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In a recent issue of SLEEP, Lim et al. [1] report how different forms 

of sleep loss moderate risky decision-making, and how this 

effect is dependent on gender. This was a comprehensive study 

that deployed two assessments of risky decision-making (min-

imizing losses or maximizing gains), explored two types of sleep 

loss (a night of sleep deprivation or consecutive nights of shorter 

sleep), and compared effects between men and women. The au-

thors found interactions across all of these dimensions. Thus, 

there is a lot to unpack. The results are certainly intriguing, and 

potentially important given that sleep deficiency is rife across 

many societies [2]. Nonetheless, as discussed below, we feel 

that it is way too early to implement the authors’ suggestion 

that “Efforts by organisations to reduce detrimental risky de-

cisions made by employees should take into consideration the 

employees’ sex, the type of sleep loss experienced, and the way 

decisions are framed.”

Most people make hundreds of decisions daily; from the 

mundane (whether to pay extra for express package delivery) to 

the potentially high-stakes (whether to slow down or accelerate 

as traffic lights change). There has been much research into the 

factors influencing decision-making and their neurobiological 

bases. One approach examines the processing steps contrib-

uting to simple decisions [3–5]. For example, in making a choice 

between available commodities, one assesses the value of each 

commodity; compares values among all available commodities; 

and decides based on those relative values. Another approach 

focuses on how choice patterns in those simple decisions are 

affected by manipulations or conditions such as exposure to al-

cohol [6–8], substance use disorders [9], or psychiatric diagnoses 

[10]. Such research may identify causal mechanisms, providing 

potential targets for intervention. For example, limiting dopa-

minergic agonist therapy in Parkinsonism because prolonged 

use is associated with selecting riskier activities [11]. Public 

policy also considers factors that affect risky decisions, most no-

ticeably by imposition of age requirements on driving because of 

the perceived riskier choices in some younger individuals [12].

Thus, there are numerous steps in the decision-making 

process where potential moderating factors, such as sleep or 

gender, can play a role. In their study, Lim et  al. [1] used the 

Lottery Choice Task (LCT) that their group developed [13, 14]. 

Across numerous trials, participants were shown two options (A 

and B), each of which included three equally probable “payouts,” 

and were required to choose either A or B. For option A possible 

“payouts” were $10, $10, or $20 (average = $13.33), whereas pos-

sible “payouts” for option B varied over trials and encompassed 

a larger range, for example, $2, $13, or $25 (average = $13.33). The 

same averages meant that both options had the same “expected” 

value, a factor known to affect choice [15]. The essence of the 

task was that the larger range in option B (with both lower and 

higher possible “payouts” than in option A), meaning that option 

B was always deemed to be the riskier choice. Analyses focused 

on the number of choices of option A versus B. In addition, op-

tions A and B were presented to participants in two batteries; 

either framed as amounts that a participant might earn (maxi-

mize gains) or as amounts that might be lost (minimize losses). 

The study had a realistic outcome. Following task completion, 

one of the trials was selected at random and the participant 

would win or lose the “payout” from that trial. This procedure 

presumably works well when participants earn money but begs 

the question of whether participants could actually lose money 

by volunteering in this study.

Lim et  al. [1] compared LCT performances in a well-rested 

state (following six consecutive days with 9 h sleep opportunity 

per night) with LCT performance following two forms of sleep 

© The Author(s) 2022. Published by Oxford University Press on behalf of Sleep Research Society.  

All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
le

e
p
/a

rtic
le

/4
5
/9

/z
s
a
c
1
7
7
/6

6
4
8
8
5
8
 b

y
  s

u
p
p
o
rt o

n
 2

0
 S

e
p
te

m
b
e
r 2

0
2
2

https://orcid.org/0000-0002-0225-7200
https://orcid.org/0000-0003-1949-0954
mailto:mitchesu@ohsu.edu?subject=


2 | SLEEP, 2022, Vol. 45, No. 9

loss: one night of total sleep deprivation (TSD), or following mul-

tiple consecutive days of sleep restriction (SR: 4 days of 4 h sleep 

opportunity per night). The sequences of well-rested and sleep 

loss were counterbalanced. An initial finding that validated the 

approach was that the risk averse, Option A, was selected more 

often when amounts were framed as maximizing gains (rather 

than minimizing losses); which is a well-established result in 

the decision-making literature [16]. Another useful validity 

check included the self-reported effects of sleep loss, which in-

dicated that well-rested and sleep loss conditions differed in the 

expected directions. Then things got complicated: when com-

pared to the well-rested state, and when trying to maximize 

gains, females were more risk averse following TSD and SR, 

whereas males were not systematically affected by sleep loss. 

On the other hand, when trying to minimize losses, females 

were not systematically affected by sleep loss, whereas males 

became more risk seeking during TSD alone. These are complex 

findings that can inform future studies.

A full appreciation of the experimental nuances is needed 

though before further studies are performed to drill down on 

the effects found by Lim et al. [1]. First, we were intrigued that 

the authors aimed “…to examine the impacts of TSD and SR, 

independent of any effects of sleepiness.” This is an interesting 

concept, as the neurophysiological underpinnings of sleep loss 

and sleepiness are unknown, the two almost inevitably go to-

gether, and the two probably cannot be separated—mechanis-

tically or even statistically. Thus, it would have been interesting 

to assess whether not using the Karolinska Sleepiness Score 

as a covariate in the statistical models reduced or even im-

proved the ability of detecting any overall effects of sleep loss 

on decision-making. Second, the sleepiness ratings were not 

broken down by participant gender, which was a lost oppor-

tunity to shed light on the well-reported gender differences in 

risk-taking. Third, the authors are to be commended by use of 

two sleep loss conditions which could increase the generaliz-

ability of the results. The condition of TSD is effectively a loss of 

8 h of sleep across one night, and SR is effectively a loss of 16 h 

of sleep across four consecutive nights (presumably allowing 

some recovery across each night). While these somewhat ar-

bitrary experimental choices may not emulate true life experi-

ence for everyone, these ranges do encompass the ranges of 

sleep loss that many people have encountered. However, given 

that differences emerged, one is left wondering if the different 

results are due to different mechanisms at play between those 

conditions, or the more likely situation that the differences 

were merely due to differences in the biological equivalence of 

the two selected sleep loss manipulations. Fourth, there were 

differences in clock times (as the authors noted) and prior 

light exposure between the well-rested and sleep loss condi-

tions, which raises the concern that internal circadian phases 

are different and could have affected results. Fifth, the prox-

imity to prior sleep, and therefore degrees of sleep inertia [17, 

18], were also different between conditions and could have 

affected results. Thus, it would be useful to determine in fu-

ture studies if risk-taking is affected by circadian phase or 

sleep inertia. Sixth, given their interest in gender differences, 

it is unfortunate that Lim et al. [1] did not collect information 

about menstrual cycle, which they themselves note as a limi-

tation. Indeed, some studies have reported effects of menstrual 

cycle phase on decision-making tasks [19, 20], and recent re-

search in rodents demonstrated interactions between gonadal 

regulatory mechanisms and brain regions associated with 

decision-making [21]. However, no studies have yet explored 

whether these interactions are moderated by SR.

Determining whether the gender differences reported 

by Lim et  al. [1] can generalize beyond the LCT to other 

decision-making scenarios, and whether risky decisions are 

differentially affected by different degrees of sleep loss, are 

important next steps. While understanding the mechanisms 

is an intriguing future direction, the types of sleep loss and 

the types of risky decision-making tests used in the laboratory 

may be very far from what occurs in real life. For instance, an 

additional prominent moderating factor of decision-making is 

motivation [22, 23], which will likely be different in every situ-

ation, and is also affected by sleep [24, 25]. Nonetheless, it is 

certainly worth considering the applied importance of this re-

search. Lim et al. [1] suggest that their findings may have impli-

cations for worker reliability and competence in professional 

settings that involve risky decision-making and work hours 

that curtail sleep (physicians and financial traders are men-

tioned). We contend that empowering employees by educating 

them about the possible risks they are taking, routine steps 

that can be used to reduce risks, and how risk-taking behav-

iors may be modulated by a number of factors, including sleep 

loss and gender, is a sensible approach. Of course, these find-

ings could have just as much importance for choices involving 

risky options outside the workplace, such as driving, gambling, 

and all manner of social interactions. Finally, this research 

begs the question of whether these same effects pertain in 

people with disturbed sleep (e.g. sleep apnea or insomnia). 

Overall, this study by Lim et al. [1] is an important contribu-

tion to this area of research and reveals many important un-

answered questions.
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