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Recent negative life events increase hair cortisol concentrations
in patients with bipolar disorder
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Abstract Keywords

Life events induce stress, which is considered to negatively impact the course of disease in  Cortisol, hair, HPA axis, life events, long-term
patients with bipolar disorder (BD), its effects being predominantly mediated by cortisol. cortisol, mental disorder, mood, social
Cortisol in scalp hair has been identified as a biomarker for assessing long-term cortisol levels, support

and allows clarifying the relation between life events, hair cortisol concentrations (HCC), and
clinical course over time. In 71 BD patients, we analyzed the proximal 3 cm of hair, reflecting 3
months of cortisol production, and investigated the association between HCC, the number of
life events, the amount of social support, and mood in the 3 months prior to the hair
assessment and between HCC and mood in the subsequent 3 months. Although the total
number of life events was not associated with HCC (p>0.05), the number of negative life
events was associated with increased HCC (*=0.04, p=0.02). Social support showed an
inverse association with HCC in patients reporting negative life events (r*=0.07, p = 0.03). HCC
and mood were not associated in the 3 months prior to hair sampling or in the subsequent 3
months. This study indicates that patients who experienced recent negative life events have
increased hair cortisol levels, which seem to be attenuated by social support.

History

Received 28 February 2014

Revised 21 August 2014

Accepted 21 August 2014

Published online 10 November 2014

Introduction recognized as a factor that may promote psychological well-
being and physical health (Boutin-Foster, 2005; Taylor,
2011). Social support has been defined as the actuality and
the perception that one is cared for and valued, has assistance
available from other people, and that one is part of a
supportive social network. It can involve emotional support as
well as instrumental support, information and companionship
(Bridges et al., 2002; Cobb, 1976; Van Sonderen, 1991).
Social support can buffer the impact of stressful experiences
and it can function as a coping mechanism (Hostinar &
Gunnar, 2013).

BD has been associated with a dysregulation of the
endocrine stress system, the HPA axis (Daban et al., 2005).
Conflicting data have been published on cortisol levels, the
end product of the HPA axis. Normal as well as elevated basal
salivary and serum cortisol levels have been reported
(Cervantes et al., 2001; Deshauer et al., 2006; Hardoy et al.,
2006; Havermans et al., 2011). These inconsistent findings
could partly be caused by methodological differences between
the studies but also by differential exposure to stressful life

events.
Correspondence: Sabine M. Staufenbiel,Erasmus MC, Department of The possibility to measure cortisol in scalp hair has the
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s.staufenbiel @erasmusmc.nl in blood, saliva or urine, insensitive to daily variation,

Evidence for stress as cause or amplifier of a wide range of
somatic and mental disorders has been firmly established
(Sapolsky, 2004). Individuals with a mental illness such as
bipolar disorder (BD) are more likely to report the experience
of a stressful life event and may also be more affected by the
consequences of stress than healthy persons (Hosang et al.,
2010). BD is a chronic mental illness that causes people to
have one or more episodes of high (manic) and low
(depressed) mood. The occurrence of life events as well as
the hypothalamic-pituitary-adrenal (HPA) axis has been
reported to play a potential role in the induction of a new
affective episode (Daban et al., 2005, Johnson & Roberts,
1995). A life event is defined as a ‘‘dateable occurrence
representing discrete changes in the subject’s social or
personal environment that is external and verifiable rather
than internal or psychological’’ (Paykel, 1994; Rafanelli
et al., 2005). The availability or lack of social support is one
of those environmental factors that have been widely
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short-term transient stress, and oral contraceptives
(Dettenborn et al., 2012), and to reflect the cortisol concen-
tration of several weeks or months (Manenschijn et al., 2011).

In our previous study on long-term cortisol in bipolar
patients, no difference in hair cortisol concentrations (HCC)
between mood episodes was found, however, increased HCC
were observed in patients with a late age of onset (>30 years)
(Manenschijn et al., 2012). Recently, evidence was provided
that the occurrence of stressful life events increases HCC in
healthy young adults as well as in crack cocaine users (Grassi-
Oliveira et al., 2012; Karlen et al., 2011).

Until now, it is not known whether patients with BD show
increased HCC after a major life event, and whether increased
HCC after a life event are associated with mood symptoms.
Initial results in a longitudinal study on our cohort showed an
effect of life events on mood symptoms and functional
impairment, especially in patients with BD I as compared to
BD II (Koenders et al., 2014).

We aimed to explore the effects of life events and social
support on hair cortisol levels in bipolar patients and to
investigate whether HCC are associated with mood in the
subsequent three months.

Materials and methods
Study design

This is a cross-sectional and 3-month prospective study
among outpatients with a diagnosis of BD. The current
project is part of ‘“The Bipolar Stress Study’’, which is a
cross-sectional and 24 month longitudinal study that aims on
identifying risk factors that have an impact on the clinical
course of BD and treatment of patients with BD. In the
present study, we focused on the association between life
events and HCC in patients with BD, and explore whether
HCC in patients with life events are predictive of mood in the
subsequent three months.

The study was approved by the local medical ethics
committee and carried out in accordance with the declaration
of Helsinki. After complete description of the study, all
patients gave their informed consent.

Participants

Patients with BD from the same cohort whose hair cortisol
characteristics have previously been published in our article
concerning cross-sectional data (Manenschijn et al., 2012)
were included in this study. All patients were participants of
The Bipolar Stress Study and were treated in the local
outpatient Department of Mood Disorders in The Hague, the
Netherlands. During their regular visits every three months at
the outpatient clinic, information on mood and life events was
assessed. The hair sample was obtained at the seventh
measurement (after 21 months of participation); the second
last assessment in this study. Detailed description of the
assessment methods of the patients has been described
elsewhere (Manenschijn et al., 2012, Spijker et al., 2009).
Patients were eligible for inclusion if they had not been using
glucocorticoids in the 6 months prior to hair sample
collection and if they had sufficient hair growth at the
posterior vertex. The first 100 patients that fulfilled these

Stress, 2014; 17(6): 451-459

requirements were asked to participate and to provide a hair
sample.

Patients were interviewed by trained psychologists to
collect socio-demographic data and disease characteristics.
Diagnoses of BD and psychiatric co-morbidities were based
on DSM-IV criteria and were assessed with a standardized
diagnostic interview (Sheehan et al., 1998) using the Dutch
version of the MINI International Neuropsychiatric Interview
Plus (version 5.00-R; MINI-PLUS; van Vliet & de Beurs,
2007). Patients were classified in subtypes according to the
DSM-IV-TR: bipolar I disorder, bipolar II disorder, cyclothy-
mia, and bipolar disorder NOS, which vary in severity and
frequency of mood episodes. BD I is characterized by one or
more manic episodes, whereas BD II is defined by no manic
episodes, but one or more hypomanic episodes and one or
more major depressive episode. The Questionnaire for Bipolar
Illness, Dutch translation (Leverich et al., 2001; Suppes et al.,
2001) was used to identify subtypes of BD, its course over
time and detailed information about age of onset of first
symptoms regarding hypomanic, manic and depressive
episodes.

Hair sample collection, preparation, and cortisol
measurement

From all patients, approximately 100—150 hairs were cut from
the posterior vertex as close to the scalp as possible. Hair
sample preparation has been described in detail elsewhere
(Manenschijn et al., 2011). In short, the hair was taped to a
paper and stored until preparation. The 3 cm hair segments
most proximal to the scalp were weighted in separate glass
vials and then minced with small surgical scissors. One ml of
methanol was added to extract cortisol from the hair samples
and incubated for 16h at 52°C while gently shaking.
Afterwards, the methanol was transferred to a clean glass
vial and was evaporated under a constant nitrogen stream
until completely dry. The samples were then dissolved in
250 pl phosphate buffered saline (pH 8.0) and vortexed until
thoroughly mixed. Cortisol levels in the hair extracts were
measured using a commercial ELISA kit for salivary cortisol
(DRG Instruments GmbH, Marburg, Germany). Cross
reactivity of other steroids with the kit’s antibodies was
reported as follows: Corticosterone (29.00%), Cortisone
(3.00%), 11-Deoxycortisol (<1.00%), 17-OH Progesterone
(<0.50%), other hormones (<0.10%). Intra-assay variation
was below 5% and the inter-assay variation below 8% as
reported by the supplier. The low-end detection limit for this
assay is 1.5nmol/l. HCC are reported as median and
interquartile range (IQR).

Life events

The occurrence of life events in the previous three months
was assessed with Paykel’s self-report questionnaire consist-
ing of 61 life events (Paykel et al., 1971). Patients indicated
which events on the list occurred within the preceding three
months. The 61 single life event items were a priori grouped
into three main categories: negative life events, positive life
events, and ambiguous life events. Events were categorized by
independent raters, since patients’ rating of an event may be
influenced by their current mood state. A total of 39 different
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negative life events consisted of life events such as increasing
arguments with the spouse, relationship break-up, business
failure, serious illness of a family member, failure of an
important exam, demotion at work, and unemployment for
one month. A total of eleven positive life events consisted of
life events such as promotion at work, engagement, marriage,
and a desired pregnancy. Eleven life events were rated as
neutral or ambiguous events (change of work field, change of
work hours, moving).

Social support

The presence and degree of social support was assessed with
the Social Support List (Sociale Steun Lijst (SSL; Van
Sonderen, 1991). This list quantifies two aspects of social
support: ‘‘frequency of social support’” measures the fre-
quency of social support that the patient receives; and
“‘perceived lack of social support’’ is the perceived difference
in social support between that which is desired and what is
received by the patient. Patients rated items from the three
subscales using a 4-point scale to indicate the frequency in
which they received social support (‘‘frequency’’). For the
“‘perceived’’ score, patients rated the perceived discrepancy
between the desired and received level of social support on a
4-point scale, ranging from too little to too much. The scores
were summed for each variable, with a higher score indicating
a higher amount of social support.

Mood

Illness severity was assessed in two ways. Symptom severity
as well as the functional impact of the mood disturbances was
measured. The observer based Young Mania Rating Scale
(YMRS, (Young et al., 1978)) was used to assess the number
and severity of mania symptoms. The Quick Inventory of
Depressive Symptoms (QIDS, (Rush et al., 2003)) was
administered to assess the number and severity of depression
symptoms. Both the YMRS and the QIDS were administered
during the visit at the outpatient clinic. The functional impact
of mood disturbances was measured with the monthly
retrospective life chart method (LCM-r) by the National
Institute of Mental Health (NIMH) (Roy-Byrne et al., 1985).
This instrument was used to assess medication use and
monthly functional impairment resulting from mania or
depression symptoms in the subsequent three months after
collecting the hair sample and was administered by the
research psychologist during every visit at the outpatient
clinic. Based on the life chart data, the mean severity of
functional impairment was calculated by averaging the
monthly severity scores for depression and mania of every
three-month period between the visits. A similar method has
been used previously (Post et al., 2003).

Statistical analysis

SPSS 20.0 for Windows was used for statistical analysis. Hair
cortisol levels, the number of life events, social support, age,
and BMI were continuous variables, and gender, dyeing of
hair, bleaching of hair, age of onset before/after the age of 30,
comorbidities, and medication use were used as dichotomous
variables. Pearson Chi-Square tests were used to compare

Hair cortisol levels in bipolar disorder after life events 453

r==p
r»> 7

P i-> YMRS
= - ais
i v
- Life events Life chart

l I |
0 months 3 months 6 months

Figure 1. Schematic overview of the assessment moments and the
analyzed relationships between the different measurements. We
investigated the influence of life events, social support, stability (life
chart) and mood (QIDS, YMRS) on hair cortisol levels that were
assessed at the 3-month assessment, and whether hair cortisol levels
from the 3-month assessment had an influence on mood and stability as
reported at the 6-month assessment.

frequency distributions. After log transformation, hair cortisol
levels were normally distributed. Linear regression analyses
were performed to analyze the association between the
number of life events and HCC, between social support
measures and HCC, and between HCC and mood. Backward
stepwise regression was used to identify the best predictors of
the following variables: gender, age, BMI, natural hair color,
frequency of hair wash, use of hair products, use of lithium,
use of antiepileptics, use of antidepressants, use of antipsych-
otics, use of benzodiazepines, mood phase, bipolar disorder
subtype, psychiatric comorbid disorders (except for panic
disorder), comorbid panic disorder, age of onset, the presence
of metabolic syndrome, and the presence of an endocrine
disease. The final model consisted of the age of onset,
presence of comorbid disorders, hair treatments, and use of
benzodiazepines to account for their influences, and the
variable in question, such as number of life events. The results
of the linear regression are reported as standardized coeffi-
cients (beta), t-value of the life event variable, and r change
(increase in explained variation that the life event variable
adds to the model). The association between life events and
mood was analyzed using non-parametric (Spearman) correl-
ation. The temporal relations are illustrated in Figure 1.

Results

Hair cortisol measurements were available in 100 patients.
For 96 of these patients, life event data were available. Of
these 96 patients, 71 patients had complete information on the
final set of covariates and constituted our final study sample.
Ten patients reported a treated endocrine disease (n=2
diabetes, n =7 hypothyroidism, n =1 diabetes and hypothy-
roidism), and a total of 17 patients presented with metabolic
syndrome. Group characteristics are shown in Table 1.
The median HCC was 30.28 pg/mg with an interquartile
range from 22.73 to 48.96. Hair cortisol levels of patients
with either metabolic syndrome or an endocrine disease were
not different from the hair cortisol concentrations of the other
patients (F(1,66)=0.87, p=0.35 and F(1,69)=0.03,
p=0.86) respectively, and controlling for these variables
did not alter the results.
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Table 1. Group characteristics.

Group characteristics (n="71)

Age (years) — median (IQR)
Number of women — n (%)
BMI (kg/m?) — median (IQR)
HCC (pg/mg) — median (IQR)
Hair treatment

52 (43-62)
41 (57.7%)
25.5 (23.5-27.75)
30.28 (22.73-48.96)

Hair dyed 30 (42.3%)

Hair bleached 8 (11.3%)
Frequency of hair wash

<2 times/week 39 (54.9%)

>3 times/week 32 (45.1%)
Age of onset BD

<30 years of age — n (%) 45 (63.4%)

>30 years of age — n (%) 26 (36.6%)
Psychiatric comorbidities

Anxiety disorder without 19 (26.8%)

panic disorder — n (%)

Somatoform disorder — n (%) 3 (4.2%)

Pain disorder — n (%) 2 (2.8%)

Panic disorder — n (%) 13 (18.3%)
Medication

Lithium — n (%) 59 (83.1%)

Antiepileptics — n (%) 14 (19.7%)

Antidepressants — n (%) 25 (35.2%)

Antipsychotics — n (%) 24 (33.8%)

Benzodiazepines — n (%) 18 (25.4%)
Diagnosis

Bipolar disorder type 1 54 (76.1%)

Bipolar disorder type 2 and NOS 17 (23.9%)

Table 2. Descriptive information on the occurrence of 61 life events.

Reported life events by BD patients (n="71)

Occurrence of at least 1 life event — n (%) 49 (69.0%)
At least 1 negative event — n (%) 45 (63.4%);
only negative events
- 32 (45.1%)
At least 1 positive event — n (%) 12 (16.9%);
only positive events
-3 (4.2%)
At least 1 ambiguous event — n (%) 7 (9.9%);
only ambiguous events
-1 (1.4%)
Number of all events — M (SD) 1.70 (1.84)
Number of negative events — M (SD) 1.34 (1.56)
Number of positive events — M (SD) 0.24 (0.60)
Number of ambiguous events — M (SD) 0.13 (0.41)

Life events and hair cortisol

Descriptive information of the life events is provided in
Table 2. The total number of life events was not associated
with HCC (Table 3). The number of negative life events was
associated with increased HCC (5=0.22, 1#(64)=2.07,
*=0.04, p=0.04). Selecting the patients that only experi-
enced negative life events (excluding all patients that reported
any positive or ambiguous life events in addition to negative
events), the results became even more significant (G6=0.31,
1(64)=2.54, r2:0.08, p=0.02), as illustrated in Figure 2.
For positive life events and ambiguous life events, the
analyses could not be performed separately due to small
sample sizes.

Stress, 2014; 17(6): 451-459

Table 3. The effect of life events on HCC for the whole group and
stratified for subgroups.

Life events and HCC

All BD patients (n="71)
All life events
Negative life events
Only negative life events
BD I (n=>54)
All life events
Negative life events
Only negative life events
BD II/NOS (n=17)
All life events B
Negative life events Jé]
Only negative life events 153
Age of onset <30 (n=45)
All life events
Negative life events
Only negative life events
Age of onset >30 (n=26)
All life events
Negative life events
Only negative life events

6=0.18, 1(64) = 1.65, *=0.03, p=0.10
£=0.22, 1(64)=2.07, »=0.04, p=0.04
B=0.31, 1(64) =2.54, *=0.08, p=0.02

B=0.25, 1(47)=1.91, »=0.05, p=0.06
B=0.28, (47)=2.18, *=0.06, p=0.03
8=0.31, 1(47)=2.18, *=0.07, p=0.04

=—0.09, #(10) = —0.37, *=0.007, p=0.72
=—0.09, #(10) = —0.32, *=0.005, p=0.76
=0.36, 1(10)=1.11, *=0.06, p=0.35

$=0.19, 1(39)=1.58, > =0.03, p=0.12
$=0.23, 1(39) =2.04, 1> =0.05, p=0.05
=0.28, (39)=2.28, r*=0.07, p=0.03

5=0.11, £(20) = 0.47, *=0.008, p=0.64
B=0.20, 1(20) = 0.85, »=0.03, p=0.41
=039, 1(20)=1.47, #=0.11, p=0.17

HCC, Hair cortisol concentrations; BD, bipolar disorder; all life events,
the total number of life events; negative life events, the number of
negative life events in presence of positive and/or ambiguous life
events; only negative life events, the number of negative life events in
presence of no positive and/or ambiguous life events. The table shows
the results of linear regression analyses. All p-values were adjusted for
dyeing and bleaching of the hair, use of benzodiazepines, comorbidities
except for panic disorder, and comorbid panic disorder. Except for the
analysis stratified for age of onset, all values were also adjusted for age
of onset before or after 30 years. R” indicates the change in 7 of the
model by adding the variable in question to the model.

Based on the recent finding that life events relate to mood
in BD I but not in BD II patients (Koenders et al., 2014),
analyses were stratified for subtype of BD. We found a trend
for an effect of the total number of life events on hair cortisol
for patients with BD 1 (8=0.25, #47)=1.91, *=0.05,
p=0.06) whereas this was not significant for patients with
BD II/NOS. More specifically, an increase in HCC was only
seen in patients with BD I for the number of only negative
events (6=0.31, #(47)=2.18, ”=0.07, p=0.04) but not in
patients with BD 1II.

As our group showed before that age of onset before or
after 30 years of age is associated with different HCC
(Manenschijn et al., 2012), analyses were also stratified for
age of onset before or after 30. The total number of life events
was not associated with HCC in either the early age of onset
or the late age of onset patients. The number of negative life
events was associated with increased HCC in patients with an
early age of onset (0 =0.23, #(39) =2.04, = 0.05, p=0.05;
only negative events: 3=0.28, 1(39)=2.28, r*=0.07,
p=0.03), but not in patients with a late age of onset. Age
of onset was not associated with BD subtype, and the
frequency distribution was not different for the groups (x (1,
n=71)=0.02, p=0.90).

Hair cortisol and mood

Patients reported a mean score of 0.54 (SD=1.94) on the
YMRS (range of potential scores: 0-60) and a mean score
of 6.90 (SD=5.18) on the QIDS (range of potential scores:
0-27). The mean functional impairment as assessed with the
LCM-r was 0.52 (SD=0.67) for the depressive symptoms
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Figure 2. First row: The number of negative life events is associated with an increase in hair cortisol concentrations in patients with only negative life
events, whereas in presence of positive or neutral life events, this association was not significant. This graph shows the inverse log-transformed cortisol
values. Second row: The score of the frequency measurement of the Social Support List is associated with a decrease in hair cortisol concentrations in
the presence of negative life events, whereas no association was found between social support and hair cortisol concentrations in patients with also

positive or neutral life events.

and 0.17 (SD=0.39) for the manic symptoms. For both
LCM-r measurements, the range of potential scores is O to 4.
HCC were not associated with mood symptoms in the three
months prior to the hair collection (corresponding to the time
frame captured by the hair sample). HCC were also not
predictive of mood in the three months after taking the hair
sample (all p>0.05). The disorder state in the corresponding
three months has earlier been shown to not be associated with
HCC (Manenschijn et al., 2012).

Life events and mood

The number of all life events correlated significantly with
the QIDS score in the corresponding three months, p =0.26,
p=0.03. The number of negative life events in presence of
other life events also showed this association; p=0.29,
p=0.02. Reducing the sample to the patients with only
negative life events made the association even stronger,
p=033, p=0.02. The relation between life events
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Table 4. The effect of social support on HCC in presence and absence of life events.

Social support and HCC

All BD patients (n="71)
Frequency of social support
No life events
Presence of life events
Presence of negative life events
Perceived social support
No life events
Presence of life events
Presence of negative life events
BDI
Frequency of social support
No life events
Presence of life events
Presence of negative life events
Presence of only negative life events
BD II
Frequency of social support
No life events
Presence of life events
Presence of negative life events
Presence of only negative life events
Age of onset <30
Frequency of social support
No life events
Presence of life events
Presence of negative life events
Presence of only negative life events
Age of onset >30
Frequency of social support
No life events
Presence of life events
Presence of negative life events
Presence of only negative life events

=—0.21, #(64)=—2.04, *=0.04, p=0.05
=0.46, (15) =046, *=0.006, p =0.65

=027, 1(42)=—-221, *=0.07, p=0.03
=-0.28, #(38) = —2.21, »=0.07, p=0.03
=—0.22, 1(64) = —2.06, »=0.04, p=0.04
=—0.11, #(14) = —0.55, #»=0.30, p=0.60
=—0.18, 1(41)=—1.45, »=0.03, p=0.15
=—0.18, (37)=—1.39, »=0.03, p=0.17

=0.14, 1(9)=0.87, #=0.02, p=0.40

=-0.29, 1(31)=—1.98, »=0.07, p=0.06
=—0.30, #(29) = —1.97, »=0.08, p=0.06
=—0.40, 120) = —2.29, #=0.13, p=0.03

=—0.34, 1(10) = —1.46, *=0.09, p=0.18

=—0.57, (4)=—1.69, *=0.18, p=0.19

g
g
g
g
&)
g
g
g
B=-0.19, (47)=—1.48, »=0.03, p=0.15
g
i<
g
i<
g
g
B=-0.03, #2) = —0.05, *<0.001, p=0.97

B=-0.09, 139)=—0.72, »=0.007, p=0.48
8=0.22, 1(15)=1.51, 2=0.05, p=0.17
B=-0.18, #25)=—1.23, »=0.03, p=0.23
B=—0.18, 1(24)=—1.23, »=0.03, p=0.23
B=-0.28, #16)=—1.85, »=0.07, p=0.08
i<
g
B
g
g

=—0.64, 1(20) = —3.96, *=0.33, p=0.001
=—1.18, (4)=—1.44, =027, p=0.25
=—0.56, 1(12) = —2.80, »=0.28, p=0.02
=—0.62, 1(9) = —2.85, *=0.33, p=0.02
=—1.18, 1(4) = —3.02, =045, p=0.04

HCC, Hair cortisol concentrations; BD, bipolar disorder; presence of life events, occurrence of
positive and/or negative and/or ambiguous life events; presence of negative life events, occurrence
of negative life events irrespective of concurrent positive and/or ambiguous life events; presence of
only negative life events, occurrence of negative life events while in absence of positive and/or
ambiguous life events. The table shows the results of linear regression analyses. All p values were
adjusted for dyeing and bleaching of the hair, use of benzodiazepines, comorbidities except for panic
disorder, and comorbid panic disorder. Except for the analysis stratified for age of onset, all values
were also adjusted for age of onset before or after 30 years. R” indicates the change in r* of the
model by adding the variable in question to the model.

(all, negative, only negative), the YRMS score and the
functional impairment for depressive symptoms and manic
symptoms did not reach significance (all p>0.05).

Hair cortisol, life events, and social support

The frequency of social support and the perceived social
support showed a mean score of 66.58 (SD=13.81) and
—34.68 (SD =12.14), respectively. The frequency of social
support was inversely associated with HCC (5= -0.21,
1(64)=—-2.04, r2:O.O4, p=0.05), as was the perceived
social support (6=-0.22, #64)=-2.06, =0.04,
p=0.04). Further analyses revealed that the decreasing
effect of the frequency of social support on hair cortisol
concentrations was only present in patients who experienced
negative life events (3= —0.28, #(38)=—-2.21, ”=0.07,
p=0.03), as illustrated in Figure 2, and not in patients who
did not experience life events (Table 4). Perceived social
support did not reach significance when stratifying for the
occurrence of negative life events.

As with life events, stratification for type of bipolar
disorder showed that the frequency of social support in
presence of negative life events was trend-associated with
decreased HCC in patients with BD 1 (6=-0.30,
1(29)=—1.97, *=0.08, p=0.06, only negative events:
f=—-0.40, #(20)=-2.29, r*=0.13, p=0.03) but not in
patients with BD II/NOS or in patients with no negative life
events. Stratification for age of onset showed that the
frequency of social support in presence of negative life
events showed no effect on HCC in patients with an early age
of onset, but a trend in patients with only negative events:
f=—-0.28, ((16)= —1.85, »=0.07, p=0.08) and decreased
HCC in patients with a late age of onset and with negative life
events (6=—0.62, #(9)=—2.85, *=0.33, p=0.02, only

negative events: [=-—1.18, #4)=-3.02, = 0.45,
p=0.04).
Discussion

The focus of our research project ‘“The Bipolar Stress Study’’
is to identify the influence of biological and psychological
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stress on characteristics and course of bipolar disorder. In the
current study, we focused on the association between life
events and HCC in patients with BD, and to explore whether
HCC in patients with life events are predictive of mood in the
subsequent three months. For this purpose, we benefited from
earlier findings regarding the same cohort (Koenders et al.,
2014; Manenschijn et al., 2012,) as we could account for the
previously reported relations such as age of onset and subtype
of bipolar disorder, and extended these findings.

In this study, we found an association between the number
of negative life events and increased HCC, in particular in
patients with the BD I subtype or in those who had an age of
onset before 30 years. The observed increased HCC after life
events are consistent with current literature on the influence
of life events on hair cortisol levels (Grassi-Oliveira et al.,
2012; Karlen et al., 2011). However, we showed that it is not
the total number of life events but in particular the number of
negative life events, which significantly increases HCC in the
corresponding months. Negative life events might aggravate
rumination that may exacerbate the already adverse experi-
ence (Michaud et al., 2008), thereby potentiating the effect of
life events. Interestingly, it has previously been reported that
bipolar patients show normal initial cortisol responses to
stressful life events, but that they have more difficulty in
terminating the stress response and returning to a stable
baseline mood. Whereas healthy participants reported that it
took them on average 2.3 days to return to pre-event mood
and behavioral levels, cyclothymic and dysthymic patients
stated that their average recovery time was 3.9 days and 7.7
days, respectively (Goplerud & Depue, 1985). It is essential
that an individual is able to terminate the cortisol response
appropriately to prevent hypercortisolemic effects (Sapolsky
et al., 2000). A failure to do so would reflect in higher mean
cortisol levels over a prolonged period of time, which would
contribute to higher HCC levels.

Regarding social support, our first analyses indicated that
the frequency of social support and perceived social support
were associated with decreases in HCC. Further analyses
revealed that the attenuating effect of the frequency of social
support on HCC was only present in patients with BD I that
experienced (negative) life events and not in patients without
any life events, suggesting that social support could partially
attenuate the increasing HCC after negative life events. One
might speculate that mitigating against increased long-term
cortisol levels might protect from new mood episodes, as the
‘‘social zeitgeber theory’” has proposed that life events might
induce a new mood episode through disruptions in social and
biological rhythms (Grandin et al., 2006). Through this
mechanism, increased social support may stabilize the social
and thereby also the biological rhythm.

Stratifying the analyses led to interesting findings, i.e. that
the number of negative life events leads to HCC increases in
BD I patients and in patients with an early age of onset.
Stronger effects of life events on HCC in patients with BD I
and an early age of onset could be due to various reasons. One
reason might be a power problem that reflects the smaller
number of participants in BD II and with a late age of onset
rather than an underlying difference between the subtypes.
This seems probable, as the standardized coefficients of BD II
and a late age of onset are greater than the standardized

Hair cortisol levels in bipolar disorder after life events 457

coefficients of BD I and early age of onset, but fail to reach
significance. However, other possibilities need to be acknowl-
edged. A stronger effect of life events on mood symptoms and
functional impairment on patients with BD I patients as
compared to BD II patients has already been found in a
longitudinal study on this cohort (Koenders et al., 2014). One
possibility might be the different course trajectory of the
subtypes. BD II is associated with a more chronic course and
fluctuations in mood (Mantere et al., 2008). This is also
consistent with the kindling theory, suggesting that stress
triggers the initial episodes and recurrences, but that succes-
sive episodes are progressively induced independently of
stressors (Post, 1992). With more episodes and a more chronic
course, the association between stress and a new mood
episode may already be too weak to be detected. For age of
onset, an early onset BD has been suggested to be associated
with a genetic vulnerability (Leboyer et al., 2005), whereas
late onset BD is thought to be initially triggered by a major
life event preceding the first episode (Johnson et al., 2000). A
late onset is therefore more likely associated with a chronic
HPA axis disturbance, which is in line with the earlier
reported higher HCC in patients with a late age of onset
compared to patients with a younger age of onset in this
cohort (Manenschijn et al., 2012). Therefore, another major
life event might not influence HCC as much as it would in
patients with early age of onset and hypothetically more
normal HPA axis functioning.

The question arises, how these results have to be
interpreted, i.e. whether this increase reflects a healthy
reaction of the HPA axis to a stressor, or whether it is a risk
factor for a new mood episode. The same holds true for the
potential absent HCC increase in BD II patients and patients
with a late age of onset, and whether this reflects the failure to
start a stress reaction to a life event, or whether it is a
protective property that these patients have. An answer to this
question would need a more frequent monitoring of the
patients to assess exactly when a life event has happened, and
a smaller time frame covered by the hair sample, for example
1 cm instead of 3 cm. This would yield insight in whether an
increase in HCC happens in all patients and that some patient
groups are faster in ending the prolonged stress response than
others, or whether the increase is a feature associated with
different patient characteristics. In our study, this frequent
monitoring was not possible due to logistic reasons.

In the current study, we found no association between hair
cortisol concentrations and mood. However, for investigating
the influence of HCC on mood and vice versa, the presence of
distinct mood symptoms is required. Our well-treated sample
only showed minor mood fluctuations and reported few
clinical symptoms, thereby questioning the validity of our
negative findings.

Several strengths and limitations of the present study need
to be mentioned. The patients that participated in this research
projects were seen regularly and frequently, i.e. every 3
months, and the occurrence of life events and presence of
mood disorder symptoms were inquired upon every visit. For
research on life events this is of high value, as in long periods
between visits, patients may either forget to report life events,
or may aggravate the meaning of events in order to explain for
example a new mood episode, a process called ‘‘effort after
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meaning’’ (Johnson & Roberts, 1995). However, we have to
acknowledge the already mentioned small sample size of
patients with either only positive or only ambiguous events,
and the lack of a control group, i.e. HCC of healthy controls
who also provided information on life events and mood.
Furthermore, our sample presented with sparse mood symp-
toms which could be related to the high number of patients
that used psychotropic medication. This treatment might be
another limitation for this study as the effects of psychotropic
medication on HCC have not been extensively examined until
now; however, it seems an almost inevitable factor when
dealing with this patient group. A related point is that patients
with serious mood problems at the moment of assessment
might not come to the outpatient department (Kessing et al.,
2000). Our timeframe of observation amounted to six months,
one period of three months that comprised the hair sample
and the information on mood and life events of the
corresponding three months, and the period of the subsequent
three months, that comprised information on mood. Seeing
that manic patients report on average 0.4—0.7 mood episodes
per year (Angst & Sellaro, 2000), our design was likely too
short to appropriately capture major mood changes.

To summarize, in the present study we showed that the
number of negative life events is associated with increased
hair cortisol concentrations in bipolar patients. These results
indicate that even in the presence of a disorder that is
associated with a dysregulation of the HPA-axis, exposure to
negative life events might induce further HPA-axis disturb-
ances. This relationship seems to be modified by social
support, pointing towards the flexibility of the HPA-axis in
both directions. Furthermore, these are first indications that
there might be subtypes of bipolar patients that react
differently to life events in terms of cortisol secretion,
which might on the long term warrant different approaches to
coping with stress or treatment of these patients.
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