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Abstract

Study Objectives: To determine how sleepiness and sleep deprivation drive the motivation to engage in different behaviors.

Methods: We studied the sleepiness of 123 participants who had been randomized to sleep deprivation or normal sleep, and their willingness
to engage in a range of everyday behaviors.

Results: Self-reported sleepiness was a strong predictor of the motivation to engage in sleep-preparatory behaviors such as shutting one’s
eyes (OR = 2.78, 95% CI: 2.19-3.52 for each step up on the Karolinska Sleepiness Scale) and resting (OR = 3.20, CI: 2.46-4.16). Sleepiness was
also related to the desire to be cared for by a loved one (OR = 1.49, CI: 1.22-1.82), and preparedness to utilize monetary and energy resources
to get to sleep. Conversely, increased sleepiness was associated with a decreased motivation for social and physical activities (e.g. be with
friends OR = 0.71, CI: 0.61-0.82; exercise OR = 0.65, CI: 0.56-0.76). Sleep deprivation had similar effects as sleepiness on these behaviors.
Neither sleepiness nor sleep deprivation had strong associations with hunger, thirst, or food preferences.

Conclusions: Our findings indicate that sleepiness is a dynamic motivational drive that promotes sleep-preparatory behaviors and competes
with other drives and desired outcomes. Consequently, sleepiness may be a central mechanism by which impaired alertness, for example,
due to insufficient sleep, contributes to poor quality of life and adverse health. We propose that sleepiness helps organize behaviors toward
the specific goal of assuring sufficient sleep, in competition with other needs and incentives. A theoretical framework on sleepiness and its
behavioral consequences are likely to improve our understanding of several disease mechanisms.

Statement of Significance

We show that sleep deprivation and self-reported sleepiness (1) increase willingness to engage in sleep-preparatory behaviors, (2) reduce
willingness to engage in physical and social behaviors, and (3) induce a preparedness to utilize resources toward being allowed to sleep.
Through this reduction in motivation to engage in physical and social activities—activities that increase the quality of life and protect
against health problems—too much sleepiness may act as a mechanism contributing to cardio-metabolic and mood disorders. Sleepiness
is common in many patient groups, further indicating its role as a mediator between insufficient sleep and increased risk for developing
several afflictions. This manuscript thus provides a new theoretical framework around self-reported sleepiness as a mechanistic risk factor
for adverse health outcomes.
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Introduction

Primary motivational drives, such as hunger and thirst, pro-
mote behaviors that meet biological needs. Sleep is an essen-
tial biological need regulated by homeostatic and circadian
processes [1], but little is known about sleep-related mo-
tivations. The primary consequence of sleep deprivation is
sleepiness [2], a phenomenon strongly influenced by external
stimuli, incentives, and desired outcomes [3], similar to how
the flexibility of motivational drives, emotions, and survival
circuits helps the organism respond to challenges and op-
portunities in a dynamic environment [4]. The present study
proposes a new model where sleepiness functions as such a
motivational drive, assuring that basic requisites for sleeping
are obtained.

Traditionally, sleepiness has been defined as a physio-
logical inability to stay awake, commonly measured as the
time it takes to fall asleep when lying in a bed in a dark envir-
onment [5]. However, humans, primates, and many other ani-
mals do not enter sleep indiscriminately, but instead engage
in a number of sleep-preparatory behaviors before sleeping
[6]. Typically, such behaviors relate to safety (e.g. finding a safe
site in a tree/burrow/cave, sleeping together), comfort and hy-
giene (e.g. shelter from elements, avoidance of light or biting
insects, making the bed), social dynamics and huddles (e.g. kin
relationship, conservation of body heat), and obtaining a par-
ticular sleep position (e.g. lying in a certain position, shutting
one’s eyes) [6, 7]. Many of these behaviors ensure that sleep oc-
curs in an acceptable setting. The fact that most of them are
robust across species and cultures suggests that preparing for
sleep is driven by a motivating mechanism to assure the safety
and adequacy of one’s surroundings. Here, we investigated the
potential role of sleepiness as such a mechanism, coordinating
these preparatory behaviors.

Insufficient sleep is related to an increased risk for ad-
verse health outcomes [8], and proposed mechanisms include
metabolic, immunological, and cognitive alterations. The pri-
mary consequence of insufficient sleep—either caused by
acute sleep loss, repeated partial sleep restriction [2], or dis-
ruption of slow-wave sleep [9]—is sleepiness, and it seems
possible that any sleepiness-related alterations of motivation
and behavior could be a previously unexplored pathway be-
tween insufficient sleep and health problems. For example,
previous findings indicate that sleep loss has a larger effect
on the experience of exertion than on physiological effort, as
indicated by heart rate and metabolic rate, while exercising
[10]. It seems possible that through decreased motivation,
sleepiness results in avoidance of, and reduced tolerance to,
physical activity.

We hypothesized that sleepiness would be associated with
an increased desire for safety-seeking and utilization of re-
sources toward sleeping, and a decreased inclination toward
engaging in other, competing, behaviors. To test these hy-
potheses, participants were randomized to one night of sleep
loss or a normal night’s sleep. The following day they rated
their sleepiness and how much they wanted to engage in dif-
ferent behaviors. With an exploratory aim, we also assessed
eating behaviors and preferences. While the literature shows
that sleep deprivation increases energy expenditure, hunger,
and preference for high-energy foods [11], eating and drinking
could also be seen as a competitive behavior to the initiation
of sleep.

Methods
Participants

To cause variation in sleepiness, 123 participants (61 women,
mean age 25.3 + 6.3 years) were randomized to normal sleep at
home (N = 60; 29 women, mean age 25.1 + 6.8 years), or a night
of total sleep deprivation (N = 63; 32 women, mean age 25.5 =
5.7 years), verified by continuous monitoring in the laboratory.
Inclusion criteria were fluent Swedish, and a habitual sleep needs
of 7-9 hours. Participants were free from sleep disorders and other
physical and mental disorders, not allowed to have worked shifts
the previous 3 weeks, habitually drink more than three cups of
coffee or tea per day, smoke, take medication that affects sleep/
sleepiness, or have studied psychology. The sample was a subset
of a larger sleep-deprivation study, see Ref. [12] for the detailed
study protocol. The study was approved by the Regional Ethical
Review Board in Stockholm (dnr: 2012/2189-31/3 and 2014/1766-
32). Participants provided written informed consent.

Participants spent three nights sleeping 7-9 hours before
being informed of their sleep condition for the fourth night. For
the sleep group, participants were instructed to spend one more
night sleeping 7-9 hours at home and coming to the lab at 10:00
the following day. Participants in the sleep-deprivation group in-
stead came to the lab at 22:00 that evening and stayed awake
throughout the night. Breakfast was served 06:30-07:30 in the
sleep-deprivation condition, whereas normal-sleep participants
had breakfast at home at a time of their choosing, before coming
to the lab. Lunch was served in the lab at 12:00. Ratings were
collected at 11:00. No strenuous exercise or alcohol was allowed
during the day prior to, or the morning of, coming to the lab, and
no caffeine intake or naps were allowed during the lab day.

Sleep

Participants’ sleep was measured with actigraphy (Motionwatch
8, Camntech, UK) and sleep diaries for three to four nights in
their own homes. The average sleep times across the first 3
nights were 470 + 39 min (mean + SD) for the normal-sleep group
and 470 + 35 min for the sleep-deprivation group. During the
fourth night, when the sleep-deprivation group was awake in the
lab, the normal-sleep group slept for an average of 474 + 50 min.

Sleepiness and motivation

At 11:00, participants used the newly constructed motivation
scale of sleepiness (MOSS) to indicate their motivation to engage
in 24 different behaviors on 5-graded scales (see supplement for
full questionnaire and distributions). They also rated their self-
reported sleepiness on the Karolinska Sleepiness Scale (KSS), see
Figure 1I. The KSS is a well-validated scale related to physiological
markers of sleepiness, reduced performance, and accidents, and
responses are strongly affected by sleep loss [13], making it widely
used in experimental sleep-deprivation studies as well as in field
studies. The MOSS was developed for the present study to measure
behavioral dimensions of sleep preparation, sleep, social activities,
physical activities, resource utilization, and food preferences.

In a previous study [14], we found that two nights of partial
sleep deprivation increased sleepiness with approximately 3 units
on the KSS scale, with a pooled standard deviation of approxi-
mately 1.6, indicating an effect size of d = 1.9 and 100% power to
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Figure 1. (A-G) Expected means of the responses (1 = not at all, 5 = very/very much) as a function of self-reported sleepiness (Karolinska Sleepiness Scale (KSS) 1 = very
alert, 9 = very sleepy). (H) Probability of paying money or walking any distance as a function of sleepiness. (I) Distribution of observed sleepiness for the two groups.
Expected means were calculated from predicted probabilities based on estimates from ordinal (proportional odds) logistic regression models.

detect such an effect in this study. The sample size of n = 123 al-
lowed for detection of true associations between sleepiness and
motivation of r = 0.32 with 95% and r = 0.25 with 80% power at p <
.05. All independent variables (i.e. sleep deprivation and sleepiness
ratings) and dependent variables (MOSS items) collected for the
aim of this article have been reported. No participants or observa-
tions were excluded from the analyses.

Statistics

Data were analyzed using an ordinal (proportional odds) logistic
regression model. This model assumes a continuous latent

dependent variable that has been measured on an ordered
category scale with K responses, and fits multiple intercepts
¢{1,2,...,K— 1} representing cut-points between the observed
response categories, where:

—0=(0 <G << (k=00 1)

The probability of response K is then the normal lo-
gistic model below, where xf is the combined linear predictor
excluding the intercepts:

logit(P(Y < k[x)) =G — X8 2
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Two different models were fitted. The first model estimated
the association of responses with sleep deprivation and the
second model estimated the association of responses with
sleepiness. The exponentiated estimates describe the odds
ratio (OR) of an increase of at least one step on the MOSS-
scale for the sleep-deprived group compared to the group with
normal sleep, or as an increase in the MOSS-scale response
for every one unit increase of rated sleepiness (KSS: 1-9) for
all participants combined. Expected means of the responses
were subsequently calculated from the predicted probabil-
ities. A likelihood ratio test was used to assess statistical sig-
nificance, by comparing the model fitting sleep deprivation or
sleepiness as a predictor, with a model fitting only the inter-
cepts. All analyses were performed in R using the polr function
from the package MASS [15].

Results

The effects of sleep deprivation are detailed in Table 1 (mean
values are reported in Supplementary Table 1). In addition to
being sleepier, sleep-deprived participants expressed more pref-
erence for sleep preparation, resting, sleeping, and care seeking
(being cared for by a partner, but not by a parent). The sleep-
deprived group also showed less interest in engaging in social
activities with others, and instead wanted to be alone. Sleep-
deprived participants were also prepared to utilize more re-
sources in order to be able to sleep, with regard to both paying
or walking at least some distance in order to be allowed to go to
bed. There was no effect of sleep deprivation on hunger, thirst,

or food preferences. Thus, our data do not support the notion
that one night of sleep deprivation is associated with changes
in thirst or food preferences, at least not around 11:00 when
ratings were made.

Increased sleepiness strongly predicted wanting to engage
in sleep-preparatory behaviors, resting, and sleeping in a bed
(Figure 1A and B and Table 1). These data support the notion that
a primary function of sleepiness is to stimulate behaviors that
facilitate an adequate environment for sleep to occur in. The
finding that sleepiness was related to an increased willingness
to be cared for by a partner or parent (Figure 1C), indicates that
kinship or close partner relationships are of concern in sleepy
humans, similar to how other social animals often sleep with
close peers [6].

If a primary function of sleepiness is to prepare for sleep, it
should also decrease motivation for engaging in competitive
behaviors, and increase the willingness to utilize resources in
order to go to sleep. Indeed, increased sleepiness was related to
a decreased willingness to engage in physical activities such as
walking, exercise, and food shopping (Figure 1D). Furthermore,
higher levels of sleepiness were associated with a decreased de-
sire to engage in social activities such as going on a date, being
with a friend, or socializing with a stranger, and an increased
desire to be alone (Figure 1E). For example, when sleepiness was
4.5 or higher on the KSS, the average person preferred being
alone to being on a date, and when higher than 6 on the KSS, the
preference was to be alone rather than with friends. As sleepi-
ness increased, so did participants’ willingness to pay money to
be allowed to go to bed immediately (Figure 1H). Sleepier partici-
pants were also prepared to walk further in order to get to sleep

Table 1. Effects of sleep deprivation on the motivation to engage in different behaviors and activities, and their associations with sleepiness

Effect of sleep deprivation

Association with sleepiness

Group Dependent variable OR 95% CI P OR 95% CI P
Sleepiness Sleepiness 31.66 12.94,77.5 .000™** — — —
Sleep preparation Shut eyes 9.63 4.54,20.4 .000*** 2.78 2.19,3.52 .000"*
Quiet 2.47 1.29,4.72 .006™ 1.42 1.22,1.66 .000***
Be home 9.04 4.28,19.1 .000*** 1.80 1.52,2.15 .000**
Resting and sleeping Rest 18.00 7.87,41.2 .000** 3.20 2.46,4.16 .000™*
Sleep own bed 24.82 10.43,59.1 .000"* 3.05 2.35,3.96 .000™*
Sleep any bed 14.96 6.84,32.8 .000*** 2.58 2.03,3.28 .000***
Care seeking Partner 5.59 2.15,14.5 .000** 1.49 1.22,1.82 .000***
Parent 1.51 0.78,2.91 221 1.19 1.03,1.39 .019*
Physical activities Food shopping 0.19 0.09,0.41 .000*** 0.77 0.66, 0.89 .001™*
Walk 0.35 0.18,0.67 .001** 0.79 0.69, 0.91 .001**
Exercise 0.16 0.08, 0.34 .000"** 0.65 0.56,0.76 .000™**
Social activities Be with stranger 0.19 0.09, 0.38 .000*** 0.61 0.51,0.72 .000***
Date 0.19 0.09, 0.39 .000™* 0.62 0.52,0.73 .000***
Be alone 5.52 2.76,11.05 .000"** 1.62 1.37,1.91 .000™**
Be with friends 0.12 0.06, 0.24 .000*** 0.71 0.61,0.82 .000***
Hunger and thirst Hungry 1.84 0.97,3.53 .063 1.16 1.00,1.34 .045"
Water 0.58 0.30,1.10 .095 0.93 0.81, 1.07 .329
Meal 1.24 0.66, 2.33 .510 1.04 0.91, 1.20 .542
Food preferences Fruit 0.94 0.50,1.77 .850 1.00 0.87,1.15 973
Sweets/candy 1.12 0.59,2.14 726 1.08 0.94, 1.25 .264
Steak/protein 0.90 0.48, 1.69 738 1.00 0.86, 1.15 945
Utilization of resources Pay 5.41 2.48,11.8 .000*** 1.66 1.34, 2.05 .000***
Walk 2.15 1.12,4.11 .020* 1.20 1.03,1.40 .017*

Ordinal (proportional odds) logistic regression. The table shows odds ratios (OR) for a one-unit increase on the response scale after sleep deprivation (left) and with
an increase of one unit of sleepiness on the Karolinska Sleepiness Scale (KSS) (right), with 95% confidence intervals, p-values based on likelihood ratio tests.

*p <.05. "p < .01. **p < .001.



sooner, although this effect size was small, likely due to the fact
that even alert participants chose to walk at least some distance.

Although sleepiness was related to a slight increase in
hunger, there was no association between sleepiness and thirst
or food preferences (Figure 1F and G).

Asindicated in Figure 1, not all variables were associated with
sleepiness. A more detailed analysis is presented in the sup-
plementary appendix (Supplementary Figure S1), showing the
probability distribution of the responses as a function of sleepi-
ness. The weakest associations (Supplementary Figure panels
P-U) show a relatively constant probability distribution of the re-
sponses across all levels of sleepiness, while the strongest asso-
ciations, such as shutting the eyes and resting (Supplementary
Figure panels A-F) clearly indicate how probabilities for higher
ratings increase with higher sleepiness levels.

Discussion

These data indicate that sleepiness is more than just the propen-
sity to fall asleep. In line with our hypothesis, sleepiness seems
to function as a dynamic motivational drive, affecting daily ac-
tivities, promoting sleep-preparatory behaviors, and influencing
the timing of sleep. Thus, sleepiness can be seen as an integral
mechanism assuring that sleep occurs in an adequate and safe
environment. Many animals have particular sleep sites and en-
gage in sleep-preparatory behavior [6, 7], and it is likely that such
a mechanism would be conserved across a large range of species.

Although sleepiness contributes to sleep occurring during op-
timal times and in an adequate environment, it could also be
viewed as a potential mechanism behind the detrimental effect
of sleep loss on health, including mental and cardio-metabolic
health. The finding that sleepiness reduced the motivation to en-
gage in physical and social activities has important implications,
as such activities contribute to the quality of life and protect
against ill-health [16, 17]. Along these lines, viewing sleepiness
as motivation may help explain why less sleep relates to wanting
to be alone, social withdrawal, and loneliness [18-20], as well as
why many mental disorders, often comorbid with sleep prob-
lems [21], are characterized by a reduced motivation to engage
socially with others. Sleepiness might thus be a mechanism be-
hind how short and disturbed sleep, as well as excessive daytime
sleepiness unrelated to sleep loss, increase the risk for negative
health outcomes and a sedentary lifestyle. Furthermore, the mo-
tivation to be at home and sleep in one’s own bed when sleepy
could be a potential risk factor for accidents. For example, shift
workers driving home from a night shift might be highly motiv-
ated to get there as soon as possible, decreasing the likelihood of
safety behaviors such as stopping for a nap or coffee, or planning
for an alternative way to get home.

Targeting self-reported sleepiness directly (e.g. through light,
sleep treatment, or caffeine) might aid health-protective behav-
iors, improve adherence with treatment schemes, and reduce
health risks. This kind of intervention may be particularly suc-
cessful in cases where there is a strong relationship between ex-
cessive sleepiness and health problems, such as depression [22,
23]. Our findings highlight the need for future studies in the fields
of human biology, psychology, and medicine to investigate sleepi-
ness from a motivational perspective, and to elucidate its poten-
tial role in competing with other behaviors. From one perspective,
it seems likely that some motivational drives, such as socializing
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with others [24] and breeding [25], cause individuals to down-
prioritize sleep duration despite becoming sleepier. There is a
clear need for studying the importance of sleepiness as a signal for
decision making in competition with other motivational drives,
and why individuals’ choices vary under different circumstances.

A crucial aspect in the current study was the focus on how
much the participants wanted to engage in different behaviors ra-
ther than monitoring what behaviors they actually engaged in. It
will be important to carry out studies of how sleepiness and other
motivational drives together predict actual behavior in real-life
situations, both at work and at home. Other ways of manipulating
sleepiness, for example, with repeated sleep restriction, naps, or
caffeine, would also help delineate how motivation and behavior
are affected. Furthermore, future work will have to define how
sleepiness and fatigue relate to one another from a motivational
viewpoint. Although from a theoretical point of view these con-
cepts are strongly separated from each other, they are often used
interchangeably [26]. The definitions of fatigue vary, with some
including sleepiness as one of its dimensions (e.g. Ref. [27]), while
others have used definitions and shown data indicating that
sleepiness and fatigue are independent manifestations of in-
sufficient sleep [28]. Limitations of the current study include the
restricted sample of healthy young adults and the one-time as-
sessment, that participants in the normal-sleep condition could
eat what and when they wanted the morning before coming into
the lab, and that hunger was measured at a time when partici-
pants were not very hungry. Measures of how sleepiness relates
to behavioral changes and actual food intake at all times awake
will also be an important future step. Furthermore, there is a need
to study sleepiness as a motivational drive in more diverse and
less healthy groups, preferably in a longitudinal manner.

In conclusion, this study shows for the first time that sleepi-
ness can function as a motivational drive and is an important step
in optimizing one’s sleep. If the reduced desire to engage in phys-
ical and social activities when sleepy translates to actual reduc-
tions in these behaviors, it has implications for how insufficient
sleep contributes to negative health outcomes [8, 22] as well as
how these could be counteracted. We propose that factors redu-
cing sleepiness may, besides counteracting deteriorations in per-
formance, also aid individuals in managing a healthier lifestyle.

Supplementary Material

Supplementary material is available at SLEEP online.
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