
Significance
Many influential models in economics, finance, and neurobiology assume risk preferences are a

stable trait. In this study we find they are not. We examine the effects of chronic stress on financial

risk taking by raising cortisol levels in volunteers over an 8-d period using individually tailored

hydrocortisone regimens. We find that they become more risk-averse and that the overweighting of

small probabilities becomes more exaggerated among men relative to women. We designed our

protocol to maintain ecological validity: The increase in cortisol among participants replicated levels

we had previously observed in real traders when faced with uncertainty and market volatility.

Physiology-induced shifts in risk preferences may thus be a cause of market instability that has been

hitherto overlooked by economists, risk managers, and central bankers.

Abstract
Risk taking is central to human activity. Consequently, it lies at the focal point of behavioral sciences

such as neuroscience, economics, and finance. Many influential models from these sciences assume

that financial risk preferences form a stable trait. Is this assumption justified and, if not, what causes

the appetite for risk to fluctuate? We have previously found that traders experience a sustained

increase in the stress hormone cortisol when the amount of uncertainty, in the form of market

volatility, increases. Here we ask whether these elevated cortisol levels shift risk preferences. Using a

double-blind, placebo-controlled, cross-over protocol we raised cortisol levels in volunteers over 8 d

to the same extent previously observed in traders. We then tested for the utility and probability

weighting functions underlying their risk taking and found that participants became more risk-

averse. We also observed that the weighting of probabilities became more distorted among men

relative to women. These results suggest that risk preferences are highly dynamic. Specifically, the

stress response calibrates risk taking to our circumstances, reducing it in times of prolonged

uncertainty, such as a financial crisis. Physiology-induced shifts in risk preferences may thus be an

underappreciated cause of market instability.

Continue Reading

VIEW PDF FULL TEXT

Acknowledgments
We thank Sheila Skidmore for technical and administrative support, Søren Brage for processing the heart-
rate data, and Alexis Barr for critical readings of the manuscript. This research was supported by a

        



Cortisol shifts financial risk preferences
Narayanan Kandasamy, Ben Hardy, Lionel Page, +5  , and John Coates  Authors Info & Affiliations

Edited by Burton H. Singer, University of Florida, Gainesville, FL, and approved December 30, 2013 (received for review September 24, 2013)

   󩤲 PDF

SEARCH ARTICLE |NEUROSCIENCE|

February 18, 2014 111 (9) 3608-3613 https://doi.org/10.1073/pnas.1317908111

We use cookies on this site to enhance your user experience. By using this website, you are giving your consent for us to set cookies. Find out more CONTINUE

NOW READING: 

https://www.pnas.org/doi/reader/10.1073/pnas.1317908111
https://www.pnas.org/doi/full/10.1073/pnas.1317908111
https://www.pnas.org/#facebook
https://www.pnas.org/#x
https://www.pnas.org/#bluesky
https://www.pnas.org/#linkedin
https://www.pnas.org/#email
mailto:mg299@medschl.cam.ac.uk?cc=johncoates98@gmail.com
https://www.pnas.org/action/addCitationAlert?doi=10.1073%2Fpnas.1317908111
https://www.pnas.org/personalize/addFavoritePublication?doi=10.1073%2Fpnas.1317908111
https://www.pnas.org/doi/epdf/10.1073/pnas.1317908111
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/topic/neuro
https://doi.org/10.1073/pnas.1317908111
https://www.pnas.org/help/cookie-policy
https://www.pnas.org/help/cookie-policy


Programme Grant from the Economic and Social Research Council. A.S.P. and M.G. are supported by the
National Institute for Health Research Cambridge Biomedical Research Centre.

Supporting Information
Supporting Information (PDF)

Supporting Information

DOWNLOAD 46.16 KB

References
1
B Luigino, R Sugden, The road not taken: How psychology was removed from economics, and how it might
be brought back. Econ J 117, 146–173 (2007).

Crossref | Google Scholar

2
P Gai, N Vause, Measuring investors' risk appetite. Int J Cent Bank. 2, 167–188 (2006).

Google Scholar

3
European Central Bank (2007) Measuring investors' risk appetite. Financial Stability Review, June: 166–171.

Google Scholar

4
L Samuelson Evolutionary Games and Equilibrium Selection (MIT Press, Cambridge, MA) Vol 1 (1998).

Google Scholar

5
L Guiso, P Sapienza, L Zingales, Time varying risk aversion. NBER Working Paper No. 19284 (National
Bureau of Economic Research, Cambridge, MA). (2013).

Google Scholar

6
JW Mason, A review of psychoendocrine research on the pituitary-adrenal cortical system. Psychosom Med
30, 576–607 (1968).

Crossref | Google Scholar

7
J Hennessy, S Levine, Stress, arousal, and the pituitary-adrenal system: A psychoendocrine hypothesis.
Progress in Psychobiology and Physiological Psychology, eds J Sprague, A Epstein (Academic, 8th Ed, San
Diego), pp. 133–178 (1979).

Google Scholar

8
SS Dickerson, ME Kemeny, Acute stressors and cortisol responses: A theoretical integration and synthesis
of laboratory research. Psychol Bull 130, 355–391 (2004).

Crossref | PubMed | Google Scholar

9
JM Coates, J Herbert, Endogenous steroids and financial risk taking on a London trading floor. Proc Natl
Acad Sci USA 105, 6167–6172 (2008).

Crossref | PubMed | Google Scholar

10
M Dallman, S Bhatnagar, Chronic stress and energy balance: Role of the hypothalamo-pituitary-adrenal
axis. Comprehensive Physiology (Wiley, New York), pp. 179–210 (2010).

Google Scholar

11
SJ Lupien, et al., The modulatory effects of corticosteroids on cognition: Studies in young human
populations. Psychoneuroendocrinology 27, 401–416 (2002).

Crossref | PubMed | Google Scholar

12
PV Piazza, et al., Corticosterone in the range of stress-induced levels possesses reinforcing properties:
Implications for sensation-seeking behaviors. Proc Natl Acad Sci USA 90, 11738–11742 (1993).

Crossref | PubMed | Google Scholar

13
P Putman, N Antypa, P Crysovergi, WA van der Does, Exogenous cortisol acutely influences motivated
decision making in healthy young men. Psychopharmacology (Berl) 208, 257–263 (2010). NOW READING: 

https://www.pnas.org/doi/suppl/10.1073/pnas.1317908111/suppl_file/pnas.201317908si.pdf
https://doi.org/10.1111/j.1468-0297.2007.02005.x
https://scholar.google.com/scholar_lookup?title=The+road+not+taken%3A+How+psychology+was+removed+from+economics%2C+and+how+it+might+be+brought+back&author=B+Luigino&author=R+Sugden&publication_year=2007&journal=Econ+J&pages=146-173&doi=10.1111%2Fj.1468-0297.2007.02005.x
https://scholar.google.com/scholar_lookup?title=Measuring+investors%27+risk+appetite&author=P+Gai&author=N+Vause&publication_year=2006&journal=Int+J+Cent+Bank.&pages=167-188
https://scholar.google.com/scholar?q=European+Central+Bank+%282007%29+Measuring+investors%27+risk+appetite.+Financial+Stability+Review%2C+June%3A+166%E2%80%93171.
https://scholar.google.com/scholar_lookup?title=Evolutionary+Games+and+Equilibrium+Selection&author=L+Samuelson&publication_year=1998
https://scholar.google.com/scholar?q=L+Guiso%2C+P+Sapienza%2C+L+Zingales%2C+Time+varying+risk+aversion.+NBER+Working+Paper+No.+19284+%28National+Bureau+of+Economic+Research%2C+Cambridge%2C+MA%29.+%282013%29.
https://doi.org/10.1097/00006842-196809000-00020
https://scholar.google.com/scholar_lookup?title=A+review+of+psychoendocrine+research+on+the+pituitary-adrenal+cortical+system&author=JW+Mason&publication_year=1968&journal=Psychosom+Med&pages=576-607&doi=10.1097%2F00006842-196809000-00020
https://scholar.google.com/scholar_lookup?title=Stress%2C+arousal%2C+and+the+pituitary-adrenal+system%3A+A+psychoendocrine+hypothesis&author=J+Hennessy&author=S+Levine&publication_year=1979&pages=133-178
https://doi.org/10.1037/0033-2909.130.3.355
https://pubmed.ncbi.nlm.nih.gov/15122924/
https://scholar.google.com/scholar_lookup?title=Acute+stressors+and+cortisol+responses%3A+A+theoretical+integration+and+synthesis+of+laboratory+research&author=SS+Dickerson&author=ME+Kemeny&publication_year=2004&journal=Psychol+Bull&pages=355-391&doi=10.1037%2F0033-2909.130.3.355&pmid=15122924
https://www.pnas.org/servlet/linkout?suffix=e_1_3_3_9_2&dbid=4&doi=10.1073%2Fpnas.1317908111&key=10.1073%2Fpnas.0704025105&site=pnas-site
https://pubmed.ncbi.nlm.nih.gov/18413617/
https://scholar.google.com/scholar_lookup?title=Endogenous+steroids+and+financial+risk+taking+on+a+London+trading+floor&author=JM+Coates&author=J+Herbert&publication_year=2008&journal=Proc+Natl+Acad+Sci+USA&pages=6167-6172&doi=10.1073%2Fpnas.0704025105&pmid=18413617
https://scholar.google.com/scholar_lookup?title=Chronic+stress+and+energy+balance%3A+Role+of+the+hypothalamo-pituitary-adrenal+axis&author=M+Dallman&author=S+Bhatnagar&publication_year=2010&pages=179-210
https://doi.org/10.1016/S0306-4530(01)00061-0
https://pubmed.ncbi.nlm.nih.gov/11818174/
https://scholar.google.com/scholar_lookup?title=The+modulatory+effects+of+corticosteroids+on+cognition%3A+Studies+in+young+human+populations&author=SJ+Lupien&publication_year=2002&journal=Psychoneuroendocrinology&pages=401-416&doi=10.1016%2FS0306-4530%2801%2900061-0&pmid=11818174
https://www.pnas.org/servlet/linkout?suffix=e_1_3_3_12_2&dbid=4&doi=10.1073%2Fpnas.1317908111&key=10.1073%2Fpnas.90.24.11738&site=pnas-site
https://pubmed.ncbi.nlm.nih.gov/8265619/
https://scholar.google.com/scholar_lookup?title=Corticosterone+in+the+range+of+stress-induced+levels+possesses+reinforcing+properties%3A+Implications+for+sensation-seeking+behaviors&author=PV+Piazza&publication_year=1993&journal=Proc+Natl+Acad+Sci+USA&pages=11738-11742&doi=10.1073%2Fpnas.90.24.11738&pmid=8265619
https://pubmed.ncbi.nlm.nih.gov/19953227/
https://scholar.google.com/scholar_lookup?title=Exogenous+cortisol+acutely+influences+motivated+decision+making+in+healthy+young+men&author=P+Putman&author=N+Antypa&author=P+Crysovergi&author=WA+van+der+Does&publication_year=2010&journal=Psychopharmacology+%28Berl%29&pages=257-263&doi=10.1007%2Fs00213-009-1725-y&pmid=19953227


Crossref | PubMed | Google Scholar

14
R van den Bos, M Harteveld, H Stoop, Stress and decision-making in humans: Performance is related to
cortisol reactivity, albeit differently in men and women. Psychoneuroendocrinology 34, 1449–1458 (2009).

Crossref | PubMed | Google Scholar

15
P Anagnostis, VG Athyros, K Tziomalos, A Karagiannis, DP Mikhailidis, Clinical review: The pathogenetic role
of cortisol in the metabolic syndrome: A hypothesis. J Clin Endocrinol Metab 94, 2692–2701 (2009).

Crossref | PubMed | Google Scholar

16
BS McEwen, et al., The role of adrenocorticoids as modulators of immune function in health and disease:
Neural, endocrine and immune interactions. Brain Res Brain Res Rev 23, 79–133 (1997).

Crossref | PubMed | Google Scholar

17
BS McEwen, JH Morrison, The brain on stress: Vulnerability and plasticity of the prefrontal cortex over the
life course. Neuron 79, 16–29 (2013).

Crossref | PubMed | Google Scholar

18
JJ Radley, et al., Chronic behavioral stress induces apical dendritic reorganization in pyramidal neurons of
the medial prefrontal cortex. Neuroscience 125, 1–6 (2004).

Crossref | PubMed | Google Scholar

19
C Liston, BS McEwen, BJ Casey, Psychosocial stress reversibly disrupts prefrontal processing and attentional
control. Proc Natl Acad Sci USA 106, 912–917 (2009).

Crossref | PubMed | Google Scholar

20
SM Korte, Corticosteroids in relation to fear, anxiety and psychopathology. Neurosci Biobehav Rev 25, 117–
142 (2001).

Crossref | PubMed | Google Scholar

21
RM Sapolsky, Glucocorticoids and hippocampal atrophy in neuropsychiatric disorders. Arch Gen Psychiatry
57, 925–935 (2000).

Crossref | PubMed | Google Scholar

22
SM Kademian, AE Bignante, P Lardone, BS McEwen, M Volosin, Biphasic effects of adrenal steroids on
learned helplessness behavior induced by inescapable shock. Neuropsychopharmacology 30, 58–66 (2005).

Crossref | PubMed | Google Scholar

23
PM Mah, et al., Weight-related dosing, timing and monitoring hydrocortisone replacement therapy in
patients with adrenal insufficiency. Clin Endocrinol (Oxf) 61, 367–375 (2004).

Crossref | PubMed | Google Scholar

24
SW Porges, The polyvagal perspective. Biol Psychol 74, 116–143 (2007).

Crossref | PubMed | Google Scholar

25
J Hey, C Orme, Investigating generalizations of expected utility theory using experimental data.
Econometrica 62, 1291–1326 (1994).

Crossref | Google Scholar

26
A Conte, J Hey, P Moffatt, Mixture models of choice under risk. J Econom 162, 79–88 (2011).

Crossref | Google Scholar

27
D Bernoulli, Exposition of a new theory on the measurement of risk. Econometrica 22, 23–36 (1954).

Crossref | Google Scholar

28
C Holt, S Laury, Risk aversion and incentive effects. Am Econ Rev 92, 1644–1655 (2002).

Crossref | Google Scholar

29
NOW READING: 

https://doi.org/10.1007/s00213-009-1725-y
https://pubmed.ncbi.nlm.nih.gov/19953227/
https://scholar.google.com/scholar_lookup?title=Exogenous+cortisol+acutely+influences+motivated+decision+making+in+healthy+young+men&author=P+Putman&author=N+Antypa&author=P+Crysovergi&author=WA+van+der+Does&publication_year=2010&journal=Psychopharmacology+%28Berl%29&pages=257-263&doi=10.1007%2Fs00213-009-1725-y&pmid=19953227
https://doi.org/10.1016/j.psyneuen.2009.04.016
https://pubmed.ncbi.nlm.nih.gov/19497677/
https://scholar.google.com/scholar_lookup?title=Stress+and+decision-making+in+humans%3A+Performance+is+related+to+cortisol+reactivity%2C+albeit+differently+in+men+and+women&author=R+van+den+Bos&author=M+Harteveld&author=H+Stoop&publication_year=2009&journal=Psychoneuroendocrinology&pages=1449-1458&doi=10.1016%2Fj.psyneuen.2009.04.016&pmid=19497677
https://doi.org/10.1210/jc.2009-0370
https://pubmed.ncbi.nlm.nih.gov/19470627/
https://scholar.google.com/scholar_lookup?title=Clinical+review%3A+The+pathogenetic+role+of+cortisol+in+the+metabolic+syndrome%3A+A+hypothesis&author=P+Anagnostis&author=VG+Athyros&author=K+Tziomalos&author=A+Karagiannis&author=DP+Mikhailidis&publication_year=2009&journal=J+Clin+Endocrinol+Metab&pages=2692-2701&doi=10.1210%2Fjc.2009-0370&pmid=19470627
https://doi.org/10.1016/S0165-0173(96)00012-4
https://pubmed.ncbi.nlm.nih.gov/9063588/
https://scholar.google.com/scholar_lookup?title=The+role+of+adrenocorticoids+as+modulators+of+immune+function+in+health+and+disease%3A+Neural%2C+endocrine+and+immune+interactions&author=BS+McEwen&publication_year=1997&journal=Brain+Res+Brain+Res+Rev&pages=79-133&doi=10.1016%2FS0165-0173%2896%2900012-4&pmid=9063588
https://doi.org/10.1016/j.neuron.2013.06.028
https://pubmed.ncbi.nlm.nih.gov/23849196/
https://scholar.google.com/scholar_lookup?title=The+brain+on+stress%3A+Vulnerability+and+plasticity+of+the+prefrontal+cortex+over+the+life+course&author=BS+McEwen&author=JH+Morrison&publication_year=2013&journal=Neuron&pages=16-29&doi=10.1016%2Fj.neuron.2013.06.028&pmid=23849196
https://doi.org/10.1016/j.neuroscience.2004.01.006
https://pubmed.ncbi.nlm.nih.gov/15051139/
https://scholar.google.com/scholar_lookup?title=Chronic+behavioral+stress+induces+apical+dendritic+reorganization+in+pyramidal+neurons+of+the+medial+prefrontal+cortex&author=JJ+Radley&publication_year=2004&journal=Neuroscience&pages=1-6&doi=10.1016%2Fj.neuroscience.2004.01.006&pmid=15051139
https://www.pnas.org/servlet/linkout?suffix=e_1_3_3_19_2&dbid=4&doi=10.1073%2Fpnas.1317908111&key=10.1073%2Fpnas.0807041106&site=pnas-site
https://pubmed.ncbi.nlm.nih.gov/19139412/
https://scholar.google.com/scholar_lookup?title=Psychosocial+stress+reversibly+disrupts+prefrontal+processing+and+attentional+control&author=C+Liston&author=BS+McEwen&author=BJ+Casey&publication_year=2009&journal=Proc+Natl+Acad+Sci+USA&pages=912-917&doi=10.1073%2Fpnas.0807041106&pmid=19139412
https://doi.org/10.1016/S0149-7634(01)00002-1
https://pubmed.ncbi.nlm.nih.gov/11323078/
https://scholar.google.com/scholar_lookup?title=Corticosteroids+in+relation+to+fear%2C+anxiety+and+psychopathology&author=SM+Korte&publication_year=2001&journal=Neurosci+Biobehav+Rev&pages=117-142&doi=10.1016%2FS0149-7634%2801%2900002-1&pmid=11323078
https://doi.org/10.1001/archpsyc.57.10.925
https://pubmed.ncbi.nlm.nih.gov/11015810/
https://scholar.google.com/scholar_lookup?title=Glucocorticoids+and+hippocampal+atrophy+in+neuropsychiatric+disorders&author=RM+Sapolsky&publication_year=2000&journal=Arch+Gen+Psychiatry&pages=925-935&doi=10.1001%2Farchpsyc.57.10.925&pmid=11015810
https://doi.org/10.1038/sj.npp.1300577
https://pubmed.ncbi.nlm.nih.gov/15496941/
https://scholar.google.com/scholar_lookup?title=Biphasic+effects+of+adrenal+steroids+on+learned+helplessness+behavior+induced+by+inescapable+shock&author=SM+Kademian&author=AE+Bignante&author=P+Lardone&author=BS+McEwen&author=M+Volosin&publication_year=2005&journal=Neuropsychopharmacology&pages=58-66&doi=10.1038%2Fsj.npp.1300577&pmid=15496941
https://doi.org/10.1111/j.1365-2265.2004.02106.x
https://pubmed.ncbi.nlm.nih.gov/15355454/
https://scholar.google.com/scholar_lookup?title=Weight-related+dosing%2C+timing+and+monitoring+hydrocortisone+replacement+therapy+in+patients+with+adrenal+insufficiency&author=PM+Mah&publication_year=2004&journal=Clin+Endocrinol+%28Oxf%29&pages=367-375&doi=10.1111%2Fj.1365-2265.2004.02106.x&pmid=15355454
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://pubmed.ncbi.nlm.nih.gov/17049418/
https://scholar.google.com/scholar_lookup?title=The+polyvagal+perspective&author=SW+Porges&publication_year=2007&journal=Biol+Psychol&pages=116-143&doi=10.1016%2Fj.biopsycho.2006.06.009&pmid=17049418
https://doi.org/10.2307/2951750
https://scholar.google.com/scholar_lookup?title=Investigating+generalizations+of+expected+utility+theory+using+experimental+data&author=J+Hey&author=C+Orme&publication_year=1994&journal=Econometrica&pages=1291-1326&doi=10.2307%2F2951750
https://doi.org/10.1016/j.jeconom.2009.10.011
https://scholar.google.com/scholar_lookup?title=Mixture+models+of+choice+under+risk&author=A+Conte&author=J+Hey&author=P+Moffatt&publication_year=2011&journal=J+Econom&pages=79-88&doi=10.1016%2Fj.jeconom.2009.10.011
https://doi.org/10.2307/1909829
https://scholar.google.com/scholar_lookup?title=Exposition+of+a+new+theory+on+the+measurement+of+risk&author=D+Bernoulli&publication_year=1954&journal=Econometrica&pages=23-36&doi=10.2307%2F1909829
https://doi.org/10.1257/000282802762024700
https://scholar.google.com/scholar_lookup?title=Risk+aversion+and+incentive+effects&author=C+Holt&author=S+Laury&publication_year=2002&journal=Am+Econ+Rev&pages=1644-1655&doi=10.1257%2F000282802762024700


G Harrison, M Lau, E Rutström, Estimating risk attitudes in Denmark: A field experiment. Scand J Econ 109,
341–368 (2007).

Crossref | Google Scholar

30
C Eckel, P Grossman, Men, women and risk aversion: Experimental evidence. Handbook of Experimental
Economics Results, eds C Plott, V Smith (Elsevier, Amsterdam) Vol 1, 1061–1073 (2008).

Google Scholar

31
D Kahneman, A Tversky, Prospect theory: An analysis of decision under risk. Econometrica 47, 263–291
(1979).

Crossref | Google Scholar

32
P Wakker Prospect Theory: For Risk and Ambiguity (Cambridge Univ Press, Cambridge, UK, 2010).

Crossref | Google Scholar

33
NR Lighthall, et al., Gender differences in reward-related decision processing under stress. Soc Cogn Affect
Neurosci 7, 476–484 (2012).

Crossref | PubMed | Google Scholar

34
JM Coates, M Gurnell, Z Sarnyai, From molecule to market: Steroid hormones and financial risk-taking.
Philos Trans R Soc Lond B Biol Sci 365, 331–343 (2010).

Crossref | PubMed | Google Scholar

35
HA Cameron, E Gould, Adult neurogenesis is regulated by adrenal steroids in the dentate gyrus.
Neuroscience 61, 203–209 (1994).

Crossref | PubMed | Google Scholar

36
R Mitra, RM Sapolsky, Acute corticosterone treatment is sufficient to induce anxiety and amygdaloid
dendritic hypertrophy. Proc Natl Acad Sci USA 105, 5573–5578 (2008).

Crossref | PubMed | Google Scholar

37
KP Corodimas, JE LeDoux, PW Gold, J Schulkin, Corticosterone potentiation of conditioned fear in rats. Ann
N Y Acad Sci 746, 392–393 (1994).

Crossref | PubMed | Google Scholar

38
E Dias-Ferreira, et al., Chronic stress causes frontostriatal reorganization and affects decision-making.
Science 325, 621–625 (2009).

Crossref | PubMed | Google Scholar

39
L Schwabe, OT Wolf, Stress prompts habit behavior in humans. J Neurosci 29, 7191–7198 (2009).

Crossref | PubMed | Google Scholar

40
AF Arnsten, Stress signalling pathways that impair prefrontal cortex structure and function. Nat Rev
Neurosci 10, 410–422 (2009).

Crossref | PubMed | Google Scholar

41
J Coates The Hour Between Dog and Wolf: How Risk Taking Transforms Us, Body and Mind (Penguin-
Random House, New York, 2012).

Google Scholar

42
AD Craig, How do you feel? Interoception: The sense of the physiological condition of the body. Nat Rev
Neurosci 3, 655–666 (2002).

Crossref | PubMed | Google Scholar

43
A Bechara, A Damasio, The somatic marker hypothesis: A neural theory of economic decision. Games Econ
Behav 52, 336–372 (2005).

Crossref | Google Scholar

44 NOW READING: 

https://doi.org/10.1111/j.1467-9442.2007.00496.x
https://scholar.google.com/scholar_lookup?title=Estimating+risk+attitudes+in+Denmark%3A+A+field+experiment&author=G+Harrison&author=M+Lau&author=E+Rutstr%C3%B6m&publication_year=2007&journal=Scand+J+Econ&pages=341-368&doi=10.1111%2Fj.1467-9442.2007.00496.x
https://scholar.google.com/scholar_lookup?title=Men%2C+women+and+risk+aversion%3A+Experimental+evidence&author=C+Eckel&author=P+Grossman&publication_year=2008&pages=1061-1073
https://doi.org/10.2307/1914185
https://scholar.google.com/scholar_lookup?title=Prospect+theory%3A+An+analysis+of+decision+under+risk&author=D+Kahneman&author=A+Tversky&publication_year=1979&journal=Econometrica&pages=263-291&doi=10.2307%2F1914185
https://doi.org/10.1017/CBO9780511779329
https://scholar.google.com/scholar_lookup?title=Prospect+Theory%3A+For+Risk+and+Ambiguity&author=P+Wakker&publication_year=2010&doi=10.1017%2FCBO9780511779329
https://doi.org/10.1093/scan/nsr026
https://pubmed.ncbi.nlm.nih.gov/21609968/
https://scholar.google.com/scholar_lookup?title=Gender+differences+in+reward-related+decision+processing+under+stress&author=NR+Lighthall&publication_year=2012&journal=Soc+Cogn+Affect+Neurosci&pages=476-484&doi=10.1093%2Fscan%2Fnsr026&pmid=21609968
https://doi.org/10.1098/rstb.2009.0193
https://pubmed.ncbi.nlm.nih.gov/20026470/
https://scholar.google.com/scholar_lookup?title=From+molecule+to+market%3A+Steroid+hormones+and+financial+risk-taking&author=JM+Coates&author=M+Gurnell&author=Z+Sarnyai&publication_year=2010&journal=Philos+Trans+R+Soc+Lond+B+Biol+Sci&pages=331-343&doi=10.1098%2Frstb.2009.0193&pmid=20026470
https://doi.org/10.1016/0306-4522(94)90224-0
https://pubmed.ncbi.nlm.nih.gov/7969902/
https://scholar.google.com/scholar_lookup?title=Adult+neurogenesis+is+regulated+by+adrenal+steroids+in+the+dentate+gyrus&author=HA+Cameron&author=E+Gould&publication_year=1994&journal=Neuroscience&pages=203-209&doi=10.1016%2F0306-4522%2894%2990224-0&pmid=7969902
https://www.pnas.org/servlet/linkout?suffix=e_1_3_3_36_2&dbid=4&doi=10.1073%2Fpnas.1317908111&key=10.1073%2Fpnas.0705615105&site=pnas-site
https://pubmed.ncbi.nlm.nih.gov/18391224/
https://scholar.google.com/scholar_lookup?title=Acute+corticosterone+treatment+is+sufficient+to+induce+anxiety+and+amygdaloid+dendritic+hypertrophy&author=R+Mitra&author=RM+Sapolsky&publication_year=2008&journal=Proc+Natl+Acad+Sci+USA&pages=5573-5578&doi=10.1073%2Fpnas.0705615105&pmid=18391224
https://doi.org/10.1111/j.1749-6632.1994.tb39264.x
https://pubmed.ncbi.nlm.nih.gov/7825895/
https://scholar.google.com/scholar_lookup?title=Corticosterone+potentiation+of+conditioned+fear+in+rats&author=KP+Corodimas&author=JE+LeDoux&author=PW+Gold&author=J+Schulkin&publication_year=1994&journal=Ann+N+Y+Acad+Sci&pages=392-393&doi=10.1111%2Fj.1749-6632.1994.tb39264.x&pmid=7825895
https://doi.org/10.1126/science.1171203
https://pubmed.ncbi.nlm.nih.gov/19644122/
https://scholar.google.com/scholar_lookup?title=Chronic+stress+causes+frontostriatal+reorganization+and+affects+decision-making&author=E+Dias-Ferreira&publication_year=2009&journal=Science&pages=621-625&doi=10.1126%2Fscience.1171203&pmid=19644122
https://doi.org/10.1523/JNEUROSCI.0979-09.2009
https://pubmed.ncbi.nlm.nih.gov/19494141/
https://scholar.google.com/scholar_lookup?title=Stress+prompts+habit+behavior+in+humans&author=L+Schwabe&author=OT+Wolf&publication_year=2009&journal=J+Neurosci&pages=7191-7198&doi=10.1523%2FJNEUROSCI.0979-09.2009&pmid=19494141
https://doi.org/10.1038/nrn2648
https://pubmed.ncbi.nlm.nih.gov/19455173/
https://scholar.google.com/scholar_lookup?title=Stress+signalling+pathways+that+impair+prefrontal+cortex+structure+and+function&author=AF+Arnsten&publication_year=2009&journal=Nat+Rev+Neurosci&pages=410-422&doi=10.1038%2Fnrn2648&pmid=19455173
https://scholar.google.com/scholar_lookup?title=The+Hour+Between+Dog+and+Wolf%3A+How+Risk+Taking+Transforms+Us%2C+Body+and+Mind&author=J+Coates&publication_year=2012
https://doi.org/10.1038/nrn894
https://pubmed.ncbi.nlm.nih.gov/12154366/
https://scholar.google.com/scholar_lookup?title=How+do+you+feel%3F+Interoception%3A+The+sense+of+the+physiological+condition+of+the+body&author=AD+Craig&publication_year=2002&journal=Nat+Rev+Neurosci&pages=655-666&doi=10.1038%2Fnrn894&pmid=12154366
https://doi.org/10.1016/j.geb.2004.06.010
https://scholar.google.com/scholar_lookup?title=The+somatic+marker+hypothesis%3A+A+neural+theory+of+economic+decision&author=A+Bechara&author=A+Damasio&publication_year=2005&journal=Games+Econ+Behav&pages=336-372&doi=10.1016%2Fj.geb.2004.06.010


VIEW FULL TEXT | DOWNLOAD PDF

P Schulz, C Kirschbaum, J Prüßner, D Hellhammer, Increased free cortisol secretion after awakening in
chronically stressed individuals due to work overload. Stress Med 14, 91–97 (1998).

Crossref | Google Scholar

45
G Nicholson, JM Burrin, GM Hall, Peri-operative steroid supplementation. Anaesthesia 53, 1091–1104
(1998).

Crossref | PubMed | Google Scholar

46
J Graham, C Harvey, The equity risk premium amid a global financial crisis. Available at http://ssrn.com/abst
ract=1405459. (2009).

Google Scholar

RESEARCH ARTICLE DECEMBER 16, 2013

Multimodel assessment of water scarcity
under climate change

Jacob Schewe, Jens Heinke, [...] Pavel Kabat 

 RESEARCH ARTICLE DECEMBER 16, 2013

Assessing agricultural risks of climate
change in the 21st century in a global
gridded crop model intercomparison

Cynthia Rosenzweig, Joshua Elliott, [...] James W. Jones 



RESEARCH ARTICLE DECEMBER 16, 2013

Climate change effects on agriculture:
Economic responses to biophysical shocks

Gerald C. Nelson, Hugo Valin, [...] Dirk Willenbockel 



PERSPECTIVE APRIL 1, 2024

Elements of successful NIH grant applications

Is there a formula for a competitive NIH grant application? The

Serenity Prayer may provide one: "Grant me the serenity to…
Houmam Araj, Leroy Worth, and David T. Yeung 

 RESEARCH ARTICLE DECEMBER 7, 2020

Comparing crime rates between
undocumented immigrants, legal immigrants,
and native-born US citizens in Texas

Despite its centrality to public and political discourse, we lack

even basic information on fundamental questions regarding…
Michael T. Light, Jingying He, and Jason P. Robey 



RESEARCH ARTICLE JUNE 2, 2014

Experimental evidence of massive-scale
emotional contagion through social networks

We show, via a massive (N = 689,003) experiment on Facebook,

that emotional states can be transferred to others via emotion…
Adam D. I. Kramer, Jamie E. Guillory, and Jeffrey T. Hancock 



Further reading in this issue

Trending

NOW READING: 

https://www.pnas.org/doi/full/10.1073/pnas.1317908111
https://www.pnas.org/doi/pdf/10.1073/pnas.1317908111?download=true
https://doi.org/10.1002/(SICI)1099-1700(199804)14:2%3C91::AID-SMI765%3E3.0.CO;2-S
https://scholar.google.com/scholar_lookup?title=Increased+free+cortisol+secretion+after+awakening+in+chronically+stressed+individuals+due+to+work+overload&author=P+Schulz&author=C+Kirschbaum&author=J+Pr%C3%BC%C3%9Fner&author=D+Hellhammer&publication_year=1998&journal=Stress+Med&pages=91-97&doi=10.1002%2F%28SICI%291099-1700%28199804%2914%3A2%253C91%3A%3AAID-SMI765%253E3.0.CO%3B2-S
https://doi.org/10.1046/j.1365-2044.1998.00578.x
https://pubmed.ncbi.nlm.nih.gov/10023279/
https://scholar.google.com/scholar_lookup?title=Peri-operative+steroid+supplementation&author=G+Nicholson&author=JM+Burrin&author=GM+Hall&publication_year=1998&journal=Anaesthesia&pages=1091-1104&doi=10.1046%2Fj.1365-2044.1998.00578.x&pmid=10023279
http://ssrn.com/abstract=1405459
https://scholar.google.com/scholar?q=J+Graham%2C+C+Harvey%2C+The+equity+risk+premium+amid+a+global+financial+crisis.+Available+at+http%3A%2F%2Fssrn.com%2Fabstract%3D1405459.+%282009%29.
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1222460110
https://www.pnas.org/author/Schewe%2C+Jacob
https://www.pnas.org/author/Heinke%2C+Jens
https://www.pnas.org/author/Kabat%2C+Pavel
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1222463110
https://www.pnas.org/author/Rosenzweig%2C+Cynthia
https://www.pnas.org/author/Elliott%2C+Joshua
https://www.pnas.org/author/Jones%2C+James+W
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1222465110
https://www.pnas.org/author/Nelson%2C+Gerald+C
https://www.pnas.org/author/Valin%2C+Hugo
https://www.pnas.org/author/Willenbockel%2C+Dirk
https://www.pnas.org/topic/type/pers
https://www.pnas.org/doi/10.1073/pnas.2315735121
https://www.pnas.org/author/Araj%2C+Houmam
https://www.pnas.org/author/Worth%2C+Leroy+Jr
https://www.pnas.org/author/Yeung%2C+David+T
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.2014704117
https://www.pnas.org/author/Light%2C+Michael+T
https://www.pnas.org/author/He%2C+Jingying
https://www.pnas.org/author/Robey%2C+Jason+P
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1320040111
https://www.pnas.org/author/Kramer%2C+Adam+D+I
https://www.pnas.org/author/Guillory%2C+Jamie+E
https://www.pnas.org/author/Hancock%2C+Jeffrey+T


Sign up for the
PNAS Highlights newsletter

Get in-depth science stories sent to your inbox twice a month.

name@example.com SUBSCRIBE

      

BROWSE

CURRENT ISSUE

PNAS NEXUS

SPECIAL FEATURES

LIST OF ISSUES

TOPICS, COLLECTIONS, AND ARTICLE TYPES

PNAS IN THE NEWS

FRONT MATTER

JOURNAL CLUB

MULTIMEDIA

PODCASTS

INFORMATION

ABOUT

SUSTAINABLE DEVELOPMENT GOALS

EDITORIAL BOARD

AUTHORS

REVIEWERS

SUBSCRIBERS

LIBRARIANS

PRESS

COZZARELLI PRIZE

PNAS UPDATES

Copyright © 2026 National Academy of Sciences. All rights reserved. | Online ISSN 1091-6490
PNAS is a partner of CHORUS, CLOCKSS, COPE, Crossref, ORCID, and Research4Life.

Contact  |  Site Map  |  Terms & Privacy Policy
|  Accessibility

https://www.pnas.org/
https://www.facebook.com/pages/PNAS/18262365099
https://twitter.com/PNASNews
https://bsky.app/profile/pnas.org
https://www.youtube.com/channel/UCYjvFEQMgH6ou8fSYfiOKCw
https://www.linkedin.com/showcase/pnas-news/
https://www.pnas.org/action/showPreferences?menuTab=Alerts
https://www.pnas.org/about/rss
https://www.pnas.org/toc/pnas/current
https://academic.oup.com/pnasnexus
https://www.pnas.org/about/special-features
https://www.pnas.org/loi/pnas
https://www.pnas.org/about/topics-collections-article-types
https://www.pnas.org/about/pnas-in-the-news
https://www.pnas.org/front-matter
https://www.pnas.org/journal-club
https://www.pnas.org/multimedia
https://www.pnas.org/about/science-sessions-podcast
https://www.pnas.org/about
https://www.pnas.org/sustainable-development-goals
https://www.pnas.org/about/editorial-board
https://www.pnas.org/author-center
https://www.pnas.org/reviewer
https://www.pnas.org/subscriptions
https://www.pnas.org/librarians
https://www.pnas.org/about/press
https://www.pnas.org/about/cozzarelli-prize
https://www.pnas.org/updates
https://www.pnas.org/about/staff-directory
https://www.pnas.org/about/site-map
https://www.pnas.org/about/terms
https://www.pnas.org/about/accessibility

