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Insufficient sleep and obesity: cause or consequence
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Abstract

Sleep is an ancient and evolutionarily conserved biological process that, when
disturbed, increases the risk for a variety of diseases in people, including
diabetes, cardiovascular disease, kidney disease, and cancer. Although results from
epidemiological studies support the link between insufficient sleep and an increased
risk of obesity, the directionality of this link is unknown. Results from short-term
controlled clinical studies, conducted almost exclusively in people who are normal
weight, demonstrate that sleep restriction increases hunger, appetite, energy intake,
and body weight. However, the authors are not aware of any studies that have
evaluated the effect of more than 3 weeks of experimental sleep restriction on
obesity risk factors, and few studies have been conducted in people with preexisting
obesity. This Perspective reviews the link between insufficient sleep and obesity risk

and the potential therapeutic effects of sleep extension in people with chronic sleep
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INTRODUCTION

Insufficient sleep can be defined as a failure to obtain the adequate
amount of sleep needed to support optimal mental and physiological
function. Insufficient sleep is common in modern society and is
likely caused by a variety of factors, including work, social and family
obligations, stress, sleep disorders, and other medical illnesses. The
American Academy of Sleep Medicine defines acute insufficient sleep
as a reduction in total sleep time, usually lasting less than 1 week,
whereas chronic insufficient sleep is defined as curtailed sleep that
persists for 3 months or longer [1].

Insufficient sleep is associated with an increased risk of devel-
oping obesity, characterized by an inverse dose-response associa-
tion between sleep duration and obesity risk. Data from a meta-
analysis of prospective cohort studies demonstrate that each
1-hour decrease in sleep from a sleep duration of 7 h/d is associ-
ated with a 9% increased risk of obesity [2]. However, epidemio-
logical studies are unable to determine causality, and it is not
clear whether insufficient sleep causes obesity or obesity causes

insufficient sleep and/or additional sleep disturbances, or both
(Figure 1).

INSUFFICIENT SLEEP

Data from controlled clinical studies conducted in lean participants
demonstrate that short-term experimental sleep restriction (e.g., 1
night of total sleep deprivation; 2 days of 4-hour time-in-bed [TIB]; 4
days of 5-hour TIB) increases appetite and cravings for high-carbohy-
drate-rich foods, which causes increased food consumption and
weight gain [3], despite an increase in energy expenditure associated
with sleep restriction [4]. A meta-analysis of 41 randomized controlled
trials found that experimental sleep restriction (4- to 5-hour as com-
pared with 8- to 9-hour TIB for 1-14 days) in healthy adults increases
subjective feelings of hunger and increases brain activity in response
to food stimuli in central reward centers [5]. As little as 2 days of sleep
restriction (4-hour vs. 10-hour TIB) induces changes in plasma con-
centrations of appetitive hormones, including a decrease in the satiety
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FIGURE 1 Conceptual model linking insufficient sleep to weight gain
and obesity risk

hormone leptin and an increase in the hunger hormone ghrelin [3].
Furthermore, 1 week of 8.5-hour versus 4.5-hour TIB in a controlled
inpatient setting increases fasting plasma ghrelin concentration and
blunts the normal postprandial decline in ghrelin [3]. Finally, 2 weeks
of a similar reduction in sleep duration (4-hour TIB) leads to an
increase in energy intake of more than 300 kcal/d, a 0.5 kg increase in
body weight, and an 11% increase in visceral fat volume [6]. Con-
trolled studies of slightly longer sleep restriction also demonstrate
that sleep loss induces weight gain. Reducing habitual sleep duration
by 1.5 h/night for 3 weeks in free-living healthy men is associated
with an approximate 1-kg increase in body weight [7]. Together, these
data suggest that alterations in energy balance, appetitive hormones,
hunger, and appetite, as well as subsequent eating behavior induced
by acute sleep restriction in people who are normal weight, can
induce weight gain. However, we are not aware of any studies that
have evaluated the effects of more than 3 weeks of experimental

sleep restriction or impaired sleep quality on body weight.

SLEEP EXTENSION

Extending sleep duration in people who have chronic sleep insuffi-
ciency may reverse some of the deleterious consequences of sleep
loss. However, the effect of sleep extension on food intake and
body weight is not clear because of conflicting results from studies
that have reported decreases in appetite and sugar intake or no
effect on appetite, diet selection, appetitive hormones, energy
expenditure, and body weight [8]. The reason for the discordance
in outcomes among studies is not clear but it could be related to
the amount of the increase in sleep duration. It is possible that the

clinical benefits of sleep extension require a minimum threshold of
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daily sleep of at least 6 h/night. In a recently completed random-
ized controlled clinical trial, the effects of increasing sleep duration
to 8.5 h/night for 2 weeks were evaluated in people with over-
weight who habitually slept less than 6.5 h/night [9]. During sleep
extension, participants reduced their estimated daily energy intake
by 270 kcal, without a measurable change in total energy expendi-
ture (assessed by using the doubly labeled water technique), result-
ing in a small (0.5 kg), but statistically significant, decrease in body
weight [9].

CONCLUSION

Acute insufficient sleep combined with ad libitum access to food
increases energy expenditure, food intake, and body weight in people
who are lean. However, the long-term effects of experimental sleep
restriction (>3 weeks) on the risk of developing obesity are not known.
In addition, we are not aware of studies that have evaluated the effect
of experimental sleep restriction without dietary manipulations on body
weight, hunger and appetite, or neuroendocrine hormones in people
with overweight or obesity. Additional studies are needed to do the fol-
lowing: 1) evaluate the effect of longer duration sleep restriction and
reduced sleep quality on energy balance and body composition; 2)
determine the effect of experimental sleep restriction on body weight
in people with overweight/obesity; 3) provide a better understanding
of the importance of reduced sleep quality in the pathogenesis of obe-
sity; 4) provide a better understanding of the potential health benefits
of sleep extension in people with obesity and chronic sleep insuffi-
ciency; and 5) determine whether optimizing sleep as part of a weight
management program enhances weight loss.O
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