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Etiology and Pathophysiology

Does stress influence sleep patterns, food intake, weight
gain, abdominal obesity and weight loss interventions
and vice versa?
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Summary
Decades of research have reported only weak associations between the intakes of
specific foods or drinks and weight gain and obesity. Randomized controlled
dietary intervention trials have only shown very modest effects of changes in
nutrient intake and diet composition on body weight in obese subjects. This review
summarizes the scientific evidence on the role mental stress (either in or not in
association with impaired sleep) may play in poor sleep, enhanced appetite,
cravings and decreased motivation for physical activity. All these factors contribute
to weight gain and obesity, possibly via decreasing the efficacy of weight loss interventions. We also review evidence for the role that lifestyle and stress management
may play in achieving weight loss in stress-vulnerable individuals with overweight.
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Introduction
Stress can be defined as a negative emotional experience accompanied by biochemical, physiological and behavioural
changes (1). Stress affects the majority of the population,
and there is suggestive evidence that stress induces some
types of depression (2,3). Stress can be induced not only by
many factors, including insecurity in personal, social and
professional life, but also by factors such as impaired or insufficient sleep (Table 1). Whether or not people might experience stress primarily depends on the meaning and
importance assigned to such potential ‘stressors’. In fact,
an event becomes especially stressful when it is seen as highly

© 2017 World Obesity Federation

relevant and threatening as well as inescapable. Thus,
exposure to a ‘stressor’ does not inevitably cause stress.
Deficiency in vitamin D, niacin, folate, vitamin B6, Vitamin
B12 and omega-3 fatty increase the susceptibility to stress
and depression (4,5). Furthermore, polymorphisms of the
glucocorticoid receptor gene are associated with basal cortisol secretion and increase the vulnerability to stress (6,7).
Experience or initiation of stress may be at a specific
situation/life time event, i.e. gestational stress, referring to
the stress that specifically occurs during pregnancy affecting
mother and child, and social stress, referring to stress
initiated from relationships or social environment; stress
may also become chronic. In chronic stress, responses may
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Table 1

List of stressful events and perceived chronic stressors

Major life event (lifetime)

Recent life event (within the last 12 months)

Parents’ conflicts/separation/
divorce
Loss of parent or other
relative
Loss of child by death or
removed
Separation from one or both
parents
Family or significant other
with substance abuse issues
Educational setback – failure
Isolation and abandonment
Loss of home to natural
disaster
Victim of violence
Observing violent
victimization

Relationship difficulties
Significant increase in arguments
Unfaithful significant other
Divorce or separation
Ending of close relationship
Death of a loved one
Child or significant other
Close family friend
Job-related stress
Demotion/worse job
Mobbing
Transfer
Pay loss
Job loss
Financial crisis
Bankruptcy
Going on welfare
Legal difficulties
Poor school performance
Failure or dropout
Living-situation stress
Moved to worse neighbourhood
Kicked out of house
Kicked child out of house
Natural disaster – loss of home
Physical assault
Serious accident or injury
House/car broken into
Unwanted pregnancy
Abortion/miscarriage

Life trauma

Perceived chronic stress

Parental neglect as child
Childhood/school social and learning problems
Physical abuse/assault
Threatened or witnessed assault
Exposure to war or combat
Kidnapping
Death
Immediate family member or
significant other (including suicide)
Emotional abuse
Serious accident
Self/witnessed one
Sexual abuse/assault
Trauma related to natural disaster

Relationship problems
Divorce/separation
Child-related stress
Chronic health/medical
problems
Job/employment-related
stress
Financial difficulties
Unemployment
Legal problems
School-related stress
Living-situation stress

The table is the authors’ modification of the ‘Cumulative Adversity Interview’ by Sinha A & Jastreboff AM (11).

become accustomed while the stressor occurs or may persist
long after the occurrence or even in absence of the stressor.
The high risk for weight gain, and particular accumulation
of visceral adipose tissue, during chronic stress is thought to be
related to activation of the hypothalamic–pituitary–adrenal
axis (HPA-axis), sympathoadrenal activity as well as a negative affective consequence (negative mood causing ‘emotional
eating’) (8–15). In obese individuals, chronic mental stress increases the risk of co-morbidities (16,17). It is a very old observation that abdominal obesity and the metabolic syndrome
are tightly correlated to both mental stress and an unhealthy
lifestyle composing of a poor diet, smoking, alcohol and lack
of physical activity (18). Yet even though this stress/body
weight relationship is gaining scientific approval, its potential
causal role in clinical obesity seems to be grossly overlooked,
in so far as there are only a few intervention studies that have
examined the efficacy of stress management for success of obesity management.
The complex interaction among environmental, psychological, nutritional, societal and biological factors is absent
in the scientific focus on stress as a potential cause of obesity. Many health professionals have identified certain foods
and drinks as causal factors promoting obesity in stressed
individuals and populations, thus potentially overlooking
Obesity Reviews 19, 81–97, January 2018

the real aetiology of obesity – and its real solution. We posit
that an increased craving for, and consumption of, certain
palatable foods and drinks high in carbohydrates and fat
may only be mediators, not causes, and excessive focus on
food and drink intake diverts attention from societal solutions that will prove effective.
The purpose of this review is to summarize the scientific
evidence on the role mental stress (either or not in
association with impaired sleep) may play in poor sleep,
enhanced appetite, cravings and decreased motivation for
physical activity. The concept may also contribute to
explain the findings from both observational studies and
randomized controlled trials that the effect on body weight
of, e.g. high-fat sweet and/or savoury foods, is minor because effects are diluted by a large (unstressed) part of the
population who do not gain weight or become obese even
though they consume palatable foods. Also this review
identifies major research gaps by indicating that studies are
needed to determine whether or not interventions that reduce stress experience also facilitate body weight control in
individuals with high stress vulnerability and to determine
whether or not programmes combining stress management
with dietary-related weight loss strategies might be more
successful in stress-vulnerable individuals with overweight.
© 2017 World Obesity Federation
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Stress in the society increases in parallel with
abdominal obesity
Stress has been increasing in most industrial countries over
the last 60 years, and it now affects the majority of the
population. Lissner et al. studied the secular trends in
lifestyle indicators in Sweden in 1968/1969 among 770
women and in 2004/2005 among 500 women. They found
quite dramatic increases in the incidence of stress experiences (‘individuals who have experienced stress occasionally
or more during the last five years’) in the population: the
proportion of women who sometimes felt stressed doubled
from 29 to 59%, and the proportion that felt they were
continuously stressed increased from 6.0 to 15.6%, both
among 38 and 50-year-olds (19). In the 2013 Work Stress
Survey conducted by ‘Harris Interactive’, more than 80%
of employed Americans reported that they were stressed
out on the job, amid heavier workloads and low pay (20).
This is quite an increase since a similar survey from 2001
where 35% responded their job to be harming their physical
or emotional well-being (21). As these figures mostly rely on
self-reported data, they thus may be confounded by more
awareness and focus on stress as a societal and individual
problem. However, there are many indications that a major
increase in prevalence of stress is real, and the self-reported
data are less likely to be confounded by secular attitudes
and views. Anyway, the increased experience of stress
seems to run in parallel with the increase in obesity rates,
and particularly with the increase in abdominal fatness
(Fig. 1). These observations are seen in both Europe and
USA (19,22).
It is important to note that the increase in abdominal
obesity occurs simultaneously with a constant, or even
decrease of, average BMI and obesity prevalence in many
countries, including USA and the Nordic countries
(19,23–27). So while the good news is that obesity rates
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may have started to decline, the bad news is that the health
hazard may continue to increase because abdominal obesity
is more important than BMI. BMI does not reflect body
composition. The increasing prevalence of sarcopenic
obesity, i.e. the existence of a normal BMI but increased
fatness at the expense of a subnormal lean body mass,
could easily have excess negative affect stress experiences
and the resulting increased cortisol secretion as contributing factors.
While stress may increase abdominal obesity at all ages, it
is likely that stress during gestation in particular exerts a
programming and/or differentiation effect on the offspring’s
brain stress-responsiveness to environmental adversity (28)
and therefore predisposes the offspring to a higher BMI,
obesity and abdominal fatness throughout the life span.
Among putative causal factors are suggested prenatal adverse events like decreased sleep duration and experience
of stress during gestation by the mother, as well as her eating behaviour and nutrition selection; these factors might
exert a programming effect on the foetus’s brain that increases the risk of weight gain and obesity (22). This subject
has been reviewed in detail by Komlos and Brabec (29) and
by Robinson and colleagues (22).

Associations among mental stress, anxiety and
well-being, and abdominal obesity and the
underlying mechanisms
Observational studies [recent published studies are presented in Table 2, and older studies are presented in the
meta-analyses by Wardle and colleagues (30)] have applied
several of the existing psychometric screening tools
(Table 3) to examine the association among mental stress,
anxiety and depression and weight gain and abdominal obesity (31–36). The observational studies have demonstrated

Figure 1 Abdominal obesity is increasing independently of BMI: US data. Reproduced with permission from Robinson et al. 2013 (22). [Colour figure can
be viewed at wileyonlinelibrary.com]
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Longitudinal, 4-year
follow-up

Cohort, single
measurement

Cohort, single
measurement

Cross-sectional, 3month retrospective

Cross-sectional,
3 months

Cohort, single
measurement

Jackson et al. 2017 (54) (UK)

Manenschijn et al. 2011 (57)
(the Netherlands)

Manenschijn et al. 2013 (56)
(the Netherlands)

Michaud et al. 2015 (35)
(Canada)

Noppe et al. 2016 (58)
(the Netherlands)

Olstad et al. 2016 (36)
(Australia)

Observational,
community based,
single sample

Prospective cohort,
13-year follow-up

Fowler-Brown et al. 2009 (31)
(USA)

Rivenes et al. 2009 (33)
(Norway)

Design and duration

60,704 (29,939
men and 30,765
women)

70 (all women,
including 30
maternal–child
pairs)

3,019 (6-year-old
children)

511 (children)

122 (all men) 89
dayworkers and
33 shift workers
283 communitydwelling older
people

2,527 (1,061 men
and 1,466 women)

1,172 (416 men
and 756 women)

N

Long-term observational studies on stress and weight gain

Reference (country)

Table 2

Anthropometry hair
cortisol
Medical history
(self-reported)
Questionnaires on
homework Physical
activity

Examine the association
between stress and BMI

Examine the associations
among obesity, anxiety and
depression

Examine the association
between stress and
adiposity

Anthropometry
Anxiety and
depression (HADS)
Medical history
Lifestyle parameters

Weight and height
Hair cortisol
Perception of stress
(PSS)

Anthropometry
Hair cortisol
Hair glucocorticoid
Hair cortisone

Anthropometry hair
cortisol

Examine the association
between stress and BMI

Examine homework duration
and the presence/absences
of stress related to the
homework and the
association with childhood
adiposity
Examine the association
between stress and
childhood adiposity

Anthropometry
Hair cortisol

Anthropometry
Perceived stress
(PSS)

Variables

Examine the association between
adiposity and cortisol from hair as
marker of stress

Examine relationship between
perceived psychosocial stress
and percent change in BMI

Objective

Cortisol and cortisone positively
associated with BMI, fat mass
and android/gynoid fat mass ratio.
Glucocorticoid was not associated
with adiposity any parameter
Women: ↑perception of
stress ➔ ↑BMI
No association between
hair cortisol and BMI
Children: no association
between hair cortisol and
z-BMI score
All subjects: Dose response
relationship between anxiety and
depression and hip–waist ratio
Higher rates of depression
among obese

Men: No associations found
Women:
↑perceived stress predicted
↑BMI
All subjects: ↑Hair cortisol:
↑body weight + status,
↑waist circumference
+ status,
Obese subjects: ↑cortisol
concentration
Persistently obese subjects:
↑↑cortisol
Shift workers had
increased cortisol
↑Hair cortisol: ↑BMI
↑Hair cortisol: ↑diabetes,
↑cardiovascular disease
No association between
cortisol and BMI
Stressed boys + long duration
of homework: ↑total and trunk
body fat, ↓physical activity and
↑screen time
Girls: No associations

Results

(Continues)

Abdominal obesity was
independently associated
with depression and anxiety

Long-term cortisol
concentrations are associated
with increased childhood
adiposity and adverse body
fat distribution
Perceived physiological
measures are predictors
of adiposity

Boys with high workload and
schoolwork-related stress have
unfavourable adiposity
indicators

No association between cortisol
and BMI

Increased cortisol was
associated with BMI

Long-term exposure to elevated
cortisol is associated with higher
levels of adiposity

Emotional stress seems have a
negative impact on weight
change among women

Conclusion
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Prospective, stressful
life events 5
retrospective
Metabolic syndrome
6.5-year follow-up

Observational,
single sample

Prospective cohort,
2 years

Cross-sectional,
2-year follow-up

Rutters et al. 2015 (55)
(the Netherlands)

Sims et al. 2008 (32)
(USA)

Tucker et al. 2010 (34)
(USA)

Vanaelst et al. 2014
(53) (Belgium)

355 (children,
186 boys and
169 girls)

256 (all women)

159 (76 men
and 83 women)

1,099 (517 men
and 582 women)

N
Each stressful life event
➔ +0.86 cm in waist
circumference and +13%
in odds of developing
metabolic syndrome
Financial difficulties was the
most stressful incident
All subjects: ↑perceived stress:
Haphazard planning and
emotional eating
Overweight and obese subjects
with perceived stress: ↑snack
eating
Women with ‘less than positive
emotional health’ had greater
risk of weight gain
Among depressed there was no
greater risk than nondepressed
Both sexes: Negative life events,
happiness: ↑BMI z-score
Girls: Peer problems:
↑BMI z-score
Anthropometry
background data
Plasma glucose,
cholesterol
Blood pressure
Stressful life events

Anthropometry
Physical activity
Emotional health
(GWBS)
Anthropometry,
stress parameters,
salivary cortisol and
lifestyle parameters

Examine the relationship
between stress and body
composition

Anthropometry
Demography
Perceived stress
(PSS)
Eating behaviour

Results

Variables

Examine the relationship
between emotional health
and risk of weight gain

Examine the association
between perceived stress
and high fat eating

Assessment of general health
information via interview and
following assessment of
symptoms of metabolic
disease and stressful
life events.

Objective

BMI, body mass index; GWBS, general well-being schedule; HADS, Hospital Anxiety and Depression Scale; PSS, Perceived Stress Scale.

Design and duration

(Continued)

Reference (country)

Table 2

Childhood stress positively
related to overall and central
adiposity

Women with less than positive
emotional health are at greater
risk of weight gain over time

Greater perceived stress was
associated with unhealthy eating

Experience of stressful life
events was associated with
ncreased abdominal adiposity

Conclusion
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Table 3

Psychometric screening tools

Abbreviation

Full name

Applied in study types

Identification

Administration

Length (items)

Target population
Adults and
adolescents in the
general population
Adults and
adolescents in the
general population
Adults and
adolescents in the
general population
Non-psychiatric
patients at general
hospital
Patients

BDI

Beck Depression
Inventory

Randomized
controlled trial (59)

Symptoms of depression

Self-administrated

21

GHQ

General Health
Questionnaire

Randomized
controlled trial (59)

Mood state

Self-administrated

28

GWBS

General well-being
schedule

Prospective (34)

Psychological well-being
and distress

Self-administrated

18

HADS

Hospital Anxiety
and Depression Scale

Cross-sectional (33)

Anxiety and depression,
two subscales

Self-administrated

14

POMSstandard*

Profile of mood states

Cross-over (42)
Experimental (40,41)

Self-administrated

65

PSS

Perceived Stress
Scale

Self-administrated

10

Individuals with at
least a junior high
school education

STAI-Trait

State–Trait Anxiety
Inventory

Retrospective (31)
Cross-sectional (32)
Randomized
controlled trial (60,62,63)
intervention (61)
Experimental (40,41)

Transient, distinct mood
states and psychological
distress
Perception of stress

Experience of anxiety in
state and trait situations

Self-administrated

40

Adults in the
clinical setting and
in research

*POMS also exist in a short form focusing on identifying levels of transient, distinct mood states; the questionnaire is reduced to 37 items.

clear associations between perceived stress and weight gain
and abdominal fatness (measured by waist-to-hip ratio); specifically, the association between anxiety and waist-to-hip
ratio followed a dose–response pattern (31,33,34). An association between stress and emotional eating behaviours is
also established, specifically the increased snacking of sweets
among obese subjects (32). While there are a quite high number of subjects, the results of these observational studies rely
on self-reporting that is prone to error.
During the past three decades, work and leisure time is
favouring ever more technological features (and stressful
situations) in expense of the more physical demanding
tasks, and the effect on energy intake has been studied by
Tremblay and colleagues (Table 4) (37–39). Although the
stress tasks had no effect on appetite sensation markers,
the energy intake was higher among female students, both
in subsequent mealtime and over 24 h; this was not seen
in male students. During the stress task, the students
responded with an acute increase in cortisol, glucose and insulin. Westerterp-Plantenga and colleagues have investigated the effect of stress on ‘eating in the absence of hunger’
(Table 4) (40,41). They too did not find stress to influence
appetite sensation but found that an increased energy intake
satiated more following a stress test. There was a preference
for highly palatable foods (high-calorie/high-sugar/high-fat
foods, also called ‘comfort foods’), especially among overweight and obese subjects. Personality traits influence the
energy intake in reaction to stress differently. Individuals
Obesity Reviews 19, 81–97, January 2018

with a trait for being a ‘restraint eater’ (identified by score12 in the Three-Factor Eating Questionnaire) have been excluded participation in several interventions of acute stress,
even so, subjects with increasing restraint score reduced
their energy intake in response to stress (37–39). Opposite
to this, individuals prone to disinhibition during acute stress
and also during stressful events increase their energy intake,
also in the absence of hunger, and especially the intake of
highly palatable foods (37,40).
The effect of acute stress on postprandial satiety and taste
preferences is proposed to be influenced by brain activation
of the reward areas, amygdala, hippocampus, reduction of
cingulate cortex and increased cortisol (10,12,40–44). The
mechanism involves close interaction between the HPA-axis
and the sympathoadrenal system as a response to stress
(2,10–12,43,45,46). Activation of the HPA-axis results in
release of cortisol from the adrenal cortex, while the
sympathoadrenal system acts through the adrenal medulla
by releasing adrenalin and noradrenalin. Cortisol offers
negative feedback to the HPA-axis, while the stress hormones from the sympathoadrenal system offer positive feedback and simultaneously increases the HPA-axis. From
animal and human studies, it appears that the HPA-axis
can quickly habituate in response to repeatedly and/or
prolonged experiences of the same stressor, whereas the
sympathoadrenal system often showed constant and stable
activation patterns (47), hence continuing to activate the
HPA-axis through, e.g. adrenalin. Evidence suggests that
© 2017 World Obesity Federation
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Crossover

Crossover

Crossover

Crossover

Chaput et al. 2008
(38) (Canada)

Chaput et al. 2007
(37) (Canada)

Lemmens et al. 2011 (41)
(the Netherlands)

Pérusse-Lachance et al.
2013 (39) (Canada)

129 (65 men, 64
women) normal
and overweight

35 (22 men,
13 women) normal
weight

42 (16 men and 26
women) 27 normal
weight, 15 visceral
overweight

15 (all female)
normal weight

14 (all female)
normal weight

9 (all women)
normal weight

N

Method

‘Eating in the absence of
hunger’ after a fixed lunch
subjects were exposure to
acute stress or rest test and
after 30 min presented an
ad libitum selection of sweet
and savoury snack foods.

Mental work or exercise or
resting sitting (control) all
followed by ad libitum
lunch buffet

‘Eating in the absence of
hunger’ subjects were offered
two ad libitum meals with
exposure to acute stress or
rest test between the meals
and after the last.

Simple mental work or
demanding mental work or
resting sitting (control) all
followed by ad libitum
lunch buffet
Simple mental work or resting
sitting (control) all followed
by ad libitum lunch buffet

Stress or rest condition
(control)

POMS, profile of mood states; STAI: State–Trait Anxiety Inventory.

Crossover

Crossover

Born et al. 2010 (44)
(the Netherlands)

Rutters et al. 2009 (40)
(the Netherlands)

Design

Experimental acute studies of stress on energy balance and food preference

Reference (country)

Table 4

Anthropometry
Appetite sensation
Eating behaviour
Assessment of mood and anxiety
(POMS and STAI-trait)
Blood pressure

Energy intake (lunch and all day)
Energy expenditure
Appetite sensation

24-h net calorie surplus after session
with mental work

Mental work ➔ ↑energy intake, no
difference in appetite sensation

Energy intake
Food preference
Energy expenditure
Appetite sensation
Heart rate
Blood pressure
Anthropometry
Appetite sensation
Eating behaviour
Assessment of mood and anxiety
(POMS and STAI-trait)
Heart rate

Exposure to stress is associated with
eating in the absence of hunger.

Men and women have specific food
intake patterns when submitted to
cognitive and physical stimuli.

Visceral overweight subjects showed
stress-induced food intake in the
absence of hunger, resulting in an
increased energy intake.

Stress reduced reward signalling and
sensitivity and increased energy
intake and preference for crispiness
and fullness of food.
Mental work induces positive energy
balance.

Stress ➔ ↑energy, fat and protein
intake, ↑preference for crispiness and
fullness of food, ↑cortisol, ↓brain
activation of reward areas
Mental work ➔ ↑energy intake,
↑glucose, ↑insulin, ↑cortisol
No difference in appetite sensation

Wanting and liking
Perception of food characteristics
Plasma cortisol
Hunger and satiety
Energy intake (buffet only)
Appetite sensation
Plasma glucose, insulin and
cortisol

All subjects: Stress test ➔ ↑anxiety
score, ↓mood score, ↑heart rate
No difference in appetite sensation
Overweight: Stress test ➔ ↑wanting
for sweet and savoury, ↑energy
intake, ↑intake of carbohydrate and
fat
Men: Mental work and
exercise ➔ ↓energy intake
Women: Mental work ➔ ↑energy
intake
All: No difference in appetite
sensation
Stress test ➔ ↑anxiety score, ↓mood
score, ↑energy intake, ↑sweet snack
No difference in appetite sensation
Correlation between anxiety score
and energy intake

Conclusion

Results

Variables
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the intake of highly palatable foods as a response to stress
often activates the brain reward system involving opioid,
dopamine and endocannabinoid; this is suggested to promote the limbic system to induce dominant behavioural reinforcement in order to acquire palatable foods to blunt
the activation of stress/sympathoadrenal system on the
HPA-axis [for review see Cota et al. (48)] (8,43,46).
In addition to increasing the consumption of energy rich
foods, a prolonged activation of the HPA-axis may promote
abdominal, visceral fat accumulation as well as increase
body weight via the increased cortisol secretion (46,49).
For detailed review of the process, see the papers by
Björntorp and Markus [e.g. Marcus and Björntorp (9,10)].
The excess production of cortisol does not only influence
the accumulation of abdominal fat but also exerts adverse effects on medical health such as type 2 diabetes, hypertension,
dyslipidaemia and cardiovascular disease (13,14,16,17,50–52).
Some of these stress-related bodily consequences are
commonly used as additional more objective physiological
markers for stress, i.e. cortisol in hair and saliva, heart rate
variability, resting heart rate and blood pressure. Evidence
from observational studies using hair and saliva cortisol
samples and/or blood pressure measures reveal that stress is
positively related to increased BMI and specifically abdominal adiposity, both among children and adults (Table 2)
(36,53–58). These results have also been repeated in human
experimental studies, where negative mood and cortisol
levels increased significantly as response to acute stress
sessions; high cortisol compared with low cortisol responders were significantly more negatively affected/stressed
(Table 4) (40–42,44).
Results from observational and experimental studies
show that low well-being and high stress scores correlate
with future weight gain by mechanisms that cannot be detected by usual self-reporting methods to measure energy
intake and physical activity. Furthermore, the results indicate that chronic stress will cause excess weight with a high
risk of centralized adiposity.

Stress and the effect of weight loss programmes
If mental stress actually is a psychological (negative affectivity) and physiological (sympathetic HPA-axis arousal, cortisol) situation that may promote energy intake, positive
energy balance and preferential abdominal fat deposition,
it is to be expected that particularly stressed individuals
starting a weight loss diet will have all the odds against them
for a successful outcome. Observations from a number of
randomized weight loss trials indeed confirm that a high
stress level and low state of mood (measured by psychometric screening tools; Table 3) hinder a successful weight loss
outcome and increase the risk of dropout (31–34,59–61).
Hence, stress poses an important barrier for weight loss
efforts and improved health.
Obesity Reviews 19, 81–97, January 2018
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Despite ample research showing a strong link between
stress and weight gain and that higher perceived mental
stress reduces the success of weight loss, there are essentially
no studies examining the efficacy of stress management as a
tool for achieving weight loss and for weight loss maintenance. Only two small studies have been conducted to assess the effectiveness of stress coping for weight loss
(62,63). Even though only one study revealed significant effects (62), weight loss was higher by adding stress management to lifestyle/weight loss programme among women
with high prevalence of stress (measured by Perceived Stress
Scale) compared with the effect of diet only. These two
rather small randomized studies support the concept that
stress management either alone or in combination with diet,
exercise and behaviour modification can improve weight
loss success. However, the trials were very small with limited statistical power and of short duration. Larger studies
of longer duration with consecutive measures of stress,
eating behaviour, appetite and cravings, as well as cardiometabolic biomarkers and detailed assessment of adiposity,
are warranted.

Nutritional interventions for stress or weight
management?
Observational studies have linked deficiency of certain B
vitamins, and of minerals such as calcium and magnesium,
and omega 3-fatty acids to increased risk of mental stress
(4,5,64,65). Most of the evidence is derived from crosssectional observational studies. However, Mishra et al.
examined associations between levels of B vitamins with
subsequent psychological distress in a cohort of British
women and found that low dietary levels of vitamin B12
were associated with higher stress levels (66). A number of
studies have examined the role of vitamin status for the
development of stress during various disease conditions
leading to chronic stress, and they suggest that current
Recommended Dietary Allowance for vitamins and
minerals may not take into account that there may be increased brain requirements of essential nutrients for optimal
brain metabolism and psychic and mental function during
stress (64).
Interestingly, some studies have revealed beneficial effects
of dietary supplementation on stress resilience (67–71).
Most of these studies have focused on either multivitamin
and/or mineral supplementation or the influence of specific
amino acids. Such foods are thought to interfere with brain
biochemical processes involved in stress resilience and thus
affect emotionality. A meta-analysis including eight studies
found that combinations of B vitamins and minerals
(calcium and magnesium) had beneficial effects on perceived
stress, anxiety, mild psychiatric symptoms and certain aspects of everyday mood (Figs 2 and 3) (69).
© 2017 World Obesity Federation
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Figure 2 Forest plot of multivitamin/mineral supplementation on perceived stress. The size of the squares reflects the sample size, and the
lines represent the upper and lower limits. Reproduced with permission
from Long SJ & Benton D 2013 (69).

Figure 3 Stress may be a barrier to making diet and exercise changes
needed to achieve long term control of body weight. Individuals with low
intake of vitamins (especially B-vitamins), minerals and long chain n-3 fatty
acids might have an increased susceptibility to stress.

Meta-analyses including clinical trials assessing the effect
of omega-3 polyunsaturated fatty acids in the treatment of
depressive disorders showed a clinically relevant improvement in patients with major depressive disorder and patients
with depression (nonmajor); only 2 out of 19 studies included overweight subjects (70). Pure eicosapentaenoic acid
was more effective than docosahexaenoic acid or if they
were combined [for review see Grosso et al. (70)]. Omega© 2017 World Obesity Federation
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3 fatty acids also prove effective as adjunctive treatment
for people with otherwise treatment-resistant depression,
as monotherapy for childhood depression and in patients
with recurring self-harm (72). Among healthy adults,
6 weeks of supplementation with fish oil showed a tendency
to reduce cortisol concentration (71).
A broad range of well-controlled experimental studies
also reveal possible beneficial effects of dietary amino acids
and carbohydrates (including sugar) on stress resilience,
particularly in stress-vulnerable subjects (73–75). For
instance, in a human laboratory stress-exposure study, only
healthy subjects with a trait to vulnerability to frequently
experiencing stress (neuroticism) exhibited significant reductions in negative mood and cortisol responsiveness under acute stress by exposures to specific nutrients (73,76).
More recent findings reveal that the administration of
dietary tryptophan sources reduces acute stress-induced attention for negative mood and/or HPA-cortisol responses
in healthy subjects with a genetic vulnerability for stress
(75,77,78). These results are consistent with both the food
amino acid tryptophan and carbohydrates/sugar found to
promote activation of the brain serotonergic system, commonly known to control stress adaptation and mood (45).
It is interesting to note that these trials, both on the effect
of vitamin/mineral and fatty acids supplementation, were
not conducted in malnourished populations, but rather in
population’s representative for USA, Europe and South
Africa. The optimal combination of vitamins, minerals and
essential fatty acids has yet to be established, and it may
vary depending on targeted effects and population. However, it is promising that a number of different mixtures of
vitamins and minerals all have proved effective for reduction of mental stress within 30 d in normal individuals with
perceived high levels of stress. This suggests that the
therapeutic window for the intakes is quite broad and that
they may be effective in a large proportion of the population
today.
To summarize, studies confirm a relationship between
nutrient supplementation and reduction in mental disorders, including stress. The supplements may serve as
monoadjunctive or adjunctive treatment for already stressed
individuals and also as prevention for healthy people, particularly among those susceptible to stress. To confirm a
beneficial effect across the weight span, high-quality studies
including overweight and obese subjects must be executed.

The influence of stress on sleep patterns and
quality: links to obesity
Secular trends in sleep duration
Data from 10 to 15 different countries secular trends in
adult sleep duration from 1960s to 2000s showed no consistency in change of sleep duration (19,79–82). They did
Obesity Reviews 19, 81–97, January 2018
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not report, however, the proportion of very short and very
long sleepers, which might be of relevance to health. Studies
specifically assessing poor and short sleep and very long
sleep found both associated with increased levels of mental
stress and obesity (83–86). Among children and adolescents, results are more consistent and show a decline in sleep
duration of more than 1 h per night (87), most prevalent
among children and adolescents of racial/ethnic minorities
and those with low socioeconomic status (88). There is a
large difference between countries in sleep duration specifically influenced by bedtime (Fig. 4); young adults have a
greater variation in sleep schedules than do older adults
(89). The apparent decrease in sleep duration among most
populations has been suggested to be a part of the modern
lifestyle with increased time spent in artificial light,
watching television, using computers and working (81,90).

Sleep and weight gain/loss
Robust epidemiological evidence supports the potential
role of inadequate sleep as contributing to the current
high prevalence of obesity, more specifically abdominal
adiposity, in both children and adults (Table 5) (91–97).
There are longitudinal observations suggesting that sleep
and body weight develop at least partly in parallel
(98,99), so causality cannot be extrapolated from these
cross-sectional observations. However, several experimental studies confirm the link between sleep and obesity
(Table 6). All studies but one, including male adolescents
(100), find increased energy intake and weight gain after
acute sleep deprivation (101–105). The one study not
finding an effect did, however, only measured energy
intake at a subsequent breakfast and not like the others
during several subsequent meals or days (Table 6). A
crossover study found higher energy intake and increased
abdominal adiposity among children sleeping less than
average (106).
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The increased energy intake in response to sleep deprivation may only to some extent be explained by the
changes in appetite regulating hormones leptin, ghrelin
and GLP-1 (103,105,107,108), and a following lower
satiating effect of foods (109) and higher consumption
of energy dense foods and sugar sweetened beverages
(105,110). It is most likely that the reward-driven motivation also plays an important role (111). Sleep restriction is
previously shown to increase the neuronal response (blood
oxygen level dependent contrast imaging-response using
visual food stimuli and functional magnetic resonance)
to energy dense foods in normal-weight subjects
(112,113) similar to what has been found during higher
activity in the HPA-axis after an experimental stress
condition (114). These studies are in support of a similarly enhanced reward-driven control of food intake with
a preference for energy dense foods after these two different stressors, a preference that is more expressed among
individuals with a high disinhibition eating behaviour trait
(37,40,95).
In recent years, several studies have focused on sleep
duration during weight loss periods. During 17 weeks of
moderate caloric restriction among 123 overweight and
obese adults, sleep duration and sleep quality at baseline
predicted fat loss (115). Also among 150 obese (BMI
33.3 ± 3.5 kg/m2) men and women (age 38.8 ± 8.6 years),
sleep quality (assessed by Pittsburgh Sleep Quality Index)
was associated with loss of body weight, fat mass and
waist circumference (116). Furthermore, better subjective
sleep quality among 245 women enrolled in a 6-month
weight-loss programme increased the likelihood of successful weight loss by 33% (117). Supportive of this, an observational study found that an increase of sleep duration
from (from <6 h/d to 7–8 h/d) over 6 years was
associated with an attenuation in abdominal adiposity
compared with those who maintaining their short sleep duration who gained 2.4 kg fat mass (96). Long-term
randomized trials treating obesity with extension of sleep

Figure 4 Sleep duration in 2016 measured by free mobile phone App. Reproduced with permission from Walch et al. 2016 (89). [Colour figure can be
viewed at wileyonlinelibrary.com]
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Observational studies on sleep and weight gain

Reference
(country)

Design and
duration

N

Objective

Variables

Chaput
et al. 2008
(94) (Canada)

Prospective,
6 years

276 (117
men and
159 women)

Examine the relationship
between sleep duration
and subsequent body
weight and fat gain

Chaput et al.
2011 (95)
(Canada)

Prospective,
6 years

276 (117
men and
159 women)

Examine if the relationship
between weight gain and
short or long sleep
duration is influenced by
disinhibited eating
behaviour

Chaput et al.
2012 (96)
(Canada)

Prospective,
6 years

43 (22 men
and 21
women)

Examine the effect of a
favourable change in
sleeping habits

Anthropometry
Covariates
Sleep duration
Dietary intake
Energy
expenditure
Anthropometry
Covariates
Sleep duration
Dietary intake
Energy
expenditure
Disinhibition
eating
behaviour
Anthropometry
Covariates
Sleep duration

Chaput et al.
2007 (97)
(Canada)

Crosssectional,
single
measurement
Crosssectional,
longitudinal

422 (211
boys and
211 girls)

Crosssectional, 7 d

676
(children)

Examine if short duration
sleeping children are
predisposed to
abdominal adiposity
Examine the association
between movement
behaviours and fat mass
index
Examine the association
between sleep duration
and problems and
proposed dietary factors
for overweight and
obesity

Hjorth et al.
2014 (92)
(Denmark)
Kjeldsen et al.
2014 (93)
(Denmark)

785 (408
boys and
377 girls)

duration are ongoing, but results have not yet been
published (118).

The link between stress and metabolic health is
potentially mediated by sleep
There is extensive consensus that stress plays an important role in both the aetiology and persistence of sleep disturbances. For instance, sleep quality has been found to
vary as a function of daily stressful life events (119–122),
and hence, personality traits associated with stress
vulnerability, like neuroticism, appear to be important
predictors for sleep disturbances (123). In addition to such
studies revealing relationships between mental stress experiences and sleep difficulties, there are also studies investigating the more direct interrelationships between sleep
quality and activation of the HPA-axis, the major neuroendocrine system involved in stress responses and hence
stress adaptation (45). In general, increased HPA-axis
© 2017 World Obesity Federation

Anthropometry
Covariates
Sleep duration
Anthropometry
Physical
activity
Sleep duration
Anthropometry
Covariates
Sleep habits
questionnaire
Plasma leptin
and ghrelin
Dietary intake

Results

Conclusion

Short and long sleepers:
↑weight gain, ↑waist
circumference, ↑ body fat

Short and long sleep
duration predict a higher
body weight and abdominal
adiposity.

Subjects with high
disinhibition eating
behaviour + ↓sleep: ↑weight,
↑waist circumference,
↑energy intake

Subjects with high
disinhibition eating
behaviour trait were more
sensitive to short and long
sleep and had higher
incidence of adiposity.

Short sleep ➔ short sleep:
↑weight, ↑waist
circumference, ↑fat mass,
short sleep ➔ average
sleep: ↓weight, ↓waist
circumference, ↓fat mass
Inverse association between
daily sleeping hours and
waist circumference

Increasing sleep duration
from short to average was
associated with attenuation
of abdominal adiposity.

↓Sleep duration: ↑fat mass
index
↑Sleep disturbances: ↑fat
mass index
Excess and depleted length
of sleep: ↑energy density,
↑added sugar, ↑sugar
sweetened beverages
↑Sleep problems: ↑energy
density

Short sleep was
independently associated
with higher fat mass index.

Short sleep duration favours
abdominal adiposity in
children.

Short and high sleep
duration and experience of
sleep problems are all
associated with a poor,
obesity promoting diet.

activation (as a function of metal stress) is found to impair sleep, most likely by increasing cortical arousal,
resulting in lighter sleep and more nocturnal awakenings
(124–126). These findings thus suggest that the negative
effects of stress experience on sleep quality may, at least
partly, be mediated by HPA-axis alterations.
Even more interesting, evidence for a simultaneous reverse causality is emerging in support of the notion that
bad sleep could be seen as a stressor itself. Prior sleep
studies have clearly shown that adequate (rapid eye movement sleep) sleep regulation is crucial for the overnight decrease in cognitive–emotional arousal caused by daily
stressors (127). Conversely, a distortion of sleep regulation may then result in an inadequate inhibition (relief)
of negative emotionality, causing a prolonged negative
emotional state and reduced resilience to future adverse
life events and hence further intensifying the impact of
daily stress. In further support of this, recent evidence reveals that lack of sleep alters activation of the HPA-axis
Obesity Reviews 19, 81–97, January 2018
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Table 6

Experimental acute studies of sleep on energy balance

Reference
(country)

Design

N

Method

Variables

Results

Conclusion

Anthropometry
Oral glucose
tolerance test
Energy intake
Energy
expenditure
Plasma
insulin, ghrelin
and glucose
Physical
activity
Perception of
food
Energy intake
Anthropometry
Energy intake
Physical
activity
Plasma
ghrelin, leptin
Anthropometry
Energy intake
Energy
expenditure
Plasma
ghrelin, leptin

↓sleep ➔ ↑energy
intake, ↑leptin, ↑weight

Short-term sleep
deprivation
increased energy
intake and led to a
net weight gain

~4 h sleep ➔ ↑energy
intake, ↑hunger,
↑physical activity,
↑sleepiness

One night of sleep
deprivation
subsequently
increased food
intake
Recurrent sleep
deprivation
facilitated
increased energy
intake and snacking

Bosy-Westphal
et al. 2008
(103) (Germany)

Controlled
intervention

14 (all women)

9 d; >8 h, >8 h, 7 h, 6 h, 6 h,
4 h, >8 h and >8 h of sleep
per night

Brondel et al.
2010 (102)
(France)

Crossover

12 (all men)

2 × 48 h of sessions with
either ~8 h or ~4 h of sleep

Broussard
et al. 2016
(105) (USA)

Randomized
crossover

19 (all men)

4 d of 8 h of bedtime versus
4 d of 4.5 h of bedtime all
followed by 1 h of ad libitum
lunch and dinner buffet

Calvin et al.
2013 (104) (USA)

Randomized,
parallel

3 d run in followed by 8 d
and nights of sleep
deprivation versus normal
sleep (control) followed by a
recovery phase of 3 d

Klingenberg
et al. 2012
(100) (Denmark)

Randomized
crossover

17 (11 men and 6
women) (thereof
five men and
three women
randomized to
sleep
deprivation)
21 (all male
adolescents)

Nedeltcheva
et al. 2009
(110) (USA)

Randomized
crossover

11 (6 men and 5
women)

2 × 14 d stay with ad libitum
access to palatable food and
either 5.5 h or 8.5 h of
bedtimes

NcNeil et al.
2013 (109)
(Canada)

2 × 3 nights with either 4 h or
9 h of sleep followed by ad
libitum breakfast

75 (all men)

Spiegel et al.
2008 (107)
(USA)

Randomized
crossover

12 (all men)

2 d of sleep restriction and
2 d of sleep extension

St-Onge
et al. 2012
(113) (USA)

Crossover

30

4 h or 9 h of bedtime

Obesity Reviews 19, 81–97, January 2018

Anthropometry
Energy intake
Energy
expenditure
Appetite
sensation
Plasma
ghrelin, leptin
Anthropometry
Energy intake
Energy
expenditure
Preference of
food
Serum leptin,
ghrelin
Anthropometry
Sleep quality
Energy intake
Appetite
sensation
Anthropometry
Physical
activity
Energy intake
Leptin, ghrelin
Neuronal
activity in
response to
food stimuli

↓ sleep ➔ ↑ghrelin,
↑energy intake, ↑snack
intake

↓ sleep ➔ ↑energy
intake, ↑weight

Recurrent sleep
deprivation
facilitated
increased energy
intake

↓ sleep ➔ ↑energy
expenditure, ↓energy
intake

Short-term sleep
deprivation is
associated with
small negative
energy balance

↓ sleep ➔
↑carbohydrate intake,
↑snacking, particularly
at evening and night
times

Recurrent sleep
deprivation
facilitated
excessive intake of
snacks

↓ sleep ➔ ↓sleep quality
Short sleep ➔ ↓satiety

Short sleep
reduced sleep
quality and
decreased satiety

↓ sleep ➔ ↑hunger,
↑appetite,
↑carbohydrate,
↑ghrelin, ↓leptin

Acute sleep
deprivation is
associated with
increased hunger,
appetite and energy
intake
Restriction of sleep
is associated with
higher susceptibility
to food stimuli

↓ sleep ➔ ↑neuronal
activity associated with
reward activated in
response to food stimuli

© 2017 World Obesity Federation
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(128). They found that two nights of sleep restriction (4 h
compared with 10 h in bed) in normal or moderately
overweight men was associated with a 19% higher overall
adrenocorticotropic hormone level and that the individual
increases were strongly correlated (r = 0.63) with the individual amount of sleep loss. The overall levels of cortisol were elevated by 21% and, perhaps more
importantly, they found that sleep restriction disrupted
the normal circadian rhythms of these hormones.

Conclusions
The short conclusion is: Yes. Not only do the adverse effects
of stress influence sleep patterns, food intake, weight gain,
abdominal obesity and the effects of weight loss interventions but evidence also suggests that improving nutritional
status and sleeping patterns may reduce the severity of stress
and other mental disorders.
Mental stress and depression have increased dramatically
over the last 50 years, now affecting a large proportion of
the population similar in size to that affected by obesity.
Several events in life may cause mental stress (Table 1),
and impaired sleep and poor nutrition may increase the
susceptibility of mental illness. Stress has been found associated with impaired sleep and to increase the emotional rewarding of palatable foods, thereby increasing obesity and
in particular abdominal adiposity.
Not only does stress increase energy intake and a higher
preference of palatable and energy dense foods but sleep
deprivation also exerts a similar effect. Given the association between sleep deprivation and increased energy intake,
it is worrying that the recommendations for sleep duration
for children have declined (129). As stress can cause disruption and deprivation of sleep, and vice versa, a more holistic
approach in treating obesity is desirable. There is emerging
evidence from trials that stress management tools may
facilitate weight loss (62,63), but it remains to be shown
in well-powered randomized controlled trials whether stress
reduction/coping programmes, improved sleep quality and
dietary supplements of vitamins and minerals are feasible
and efficient in diminishing food cravings and improve
weight (loss) management.
We hypothesize that lifestyle changes in overweight and
obese individuals with stress, depression, anxiety and negative mood should be combined with treatment targeted
stress to achieve weight loss and maintaining this.

Perspectives and future research needs
Given the poor outcomes of current weight-control
interventions to prevent and manage obesity, there is an
urgent need to explore beneficial effects of possible new innovative weight-control treatment programmes. New
strategies should investigate the effect of dietary alterations
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(low-energy diets followed by lifestyle changes) simultaneously with cognitive behavioural treatment, i.e. stress
management. Such research may provide a new understanding, not only on the causes of obesity but also on the success
of treatment.
Different forms of stress need to be clearly defined, and
focus should be on the common, prevalent stress that is
most often associated with weight gain and susceptibility
to overweight and obesity (Table 1). We also need to
elucidate the influence of these stressors on sleep quality
and duration and then take into account the possible adverse additive or cumulative effect of stress, sleep, diet and
obesity with emphasis on abdominal adiposity.
The findings of certain nutritional manipulations posit
the intriguing possibility to be used to help achieve successful weight management particularly in stress-vulnerable
overweight individuals. This possibility has not been investigated but is recently clearly supported by findings that
glucose administration reduces snacking for high-fat sweet
foods after stress exposure only in subjects with a genetic
stress vulnerability (130). In light of the poor prognosis of
weight loss programmes, these findings make it clear that
there is a need to further examine the efficacy of dietary
supplementation strategies on stress resilience, with an
aim to improve the outcome of weight-management
programmes particularly in stress-vulnerable overweight
and obese individuals. Such trials should also assess a potential synergy between behavioural stress management
programmes and nutrient supplementation and particularly
examine if cravings for sweet and fat foods and drinks are
diminished or normalized.
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