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Abstract

A pooled database from diverse community samples was used to examine the
associations of hair cortisol concentration (HCC) with self-reported stress and stress-linked
mental health measures, including depression, anxiety, alcohol and drug use, disability and
experiences with aggression. As part of innovative research using a mobile laboratory to study
community mental health, data were pooled from five substudies: a random sample of the
general population (n = 70), people who had received treatment for a mental health and/or
substance use problem (n = 78), family members of people treated for mental health and/or
substance use problems (n = 49), community volunteers who sometimes felt sad or blue or
thought they drank too much (n = 83), and young adults in intimate partner relationships (n =
44). All participants completed a computerized questionnaire including standard measures of
perceived stress, chronic stress, depression, anxiety, hazardous drinking, tobacco use,
prescription drug use, illicit drug use, disability and intimate partner aggression. HCC was
significantly associated with use of antidepressants, hazardous drinking, smoking and disability
after adjusting for substudy and potential confounders (sex, body-mass index, use of
glucocorticoids and hair dyed). In addition, preliminary analyses suggest a significant curvilinear
relationship between HCC and perceived stress; specifically, HCC increased with higher
perceived stress but decreased at the highest level of stress. Overall, HCC was associated with
mental health-related variables mainly reflecting substance use or experiencing a disability. The

relationship between HCC and self-reported stress is unclear and needs further research.



Introduction

Cortisol is a well-accepted biological indicator of stress-response. Exposure to stress is
associated with activation of the hypothalamic-pituitary-adrenal (HPA) axis which regulates the
release of the glucocorticoid hormone cortisol from the adrenal cortex. Most research assesses
cortisol in saliva, plasma or urine, reflecting cortisol concentrations at the time of collection
rather than long-term exposure to stress. Measurement of cortisol in hair has emerged as a
promising strategy for assessing chronic stress (Russell et al., 2012). That is, the level of cortisol
in hair reflects stress exposure over time, with each segment of hair growth reflecting prior
hypothalamic-pituitary adrenal (HPA) axis activity (Wennig, 2000).

A number of studies have investigated whether hair cortisol concentration (HCC)
provides a valid index for cortisol secretion by examining its association with self-reported
stress. To date, results of the links between HCC and subjective appraisals of stress (i.e.,
perceived stress) have not been wholly consistent, with some studies finding significant
relationships (Kalra et al., 2007, Karlén et al., 2011), but others finding no association (Dowlati
et al., 2010, Stalder et al., 2010). Research has also examined HCC in relation to exposure to
chronic life stressors; again, findings are mixed, with both significant (Stalder et al., 2012) and
null associations found (Dettenborn et al., 2010). Divergent findings have been attributed to
differences in samples, measures and time frames examined (see Staufenbiel et al., 2013).

Stress is a complex and multi-faceted construct, making it important to assess how HCC
relates not only to indicators of self-reported stress but also to social, psychological, and
behavioral measures that have been shown to be related to stress and HPA activity. Mental health
and related variables may be especially important, given that experiencing a psychiatric disorder

such as depression or anxiety has been linked to psychosocial stress (Kendler et al., 1999) as well



as HPA activity and resultant cortisol secretion (Kendler et al., 1999, Knorr et al., 2010, Mantella
et al., 2008). Stress and HPA activity also have been shown to be related to heavy drinking
(Beresford et al., 2006) and other drug use (Piazza et al., 1990, Shaham and Stewart, 1995),
psychosocial functioning and disability (Himle et al., 2009, Rasmussen et al., 2010, Sareen et al.,
2007), as well as emotional arousal stemming from intimate partner violence (Feinberg et al.,
2011).

As of yet, however, understanding of associations between HCC and mental health-
related measures is limited. The link between HCC and mood and anxiety disorders has shown
mixed findings (Dettenborn et al., 2012a, Dowlati et al., 2010, Steudte et al., 2011) and even less
is known about the relation between HCC and substance use, disability and aggression. The aim
of the present study was to examine the associations of HCC with (1) self-reported stress and (2)
mental health-related factors including depression, anxiety, substance use, disability and
experiences of intimate partner aggression.

Methods
Study participants

This study examines pooled data from a series of community studies conducted as part of
a multidisciplinary research program, Researching Health in Ontario Communities (RHOC),
which seeks to improve understanding of the inter-relations among stress, mental health,
substance use/addiction and violence problems (see Wells et al., 2011). Although each
community study conducted as part of RHOC addressed a different aspect of these inter-
relationships, they all involved collection of social, epidemiological and biological data using a
mobile research laboratory. The advantage of using pooled data from these various studies is that

they provide a heterogeneous sample with over-representation of persons who have mental



health, substance use/addiction and violence problems. Thus, the data are ideal for exploring the
extent that HCC is associated with these problems.

Pooled data from five substudies were collected in four communities of varying sizes
(populations of approximately 18,000 to over 200,000) in Southern Ontario. The original sample
from the five substudies consisted of 462 participants but was reduced to 324 when only those
eligible and willing to provide hair samples were included (see description of hair sampling
below). Although the target population and recruitment strategy varied across these five
substudies, as described below, all participants completed a common set of core measures at the
mobile research lab, with the a priori goal of combining samples in order to explore overarching
issues such as the inter-relations among biological and self-reported measures of stress and
mental health. In particular, all participants completed a self-administered computerized
questionnaire with standard measures of stress, mental health, substance use and violence
problems and were asked to provide biological samples, including hair (to assess cortisol).

The Random Walk substudy used a modified “random walk” strategy using door-to-door
recruitment to generate a random sample of the general population in one community (Flynn et
al., 2013). This involved a two-stage cluster sampling design, with the random selection of
blocks using Canadian census data and the random selection of households within blocks. The
Consumer Journey (CJ) — Consumer substudy recruited adults (aged 18 and over) who had
mental health and/or substance use problems and had sought treatment for either type of problem
(or both) (i.e., consumers) through posters placed in local treatment agencies and in various
public locations within the communities. The Consumer Journey (CJ) — Family Member
substudy included family members of persons with mental health and/or substance use problems

who were similarly recruited through posters placed in treatment agencies and in community



settings. In both CJ studies, interviews were conducted to better understand, from a qualitative
perspective, experiences of seeking and receiving care for people who have mental health and
substance use problems. The Valuations of Health States substudy assessed perceptions
regarding the disabling effects of different health conditions. Adults (aged 18 and over) were
recruited using advertisements and posters placed at various locations in the community
requesting volunteers who “sometimes feel sad or blue or think you drink too much.” They
completed ratings of disability for different combinations of health conditions. The
Communication and Conflict substudy recruited young adults (aged 18 to 29) to examine conflict
in intimate partner relationships. Participants were recruited using Respondent Driven Sampling
(RDS), a form of chain referral or “snowball sampling” involving recruitment of a small number
of initial participants known as “seeds” who then recruit additional eligible participants. The
“seeds” were recruited using posters in public places or were approached in a local shopping
mall and asked to participate. Participants completed an in-depth interview about their
experiences of conflict and aggression in intimate partner relationships.

The overarching RHOC project and all substudies were reviewed and approved by the
Research Ethics Boards at the Centre for Addiction and Mental Health and Western University.
For each substudy, participants were given a description of the study and were advised of the
voluntary nature of the study, data confidentiality and their rights as research participants. All
participants provided written consent.

Hair sample collection and analysis

Participants in each of the five substudies were asked to provide a sample of their hair if

they had a minimum hair length of 3cm. Research assistants were trained to cut a sample of hair

from the vertex posterior of the scalp. Hair samples were handled with gloves at all times. The



most proximal 2 cm segment, reflecting systemic cortisol exposure over the previous two
months, was selected for analysis. Given that a minimum hair length of 3cm was required (to
obtain the proximal sample of 2 cm), only 97 (48%) of the 202 men who participated in the five
substudies were eligible and, of these, 93 provided a sample. Of the 260 female participants, 247
women (95%) were eligible to provide a hair sample and 237 women did so. Six cases were
removed due to HCC exceeding 1500 ng/g, resulting in a final sample of 324 participants (91
males and 233 females).

Due to the large number of men who were ineligible to provide a hair sample, analyses (t-
tests, Analysis of Variance and chi-square tests) were conducted to determine whether men who
provided a hair sample differed from those who did not in terms of the main variables of interest
(i.e., sociodemographic variables and measures of self-reported stress and mental health-related
variables). The only significant difference found between these two groups was that those who
used illicit drugs were less likely to provide a hair sample (39.2%) compared with individuals
who did not use illicit drugs (54.8%) (chi-square = 4.382, df = 1, p = .036).

Hair cortisol was measured according to a standard procedure employed by the hair
cortisol analysis research group at Western University (Russell et al., 2012). For each
measurement, 10-15mg of the hair collected was used. Hair samples were washed twice with
isopropanol, cut finely with surgical scissors, and incubated in 1ml of methanol for 16 hours.
Following this period, samples were evaporated with nitrogen gas on a test tube hot plate set to
50°C. Samples were then reconstituted with PBS (pH 8.0) and analyzed on a salivary ELISA kit
manufactured by Alpco Diagnostics for quantification. Intra- and inter-assay coefficients of
variation were 6.7% and 11.3%, respectively. The ELISA kits also include reports of sensitivity

of 1 ng/ml. Participants with HCC above 1500 ng/g were excluded, as is standard practice given



that extremely high HCC may be reflective of Cushing’s syndrome or contamination by
corticosteroids (Thomson et al., 2010).
Self-report measures

Stress. Stress was measured with two instruments, one measuring past month perceived
stress (Perceived Stress Scale PSS, Cohen et al., 1983), the other, current exposure to chronic
stress (Chronic Stress scale; Turner and Turner, 2005). The PSS is a 10-item measure with good
psychometric properties (Lee, 2012) that includes questions on how often in the previous month
people view their lives as stressful and their ability to cope with stress (example items: in the last
month, how often have you felt nervous and "stressed?" How often have you found that you
could not cope with all the things that you had to do?). Response options range from never (0) to
very often (4), with total scores on the scale ranging from 0 to 40 (Cronbach'’s alpha = .90,
current sample).

Chronic Stress was assessed with a 17-item measure reflecting current exposure to
specific stressors, including financial, work, relationship, parenting and family stress.
Respondents were provided with a list of stressors (example items: your neighbourhood or
community is too noisy or too polluted; you don't have enough money to buy the things you
need) and asked whether they were true (1) or false (0) for the person at this time (scores range
from 0 to 16). Used widely in community-based surveys in Canada and the U.S. (e.g., Turner et
al., 1995), the Chronic Stress scale has been shown to have excellent measurement properties
(Cronbach's alpha > .85), with evidence of convergent and discriminant validity (Wheaton,
1994).

Depression and anxiety. The DSM-IV University of Michigan version of the Composite

International Diagnostic Interview Short Form (CIDI-SF) was used to measure major depressive



disorder and anxiety. The CIDI-SF was developed and validated against the full version of CIDI
and demonstrated good classification accuracy (Kessler et al., 1998). Individuals met the criteria
for depression if they endorsed screening questions for depression and anhedonia as well as 3 out
of 7 depressive symptoms (World Health Organization (WHO), 1990). For anxiety, two screener
items from the CIDI-SF were used, with endorsement of either indicating anxiety problems.

Substance use. Standard measures of substance use were employed. For prescription drug
use, respondents were asked whether they had used antidepressants in the past 12 months and
given the following list of common brand names in Canada (generic names in parentheses):
Prozac (fluoxetine), Paxil (paroxetine), Zoloft (sertraline), Celexa (citalopram), Cipralex
(escitalopram), Effexor (venlafaxine) and Wellbutrin (bupropion). They were also asked whether
they had used tranquilizers or anti-anxiety medications (examples included: Valium (diazepam),
Ativan (lorazepam), Xanax (alprazolam), also known as trangs, downers) in the previous 12
months. These two variables were scored dichotomously (any use versus no use).

For alcohol use, the Alcohol Use Disorders Identification Test (AUDIT) was used
(Saunders et al., 1993), which is 10-item measure that has good internal consistency and has
been shown to be a valid screening tool for alcohol use disorders in diverse populations (Reinert
and Allen, 2007). Scores on the AUDIT vary from 0 to 40 (Cronbach’s alpha = .91, current
sample). For smoking, we asked whether the person was a current smoker and usual number of
cigarettes smoked per day, both standard questions (Heatherton et al., 1989). We also asked
about any use of marijuana and other illicit drugs in the previous 12 months. Measures of illicit
and prescription drug use were based on the Centre for Addiction and Mental Health (CAMH)
Monitor (lalomiteanu and Adlaf, 2010), an on-going monitoring survey of the Ontario general

population, reflecting common drugs and their classifications in this province.
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Disability. The World Health Organization Disability Assessment Schedule 2.0 (WHO-
DAS II; short 12-item version) was used to assess limitations in activities and daily functioning
(Ustiin et al., 2010b). This instrument has been shown to be valid and reliable (Ustiin et al.,
2010a). Participants were asked how much difficulty they had doing various activities, with

29 ¢¢

response options of “none,” “mild,” “moderate,” “extreme” and “severe, cannot do” (scores
range from 12 to 52, Cronbach’s alpha = .90, current sample).

Intimate partner aggression. We employed a measure adapted from Harris (1992) and
used in previous international research (Graham et al., 2011) that asks participants in recent
intimate relationships (i.e., people who had been involved in an intimate relationship in the
previous 2 years) to report the most physically aggressive thing done by their partner or toward
their partner in the previous 2 years. Two dichotomous variables were constructed: whether
participants had been the victim of aggression by a partner and whether the participant had been
aggressive toward a partner.

Potential confounders

Understanding associations of HCC with stress and mental health-related variables
requires consideration of potential confounders that may influence HCC, including sex, age,
body-mass index (BMI), use of corticosteroids, hair color, and whether hair has been treated. Sex
and age were asked directly in the core questionnaire. Body-mass index (BMI) was calculated
from self-reported weight and height as kg/m?. For use of glucocorticoids, participants were
asked whether they had taken oral or parenteral glucocorticoids in the previous three months or

whether they used any creams containing hydrocortisone in the previous month. For hair color,

participants were asked to report their natural hair color. Whether or not hair had been treated
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with color was determined through laboratory observation. In particular, following the methanol
incubation, if the solution became colored, this was an indication that the hair had been dyed.
Demographic variables

We also included standard measures of education, employment and income to describe
the characteristics of the overall sample and samples in each substudy.
Statistical analyses

The HCC measure was positively skewed (skewness of 2.78 and a kurtosis of 8.82). A
log transformation applied to the data reduced the skewness to 0.68 and the kurtosis to 0.70,
indicating that the transformed data did not depart substantially from normality. Therefore, all
analyses were conducted using the log-transformed data. Significance of relationships was
assessed using t-tests, Analysis of Variance, Pearson’s r correlations and chi-square tests where
appropriate and depending on whether variables were dichotomous, categorical or continuous.
Linear regression analyses were also conducted, with HCC regressed onto each explanatory
variable and multiple regression models computed controlling for identified confounders,
including sex, age, BMI, dyed hair, and use of glucocorticoids. The analyses also control for
substudy (with dummy variables entered to contrast the studies), thereby adjusting for the
potential impact each substudy may have on the findings. In order to test for nonlinear
relationships between HCC and stress, multiple regression models were computed that included
linear and quadratic components for the measures of stress (Perceived Stress Scale and Chronic
Stress) based on the procedure presented by Cohen (1978).
Results

Sample characteristics and assessment of potential confounders

12



Table 1 presents demographic characteristics of study participants for the total sample
and by substudy. As is evident from the table, the pooled sample represented a wide range of
ages, marital status groups, and education and income levels. The demographic characteristics
were found to differ by substudy, as expected given the different focus of each substudy.
Because of the heterogeneity in samples across the five substudies, a variable reflecting substudy
was included in all multivariate analyses of the relationships of HCC with self-reported stress
and mental health-related measures.

The overall descriptive data for the study variables were as follows. The mean HCC for
the sample of 324 individuals was 274.42 ng/g, with a SD of 221.97 ng/g (log transformed
mean=5.41, SD= 0.60). The Perceived Stress Scale and the Chronic Stress scales had means of
20.03 (SD =9.05) and 5.41 (SD = 4.05), respectively. Based on the CIDI-SF, 43.1% of
respondents reported depression and 33.7% reported anxiety. In terms of substance use, 34.1%
reported use of antidepressants, 35.4% tranquilizers, 49.1% smoking, 41.5% marijuana, and
29.2% other illicit drugs (excluding marijuana). The mean score for hazardous drinking
(AUDIT) was 7.44 (SD = 8.07) and the mean disability score (WHO-DAS Il) was 22.72 (SD =
9.52). About 22.2% of respondents reported aggression by partner and 18.0% reported that they
had been aggressive toward their partner in the past two years.

Associations between HCC and potential confounders of sex, age, use of glucocorticoids,
natural hair color, and dyed (treated) hair were tested: men had significantly higher HCC than
did women (mean for men = 5.61, SD = 0.58; mean for women =5.33, SD = 0.59; t = 3.76, df =
322, p <.001); BMI was significantly and positively correlated with HCC (r = .15, p =.010);
HCC was significantly higher for those who used glucocorticoids (mean = 5.65, SD = 0.71)

compared with those who had not (mean = 5.35, SD = 0.56; t =3.12, df = 78, p <.001); HCC
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was lower for dyed hair (mean = 5.11, SD = 0.54) compared with untreated hair (mean = 5.48,
SD =0.59; t = 4.64, df = 322, p < .001) but was not significantly associated with natural hair
color (F(5, 313) = 1.56, p =.172). All confounders with p-values of p < .10 for associations with
HCC (i.e., sex, age, BMI, use of glucocorticoids and hair treatment) were included in subsequent
analyses as control variables (Mickey and Greenland, 1989).
Associations of HCC with self-reported stress, mental health, substance use, disability and
intimate partner aggression

Table 2 presents associations of HCC with self-reported stress and mental health-related
measures. Standardized regression coefficients are reported in the table, with the first column
showing unadjusted coefficients and the second column showing adjusted coefficients,
controlling for identified confounders (based on analyses described above). Significant positive
relationships with HCC in both unadjusted and adjusted analyses were identified for use of
antidepressants (unadjusted g =.213, p < .001; adjusted g = .238, p < .001), level of hazardous
drinking (unadjusted g = .145, p = .010; adjusted g = .129, p = .022), smoking (unadjusted S =
.228, p < .001; adjusted g =.242, p <.001) and disability (unadjusted g =.202, p <.001;
adjusted g =.159, p =.009). Associations between HCC and measures of perceived and chronic
stress were weak, with a significant positive unadjusted relationship for chronic stress
(unadjusted p =.114, p = .045) that became non-significant controlling for confounders and a
nonsignificant relationship with perceived stress in both unadjusted and adjusted analyses.
Anxiety (unadjusted g = .121, p = .032), use of tranquilizers (unadjusted g = .115, p = .046) and
number of cigarettes (among smokers; unadjusted g = .168, p = .037) were significantly and

positively associated with HCC in unadjusted analyses but not when controlling for confounders.
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Aggression by partner, on the other hand, was found to be significantly and positively associated
with HCC controlling for confounders (f =.170, p = .011), but not in the unadjusted analysis.
Tests for curvilinear relation between stress and cortisol

Decreased cortisol secretion, or hypocortisolism, has been identified among people who
have experienced trauma or developed post-traumatic stress disorder (PTSD) (Yehuda, 1997)
possibly due to dysregulation in the HPA axis activity due to prolonged periods of stress (Heim
et al., 2000) or stress severity. Therefore, to further explore the nature of relationships between
self-reported stress and HCC, curvilinear associations of perceived stress and chronic stress with
HCC were tested in regression analyses. Both measures have continuous scales (ranging from 0-
40 and 0-16 respectively) and thus are suitable for assessing curvilinear relations. Table 3
presents a series of three models for both measures. The first model includes only the linear
component, the second model includes the quadratic component to test whether there is a
significant non-linear relation, and the third model includes the covariates to assess whether a
curvilinear relation remains controlling for other variables. As can be seen in Table 3, analyses
for perceived stress show no significant linear association with HCC in model 1, but the analyses
revealed a significant negative quadratic association in model 2 (5 = -.139, p = .018), indicating
a possible inverse U relationship. The quadratic component (f = -.127, p = .022) remained
significant when the covariates were included in the third model. For chronic stress, the quadratic
component was significant in model 2 (# = -.129, p = .046) but became nonsignificant in the
third model controlling for covariates.

To further clarify the nature of relationship of HCC and perceived stress, mean HCC was
compared across 5 levels of perceived stress (0-8, 9-16, 17-24, 25-32, and 33-40) adjusting for

covariates. Significant overall mean differences among the levels of stress (F(4,288) = 2.96, p <
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.01) were found. As shown in Figure 1, these means suggest an inverse U relationship, with HCC
increasing with higher levels of perceived stress but decreasing at the highest level of perceived
stress. The effect size for the largest group difference in HCC (i.e., between individuals in the
lowest category of the perceived stress scale (scores of 0 to 8) who had the lowest level of HCC
and those in the middle category (scores of 17 to 24) who had the highest level of HCC) was
calculated to be 0.58, which reflects a medium effect size (Cohen, 1988). Thus, although some
differences in HCC across categories of perceived stress appear to be small, differences between
those at the lowest and highest level indicated a medium effect size that may have biological
significance.
Discussion

Using pooled data from five diverse community samples, we tested associations between
HCC and measures of self-reported stress as well as mental health-related measures found to be
linked to stress in previous research, including depression, anxiety, alcohol and drug use,
disability and experiences with aggression. Correlations of HCC with self-reported chronic stress
and perceived stress were small and both were nonsignificant controlling for confounders. Of the
mental health-related measures, HCC was significantly related to use of antidepressants,
hazardous drinking, smoking, disability and aggression by partner, controlling for confounders.

The lack of significant relationships between HCC and self-reported stress is consistent
with other studies that have shown null findings (e.g., Dettenborn et al., 2010, Dowlati et al.,
2010, Stalder et al., 2010). This may indicate that there is no relationship between HCC and self-
reported stress. However, methodological explanations are also possible. One problem in
assessments of these associations, in the present and previous studies, is the mismatch between

time frames for self-reported stress and HCC (Staufenbiel et al., 2013); that is, hair cortisol was
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estimated for the past two months (i.e., 2 cm segments of hair) while perceived stress was
measured for the past month and the chronic stress items, though reflecting exposure to enduring
stressors (e.g., financial problems), referred to current stress. Thus, future research needs to
include measures of stress that better match the time frame for HCC. Null findings may also be
due to what has been termed a “lack of psychoendocrine covariance,” with endocrine responses
not coinciding with psychological stress responses (see (Staufenbiel et al., 2013). Additionally, a
lack of extreme scores on self-reported stress, particularly for the chronic stress measure, may
have reduced the ability to detect an association.

Another possible explanation for null associations between HCC and self-reported stress
is that such associations may be nonlinear. In the present study, exploratory analyses suggested a
possible curvilinear association between HCC and perceived stress, with cortisol increasing with
higher perceived stress, but dampened at the highest level. This finding, though preliminary,
appears to be consistent with evidence for hypocortisolism found among people with PTSD
(Heim et al., 2000, Yehuda, 1997). Given the preliminary nature of this finding, however, further
research is needed on the nature of the relationship between HCC and self-reported stress,
incorporating measures of stress that better capture the timing, duration, intensity and chronicity
of stress in relation to cortisol secretion.

Consistent with Dowlati et al. (2010), no association was found between HCC and
depression. This finding, however, appears to be inconsistent with Dettenborn et al. (2012a), who
found higher HCC among patients with depression compared with healthy controls. It is
important to note that participants in the Dettenborn et al. (2012a) study were medicated
inpatients who had severe forms of depression while Dowlati et al. (2010) measured depression

among persons attending a cardiac rehabilitation centre. Therefore, associations may depend on
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the severity of the disorder or, as suggested by Dettenborn et al. (2012a), on whether individuals
are using antidepressant medications. Importantly, the present study found a significant positive
association between HCC and antidepressant use. This finding supports a possible biochemical
association between antidepressants and cortisol, as has been found in previous research (Bschor
et al., 2002). However, the link between cortisol and antidepressant use may depend on the type
of antidepressants used. For example, lithium has been found to be associated with an increase in
cortisol (Bschor et al., 2011), whereas citalopram has been shown to decrease HPA axis activity
(Bschor et al., 2012). Therefore, further research is needed on the type of antidepressants used
and HCC.

The significant positive association between HCC and smoking, although inconsistent
with findings of Dettenborn et al. (2012b) is consistent with evidence of higher salivary cortisol
concentrations in smokers than in nonsmokers (Steptoe and Ussher, 2006). We also found a
significant positive association between HCC and level of hazardous/harmful drinking. Some
evidence suggests that stress may trigger substance use or relapse (Piazza et al., 1990, Shaham et
al., 2000). Stalder et al (2010) found that alcoholics in acute alcohol withdrawal (whose hair
samples likely reflected a period of heavy alcohol use) had higher HCC compared with
alcoholics who had been abstinent as well as healthy controls (Stalder et al., 2010). Therefore, it
is possible that alcohol use or intoxication produces alterations in HPA activity (Adinoff et al.,
2003). Overall, although further research is needed to assess the exact mechanisms linking use of
various substances and cortisol, antidepressants, tobacco and alcohol may be viewed as potential
confounders of HCC.

The association of HCC with disability suggests that persons with disabilities may be at

high risk of additional negative health effects from high cortisol levels. Mental illness and
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functional disability have been shown to be highly correlated and to vary together over time
(Von Korff et al., 1992). Therefore, those most severely affected by mental health problems,
such that their daily lives and physical functioning are impaired, may have high cortisol levels.

Our results also offer partial evidence to suggest an association between HCC and partner
aggression, with a significant association found for victimization but only in the model
controlling for confounders. Previous evidence indicates that salivary cortisol is associated with
experiencing intimate partner violence (Feinberg et al., 2011). The link between HCC and
partner aggression is likely to vary depending on a number of factors, including the gender of the
person, whether aggression is done with the intent to harm or in self-defense and the severity of
aggression. It follows that understanding the relation between HCC and partner aggression may
require additional information about study participants and the nature of their conflicts.

We also identified variables associated with HCC that may need to be controlled for
when examining links between HCC and indicators of stress. Consistent with previous research
(Dettenborn et al., 2012b, O'Brien et al., 2012), males were found to have higher HCC than
females. As shown previously, use of glucocorticoids (O'Brien et al., 2012) and BMI (Stalder et
al., 2012) were found to be positively associated with HCC. Additionally, consistent with Sauvé
et al. (2007), HCC was found to be lower for people with dyed hair than for people with
untreated hair.

The present findings should be interpreted in light of the following limitations. Fewer
males than females were eligible to participate, given that eligibility for hair samples required a
minimum hair length of 3cm (representing 3 months of hair growth). However, few significant
differences on key variables were found between men who gave a hair sample and those who did

not. Nevertheless, future research should examine potential bias in results for males related to
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eligibility to provide a hair sample. The assessment of hair dye (i.e., addition of color) did not
account for the effects of other hair treatments such as bleaching, highlights or perms. Therefore,
self-report data capturing various hair treatment practices is needed to fully assess the effects of
hair treatment on HCC. BMI was based on self-reported height and weight; thus, findings for
BMI need to be confirmed with objective assessments of BMI. The present data are cross-
sectional, precluding interpretation of the temporal ordering of relationships. Also, as noted
above, our analysis of cortisol was targeted to the previous two months based on the most
proximal 2cm of hair that was collected, but some of the self-report measures assess symptoms
occurring in different time periods. Given evidence that the link between stress and cortisol
release appears to be time dependent (Miller et al., 2007), longitudinal research is needed to map
out the timing and impact of stress on cortisol. Another limitation is that we were not able to take
exercise level into account, which has been shown to be linked to salivary and serum cortisol
(see Hansen et al., 2008). Finally, as noted above, we were unable to distinguish between
different types of antidepressants used, which may influence cortisol in different ways.

An important strength of the current study was its examination of both self-reported
stress and a number of mental health-related measures using a database consisting of high risk
individuals as well as people from the general population. Another key strength of the current
study was its large total sample size, which exceeds that of most previous research on self-
reported stress and HCC, with the majority of previous studies having samples of less than 100
subjects from mostly student and clinical samples (see Staufenbiel et al., 2013).

In conclusion, HCC was found to be associated with mostly substance use variables,
including use of antidepressants, smoking, and hazardous drinking. Further research is needed to

examine the nature of relationships between HCC and self-reported stress, as well as to explore
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in greater depth associations of HCC with mental health, substance use, disability and
aggression. Additionally, further research is needed to clarify the extent that cortisol as measured
in hair is a valid biological marker of stress and the possibility that HCC may actually decrease

at the highest levels of self-reported stress.
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Table 1. Sample characteristics by substudy

Consumer
Journey-
Total Random Walk  Consumer
(n=324) (n=70) (n=78)
n (%) n (%) n (%)

or mean (sd)  or mean (sd)

or mean (sd)  or mean (sd)

Consumer

Journey- Valuation of Communication
Family Health States  and Conflict
(n=49) (n=83) (n=44)
n (%) n (%) n (%)

or mean (sd) or mean (sd)

Age — mean (sd) 41.86 (15.81)  49.97 (15.02) 41.08 (12.55) 43.67 (13.06) 44.98 (16.62) 22.67 (2.79)
Gender
Women 233 (71.9) 38 (54.3) 59 (75.6) 44 (89.8) 61 (73.5) 31 (70.5)
Men 91 (28.1) 32 (45.7) 19 (24.4) 5(10.2) 22 (26.5) 13 (29.5)
Marital status
Married 79 (24.9) 35 (50.7) 11 (14.5) 13 (28.3) 15 (18.3) 5 (11.4)
Living with partner 72 (22.7) 8 (11.6) 12 (15.8) 13 (28.3) 19 (23.2) 20 (45.5)
Separated/divorced/widowed 82 (25.9) 12 (17.4) 33 (43.4) 13 (28.3) 22 (26.8) 2 (4.5)
Never married 84 (26.5) 14 (21.8) 20 (26.3) 7 (15.2) 26 (31.7) 17 (38.6)
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Total
(n=324)
n (%)

or mean (sd)

Random Walk

(n=70)
n (%)

or mean (sd)

Consumer
Journey-
Consumer
(n=78)

n (%)

or mean (sd)

Consumer
Journey-
Family
(n=49)

n (%)

or mean (sd)

Valuation of
Health States
(n=83)

n (%)

or mean (sd)

Communication
and Conflict
(n=44)

n (%)

or mean (sd)

Education

High school or less

At least some

university/college
Employment

Employed

Unemployed, disability, other
Household income

Less than $20,000

$20,000 or more

157 (48.9)

164 (51.1)

112 (35.1)

207 (64.9)

134 (44.2)

169 (55.8)

39 (55.7)

31 (44.3)

42 (60.0)

28 (40.0)

13 (19.4)

54 (80.6)

42 (53.8)

36 (46.2)

11 (14.3)

66 (85.7)

50 (67.6)

24 (32.4)

15 (32.6)

31 (67.4)

19 (42.2)

26 (57.8)

19 (45.2)

23 (54.8)

37 (44.6)

46 (55.4)

24 (28.9)

59 (71.1)

34 (43.6)

44 (56.4)

24 (54.5)

20 (45.5)

16 (36.4)

28 (63.6)

18 (42.9)

24 (57.1)
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Table 2. Associations between HCC and indices of stress, mental health, substance use/problems,

disability and aggression

Variable

Unadjusted

standardized S

Adjusted?

standardized S

Stress
Perceived Stress Scale
Chronic Stress
Mental Health
CIDI-SF depression
CIDI-SF anxiety-SF
Prescription Drug Use
Antidepressants
Tranquilizers
Hazardous Drinking score
AUDIT
Smoking
Smoking
Number of cigarettes daily®
Other Drug Use
Marijuana

[licit drug use (not marijuana)

107, p=.057

114, p=.045

093, p=.108

121, p=.032

2213, p=.000

115, p=.046

145, p=.010

228, p=.000

168, p=.037

055, p=.341

074, p=.189

110, p=.072

105, p=.082

078, p=.206

097, p=.107

238, p=.000

.080, p=.194

129, p=.022

242, p=.000

069, p=.452

103, p=.097

086, p=.128



Unadjusted Adjusted?

Variable ) )
standardized S standardized S
Disability
WHO-DAS II 202, p=.000 159, p=.009
Intimate partner aggression
Aggression by partner® 109, p=.111 170, p=.011
Aggression by respondent® 024, p=.722 121, p=.073

& Adjusted models control for substudy, gender, age, BMI, use of glucocorticoids and hair dyed.
The association of each variable with HCC was analyzed separately.
b This measure referred to smokers only (n=155).

¢ Partner aggression applies only to individuals who had been in an intimate relationship in the

previous 2 years (n=217).



Table 3. Test of quadratic associations of Perceived Stress Scale and Chronic Stress with HCC

(transformed)
Model and Perceived Stress Scale Chronic Stress

predictor variables b (se) Standardized S b (se) Standardized g
Model 1

Constant 5.388 (.035) 5.393 (.036)

Stress-linear 0.007 (.004) 0.106, p=.067 0.018 (.009)  0.119, p=.042
Model 2

Constant 5.464 (.047) 5.457 (.048)

Stress-linear 0.005 (.004) 0.082, p=.162 0.027 (.010)  0.176, p=.007

Stress-quadratic -0.001 (.000) -0.139, p=.018 -0.004 (.00)  -0.129, p=.046
Model 3 with covariates®

Constant 4.922 (.166) 4.903 (.171)

Stress-linear 0.006 (.004) 0.094, p=.124 0.023 (.010)  0.151, p=.025

Stress-quadratic -0.001 (.000) -0.127, p=.022 -0.003 (.002) -0.095, p=.126

& Covariates in Model 3 included substudy, gender, age, BMI, use of glucocorticoids and hair

dyed.



