higher levels of suicide ideation
t baseline were associated with higher levels of ideation at 1
onth follow-up. Next, adjusted AUCg was entered at step 3 and

id not significantly contribute to the equation. However, at step
, when the study group x adjusted AUCg interaction term entered

he equation, it explained an additional 5% of the variance in suicide
deation at 1 month follow-up, F(1, 89) = 9.52, p = 0.003. The two-

ay interaction is depicted in Fig. 4 following procedures outlined
y Aiken and West (1991) and Dawson (2014). The results show
ocrinology 75 (2017) 183–191

that participants in the attempter group who secreted lower levels
of cortisol in response to the MAST were significantly more likely
to report higher levels of suicide ideation one month later (whilst
controlling for baseline suicide ideation and the other covariates).

The above analyses were repeated for AUCi, however, the study
group x AUCi interaction term (entered at step 4) did not signifi-
cantly explain additional variance in suicide ideation at 1-month
follow-up.

3.5.2. 6-month follow-up
For suicide ideation at 6-month follow-up, neither the study

group x AUCg nor the study group x AUCi interaction terms sig-
nificantly explained any additional variability in suicide ideation at
6-month follow-up (results not shown).

3.5.3. Suicide attempt at 1-month and 6-month follow-up
A single suicide attempt was reported at 1-month follow-up in

the attempter group only (and not at 6 month follow-up). Therefore,
no further analyses were conducted. However, it is worth noting
that this participant’s cortisol levels were in the lowest quintile for
the entire sample.

4. Discussion

The results of the current study confirm that HPA axis activ-
ity, as measured by total cortisol output in response to an acute
laboratory stressor, is markedly lower in suicide attempters com-
pared to controls, but not ideators. The ideator group appear to be
an intermediate group between the suicide attempter and control
groups. The observed effects were not accounted for by smoking
status, medication usage, age, gender, BMI  or time of testing. More-
over, our sensitivity analyses showed that family history influences
the observed main effects of study group on cortisol secretion, but
does not account for the observed differences between participants
in the attempter and control groups. In addition, recent history of
suicide attempt appears to have a stronger effect than family his-
tory and accounts for a large amount of the differences between
the attempter and control groups. These findings are consistent
with Melhem et al.’s (2016) study that also utilised a stress induc-
tion procedure (the TSST) and investigated cortisol responses to
stress in a large sample of adult offspring of parents with mood
disorder. This research also found the lowest levels of total corti-
sol output in the offspring suicide attempter group (compared to
the offspring with suicide-related behavior but never attempted
suicide group, a non-suicidal offspring group and a healthy control
group.) The current findings are also in keeping with another recent
study that found further evidence of low baseline cortisol levels in
suicide attempters compared to non-attempters (Keilp et al., 2016)
and also with an earlier investigation also showing that low cor-
tisol activity is associated with suicidal behavior (Lindqvist et al.,
2008). Therefore, based upon the current findings and the existing
literature reviewed, the weight of evidence suggests that blunted
cortisol responsiveness to stress is associated with suicide attempt
in adults.

The finding that participants who attempted suicide within the
last 12 months appear to exhibit a clearly defined, blunted corti-
sol response to the laboratory stressor, compared to those with a
lifetime history of suicide attempt, is a very important observation
(see Fig. 2). In particular, it is noteworthy that AUCi was  the only
cortisol measure to demonstrate a significant difference between
the attempter groups. As outlined earlier, the two AUC  assess-
ments capture different aspects of the cortisol response. AUCg is

a measure of total output and AUCi provides a measure of the
sensitivity of the HPA axis system. Therefore, this finding indi-
cates that the sensitivity of the HPA stress response system may  be
particularly compromised in individuals who have made a recent
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ig. 4. Predictive effects of cortisol reactivity to stress on suicide ideation at 1-mon
ote:  Participants in the attempter group who secreted lower levels of cortisol in

deation one month later (whilst controlling for baseline suicide ideation and the o

uicide attempt. Inspection of Fig. 2 clearly shows that participants
ith a recent history of suicide attempt do not exhibit a marked

ncrease in cortisol following the stress. Indeed these participants,
n average, do not appear to mount much of a stress response at
ll. The markedly different cortisol profiles in those who  recently
ttempted suicide compared to those with a history of suicide is
lso important because it suggests that the cortisol response to
tress may  have returned to close to normal in the lifetime his-
ory group, albeit, their levels remain lower than in the control
nd ideator groups. The current design does not allow us to infer

 causal, temporal relationship between the timing of a suicide
ttempt and changes in HPA axis functioning. However, this finding
oes indicate that psychological and pharmacological intervention
ay  yield benefits over time and help facilitate (partial) recovery

f the HPA axis stress response system (hence the higher cortisol
evels in the distant history group). It is incumbent on researchers
o utilise longitudinal designs to explore whether dysregulation of
ortisol reactivity to stress is restored over time. Moreover, if the
PA axis has the potential to return to normal following psycho-

ogical and/or pharmacological intervention, then this points to the
rgent need for researchers to test the effectiveness of relevant
tress management interventions.

The current study also found that having a family history of
uicide was associated with making a suicide attempt and with
xhibiting the lowest cortisol response to stress in the laboratory.
his finding is in line with McGirr et al. (2010) who found that first
egree relatives of suicide completers showed a blunted cortisol
and � amylase) response to an acute laboratory stressor. These
ndings are also consistent with the conjecture that dysregula-
ion of the stress response system may  be a heritable risk factor
or suicidal behavior (see also McGirr et al., 2011). In the con-
ext of stress-diathesis explanations of suicidal behavior, cortisol
eactivity to stress may  be considered a trait diathesis that con-
ers vulnerability to suicidal behavior. The McGirr et al. study was
nable to rule out the possibility that their findings were accounted
or by the deleterious impact of losing a close family friend on the
PA axis (instead of indicating the existence of a trait diathesis

ncreasing vulnerability to actual suicidal behavior). However, the
urrent study design, confirms that suicide attempters with and
ithout a family history of suicide had lower levels of cortisol reac-

ivity compared to ideators and controls, but that the lowest cortisol

eactivity to stress was observed in suicide attempters with a fam-
ly history. The observation suggests that family history of suicide
onfers additional vulnerability to suicide behavior.
ow-up (controlling for baseline ideation).
nse to the MAST were significantly more likely to report higher levels of suicide
variates).

We found that lower cortisol reactivity to stress predicted
increased levels of suicide ideation at one-month follow-up in the
suicide attempter group but not in suicide ideator group (after con-
trolling for baseline levels of suicide ideation and a full range of
covariates). This finding is contrary to Giletta et al. (2015) who
found that heightened cortisol reactivity to stress was  the strongest
predictor of suicide ideation at three-month follow-up in at-risk
adolescent females. This study also found a subsample of adoles-
cents who exhibited a blunted response to stress and high levels
of suicide ideation 3-months later (though, this effect was only a
trend). It is difficult to reconcile these inconsistent findings with-
out further work and replication. However, one possibility is that
there is a non-linear, inverted U relationship between cortisol reac-
tivity and suicide ideation, such that high and low levels of cortisol
are deleterious and are associated with suicide ideation. Similar
relationships have been demonstrated for other hormones and
important aspects of behavior (cf., O’Connor et al., 2001). Alter-
natively, the Giletta et al. findings may  simply reflect that there
are different ‘dominant’ predictors of suicide ideation in adoles-
cents and adults and/or between individuals who have and have
not attempted suicide. It may  be that the adolescent brain is more
sensitive to the effects of high levels of cortisol and/or the adult
brain is more responsive to the effects of low levels of cortisol (the
latter in relation to impaired executive control function and capac-
ity to adapt to stressors). The different findings may  also reflect
complex interactions between traits such as impulsivity (measured
in the Giletta et al. study), cortisol and suicide ideation. Therefore,
an important next step is to understand the precise causal mech-
anisms linking stress, changes in cortisol reactivity to stress and
suicide attempt. Changes in aspects of executive function processes
and coping and adapting to stressors are likely to prove to be fruit-
ful avenues of future research. McGirr et al. (2010) have shown
that, in participants who had a first-degree relative with a suicide
history, exposure to an acute stressor led to a failure to improve
on measures of inhibition following repeat testing. These authors
argue that their findings suggest that stress may  lead to cognitive
inflexibility and decreased ability to inhibit inappropriate actions
that may  increase vulnerability to suicidal behavior.

Finally, we  recognise that there are a number of limitations to
the current study. As outlined above, the current design does not
allow us to infer a causal, temporal relationship between the timing

of a suicide attempt and changes in HPA axis functioning. In addi-
tion, although our sample size was relatively large, future research
ought to endeavour recruiting a greater number of participants
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nd following them over a longer time window. A larger sample
ould also facilitate a more detailed investigation of the influence

f groups of medications on cortisol reactivity to stress. We  are also
ware that a limitation of the current study is an absence of formal
iagnoses of psychiatric disorders using a standardized tool such
s the Structured Clinical Interview for DSM Disorders. In addition,
he study did not assess lethality of the suicide attempt. Therefore,
uture research ought to collect more detailed, formal information
n current psychiatric diagnoses, lethality of attempt as well as life-
ime history of psychiatric and psychological disorders. Finally, it
s worth reiterating that we did not find a significant main effect of
ime on cortisol levels or on state anxiety during the MAST. This
s noteworthy as it indicates that the effects of the MAST were
ot as strong as anticipated in terms of producing a consistent
ise in stress-related variables. We  utilised the MAST because it
ombines a physical stressor (i.e., a cold pressor challenge) with

 social-evaluative (i.e., mental arithmetic) component, but does
ot require the presence of a panel. However, despite it previously
Smeets et al., 2012) been shown to yield similar subjective and
ortisol stress responses to the TSST (which includes a panel), our
ndings suggest that it may  not always be as effective as the TSST.
uture research should explore further the utility of the MAST in

 range of different samples and conduct additional evaluation on
hether there is a need for a stronger social-evaluative component.

In conclusion, these findings are consistent with other find-
ngs indicating that blunted HPA axis activity is associated with
ome forms of suicidal behavior. Specifically, total cortisol output
n response to a laboratory stressor is markedly lower in suicide
ttempters compared to controls, but not ideators. In addition,
ecent history of suicide attempt and family history of suicide
re associated with lower cortisol secretion in response to stress.
inally, lower levels of cortisol in response to the MAST were asso-
iated with higher levels of suicidal ideation at 1-month follow-up
n the suicide attempters group. The challenge for researchers is to
lucidate the precise causal mechanisms linking stress, cortisol and
uicide risk.

ontributors

Daryl O’Connor, Eamonn Ferguson, Jessica Green, Ronan
’Carroll and Rory O’Connor designed the study protocol. Daryl
’Connor wrote the first draft of the manuscript. All authors con-

ributed to and have approved the final manuscript.

thical standards

The authors assert that all procedures contributing to this work
omply with the ethical standards of the relevant national and
nstitutional committees on human experimentation and with the
elsinki Declaration of 1975, as revised in 2008.

unding

Jessica Green (a Research Assistant and co-author) and all study
osts were funded on a grant awarded from US Department of
efense (US DOD W81XWH-12-1-0007). The funder had no role

n the writing of the manuscript. Opinions, interpretations, conclu-
ions and recommendations are those of the authors and are not
ecessarily endorsed by the funder.
onflict of interest

None.
ocrinology 75 (2017) 183–191

References

Aardal, E., Holm, A., 1995. Cortisol in saliva −Reference ranges in relation to
cortisol in serum. Eur. J. Clin. Chem. Clin. Biochem. 33, 927–932.

Aiken, L.S., West, S.G., 1991. Multiple Regression: Testing and Interpreting
Interactions. Sage, Newbury Park, London.

Beck, A.T., Kovacs, M.,  Weissman, A., 1979. Assessment of suicidal intention: the
scale of suicide ideation. J. Consult. Clin. Psychol. 47, 343–352.

Beck, A.T., Steer, R.A., Rantieri, W.F., 1988. Scale for suicide ideation: psychometric
properties of a self-report version. J. Clin. Psychol. 44, 499–505.

Coryell, W.,  Schlesser, M.A., 2001. The dexamethasone suppression test and suicide
prediction. Am.  J. Psychiatry 158, 748–753.

Coryell, W.,  Young, E., Carroll, B., 2006. Hyperactivity of the
hypothalamic-pituitary-adrenal axis and mortality in major depressive
disorder. Psychiatry Res. 142, 99–104.

Dawson, J.F., 2014. Moderation in management research: what, why, when and
how. J. Bus. Psychol. 29, 1–19.

Dhingra, K., Boduszek, D., O’Connor, R.C., 2015. Differentiating suicide attempters
from suicide ideators using the Integrated Motivational-Volitional Model of
Suicidal Behaviour. J. Affect. Disord. 186, 211–218.

Gartland, N., O’Connor, D.B., Lawton, R., Bristow, M.,  2014. Exploring day-to-day
dynamics of daily stressor appraisals, physical symptoms and the cortisol
awakening response. Psychoneuroendocrinology 50, 130–138.

Giletta, M.,  Calhoun, C.D., Hastings, P.D., Rudolph, K.D., Nock, M.K., Prinstein, M.J.,
2015. Multi-level risk factors for suicide ideation among at-risk adolescent
females: the role of hypothalamic-pituitary-adrenal axis responses to stress. J.
Abnorm. Child Psychol. 43, 807–820.

Keilp, J.G., Stanley, B.H., Beers, S.R., Melhem, N.H., Burke, A.K., Cooper, T.B.,
Oquendo, M.A., Brent, D.A., Mann, J.J., 2016. Further evidence of low baseline
cortisol levels in suicide attempters. J. Affect. Disord. 190, 187–192.

Kenny, D.A., Kashy, D.A., Bolger, N., 1998. Data analysis in social psychology. In:
Gilbert, D.T., Fiske, S.T., Lindzey, G. (Eds.), The Handbook of Social Psychology.
McGraw-Hill, Boston, MA,  pp. 233–265.

Kirschbaum, C., Pirke, K.M., Hellhammer, D.H., 1993. The ‘Trier Social Stress
Test’—a tool for investigating psychobiological stress responses in a laboratory
setting. Neuropsychobiology 28, 76–81.

Lindqvist, D., Isaksson, A., Träskman-Bendz, L., Brundin, L., 2008. Salivary cortisol
and suicidal behavior–a follow-up study. Psychoneuroendocrinology 33,
1061–1068.

Mann, J.J., Currier, D., 2007. A review of prospective studies of biologic predictors
of  suicidal behavior in mood disorders. Arch. Suicide Res. 11, 3–16.

Mann, J.J., Waternaux, C., Haas, G.L., Malone, K.M., 1999. Toward a clinical model of
suicidal behavior in psychiatric patients. Am.  J. Psychiatry 156, 181–189.

Mann, J.J., 2013. The serotonergic system in mood disorders and suicidal
behaviour. Philos. Trans. R. Soc. Lond. B Biol. Sci. 368, 20120537.

Marteau, T.M., Bekker, H., 1992. The development of a six-item short-form of the
state scale of the Spielberger State—Trait Anxiety Inventory (STAI). Br. J. Clin.
Psychol. 31, 301–306.

McEwen, B.S., 1998. Protective and damaging effects of stress mediators. NEJM
338, 171–179.

McEwen, B.S., 2000. Allostasis and allostatic load: implications for
neuropsychopharmacology. Neuropsychopharmacology 22, 108–124.

McGirr, A., Diaconu, G., Berlim, M.T., Pruessner, J.C., Sable, R., Cabot, S., Turecki, G.,
2010. Dysregulation of the sympathetic nervous system,
hypothalamic-pituitary-adrenal axis and executive function in individuals at
risk for suicide. J. Psychiatry Neurosci. 35, 399–408.

McGirr, A., Diaconu, G., Berlim, M.T., Turecki, G., 2011. Personal and family history
of  suicidal behavior is associated with lower peripheral cortisol in depressed
outpatients. J. Affect. Disord. 131, 368–373.

Melhem, N.M., Keilp, J.G., Porta, G., Oquendo, M.A., Burke, A., Stanley, B., Cooper,
T.B., Mann, J.J., Brent, D.A., 2016. Blunted HPA axis activity in suicide
attempters compared to those at high risk for suicidal behavior.
Neuropsychopharmacology 41, 1447–1456.

Miller, G.E., Chen, E., Zhou, E.S., 2007. If it goes up, must it come down? Chronic
stress and the hypothalamic-pituitary-adrenocortical axis in humans. Psychol.
Bull. 133, 25–45.

Newman, E., O’Connor, D.B., Conner, M.,  2007. Daily hassles and snack intake: the
role of cortisol reactivity status. Psychoneuroendocrinology 32, 125–132.

Nock, M.K., Holmberg, E.B., Photos, V.I., Michel, B.D., 2007. Self-injurious thoughts
and behavior interview: development reliability, and validity in an adolescent
sample. Psychol. Assess. 19, 309–317.

O’Connor, R.C., Nock, M.,  2014. The psychology of suicidal behaviour. Lancet
Psychiatry 1, 73–85.

O’Connor, D.B., Archer, J., Hair, W.M.,  Wu,  F.C.W., 2001. Activational effects of
testosterone on cognitive function in men. Neuropsychologia 39, 1385–1394.

O’Connor, D.B., Hendrickx, H., Dadd, T., Talbot, D., Mayes, A., Elliman, T., Willis, T.,
Dye, L., 2009. Cortisol awakening rise in middle-aged women in relation to
chronic psychological stress. Psychoneuroendocrinology 34, 1486–1494.

O’Connor, D.B., Walker, S., Hendrickx, H., Talbot, D., Schaefer, A., 2013.
Stress-related thinking predicts the cortisol awakening response and somatic
symptoms in healthy adults. Psychoneuroendocrinology 38, 438–446.
O’Connor, D.B., Ferguson, E., Green, J., O’Carroll, R.E., O’Connor, R.C., 2016. Cortisol
and suicidal behavior: a meta-analysis. Psychoneuroendocrinology 63,
370–379.

O’Connor, R.C., 2011. Towards an integrated motivational-volitional of suicidal
behaviour. In: O’Connor, R., Platt, S., Gordon, J. (Eds.), International Handbook

http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0005
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0010
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0015
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0020
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0025
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0030
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0035
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0040
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0045
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0050
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0055
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0060
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0065
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0070
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0075
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0080
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0085
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0090
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0095
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0100
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0105
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0110
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0115
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0120
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0125
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0130
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0135
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0140
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0145
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0150
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0155
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160


roend

P

P

S

Neurosci. Biobehav. Rev. 35, 688–698.
D.B. O’Connor et al. / Psychoneu

of Suicide Prevention: Research, Policy and Practice. Wiley Blackwell, pp.
181–198.

ompili, M.,  Serafini, G., Innamorati, M.,  Moller-Leimkuhler, A.M., Giupponi, G.,
Girardi, P., Lester, D., 2010. The hypothalamic–pituitary–adrenal axis and
serotonin abnormalities: a selective overview for the implications of suicide
prevention. Eur. Arch. Psychiatry Clin. Neurosci. 260, 583–600.

ruessner, J.C., Kirschbaum, C., Meinlschmid, G., Hellhammer, D.H., 2003. Two
formulas for computation of the area underthe curve represent measures of
total  hormone concentrationversus time-dependent change.

Psychoneuroendocrinology 28, 916–931.

meets, T., Cornelisse, S., Quaedflieg, C., Meyer, T., Jelicic, M., Merckelbach, H.,
2012. Introducing the Maastricht Acute Stress Test (MAST): A quick and
non-invasive approach to elicit robust autonomic and glucocorticoid stress
responses. Psychoneuroendocrinology 37, 1998–2008.
ocrinology 75 (2017) 183–191 191

Traskman, L., Asberg, M.,  Bertilsson, L., Sjostrand, L., 1981. Monoamine metabolites
in  CSF and suicidal behavior. Arch. Gen. Psychiatry 38, 631–636.

Turecki, G., Ernst, C., Jollant, F., Labonte, B., Mechawar, N., 2012. The
neurodevelopmental origins of suicidal behavior. Trends Neurosci. 35, 14–23.

van Heeringen, K., Mann, J.J., 2014. The neurobiology of suicide. Lancet Psychiatry
1,  63–72.

van Heeringen, C., Bijttebier, S., Godfrin, K., 2011. Suicidal brains: a review of
functional and structural brain studies in association with suicidal behaviour.
van Orden, K.A., Witte, T.K., Cukrowicz, K.C., Braithwaite, S.R., Selby, E.A., Joiner Jr.,
T.E.,  2010. The interpersonal theory of suicide. Psychol. Rev. 117, 575–600.

World Health Organization, 2014. Preventing suicide: a global imperative Geneva,
Switzerland.

http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0160
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0165
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0170
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0175
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0180
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0185
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0190
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0195
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200
http://refhub.elsevier.com/S0306-4530(16)30843-5/sbref0200

	Cortisol reactivity and suicidal behavior: Investigating the role of hypothalamic-pituitary-adrenal axis responses to stre...
	1 Introduction
	2 Method
	2.1 Design and participants
	2.2 Maastricht acute stress test (MAST)
	2.3 State-trait anxiety inventory–6 item short form (STAI-6)
	2.4 Scale for suicidal ideation (SSI)
	2.5 Cortisol measurement
	2.6 Procedure
	2.7 Statistical analysis

	3 Results
	3.1 Effects of study group on cortisol reactivity to stress
	3.2 Effects of study group on psychological reactivity to stress
	3.3 Effects of recent attempt (less than 1year ago) versus historical attempt (greater than 1year ago) on cortisol reactiv...
	3.4 Effects of family history of suicide and study group on cortisol reactivity to stress
	3.5 Predictive effects of cortisol reactivity to stress on suicide ideation at 1 month and 6 months follow-up in combined ...
	3.5.1 1-month follow-up
	3.5.2 6-month follow-up
	3.5.3 Suicide attempt at 1-month and 6-month follow-up


	4 Discussion
	Contributors
	Ethical standards
	Funding
	Conflict of interest
	References


