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Abstract

The analysis of hair cortisol concentrations (HCC) is a promising new biomarker for
retrospective measurement of chronic stress. The effect of basic military training (BMT) on
chronic stress has not yet been reported. The aim of this study was to investigate the effect of
10-week BMT on HCC, while further exploring the role of known and novel covariates. Young
healthy male recruits of the Swiss Army participated twice, 10 weeks apart, in data collection
(1st examination: n¼ 177; 2nd examination: n¼ 105). On two occasions, we assessed HCC,
perceived stress and different candidate variables that may affect HCC (e.g. socioeconomic
status, meteorological data). Military training increased perceived stress from the first to the
second examination, but did not affect HCC. In line with this, there was no correlation between
HCC and perceived stress ratings. This could be interpreted as a missing influence of mainly
physical stress (e.g. exercise) on HCC. In contrast, significant correlations were found between
HCC and ambient temperature, humidity and education. Future studies should control for
meteorological data and educational status when examining HCC.
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Introduction

Stress has become an omnipresent phenomenon in our

everyday life. One important pathway linking stress with

morbidity is the hypothalamic–pituitary–adrenal (HPA) axis.

Cortisol, which is secreted during activation of the HPA axis,

is an important hormone in the bodily stress response. Hair

cortisol represents cumulative stress hormone reactivity,

providing the ability to retrospectively index stress levels

extending back months or even years (Russell et al., 2012).

Therefore, it is a useful long-term biomarker for detection of

chronic stress in humans. How exactly cortisol enters the hair

is not yet fully understood. It is assumed that a passive

diffusion into the medulla of the hair shaft stems primarily

from the bloodstream (Pragst & Balikova, 2006).

Military training was thought to be a real-life stressor

(Bernton et al., 1995; Hellhammer et al., 1997). Even though

the Swiss Armed Forces is a compulsory military service,

where participation in war is not the first training objective,

basic military training (BMT) may be experienced as espe-

cially stressful. In support of the stressful character, studies

found a significant increase in salivary cortisol concentration

during the first weeks of military training (Bernton et al.,

1995; Hellhammer et al., 1997). This might be caused by a

combination of high physical and mental demands during

their training. Despite the fact that the military service is

compulsory, the physical demands imposed on Swiss recruits

are comparable to the demands on armed forces of other

nations or professional athletes (Wyss et al., 2012). In a recent

study, a positive correlation between training volume and

HCC was found (Skoluda et al., 2012).

While the effect of stress on the HPA axis is unquestioned,

findings show inconsistent associations between ratings of

perceived stress and acute cortisol secretion measured with

previous methods (Campbell & Ehlert, 2012). Hair cortisol

has been investigated in terms of different real-life stressors

and subjective stress perception. Kalra et al. (2007) were

the first to examine the relationship between HCC and self-

reported stress. They found a significant positive correlation

between HCC and self-reported stress levels. Van Uum et al.

(2008) found higher levels of perceived stress and HCC in

patients with severe chronic pain as compared to healthy

controls, while the correlation between both measures was not

significant. Several other studies examining different stressors

(e.g. unemployment) were also unable to find a significant

relationship between HCC and perceived stress ratings (e.g.

Dettenborn et al., 2010; Stalder et al., 2010). Karlen et al.
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(2011) found that only the occurrence of serious life events

predicted increased HCC in healthy students. Taken together,

no clear relationship between perceived stress and HCC

exists.

Since little is known about the characteristics of hair

cortisol, a significant research interest focuses on the factors

influencing hair cortisol concentrations (HCC). In this regard,

natural hair color (Dettenborn et al., 2012), daily use of hair

products (Manenschijn et al., 2011a) and smoking (Skoluda

et al., 2012) do not affect HCC. Meanwhile, inconsistent

findings were found with regard to the influence of age, sex,

weight-related parameters and hair washing (Dettenborn

et al., 2012; Stalder & Kirschbaum, 2012; Stalder et al.,

2012). In addition, Russell et al. (2014) recently demonstrated

that human sweat contains cortisol, which likely contributes

to hair cortisol content. Furthermore, the authors showed that

when human hair samples are exposed to a sweat-like solution

with physiological concentrations of sweat cortisol, hair

cortisol concentrations were significantly elevated after an

hour of exposure. Interestingly, these concentrations could not

be reduced by regular methods of hair washing with

isopropanol. Therefore, previous studies examining HCC in

different populations (e.g. Ugandan individuals, from Steudte

et al., 2011) or under different physical conditions (e.g.

endurance athletes, from Skoluda et al., 2012) have to be

considered with caution.

In this study, we expected (a) a positive effect of BMT

on HCC and perceived stress, and (b) in line with previous

findings, no relationship between perceived stress and HCC.

In addition, we examined potential covariates mentioned in

the literature (e.g. hair color, sociodemographic variables) as

well as sweat-related candidate covariates (meteorological

data).

Materials and methods

Participants and procedure

This study was part of a larger project on mental and physical

health during military service and received ethical approval

from the Ethics Committee of the Canton of Aargau,

Switzerland. Subjects were recruited during the first week

of basic training in the Swiss Armed Forces Infantry school in

2011 (overall: n¼ 694). Switzerland has a compulsory

military service (Annen et al., 2010) and every young man

who, after a recruitment process, is rated to be mentally and

physically healthy, is required to complete military service.

Typically, these recruits represent a sample of healthy young

men. After the researchers described the study, volunteer

recruits signed an informed consent (n¼ 651; Figure 1).

Inclusion criteria were defined as male sex and German

speaking. Exclusion criteria were: female sex (n¼ 1), Italian

or French speaking (n¼ 81) and recruits with a hair length

shorter than 3 cm (n¼ 392). One hundred and seventy-seven

men met the inclusion criteria.

During the evaluation of hair color, 15 participants were

excluded because of data quality (bad picture quality and poor

light conditions for defining hair color). Therefore, the

relationship between hair color and HCC was studied for

163 participants. For all other calculations, the entire sample

size was used (n¼ 177).

Subjects were asked to provide a hair sample and complete

a set of questionnaires twice, once during the first week and

once during the 11th week of military service (Figure 1). The

psychobiological examinations were performed during an

ordinary day of military service. BMT in the Swiss Armed

Forces requires recruits mainly to participate in physically

demanding tasks (e.g. endurance running, indoor sports,

power circuit, sensomotoric balance training and games) and

theoretical training.

Between the first and second examinations, 34 recruits quit

the service because of physical or psychological issues. An

additional 37 participants were excluded because their hair

was too short for hair cortisol analysis, and data from one

recruit was excluded from the second examination due to a

HCC higher than 1500 ng/g, possibly indicating Cushing’s

syndrome or glucocorticoid contamination (Thomson et al,.

2010). This resulted in a total sample size of 105 recruits

completing the second examination.

Sociodemographic, anthropometric and perceived
stress measures

We completed assessment of sociodemographic and anthropo-

metric characteristics (age, education and smoking status),

and the measurement of anthropometrical data (height and

weight) using a portable stadiometer (model 213; Seca,

Hamburg, Germany) and a calibrated scale (Seca model 861).

In addition, the German version of the Perceived Stress

Questionnaire (PSQ; Fliege et al., 2005; Levenstein et al.,

1993) was used to assess perceived stress during the

Information day (n = 694)

Statement of agreement
(n = 651)

Excluded (n = 474):
women, French or Italian

speaking, hair length at least
3 cm

 

1st measure: Hair cortisol,
questionnaires

(n = 177)
Excluded (n = 72):

military drop outs, insufficient
hair, cortisol concentrations

over 1500 ng/g
2nd measure: Hair cortisol,

questionnaires
(n = 105)

Final Sample 

1st measure: n = 177
2nd measure: n = 105

Figure 1. Flow chart of the selection of participants and the different
measurements.

36 M. Boesch et al. Stress, 2015; 18(1): 35–41



last month. The PSQ consists of 20 items such as ‘‘you have

too many things to do’’, ‘‘you feel lonely or isolated’’ and

‘‘you find yourself in situations of conflict’’. Participants

indicated how often the items applied to them, based on a

four-point Likert-scale ranging from ‘‘almost never’’ to

‘‘usually’’. The PSQ consists of a main scale (total stress

experience) and four subscales (tension, worries, joy and

demands).

Hair collection and analysis

Hair samples were collected from the posterior vertex region

at the back of the head. The samples were cut by clean

scissors as close as possible to the scalp, and then stored in an

envelope at room temperature before shipping to the labora-

tory (The Ivey Chair in Molecular Toxicology, University of

Western Ontario, Canada). HCC were determined from the

2 cm hair segment closest to the scalp. Based on a hair growth

rate of 1 cm per month (Wennig, 2000), these segments are

assumed to reflect hair growth over the two months prior to

the sampling points.

Each hair segment grouping weighed 10–15 mg. Hair

samples were washed twice with isopropanol. Each wash

consisted of a 3-min immersion in 3 ml of isopropanol, while

rotating at 0.28 g at room temperature. Hair samples were

then analyzed using a previously published method (Sauvé

et al., 2007). Each hair segment was immersed in 1 ml of

methanol and minced with surgical scissors until it became

granular in appearance. The samples were then incubated at

50 �C for 16 h, while rotating at 0.28 g. The methanol solution

was subsequently evaporated on a hot plate (50 �C) under a

steam of nitrogen gas. The residue was reconstituted with

250ml of phosphate buffered saline (pH 8.0) and run on a

salivary cortisol immunoassay (ALPCO Diagnostics, Salem,

NH). The cortisol concentration was then corrected to the

mass of the hair analyzed and reported in nanograms of

cortisol per gram of hair. The intra- and inter-assay coeffi-

cients of variation were 6.1 and 10.7%, respectively.

Natural hair color

Participants’ natural hair color was rated by two independent

judges from pictures taken under standardized light condi-

tions at the beginning of their military service (n¼ 163).

Ratings followed predefined color categories (red/blonde,

light brown, brown and black). Inconclusive ratings were

categorized by two additional judges, while a final rating was

made after consultation of all four judges.

Meteorological data

Meteorological data were collected to examine the potential

effects of air temperature and humidity on HCC. A dense

network of weather sensors in Switzerland (MeteoSwiss)

made it possible to define weather conditions for the 2 months

prior to the first hair sampling for each participant individu-

ally, according to the individual domicile. During the second

measurements, the participants were separated into two larger

military units. Therefore, for the second hair sampling,

meteorological conditions were the same for all participants

within a unit. Mean values of air temperatures (�C) and

humidity (%) were based on measurements taken 2 m above

ground, as assessed by MeteoSwiss.

Statistical analyses

Statistical analyses were performed using SPSS for

Macintosh, version 19.0 (SPSS Inc., Chicago, IL). Outliers

more than three standard deviations above the mean were

excluded (n¼ 2; Field, 2009). In order to detect variables

related to HCC, bivariate correlations after Pearson were

computed. Subsequently, independent variables were stepwise

integrated (ordered by the highest significant value) in a

hierarchical regression analysis, after which the dependent

variable (HCC) was integrated. Explained variance in

regression models is reflected by R2 (the variance of the

whole regression model) and adjusted R2 (considering the

generalization of the model). In this study, hierarchical

regression analyses were calculated only for the first exam-

ination due to violation of normal distribution for temperature

and humidity (since recruits were stationed in two different

companies during the second examination, as previously

described).

In addition, partial correlations were used to assess the

influence of variables on HCC, when controlling for the

different significant variables. For comparing the examination

values, Student’s t-tests were computed. Data are presented as

mean ± standard deviation (SD). All analyses were two-tailed,

with a level of significance of p50.05.

Results

Subject characteristics

In the first collection, the sample consisted of 177 male

recruits, with an average age of 20.14 years (SD¼ 1.11) and a

mean body mass index (BMI) of 23.55 kg/m2 (SD¼ 3.11). Of

the initial sample, 36.0% were smokers. Level of education

completed ranged from 29.1% lower secondary school, 35.2%

upper secondary school and 35.8% academic high school

(general qualification for university entrance). The sample

consisted mostly of brown-haired individuals (45.7%), fol-

lowed by light brown- (24.1%) and black-haired (24.1%) and

blond- and red-haired (6.2%) subjects. Before the second

examination, 34 recruits quit the service due to physical or

psychological issues; they exhibited higher PSQ-scores in the

first examination, but no difference in the HCC.

Effect of basic military training on perceived stress
and HCC

Subjectively perceived stress (PSQ-total) increased from the

first to the second examination [t(113)¼�6.708, p50.001].

With the exception of worries [t(113)¼ 0.362, p¼ 0.718], all

subscales altered significantly, with a decrease in joy

[t(113)¼ 9.221, p50.001] and an increase in tension

[t(113)¼�6.529, p50.001) and demands [t(113)¼�4.723,

p50.001]. In contrast, no significant difference was found in

the concentration of hair cortisol between the first and the

second examination [t(96)¼�1.06, p¼ 0.292]. Pearson’s

correlations further revealed no significant association

between total perceived stress during the last month (PSQ)

and HCC (1st examination: r¼�0.061, p¼ 0.431; 2nd

DOI: 10.3109/10253890.2014.974028 Hair cortisol and basic military training 37



examination: r¼ 0.003, p¼ 0.980). Results were the same

even when considering significant covariates in partial

correlations (all p40.05).

Correlations between HCC and possible covariates

Table 1 shows the results of bivariate correlations analyses

involving HCC. Hair cortisol was found to be unrelated to age

(1st examination: r¼ 0.057, p¼ 0.425; 2nd examination:

r¼ 0.078, p¼ 0.431), BMI (1st examination: r¼ 0.134,

p¼ 0.079; 2nd examination: r¼ 0.138, p¼ 0.162), smoking

status (1st examination: r¼ 0.134, p¼ 0.079; 2nd examin-

ation: r¼ 0.113, p¼ 0.249), and natural hair color (1st

examination: r¼�0.087, p¼ 0.275; 2nd examination:

r¼�0.147; p¼ 0.151). In contrast, there were significant

correlations between education and HCC (1st examination:

r¼�0.265, p¼ 0.001; 2nd examination: r¼�0.314,

p¼ 0.002). Similar significant correlations were found

between temperature (1st examination: r¼�0.452,

p50.001; 2nd examination: r¼�0.533, p50.001) and

humidity (1st examination: r¼ 0.509, p50.001; 2nd exam-

ination: r¼ 0.533, p50.001) and HCC. Temperature was

negatively correlated with humidity (r¼�0.671, p50.001).

Partial correlations confirmed the significant correlation

between education and HCC, even when temperature and

humidity were controlled (1st examination: r¼�0.168,

p¼ 0.038; 2nd examination: r¼�0.260, p¼ 0.011). When

level of education was controlled, temperature and humidity

remained significantly related to HCC (p50.001 for both).

Figure 2 shows the association between HCC (from the 1st

examination) and the mean humidity of the 2 months prior to

the hair sample collection. The explained variance in the

regression model of air temperature was R2¼ 0.204

(p50.001) and for air humidity R2¼ 0.259 (p50.001).

Hierarchical regression analyses were calculated with HCC

(1st examination) as the dependent variable. Based on the

analysis of correlation, we entered education, temperature and

humidity as independent variables. Humidity as a predictor

explained 26.8% (�¼ 0.339, p50.001, R2¼ 0.268), tempera-

ture as a predictor explained 3.1% (�¼�0.215, p¼ 0.021,

adj. R2¼ 0.031) and education as a predictor explained 2.0%

(�¼�0.145, p¼ 0.031, adj. R2¼ 0.020). The whole model

within these three predictors explained 31.8% (¼R2) of HCC.

Discussion

The findings of this study reveal that in contrast to increasing

subjective ratings of perceived stress during BMT, HCC

appeared unaffected. Similarly, self-reported stress was not

correlated to HCC. In addition, a significant influence of air

temperature and humidity on HCC was found, and an

association between HCC and education level was detected.

Military training was perceived as stressful, as indicated by

self-ratings in this study. Similarly, previous studies confirm

an increase in mental load during military training (Bernton

et al., 1995). In contrast, this study did not show any

verifiably concomitant increase in HCC during BMT. A few

studies examined changes of saliva cortisol related to military

training and found an increase in concentration during the

first few weeks of military school. Thereafter, a habituation of

the HPA is reported (Bernton et al., 1995; Hellhammer et al.,

1997). This could indicate a normalization of the HCC until

the 11th week when the second sample was collected.

Our findings of unchanged HCC are supported by Karlen

et al. (2011), who found that only the experience of serious

life events in the past 3 months significantly increased levels

of hair cortisol. Military training was indeed perceived as

stressful, but not as a serious life event. Therefore, it can be

Table 1. Bivariate correlations between hair cortisol concentration (HCC; 1st and 2nd examination) and
sociodemographic, anthropometric and meteorological data.

Sociodemographic and
hair-related characteristics

HCC: 1st examination
(M¼ 333.2 ng/g;

SD¼ 160.4) r value

HCC: 2nd examination
(M¼ 358.8 ng/g;

SD¼ 159.1) r value

Age (years) 0.057 0.078
Education �0.265** �0.314**

Junior High School
High School
Higher School Certificated

Body mass index (kg/m2) 0.134 0.138
Smoker 0.134 0.113
Total perceived stress (PSQ)

1st Examination �0.061 0.011
2nd Examination 0.020 0.003

Natural hair color �0.087 �0.147
Blond/red
Light brown
Brown
Black

Meteorological data
Air temperature (�C)

1st Examination �0.425*** –
2nd Examination � �0.533***

Air humidity (%)
1st Examination 0.509*** –

2nd Examination � 0.533***

Bivariate correlations: **p5 0.01, ***p5 0.001.

38 M. Boesch et al. Stress, 2015; 18(1): 35–41



interpreted that military training is not consistently stressful

enough to alter HCC, with possible adaptation during

training. A further point of criticism could be the restricted

period of measurement, which perhaps was too short to cause

measurable effects on HCC.

Previous studies have revealed that excessive sport could

lead to an increase in HCC (Gerber et al., 2013). Even though

BMT includes significant physical demands, we found no

increase in HCC. One possible explanation might be the

presence or absence of other psychological or physiological

resources and demands (e.g. the group cohesiveness, social

support and discontinuation of stressful conditions in daily

life). In addition, the role of sweat in affecting HCC is not

well understood and needs further examination. Furthermore,

one must consider that BMT constitutes a considerable

change in daily life, and therefore stress prior to and during

the first week of BMT (e.g. due to anticipatory stress,

separation stress and changes in sleeping habits) might

represent not an unaffected baseline level but a stress

measurement itself. This might have prevented a possible

further increase of HCC.

We did not find a relationship between HCC and stress

perception. This is in line with most studies (Dettenborn et al.,

2010; Dowlati et al., 2010; Kramer et al., 2009; Stalder et al.,

2010). An explanation could be that psychological stress

responses occur in a rapid fashion with dynamic changes,

especially during prolonged stress situations, while HPA-axis

responses may be less dynamic (Dettenborn et al., 2010). In

line with these findings, Campbell & Ehlert (2012) found that

emotional perception during a laboratory stressor (TSST) is

unrelated to physiological parameters, supporting the hypoth-

esis that these are two independent dimensions.

No relationship was found between HCC and smoking

status, as is the case with most studies. For example, Skoluda

et al. (2012) examined amateur endurance athletes compared

to controls, and Dettenborn et al. (2012) investigated partici-

pants covering a wide range of ages. In both studies, no

relationship between HCC and smoking were found, despite

the fact that smokers are known to have a dysregulation of the

HPA axis and cigarette smoking induces an increase in

plasma cortisol levels (Xue et al., 2010). This discrepancy

might be due to the young age of the subjects, who have had

fewer years to sustain the physical damages of smoking.

Our findings revealed no significant association between

BMI and HCC, which reflects the inconsistency found in

literature. Pereg et al. (2011) and Manenschijn et al. (2011b)

found a positive correlation between HCC and BMI, but an

additional study by Manenschijn et al. (2011a) was unable to

confirm this relationship, while presenting significant asso-

ciation between waist to hip ratio and HCC. In a recent study,

Manenschijn et al. (2013) again found no significant

relationship between HCC and BMI. A further reason for

the missing correlation could be the restricted BMI range in

this study as compared to the broader ranges described by

others (Manenschijn et al., 2013).

We did not find an influence of age on HCC. This

contradicts the findings of a study by Dettenborn et al. (2012).

However, they examined a large age range (1–91 years) and

discovered a curvilinear relationship between HCC and age.

According to these authors, children and elderly people have

higher HCC than middle-aged subjects. In contrast, other

studies did not find a significant correlation between age and

HCC (Dettenborn et al., 2010, 2012; Manenschijn et al.,

2011a; Raul et al., 2004). Reasons for this inconsistency could

be attributed to small sample sizes or a limited age range,

as our sample’s characteristics showed.

Melanin, the pigment responsible for hair color, is thought

to influence the incorporation of cortisol in hair. In a study of

360 participants, Dettenborn et al. (2012) found an insignifi-

cant trend influence of hair color on the HCC (p¼ 0.081),

wherein darker hair showed higher HCC. Other studies were

neither unable to confirm this association (Kirschbaum et al.,

2009; Manenschijn et al., 2011a; Sauvé et al. 2007); nor did

our results.

Figure 2. Scatter plot of hair cortisol con-
centration (HCC) and air humidity with
regression line.
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A negative relationship between education level and HCC

was found in this study. The higher the level of education, the

lower the HCC. No previous study has found this direct

relationship, although Vaghri et al. (2013) found that lower

maternal and paternal education was associated with higher

hair cortisol levels in preschool children (n¼ 339). Together

these findings suggest a possible influence of socioeconomic

status on HCC, with poorer people displaying higher levels of

stress (Vaghri et al., 2013).

Our results have identified relative humidity as the

strongest predictor of HCC (26.8% explained variance). The

higher the relative humidity, the higher the HCC. Evaporation

of sweat strongly depends on relative air humidity. In a setting

of high relative humidity sweat evaporates more slowly, and

therefore remains longer on the scalp than under less humid

conditions (Lim et al., 2008). Since sweat contains cortisol

(Russell et al., 2014), it can be assumed that hair has more

time to absorb cortisol in cases of high humidity.

HCC was further negatively correlated with air tempera-

ture. Lower temperature exposure during the previous two

months was related to higher HCC. Since air temperature is

inversely related to humidity, the negative association with air

temperature might be based on the positive association of

HCC with humidity. Alternatively, it is possible that high

humidity and low temperature during intense army maneuvers

may affect stress levels, as measured by HCC. On the other

hand, influences of seasonal variations in HPA axis were

observed previously. Some studies revealed a reduction of

urinary cortisol (Hansen et al., 2001), plasma cortisol (Walker

et al., 1997) and saliva cortisol levels (Persson et al., 2008)

during summer as well as an increase in winter. One possible

explanation for the lower summer cortisol concentrations

could be a daylight-dependent mechanism that mediates the

metabolism of cortisol (Hansen et al., 2001).

Several limitations of this study should be addressed. Even

though an overall increase in perceived stress was found in

this study, BMT might not be perceived as stressful by every

subject. Other standardized real-life stressors (e.g. school

examinations) perhaps would have elicited a more homogen-

ous stress response and therefore constituted a better option to

examine the effects of chronic stress. Then, BMT allowed us

to measure people with different educational levels and from

all over the country, who were exposed to a broader variety of

meteorological conditions.

There were 34 dropouts of recruits who were unable to

complete the basic training due to mental issues or somatic

reasons. These participants rated themselves to be signifi-

cantly more stressed during the first examination as compared

to the other recruits, but did not reveal altered HCC at

baseline. It might be possible that these dropouts, due to an

increased stress perception, would have had higher levels of

hair cortisol during the second data collection, and their

attrition left behind only the more resilient subjects for the

second examination. It would have been interesting to collect

a hair sample immediately after the recruits dropped out, to

investigate a potential change of HCC compared to the first

collection.

Most importantly, levels of perceived stress and HCC

should have been measured not only during BMT but also

before. This would allow a more accurate measurement of

stress alterations, while controlling, at least for the period

before BMT, for excessive physical demands.

The second measurement point perhaps was too late to

capture the effects of chronic stress induced by BMT. It is

possible that HCC measurements could have correlated with

training if measured after 5 weeks of military training due to

possibility of HPA habituation.

As hair samples were exclusively taken from young

healthy men, our observations cannot be generalized to

women or other age groups. Our results should be confirmed

in more heterogeneous populations. Previous research indi-

cates higher HCC in men than in women (Dettenborn et al.,

2012; Manenschijn et al., 2013; Skoluda et al., 2012).

Examining female HCC should verify whether temperature

and humidity have the same effect as in men.

Recently, several original reports on various variables

affecting HCC have been published, with somewhat contra-

dictory findings. The innovative aspect of our study is the

investigation of meteorological measures in relation to HCC.

This study is the first to examine temperature and humidity in

relation to hair cortisol and the first to research HCC in the

context of BMT. Furthermore, this is the first study to directly

examine the association between individual education level

and HCC, revealing a significant relationship. Future inves-

tigations using hair cortisol should incorporate humidity and

the effect of sweating as well as seasonal influences. Hair

cortisol should be assessed longitudinally under different

temperature and humidity conditions. We assume that most of

the previous studies took place in a single city, so the authors

could try to explore temperature and humidity data retro-

spectively, to validate our findings in their samples.

Conclusion

This study confirms a missing relationship between BMT and

HCC, while revealing new factors influencing HCC. BMT

induced an increase in perceived stress, but did not affect

HCC. This could be interpreted as a missing influence of

mainly physical stress (e.g. exercise) on HCC. Similarly, self-

reported stress was not related to HCC. On the other hand, we

found a significant negative influence of air temperature and a

significant positive influence of air humidity on HCC. In

addition, a negative association between HCC and education

level was revealed. Future studies should control for meteoro-

logical data and educational status when interested in the

examination of HCC.
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