546555

research-article2014

PSSXXX10.1177/0956797614546555Chumbley et al.Endogenous Cortisol and Loss Aversion

Short Report

Endogenous Cortisol Predicts Decreased
Loss Aversion in Young Men

Psychological Science
2014, Vol. 25(11) 2102–2105
© The Author(s) 2014
Reprints and permissions:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0956797614546555
pss.sagepub.com

J. R. Chumbley1,2, I. Krajbich1,3,4, J. B. Engelmann1,5,
E. Russell6, S. Van Uum7, G. Koren8, and E. Fehr1

1
Laboratory for Social and Neural Systems Research (SNS-Lab), University of Zurich; 2Translational
Neuromodeling Unit, Institute for Biomedical Engineering, University of Zurich, and Swiss Federal
Institute of Technology; 3Department of Psychology, The Ohio State University; 4Department of
Economics, The Ohio State University; 5Donders Institute for Brain, Cognition and Behaviour, Radboud
University Nijmegen; 6Department of Physiology and Pharmacology, University of Western Ontario;
7
Department of Medicine, Schulich School of Medicine and Dentistry, University of Western Ontario; and
8
Department of Clinical Pharmacology and Toxicology, University of Toronto

Received 5/13/13; Revision accepted 7/3/14

Human and nonhuman animals respond asymmetrically
to predicted punishments and rewards (Dayan &
Seymour, 2008; Kahneman, 2011). In human decision
making, for example, people pay more to avoid losses
than to gain equivalent rewards. Because such loss aversion counterproductively diminishes an individual’s
expected payoffs, it has become one of the most studied
choice biases. It is unclear whether biological markers of
punishment or stress exposure—most notably the glucocorticoid stress hormone cortisol of the hypothalamicpituitary-adrenal (HPA) axis—predict this particular form
of behavioral punishment sensitivity. Acute glucocorticoid administration desensitizes subjects to threat and
punishment, whereas chronic administration sensitizes
them, increasing anxiety (Aerni et al., 2004; de Quervain
& Margraf, 2008; Schelling et al., 2006; Soravia et al.,
2006). This mirrors the mainstream view that acute stress
responses are adaptive, whereas chronic exposure is detrimental (Chrousos, 2009).
There is evidence that HPA-axis traits specifically
undermine decision making. HPA disturbances predict
addictive behavior (Koob & Kreek, 2007; Marinelli &
Piazza, 2002; Putman, Antypa, Crysovergi, & van der
Does, 2010; Sinha, 2008), and the relation between longterm HPA activity and pathological gambling (Wohl,
Matheson, Young, & Anisman, 2008) may reflect altered
punishment sensitivity. In nonclinical populations, the
threat of financial loss (i.e., imminent poverty) chronically elevates cortisol (Haushofer, de Laat, & Chemin,
2012). Yet it is unknown whether chronically elevated
cortisol, in turn, alters exposure to new losses by altering

decision making. Such a feedback cycle might be adaptive (negative feedback) or maladaptive (positive feedback), depending on whether it limits or exacerbates
financial loss. In the present study, we sidestepped the
issue of causation and simply assessed whether an individual’s maladaptive loss aversion increased with chronic
exposure to endogenous cortisol, which we assayed
using hair samples.

Method
Fifty-seven healthy male undergraduates (18–30 years
old) took part in the study. An additional 4 participants
were excluded because 3 had insufficient hair and 1 outlier’s hair cortisol was greater than 150 picograms per
milligram. Sample size was sufficient for power of .99 to
detect a correlation coefficient of .5 with a Type I error
rate of .05 (no stopping rule). We used only male participants to eliminate potential nuisance variation attributable to gender differences in risk taking or HPA-axis
function (e.g., Byrnes, Miller, & Schafer, 1999; Uhart,
Chong, Oswald, Lin, & Wand, 2006).
Subjects made 20 binary choices from an existing set
of 140 choices (Sokol-Hessner et al., 2009) designed to
measure loss aversion (λ) and risk aversion (ρ). On each
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Fig. 1. Typical decision screen and results from the experiment. On each trial (a), subjects had to choose between a guaranteed payoff amount
and a lottery in which they had an equal chance of winning or losing specific amounts. The scatter plots (with best-fitting regression lines) show
(b) loss aversion ( λ̂ ) and (c) risk aversion ( ρ̂ ) as a function of hair-cortisol level.

trial, subjects had to choose between a guaranteed payoff
y and a lottery in which they had an equal chance of winning x or losing z (Fig. 1a). Following Wang, Filiba, and
Camerer (2010), we dynamically selected the most informative choice from the set for each trial, on the basis of
subjects’ previous choices. This alternative to staircase
and bisection methods (Engelmann, Capra, Noussair, &
Berns, 2009; Engelmann, Damaraju, Padmala, & Pessoa,
2009) optimally uses subjects’ early choices to exclude
redundant later choices. Subjects were given 20 Swiss
francs (CHF) to start. One trial was randomly selected for
actual payment. Payoffs ranged from −8.75 to 36 CHF
(average = 6.29 CHF).
We used the utility function u (w+) = w ρ to determine
positive payoffs (w+) and the utility function u (w–) =
–λ(w ρ) to determine negative payoffs (w–). Loss aversion
was quantified by λ: λ = 1 was loss neutral, λ > 1 was loss
averse, and λ < 1 was loss seeking. Following SokolHessner et al. (2009) and Wang et al. (2010), we assumed
that subjects would choose probabilistically. The following softmax function mapped preferences to the probability of accepting the lottery (µ describes how deterministic
choices are):
1

p ( lottery|ρ, λ, µ ) =
1+

1
1

−µ  u ( x ) + u ( z ) − u ( y ) 
2
2


e

We correlated subjects’ (expected marginal posterior)
loss aversion, λˆ = E (λ|lottery1, . . ., 20 ), and risk aversion,
ρˆ = E (ρ|lottery1, . . ., 20 ), with a measure of their total exposure to cortisol over the 2 months prior to the study (see
Sauvé, Koren, Walsh, Tokmakejian, & Van Uum, 2007;
Stalder & Kirschbaum, 2012; Van Uum et al., 2008; for
more details on dynamic estimation, see the Supplemental
Material available online).

Results
The mean loss- and risk-aversion parameters λ̂ and ρ̂
were 1.86, 95% confidence interval (CI) = [1.65, 2.09], and
1.00, 95% CI = [0.94, 1.08], respectively (which were not
significantly different from 2 and 1, respectively; onesample t test, n = 56); these results were similar to those
of previous studies (Engelmann & Hein, 2013; Hsu, Lin,
& McNamara, 2008; Sokol-Hessner et al., 2009). We
observed a significant negative Pearson’s correlation
between loss aversion ( λ̂ ) and cortisol, r(55) = –.33, 95%
CI = [–.54, –.076], p = .012 (Fig. 1b). No correlation was
observed with risk aversion ( ρ̂ ), r(55) = .016, 95% CI =
[–.25, .27], p = .9 (Fig. 1c). The loss aversion-cortisol relationship remained evident in a multiple linear regression
controlling for smoking and shift work, two factors
known to influence cortisol: β = −10.2, 95% CI = [–18.6,
–2.0], p = .016.

Discussion
The hormonal response to stressors and punishment is
governed by the evolutionarily prespecified HPA cascade,
which is widely conserved in many animal species. Here,
we observed that individuals with lower chronic cortisol
displayed stronger loss aversion, a disadvantageous form
of punishment sensitivity that diminishes individuals’
long-term payoffs (Shiv, Loewenstein, & Bechara, 2005).
Conversely, individuals with higher endogenous cortisol
weighted losses and gains more equally (i.e., they were
less loss averse). These results generate new questions.
First, does long-term cortisol cause changes to loss aversion? Second, is decreased loss-gain asymmetry only due
to lower predicted punishment from a unit monetary loss,
or are there also higher predicted rewards from a unit
monetary gain (punishment-reward sensitivity)? We briefly
address existing knowledge relevant to these questions.
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Cortisol crosses the blood-brain barrier, where it has
neuro-modulatory actions (de Kloet, Joëls, & Holsboer,
2005; de Kloet, Oitzl, & Joëls, 1999; Fernandes, McKittrick,
File, & McEwen, 1997; King & Liberzon, 2009) and influences behavior (Buchanan, Brechtel, Sollers, & Lovallo,
2001; Øverli, Kotzian, & Winberg, 2002). Neuro-modulatory
actions include phasic and long-term changes to glucocorticoid receptors in limbic and prefrontal regions.
Behavioral actions include altered punishment- and
reward-related behavior (Sapolsky, Romero, & Munck,
2000), effects that depend on the time course of exposure
(i.e., acute vs. chronic). Putman et al. (2010) demonstrated
that acute, exogenous glucocorticoids decrease punishment sensitivity on a gambling task in humans: 40 mg of
oral hydrocortisone increased risk seeking when subjects
were faced with probable losses. Acute beta-adrenergic
antagonists, which increase human gambling in the face
of large probable losses (Rogers, Lancaster, Wakeley, &
Bhagwagar, 2004) also acutely increase cortisol levels
(Kizildere, Gluck, Zietz, Scholmerich, & Straub, 2003).
There are interactions between glucocorticoids and
the central 5-hydroxytryptamine (5-HT) system (Gorzalka
& Hanson, 1998), itself implicated in punishment processing. For example, long-term endogenous exposure to
glucocorticoids predicts increased 5-HT2A receptor binding in the parietal cortex (Fernandes et al., 1997).
Although these alterations may reflect an adaptive stress
response, other studies demonstrate that increased
5-HT2A receptor activity is anxiogenic and amplifies
behavioral response to stressors (Weisstaub et al., 2006).
Our results encourage the speculation that, within the
healthy population, long-term exposure to glucocorticoids may indeed be adaptive, reducing oversensitivity to
potential losses. Further work should examine whether
this hormone-behavior relationship reflects some prespecified coordination between psychological and biological responses to punishment.
Author Contributions
J. R. Chumbley designed the experiment, analyzed the data,
and wrote the manuscript. I. Krajbich and J. B. Engelmann
interpreted the data. E. Russell, S. Van Uum, and G. Koren analyzed the hair. E. Fehr supervised the project.

Acknowledgments
We thank Helen Koechli for assistance collecting the behavioral
data. We thank Stephanie Wang, Michelle Filiba, and Colin F.
Camerer for code.

Declaration of Conflicting Interests
The authors declared that they had no conflicts of interest with
respect to their authorship or the publication of this article.

Funding
J. R. Chumbley’s research was funded by the Research Talent
Development Fund (FAN), University of Zurich. E. Fehr’s
research was funded by Swiss National Center of Competence
in Research (NCCR) Affective Sciences and European Research
Council Grant 295642, Foundations of Economic Preferences.
J. B. Engelmann’s research was supported by the Radboud
Excellence Foundation, a joint initiative of Radboud University
and Radboud University Medical Center.

Supplemental Material
Additional supporting information can be found at http://pss
.sagepub.com/content/by/supplemental-data

References
Aerni, A., Traber, R., Hock, C., Roozendaal, B., Schelling, G.,
Papassotiropoulos, A., . . . de Quervain, D. J.-F. (2004).
Low-dose cortisol for symptoms of posttraumatic stress disorder. American Journal of Psychiatry, 161, 1488–1490.
Buchanan, T. W., Brechtel, A., Sollers, J. J., III, & Lovallo, W. R.
(2001). Exogenous cortisol exerts effects on the startle reflex
independent of emotional modulation. Pharmacology
Biochemistry & Behavior, 68, 203–210.
Byrnes, J. P., Miller, D. C., & Schafer, W. D. (1999). Gender
differences in risk taking: A meta-analysis. Psychological
Bulletin, 125, 367–383.
Chrousos, G. P. (2009). Stress and disorders of the stress system. Nature Reviews Endocrinology, 5, 374–381.
Dayan, P., & Seymour, B. (2008). Values and actions in aversion. In P. W. Glimcher, C. F. Camerer, E. Fehr, & R. A.
Poldrack (Eds.), Neuroeconomics: Decision making and the
brain (pp. 175–191). London, England: Academic Press.
de Kloet, E. R., Joëls, M., & Holsboer, F. (2005). Stress and
the brain: From adaptation to disease. Nature Reviews
Neuroscience, 6, 463–475.
de Kloet, E. R., Oitzl, M. S., & Joëls, M. (1999). Stress and cognition: Are corticosteroids good or bad guys? Trends in
Neurosciences, 22, 422–426.
de Quervain, D. J.-F., & Margraf, J. (2008). Glucocorticoids for
the treatment of post-traumatic stress disorder and phobias: A novel therapeutic approach. European Journal of
Pharmacology, 583, 365–371.
Engelmann, J. B., Capra, C. M., Noussair, C., & Berns, G. S.
(2009). Expert financial advice neurobiologically “offloads”
financial decision-making under risk. PLoS ONE, 4(3),
Article e4957. Retrieved from http://www.plosone.org/
article/info%3Adoi%2F10.1371%2Fjournal.pone.0004957
Engelmann, J. B., Damaraju, E., Padmala, S., & Pessoa, L. (2009).
Combined effects of attention and motivation on visual task
performance: Transient and sustained motivational effects.
Frontiers in Human Neuroscience, 3, Article 4. Retrieved
from http://journal.frontiersin.org/Journal/10.3389/neuro.09
.004.2009/full
Engelmann, J. B., & Hein, G. (2013). Contextual and social influences on valuation and choice. Progress in Brain Research,
202, 215–237.

Downloaded from pss.sagepub.com at UZH Hauptbibliothek / Zentralbibliothek Zuerich on February 3, 2015

Endogenous Cortisol and Loss Aversion
Fernandes, C., McKittrick, C. R., File, S. E., & McEwen, B. S.
(1997). Decreased 5-HT1A and increased 5-HT2A receptor binding after chronic corticosterone associated with
a behavioural indication of depression but not anxiety.
Psychoneuroendocrinology, 22, 477–491.
Gorzalka, B. B., & Hanson, L. A. (1998). Sexual behavior and
wet dog shakes in the male rat: Regulation by corticosterone. Behavioural Brain Research, 97, 143–151.
Haushofer, J., de Laat, J., & Chemin, M. (2012). Poverty raises
levels of the stress hormone cortisol: Evidence from weather
shocks in Kenya. Manuscript submitted for publication.
Hsu, M., Lin, H. T., & McNamara, P. E. (2008). Neuroeconomics
of decision-making in the aging brain: The example of
long-term care. Advances in Health Economics and Health
Services Research, 20, 203–225.
Kahneman, D. (2011). Thinking, fast and slow. New York, NY:
Farrar, Straus and Giroux.
King, A. P., & Liberzon, I. (2009). Assessing the neuroendocrine
stress response in the functional neuroimaging context.
NeuroImage, 47, 1116–1124.
Kizildere, S., Gluck, T., Zietz, B., Scholmerich, J., & Straub,
R. H. (2003). During a corticotropin-releasing hormone
test in healthy subjects, administration of a beta-adrenergic antagonist induced secretion of cortisol and dehydroepiandrosterone sulfate and inhibited secretion of ACTH.
European Journal of Endocrinology, 148, 45–53.
Koob, G., & Kreek, M. J. (2007). Stress, dysregulation of drug
reward pathways, and the transition to drug dependence.
The American Journal of Psychiatry, 164, 1149–1159.
Marinelli, M., & Piazza, P. V. (2002). Interaction between glucocorticoid hormones, stress and psychostimulant drugs.
European Journal of Neuroscience, 16, 387–394.
Øverli, Ø., Kotzian, S., & Winberg, S. (2002). Effects of cortisol on aggression and locomotor activity in rainbow trout.
Hormones and Behavior, 42, 53–61.
Putman, P., Antypa, N., Crysovergi, P., & van der Does,
W. A. (2010). Exogenous cortisol acutely influences
motivated decision making in healthy young men.
Psychopharmacology, 208, 257–263.
Rogers, R. D., Lancaster, M., Wakeley, J., & Bhagwagar, Z. (2004).
Effects of beta-adrenoceptor blockade on components of
human decision-making. Psychopharmacology, 172, 157–164.
Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How do
glucocorticoids influence stress responses? Integrating permissive, suppressive, stimulatory, and preparative actions.
Endocrine Reviews, 21, 55–89.
Sauvé, B., Koren, G., Walsh, G., Tokmakejian, S., & Van Uum,
S. H. (2007). Measurement of cortisol in human hair as a

2105
biomarker of systemic exposure. Clinical & Investigative
Medicine, 30, E183–E191.
Schelling, G., Roozendaal, B., Krauseneck, T., Schmoelz, M.,
De Quervain, D., & Briegel, J. (2006). Efficacy of hydrocortisone in preventing posttraumatic stress disorder following
critical illness and major surgery. Annals of the New York
Academy of Sciences, 1071, 46–53.
Shiv, B., Loewenstein, G., & Bechara, A. (2005). The dark side
of emotion in decision-making: When individuals with
decreased emotional reactions make more advantageous
decisions. Cognitive Brain Research, 23, 85–92.
Sinha, R. (2008). Chronic stress, drug use, and vulnerability to
addiction. Annals of the New York Academy of Sciences,
1141, 105–130.
Sokol-Hessner, P., Hsu, M., Curley, N. G., Delgado, M. R.,
Camerer, C. F., & Phelps, E. A. (2009). Thinking like a
trader selectively reduces individuals’ loss aversion.
Proceedings of the National Academy of Sciences, USA,
106, 5035–5040.
Soravia, L. M., Heinrichs, M., Aerni, A., Maroni, C., Schelling, G.,
Ehlert, U., . . . de Quervain, D. J.-F. (2006). Glucocorticoids
reduce phobic fear in humans. Proceedings of the National
Academy of Sciences, USA, 103, 5585–5590.
Stalder, T., & Kirschbaum, C. (2012). Analysis of cortisol in hair:
State of the art and future directions. Brain, Behavior, and
Immunity, 26, 1019–1029.
Uhart, M., Chong, R. Y., Oswald, L., Lin, P. I., & Wand, G. S.
(2006). Gender differences in hypothalamic-pituitary-
adrenal (HPA) axis reactivity. Psychoneuroendocrinology,
31, 642–652.
Van Uum, S. H. M., Sauvé, B., Fraser, L. A., Morley-Forster, P.,
Paul, T. L., & Koren, G. (2008). Elevated content of cortisol
in hair of patients with severe chronic pain: A novel biomarker for stress. Stress: The International Journal on the
Biology of Stress, 11, 483–488.
Wang, S. W., Filiba, M., & Camerer, C. F. (2010). Dynamically
optimized sequential experimentation (DOSE) for estimating economic preference parameters. Manuscript submitted
for publication.
Weisstaub, N. V., Zhou, M., Lira, A., Lambe, E., GonzálezMaeso, J., Hornung, J. P., . . . Gingrich, J. A. (2006). Cortical
5-HT2A receptor signaling modulates anxiety-like behaviors in mice. Science, 313, 536–540.
Wohl, M. J. A., Matheson, K., Young, M. M., & Anisman, H.
(2008). Cortisol rise following awakening among problem gamblers: Dissociation from comorbid symptoms of
depression and impulsivity. Journal of Gambling Studies,
24, 79–90.

Downloaded from pss.sagepub.com at UZH Hauptbibliothek / Zentralbibliothek Zuerich on February 3, 2015

