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Summary
A healthy lifestyle comprises many different behaviors, including being physically active, eating a
balanced and nutritious diet, sleeping well, and reducing stress. Many people engage in one or more
unhealthy behaviors, which negatively affect their health in the long run. Not only do these unhealthy
lifestyle behaviors influence each other, creating negative feedback loops, they may also increase each
other’s effect on the person’s health. To improve one’s health it is important to break these negative
feedback loops and turn them into positive feedback loops composed of healthy behaviors. As a first
step towards a full understanding of the mechanisms involved, this document provides a literature
overview of scientifically reported interactions between stress, sleep, nutrition and physical activity.
We show that there are many interactions between stress, sleep, nutrition and physical activity.
Especially stress and sleep strongly affect each other and, in turn, they both strongly affect nutrition
and physical activity.
The results of this document can be used to guide the development of holistic lifestyle interventions
that target multiple behaviors (and their interactions) simultaneously. The positive feedback loops
created in such holistic interventions can leverage behavior change, making these interventions more
effective than interventions that address single behaviors separately.
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Introduction

SWELL aims at developing solutions to support knowledge workers to reach or keep a healthy worklife balance. This includes stimulating physical activity and increasing mental fitness, providing insights
into the barriers that hinder mental and physical fitness, and reducing stress. Many people engage in a
lifestyle that is characterized by multiple unhealthy behaviors; an unhealthy diet, insufficient physical
exercise, insufficient sleep and having too much stress. These unhealthy lifestyle behaviors do not only
have a negative impact on health, they also negatively affect each other, creating negative feedback
loops that are difficult to break. For example, when a person experiences stress, this will negatively
affect their sleep. Conversely, a not being able to sleep well (for any reason) may result in higher
stress levels and an impaired ability to cope with stressors during the day.
When developing lifestyle intervention programs, it is important to take the interactions between the
unhealthy behaviors into account, for the following reasons:
-

Insight into the interactions between different behaviors allows for optimizing the
intervention to specific combinations of behaviors. For example, a sleep program should be
different for users who experience a combination of sleeping problems and stress than for
users who only experience sleeping problems.

-

Many people are unaware of the interactions between different behaviors. Providing them
with more insight could support them in finding the barriers that hinder them in performing
healthy behavior. For example, Figure 1 shows a screenshot of the Jawbone app explaining
about the relationship between eating and sleeping.

Figure 1. Jawbone app showing message about the interaction between late night eating and sleep.
This document describes the results of an extensive literature study providing an overview of the most
important and scientifically proven interactions between lifestyle behaviors and on behavior change.
The studies can be roughly divided into two categories: epidemiological studies that aim to find corelations between different lifestyle behaviors, and experimental studies that try to explain the
interactions physiologically and often describe causal relationships.
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2

Interactions between Sleep and Stress

Sleep plays an important role in physical and mental health (Walker, 2009). It has been repeatedly
shown that sleep loss causes disruption of a number of bodily functions and is often followed by
increased stress levels and impaired cognitive function (Van Dongen, Maislin, Mullington, & Dinges,
2003). Conversely, it has also been repeatedly shown that stress, or more specifically, increased
arousal, hamper sleep onset and sleep maintenance (Bonnet & Arand, 2010; Perlis, Giles, Mendelson,
Bootzin, & Wyatt, 1997; Tang & Harvey, 2004).

2.1

Sleep deprivation is associated with decreased levels of the neurotropic factor BDNF,
which in turn is related to stress.

The interaction between sleep and stress has been investigated on different levels ranging from
neurochemistry to behavioral function. Giese and colleagues (2013) showed that sleep loss results in
higher stress vulnerability and that brain-derived neurotropic factor (BDNF) could be the central player
in this relationship (Giese et al., 2013). BDNF is a protein playing an important role in the survival of
neurons, the development of new synapses and involved in memory formation. Results showed that
individuals having sleep complaints exhibited lower BDNF levels. In addition, increased perceived
stress was similarly associated with a decrease in the concentration of BDNF. However, this was only
found in subjects experiencing stress without having sleep complaints. This result made the authors to
conclude that stress affects sleep and BDNF levels and that sleep vice versa has an impact on the link
between stress and BDNF.

2.2

Evening-types are more vulnerable to stress than morning-types.

Inter-individual differences in the sleep-wake rhythm may also play a role in how an individual
responses to stress. It is shown that eveningness, i.e. the preference to be most active towards the
evening and not in the morning, is associated with a higher susceptibility to stress (Roeser et al.,
2012). When participants performed a mental arithmetic task while heart rate and blood pressure
were recorded, it appeared that evening-types had significantly higher heart rates and systolic blood
pressure than morning-types.

2.3

Sleep loss increases cardiovascular risk during acute psychological stress.

The combined effects of psychological stress and sleep disturbances on cardiovascular reactivity has
recently been investigated by Franzen and associates (Franzen et al., 2011). A total of 20 healthy
young adults were exposed to acute stress following a night of normal sleep or following a night of
total sleep deprivation. Blood pressure was recorded every 2.5 minutes and mean blood pressure
responses were taken as an index for cardiovascular reactivity. Results showed that systolic blood
pressure was significantly higher in the sleep deprivation condition as compared to the normal sleep
condition when subject were presented with psychological stress. It was concluded that sleep loss may
increase cardiovascular risk by dysregulating stress physiology.

2.4

Stress is strongly associated with sleep problems.

The interaction of sleep and stress on a higher behavioral level were investigated by Kristiansen et al.
(2010). A public health survey among 12093 respondents revealed that work stress (job strain and job
demands), pain, and worries such as worrying about losing the job, experiencing bullying at work,
having troubles paying the bills, and having a sick, disabled, or old relative to take care of were
independently associated with general sleep problems.
4
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Interactions between Sleep and Nutrition

Modern society is resulting in a majority of people being chronically sleep restricted (Banks & Dinges,
2007). Simultaneously, the proportion of humans suffering from obesity has been increasing as well
(Leng et al., 2014). Although the exact relationship is still under investigation, there is growing
evidence that sleep difficulties are associated with weight problems.

3.1

Poor sleep is associated with increased food intake and poor diet quality

Short sleep duration, poor sleep quality, and later bedtimes are all associated with increased food
intake, poor diet quality, and excess body weight (Chaput, 2013). It is hypothesized that shortened
sleep may increase caloric intake by six mechanisms: (1) obviously, less sleep means more wake time
and as such there is more time and there are more opportunities for eating, (2) psychological distress
causes people to look for food to upgrade energy levels and to alleviate mood, (3) there is a greater
sensitivity to food reward, (4) people are less able to inhibit their eating behavior, there is less selfcontrol, (5) there is more energy needed to sustain extended wakefulness, and (6) there are changes
in appetite hormones.

3.2

Sleep restriction increases neuronal response to unhealthy food.

On the neuronal level St-Onge and colleagues recently found remarkable results for the interaction
between sleep and nutrition (M-P St-Onge, Wolfe, Sy, Shechter, & Hirsch, 2013). A total of 25 normalweight individuals, who normally slept 7-9 hours per night were presented with healthy and unhealthy
food stimuli while lying in a MRI scanner. Functional MRI was conducted after either having slept 4 or
9 hours. The results showed that after the sleep restricted period there was greater neuronal
activation in various brain reward and food-sensitive areas when unhealthy food stimuli were
presented when compared to healthy food stimuli. The same stimuli presented after a period of
habitual sleep produced not significant differences.

3.3

Short sleep duration is associated with appetite related hormones.

Leptin and ghrelin have been extensively studied in relation to sleep (Marie-Pierre St-Onge, 2013). In
general, it has been shown that shortened sleep is associated with decreased levels of the appetiteinhibiting hormone leptin and increased levels of the opposite-stimulating hormone ghrelin. Leptin
signals the brain that the body has had enough to eat, producing a feeling of satiety. Ghrelin has an
opposite effects, in that it stimulates hunger or appetite. It is hypothesized now that genetic variation
may play a role in the responses of leptin and ghrelin on shortened sleep duration. A specific gene has
been identified and, interestingly, is also associated with evening-types.

3.4

Insufficient sleep results in excess of food intake and weight gain.

On a behavioral level insufficient sleep has been shown to produce excessive food intake and to
indirectly result in weight gain (Markwald et al., 2013). Sixteen adults participated in a 14-day
inpatient study in which insufficient sleep was realized for 5 consecutive days, simulating a workweek.
Although a decrease of 5% in total daily energy expenditure was detected, an excess of energy intake
was shown as well. This led to an average of 0.82 kg weight gain in five days. Additionally, the study
showed that recovery to normal sleep resulted in an average weight loss of -0.03 kg.
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3.5

A large proportion of severely obese adults report has poor sleep quality.

Another study identifying associations between sleep and nutrition found strong correlations between
scores on the most frequently used sleep quality questionnaire, the Pittsburgh Sleep Quality Index,
and mean body mass index (BMI) (Cleator, Abbott, Judd, Wilding, & Sutton, 2013). The study was
conducted in a total of 144 participants with a mean BMI of 46.9 kg/m2. The majority reported having
poor sleep quality (73%), but only 2.8% reported reverting to night-eating behavior.

3.6

Short sleep is associated with elevated food consumption in individuals who are
prone to eat in response to aroused emotional states.

Dweck and colleagues (Dweck, Jenkins, & Nolan, 2014) investigated the role of emotional eating and
stress in the influence of short sleep. In the first part of the study the authors found that emotional
eating (eating in response to aroused emotional states) and external eating (eating in response to the
presentation of food regardless of hunger) was significantly more frequent in women who reported
poor sleep quality. Thereafter, they showed that in 64 women who were provided with snacks under
stressed and control conditions, elevated food consumption was observed in those who scored high
on emotional eating and who reported short sleep. Remarkably, in this study no strong associations
were found between BMI and sleep quality. It was concluded that the relationship between short
sleep and elevated food consumption exists in those who are prone to emotional eating.

3.7

Specific sleep symptoms are associated with intake of specific dietary nutrients.

Grandner and colleagues (Grandner, Jackson, Gerstner, & Knutson, 2014) have conducted a very
detailed study associating specific dietary nutrients with sleep symptoms. In a total of 4552 individuals
subjective sleep was assessed and diet and nutrition data were collected. Nutrients that were
independently and strongly associated with difficulty falling asleep included alpha-carotene, selenium,
dodecanoic acid, calcium, and hexadecanoic acid. Nutrients strongly associated with sleep
maintenance difficulties were salt, butanoic acid, carbohydrate, dodecanoic acid, vitamin D, lycopene,
hexanoic acid, and moisture. Nutrients associated with non-restorative sleep were butanoic acid,
calcium, vitamin C, water, moisture, and cholesterol. Nutrients associated with sleepiness were
moisture, theobromine, potassium, and water.
The potential link between sleep quality and dietary nutrients has important implications for health. If
increased consumption or deficiency of certain nutrients can impair sleep, this would increase the risk
of sleep disorders and consequently the risk of cardiometabolic health problems.

6
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Interactions between Sleep and Physical Activity

Although sleep and exercise seem to be two completely separate and distinct behaviors, there is
growing evidence for important relationships between them (Atkinson & Davenne, 2007).

4.1

Physical activity improves sleep through thermoregulation in people with normal
sleep schedules and in shift-workers.

To date, the effects of temperature on sleep have extensively been investigated (Raymann, 2005). It
has become clear that thermoregulatory changes regulate sleep and direct neural pathways have been
identified. In addition, when rightly timed, i.e. not too close to bedtime, exercise-mediated
hyperthermia has been shown to improve slow wave sleep (Atkinson & Davenne, 2007). The
aforementioned findings appear to be the underlying mechanism for improved tolerance to shiftwork. Shift-work is associated with greater health problems, but when engaging in physical activity at
least twice a week health improves (Atkinson & Davenne, 2007).

4.2

Engaging in physical activity has beneficial effects on sleep quality.

Similar findings were reported by Sherrill and associates (Sherrill, Kotchou, & Quan, 1998). The authors
investigated the influence of moderate exercise or physical activity on self-reported sleep disorders
among a total of 722 adults. Results showed that regular activity at least once a week, participating
regularly in an exercise program, and walking at normal pace for more than 6 blocks (approximately
1.2 km) per day was associated with reduced risk of sleep maintenance disorders. It was therefore
concluded that programs of regular exercise may be useful therapeutic modalities in the treatment of
patients with sleep disorders.

4.3

Low physical activity and short sleep duration is associated with increased risk of
developing insulin resistance.

Insulin resistance is closely linked to the development of type 2 diabetes (Zuo et al., 2012). In addition,
it has been shown that physical activity can reduce insulin resistance. Zuo and associates (Zuo et al.,
2012) investigated whether besides physical activity also sleep would play a role in the development
of insulin resistance. They conducted a study with 1124 young non-diabetic adults and assessed
physical activity and sleep. Results showed that low physical activity and short sleep duration were
associated with an increased risk of developing insulin resistance, as compared to those with high
physical activity and adequate sleep duration.
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Interactions between Nutrition and Stress

The relationship between stress and eating behavior is complex and involves physiological, hormonal
and psychological processes. As will be explained in the following sections, while acute stress
suppresses appetite and reduces eating, chronic stress can lead to increased food intake.
Furthermore, the relationship between stress and eating behavior is moderated by individual
differences in personality (e.g., emotional eating) and responsivity to stress (e.g., cortisol reactivity). In
order to model the effect of stress on eating behavior, it is important to take the following findings
into account.

5.1

Acute stress suppresses appetite and reduces food intake

A comprehensive overview of the relation between stress and eating is provided by Adam and Epel
(2007). They explain the effect of acute stress on appetite and food intake in the following way: “The
stress response is comprised of a cascade of adaptive responses originating in the central nervous
system as well as in the periphery. It leads to dramatic but time-limited physiological, psychological
and behavioral changes that affect appetite, metabolism and feeding behavior. The acute stress
response includes behavioral, autonomic and endocrinological changes promoting heightened
vigilance, increased heart rate and blood pressure, and a redirection of blood flow to fuel the muscles,
heart and the brain. Stressors evolutionarily required an immediate fight or flight response, so energy
is diverted to the brain and muscle tissue to save life. Under such circumstances energy spent on
housekeeping activities–such as food intake, digestion and reproduction–would be potentially life
threatening. Thus, part of the acute stress response includes suppression of appetite and food intake.”
(Adam & Epel, 2007, p. 450).

5.2

Cortisol stimulates food consumption

The hypothalamic-pituitary-adrenal (HPA) axis is a principal mediator of physiological stress responses
and may play a role in the link between stress and food intake. In response to perceived threat or
challenge, corticotrophin releasing hormone (CRH) is released from the hypothalamus, triggering
release of adrenocorticotropic hormone (ACTH) from the pituitary, followed by glucocorticoid (GC)
release from the adrenal cortex. In a study by George and colleagues (2010), healthy, non-obese
adults were injected with CRH at a dose that is subjectively undetectable (eliciting no stress or
anxiety). Subsequently, cortisol level and subsequent food intake was measured. Participants ate
more after a CRH injection than after a placebo injection.

5.3

People with high cortisol reactivity eat more in response to stress

People differ in their reactivity to stress. It is hypothesized that cortisol reactivity influences stressrelated eating. In a study by Epel and colleagues (2001) women were exposed to a stress session and a
control session on different days. High cortisol reactors consumed more calories on the stress day
compared to low reactors, but ate similar amounts on the control day. This finding was confirmed in
another study (Newman, O’Connor, & Conner, 2007), demonstrating that high cortisol reactivity
predicts a greater intake of snack food in a naturalistic setting. Thus, People who have high cortisol
levels in response to a stressor are likely to eat more, particularly calorically dense food
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5.4

Emotional eaters and restrained eaters eat unhealthier foods during stress.

Several studies have shown that people, in particular emotional and restrained eaters, eat unhealthier
food when they are stressed (Zellner et al., 2006). Restrained eaters are defined as “chronic dieters
who are concerned with their weight and chronically try to restrict the amount they eat” (Papies,
Stroebe, & Aarts, 2009, p. 279). In a lab study (G Oliver, Wardle, & Gibson, 2000), participants who
performed a stressful task and were classified as emotional eaters (van Strien, Frijters, Bergers, &
Defares, 1986) ate more sweet high-fat foods and a more energy-dense meal than unstressed and
non-emotional eaters. This finding was confirmed by Habhab et al. (2009). A self-report study by
Oliver and Wardle (1999) also showed corroborating evidence. Participants indicated that they
snacked more when stressed, and ate less ‘meal-type’ food fruit and vegetables, meat and fish).

5.5

Restrained eaters tend to eat more under stress.

A study by Wardle and colleagues (2000) investigated the effect of work stress on food intake.
Restrained eaters had higher energy intake and fat and saturated fat intake when work stress was
high, but non-restrained eaters did not. In addition, restrained eaters ate relatively more saturated
food during times of high work stress, but this was not the case for non-restrained eaters. Restrained
eaters may rely strongly on effortful, deliberate processes to restrain their eating. However, this
strategy fails when their mental capacity is low, as is the case when they are under stress.

5.6

Women with higher dietary restraint have higher levels of cortisol, a biological marker
of stress.

Several studies (Anderson, Shapiro, Lundgren, Spataro, & Frye, 2002; McLean, Barr, & Prior, 2001;
Rideout, Linden, & Barr, 2006) compared the cortisol levels (a biological marker of stress) in women
with high and low dietary restraint. Dietary restraint or Cognitive Eating Restraint is defined as the
intent to limit food intake to prevent weight gain or to promote weight loss. Women with high dietary
restraint scores had higher cortisol concentrations than did women with low restraint scores. The
authors speculate that women with high dietary restraint experience more stress in relation to their
daily food-related experiences. Stress activates the hypothalamic-pituitary-adrenal axis, resulting in a
release of cortisol into the bloodstream and leading to increased urinary excretion.
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6

Interactions between Physical Activity and Stress

There is ample evidence that physical activity and physical fitness is beneficial for mental wellbeing.
Physical activity is found to have an immediate effect: engaging in physical activity before or after the
occurrence of a stressor alleviates the physiological and psychological response to the stressor. It also
has a long-term effect: people who are regularly active and/or physically fit tend to respond better to
stressors. The effect of stress on physical activity is studied less extensively. However, there is
evidence that stress lowers the level of physical activity. This effect, however, depends on the type of
stressor and on people’s physical activity habits. The relationships are described in the sections below.

6.1

Cardiovascular fitness reduces the cardiovascular response to psychological stressors

Multiple studies have shown that cardiovascular fitness influences the cardiovascular response
following a stressor. Jackson and Dishman (2006) performed a meta-regression analysis of 73 studies
that examined whether cardiorespiratory fitness mitigates cardiovascular responses during and after
acute laboratory stress in humans. The results indicate that fitness is related to slightly greater
reactivity, but better recovery.

6.2

Physical activity is associated with lower levels of perceived stress

People who are regularly active report lower subjective stress levels. Furthermore, physical activity
interventions have been shown to result in less perceived stress in real-world settings. Randomized
clinical trials have determined that exercise is an effective method for improving perceived stress,
stress symptoms, and quality of life (Stults-Kolehmainen & Sinha, 2014, p. 83). Exercise could also lead
to reduced stress indirectly, by increasing one’s level of self-efficacy and self-confidence. Experiencing
improvement and success in the sports domain (e.g., noticing that you can run longer or faster that
you would have thought a few weeks ago) may cross over to other domains and help you to better
cope with stressors.

6.3

Physical activity immediately before or after a stressful event attenuates the stress
response

In addition to the beneficial effects of regular physical activity, studies have shown that even a single
bout of aerobic activity may lower the cardiovascular response to a stressor. A meta-review by Hamer
and colleagues (2006) showed that performing exercise immediately before a stressful event reduces
the blood pressure response.
While most studies investigate the effect of exercising before a stressor, one study (Chafin,
Christenfeld, & Gerin, 2008) showed that exercising after a stressor reduces the duration of the
cardiovascular response.

6.4

When stressed, people are less active, especially when they do not have strong
physical activity habits

During stressful periods, people are less likely to engage in physical activity (Stults-Kolehmainen &
Sinha, 2014). For many people, structured exercise is highly inconvenient (‘‘one more thing to do’’),
and may be perceived as a burden or minor stressor. Langlie et al (1977) found that during times of
stress, individuals feel a lack of control and perceive maintaining health behaviors as costly. Thus, it is
likely that those who view exercise as a disruption, an inconvenience or another demand on their time
will exercise less during periods of stress. However, research also shows that not all stressors lead to
10

less activity. Some major life events that may be perceived as stressful are associated with an increase
in activity (e.g., beginning a new close personal relationship, retirement, changing work conditions,
and death of a spouse/partner, divorce and income reduction). This suggests that the negative effect
of stress on physical activity may partially be explained by time constraints.
Furthermore, habitual exercisers are found to increase their level of activity when facing stress (Lutz,
Stults-Kolehmainen, & Bartholomew, 2010). One explanation may be that habitual exercisers use
exercise as a way of coping with stress.
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7

Interactions between Nutrition and Physical Activity

Nutrition is related to energy intake (EI), whereas physical activity is related to energy expenditure
(EE), together resulting in energy balance. In order to keep the balance, it is important to match
energy intake and energy expenditure. There are several mechanisms that perturb this balance, as
explained below.

7.1

People may compensate for exercise by eating more, but there is large variability
among individuals

When energy expenditure increases as a result of exercising, the energy balance is perturbed. To
restore the balance, several compensatory mechanisms may occur. There are metabolic mechanisms
(e.g., decreasing the resting metabolic rate) as well as behavioral mechanisms (e.g., increasing food
intake).
A review study by King and colleagues (2007) concluded that people do not fully compensate for
exercise-induced energy expenditure by increasing their energy intake. However, there is large interindividual variability in the amount of energy compensated after exercise. King and colleagues (2007)
showed that individuals who participated in a 12-week exercise intervention and experienced a lower
than predicted weight loss were actually compensating for the increase in EE by eating more. The
authors distinguished ‘compensators’ and ‘non-compensators’ and proposed that this distinction may
explain why some people experience disappointing weight loss results.
(Church et al., 2009) showed that compensation may be dependent on exercise dose. These findings
were part of the results of the Dose-Response to Exercise in postmenopausal Women (DREW) study.
This study was designed to examine the health benefits of 50%, 100%, and 150% of the recommended
amount of physical activity. Participants (postmenopausal, sedentary and overweight women) were
randomized to a non-exercise control or 1 of 3 exercise groups; exercise energy expenditure of 4, 8, or
12 kcal/kg/week (KKW). In the 4 and 8 KKW groups the actual weight loss closely matched the
predicted weight loss of −1.0 and −2.0 kg. However, in the 12 KKW group the actual weight loss was
less than the predicted weight loss (−2.7 kg) resulting in 1.2 (0.5, 1.9) kg of compensation. Although
the cause of this compensation is unclear, the study shows that higher doses of physical activity may
not always result in more weight loss.

7.2

People tend to overestimate energy expenditure during exercise and underestimate
energy intake by eating.

A study by Willibond and colleagues (2010) shows that people overestimated the amount of energy
spent during exercise by 3-4 folds. When they were asked to precisely compensate for the energy
expended by eating, the resulting energy intake was 2 to 3 folds greater than the measured energy
expenditure of exercise.
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Summary and conclusions

As has become clear, there are many interactions between various health related behaviors. All of
these interactions are negative, in the sense that an impair in one domain is associated with negative
results in another domain. Since most interactions are bidirectional, they could result in negative
feedback loops (e.g., work stress leading to sleep problems, which in turn can lead to impaired coping
with stressors). In order to turn these negative feedback loops into positive feedback loops, it is
important to offer holistic health coaching, addressing multiple problem areas simultaneously. The
positive feedback loops created in such holistic interventions can leverage behavior change, making
these interventions more effective than interventions that address single behaviors separately.
The table below provides an overview of the interactions described in the previous sections.
Relation
Sleep -> Stress

Details
2.1 Sleep deprivation is associated with decreased levels of the neurotropic
factor BDNF, which in turn is related to stress.
2.2 Evening-types are more vulnerable to stress than morning-types.
2.3 Sleep loss increases cardiovascular risk during acute psychological stress.

Stress -> Sleep

2.4 Stress is strongly associated with sleep problems.

Sleep -> Nutrition

3.1 Poor sleep is associated with increased food intake and poor diet quality
3.2 Sleep restriction increases neuronal response to unhealthy food.
3.3 Short sleep duration is associated with appetite related hormones.
3.4 Insufficient sleep results in excess of food intake and weight gain.
3.5 A large proportion of severely obese adults report has poor sleep quality.
3.6 Short sleep is associated with elevated food consumption in individuals
who are prone to eat in response to aroused emotional states.

Nutrition -> Sleep

3.7 Specific sleep symptoms are associated with intake of specific dietary
nutrients.

Activity-> Sleep

4.1 Physical activity improves sleep through thermoregulation in people with
normal sleep schedules and in shift-workers.
4.2 Engaging in physical activity has beneficial effects on sleep quality.

Sleep -> Activity

Poor sleep quality is associated with poorer physical performance (Goldman
et al., 2007) . Better sleep quality promotes more day-time physical activity
(N. K. Y. Tang & Sanborn, 2014).

Stress -> Nutrition

5.1 Acute stress suppresses appetite and reduces food intake
5.2 Cortisol stimulates food consumption
5.3 People with high cortisol reactivity eat more in response to stress
5.4 Emotional eaters and restrained eaters eat unhealthier foods during
stress.
5.5 Restrained eaters tend to eat more under stress.

Activity->Stress

6.1 Cardiovascular fitness reduces the cardiovascular response to
psychological stressors
13

6.2 Physical activity is associated with lower levels of perceived stress
6.3 Physical activity immediately before or after a stressful event attenuates
the stress response
Stress->Activity

6.4 When stressed, people are less active, especially when they do not have
strong physical activity habits

Activity -> Nutrition

7.1 People may compensate for exercise by eating more, but there is large
variability among individuals
7.2 People tend to overestimate energy expenditure during exercise and
underestimate energy intake by eating.

14

9

References

Adam, T. C., & Epel, E. S. (2007). Stress, eating and the reward system. Physiology & Behavior, 91(4),
449–458. doi:10.1016/j.physbeh.2007.04.011
Anderson, D. A., Shapiro, J. R., Lundgren, J. D., Spataro, L. E., & Frye, C. A. (2002). Self-reported dietary
restraint is associated with elevated levels of salivary cortisol. Appetite, 38(1), 13–17.
doi:10.1006/appe.2001.0459
Ariely, D., & Loewenstein, G. (2006). The Heat of the Moment: The Effect of Sexual Arousal on Sexual
Decision Making. Journal of Behavioral Decision Making, 19(2), 87–98. doi:10.1002/bdm.501
Atkinson, G., & Davenne, D. (2007). Relationships between sleep, physical activity and human health.
Physiology & Behavior, 90(2-3), 229–235. doi:10.1016/j.physbeh.2006.09.015
Banks, S., & Dinges, D. F. (2007). Behavioral and physiological consequences of sleep restriction.
Journal of Clinical Sleep Medicine: JCSM: Official Publication of the American Academy of Sleep
Medicine, 3(5), 519.
Baumeister, R. F., & Tierney, J. (2012). Willpower: Rediscovering the Greatest Human Strength (Reprint
edition.). New York: Penguin Books.
Bonnet, M. H., & Arand, D. L. (2010). Hyperarousal and insomnia: State of the science. Sleep Medicine
Reviews, 14(1), 9–15. doi:10.1016/j.smrv.2009.05.002
Chafin, S., Christenfeld, N., & Gerin, W. (2008). Improving cardiovascular recovery from stress with
brief poststress exercise. Health Psychology: Official Journal of the Division of Health
Psychology, American Psychological Association, 27(1 Suppl), S64–72. doi:10.1037/02786133.27.1(Suppl.).S64
Chaput, J.-P. (2013). Sleep patterns, diet quality and energy balance. Physiology & Behavior.
doi:10.1016/j.physbeh.2013.09.006
Church, T. S., Martin, C. K., Thompson, A. M., Earnest, C. P., Mikus, C. R., & Blair, S. N. (2009). Changes
in Weight, Waist Circumference and Compensatory Responses with Different Doses of
Exercise among Sedentary, Overweight Postmenopausal Women. PLoS ONE, 4(2), e4515.
doi:10.1371/journal.pone.0004515
15

Cleator, J., Abbott, J., Judd, P., Wilding, J. P. H., & Sutton, C. J. (2013). Correlations between night
eating, sleep quality, and excessive daytime sleepiness in a severely obese UK population.
Sleep Medicine, 14(11), 1151–1156. doi:10.1016/j.sleep.2013.04.026
Dweck, J. S., Jenkins, S. M., & Nolan, L. J. (2014). The role of emotional eating and stress in the
influence of short sleep on food consumption. Appetite, 72, 106–113.
doi:10.1016/j.appet.2013.10.001
Epel, E., Lapidus, R., McEwen, B., & Brownell, K. (2001). Stress may add bite to appetite in women: a
laboratory study of stress-induced cortisol and eating behavior. Psychoneuroendocrinology,
26(1), 37–49.
Evans, J. S. B. T. (2008). Dual-Processing Accounts of Reasoning, Judgment, and Social Cognition.
Annual Review of Psychology, 59(1), 255–278. doi:10.1146/annurev.psych.59.103006.093629
Franzen, P. L., Gianaros, P. J., Marsland, A. L., Hall, M. H., Siegle, G. J., Dahl, R. E., & Buysse, D. J.
(2011). Cardiovascular Reactivity to Acute Psychological Stress Following Sleep Deprivation.
Psychosomatic Medicine, 73(8), 679–682. doi:10.1097/PSY.0b013e31822ff440
Friese, M., Hofmann, W., & Wiers, R. W. (2011). On taming horses and strengthening riders: Recent
developments in research on interventions to improve self-control in health behaviors. Self
and Identity, 10(3), 336–351. doi:10.1080/15298868.2010.536417
George, S. A., Khan, S., Briggs, H., & Abelson, J. L. (2010). CRH-stimulated cortisol release and food
intake in healthy, non-obese adults. Psychoneuroendocrinology, 35(4), 607–612.
doi:10.1016/j.psyneuen.2009.09.017
Giese, M., Unternaehrer, E., Brand, S., Calabrese, P., Holsboer-Trachsler, E., & Eckert, A. (2013). The
Interplay of Stress and Sleep Impacts BDNF Level. PLoS ONE, 8(10), e76050.
doi:10.1371/journal.pone.0076050
Grandner, M. A., Jackson, N., Gerstner, J. R., & Knutson, K. L. (2014). Sleep symptoms associated with
intake of specific dietary nutrients. Journal of Sleep Research, 23(1), 22–34.
doi:10.1111/jsr.12084

16

Habhab, S., Sheldon, J. P., & Loeb, R. C. (2009). The relationship between stress, dietary restraint, and
food preferences in women. Appetite, 52(2), 437–444. doi:10.1016/j.appet.2008.12.006
Haidt, J. (2006). The Happiness Hypothesis: Finding Modern Truth in Ancient Wisdom (First Trade Paper
Edition edition.). New York: Basic Books.
Hamer, M., Taylor, A., & Steptoe, A. (2006). The effect of acute aerobic exercise on stress related
blood pressure responses: A systematic review and meta-analysis. Biological Psychology,
71(2), 183–190. doi:10.1016/j.biopsycho.2005.04.004
Heath, C., & Heath, D. (2010). Switch: How to Change Things When Change Is Hard (1 edition.). New
York: Crown Business.
Hofmann, W., Friese, M., & Strack, F. (2009). Impulse and Self-Control From a Dual-Systems
Perspective. Perspectives on Psychological Science, 4(2), 162–176. doi:10.1111/j.17456924.2009.01116.x
Jackson, E. M., & Dishman, R. K. (2006). Cardiorespiratory fitness and laboratory stress: A metaregression analysis. Psychophysiology, 43(1), 57–72. doi:10.1111/j.1469-8986.2006.00373.x
Kahneman, D. (2013). Thinking, Fast and Slow (Reprint edition.). New York: Farrar, Straus and Giroux.
King, N. A., Hopkins, M., Caudwell, P., Stubbs, R. J., & Blundell, J. E. (2007). Individual variability
following 12 weeks of supervised exercise: identification and characterization of
compensation for exercise-induced weight loss. International Journal of Obesity, 32(1), 177–
184. doi:10.1038/sj.ijo.0803712
King, N., Caudwell, P., Hopkins, M., Byrne, N. M., Colley, R., Hills, A. P., … Blundell, J. E. (2007).
Metabolic and Behavioral Compensatory Responses to Exercise Interventions: Barriers to
Weight Loss. Obesity, 15(6), 1373–1383. doi:10.1038/oby.2007.164
Kristiansen, J., Persson, R., Björk, J., Albin, M., Jakobsson, K., Östergren, P.-O., & Ardö, J. (2010). Work
stress, worries, and pain interact synergistically with modelled traffic noise on cross-sectional
associations with self-reported sleep problems. International Archives of Occupational and
Environmental Health, 84(2), 211–224. doi:10.1007/s00420-010-0557-8

17

Leng, Y., Wainwright, N. W. J., Cappuccio, F. P., Surtees, P. G., Luben, R., Wareham, N., … Khaw, K.-T.
(2014). Self-reported sleep patterns in a British population cohort. Sleep Medicine.
doi:10.1016/j.sleep.2013.10.015
Loewenstein, G. (1996). Out of Control: Visceral Influences on Behavior. Organizational Behavior and
Human Decision Processes, 65(3), 272–292. doi:10.1006/obhd.1996.0028
Loewenstein, G. (2005). Hot-Cold Empathy Gaps and Medical Decision Making. Health Psychology,
24(4, Suppl), S49–S56. doi:10.1037/0278-6133.24.4.S49
Lutz, R. S., Stults-Kolehmainen, M. A., & Bartholomew, J. B. (2010). Exercise caution when stressed:
Stages of change and the stress–exercise participation relationship. Psychology of Sport and
Exercise, 11(6), 560–567. doi:10.1016/j.psychsport.2010.06.005
Markwald, R. R., Melanson, E. L., Smith, M. R., Higgins, J., Perreault, L., Eckel, R. H., & Wright, K. P.
(2013). Impact of insufficient sleep on total daily energy expenditure, food intake, and weight
gain. Proceedings of the National Academy of Sciences, 110(14), 5695–5700.
doi:10.1073/pnas.1216951110
McLean, J. A., Barr, S. I., & Prior, J. C. (2001). Cognitive dietary restraint is associated with higher
urinary cortisol excretion in healthy premenopausal women. The American Journal Of Clinical
Nutrition, 73(1), 7–12.
Metcalfe, J., & Mischel, W. (1999). A hot/cool-system analysis of delay of gratification: Dynamics of
willpower. Psychological Review, 106(1), 3–19. doi:10.1037/0033-295X.106.1.3
Newman, E., O’Connor, D. B., & Conner, M. (2007). Daily hassles and eating behaviour: the role of
cortisol reactivity status. Psychoneuroendocrinology, 32(2), 125–132.
doi:10.1016/j.psyneuen.2006.11.006
Oliver, G., & Wardle, J. (1999). Perceived effects of stress on food choice. Physiology & Behavior, 66(3),
511–515.
Oliver, G., Wardle, J., & Gibson, E. L. (2000). Stress and food choice: a laboratory study. Psychosomatic
Medicine, 62(6), 853–865.

18

Papies, E. K., Stroebe, W., & Aarts, H. (2009). Who likes it more? Restrained eaters’ implicit attitudes
towards food. Appetite, 53(3), 279–287. doi:10.1016/j.appet.2009.07.001
Perlis, M. L., Giles, D. E., Mendelson, W. B., Bootzin, R. R., & Wyatt, J. K. (1997). Psychophysiological
insomnia: the behavioural model and a neurocognitive perspective. Journal of Sleep Research,
6(3), 179–188.
Raymann, R. J. E. M. (2005). Cutaneous warming promotes sleep onset. AJP: Regulatory, Integrative
and Comparative Physiology, 288(6), R1589–R1597. doi:10.1152/ajpregu.00492.2004
Rideout, C. A., Linden, W., & Barr, S. I. (2006). High cognitive dietary restraint is associated with
increased cortisol excretion in postmenopausal women. The Journals Of Gerontology. Series A,
Biological Sciences And Medical Sciences, 61(6), 628–633.
Roeser, K., Obergfell, F., Meule, A., Vögele, C., Schlarb, A. A., & Kübler, A. (2012). Of larks and hearts —
morningness/eveningness, heart rate variability and cardiovascular stress response at
different times of day. Physiology & Behavior, 106(2), 151–157.
doi:10.1016/j.physbeh.2012.01.023
Sherman, J. W., Gawronski, B., & Trope, Y. (2014). Dual-Process Theories of the Social Mind. Guilford
Publications.
Sherrill, D. L., Kotchou, K., & Quan, S. F. (1998). Association of physical activity and human sleep
disorders. Archives of Internal Medicine, 158(17), 1894–1898.
Stokols, D. (1996). Translating Social Ecological Theory into Guidelines for Community Health
Promotion. American Journal of Health Promotion, 10(4), 282–298. doi:10.4278/0890-117110.4.282
St-Onge, M.-P. (2013). The Role of Sleep Duration in the Regulation of Energy Balance: Effects on
Energy Intakes and Expenditure. Journal of Clinical Sleep Medicine. doi:10.5664/jcsm.2348
St-Onge, M.-P., Wolfe, S., Sy, M., Shechter, A., & Hirsch, J. (2013). Sleep restriction increases the
neuronal response to unhealthy food in normal-weight individuals. International Journal of
Obesity. doi:10.1038/ijo.2013.114

19

Strack, F., & Deutsch, R. (2004). Reflective and Impulsive Determinants of Social Behavior. Personality
and Social Psychology Review, 8(3), 220–247. doi:10.1207/s15327957pspr0803_1
Stults-Kolehmainen, M. A., & Sinha, R. (2014). The effects of stress on physical activity and exercise.
Sports Medicine (Auckland, N.Z.), 44(1), 81–121. doi:10.1007/s40279-013-0090-5
Tang, N. K., & Harvey, A. G. (2004). Effects of cognitive arousal and physiological arousal on sleep
perception. SLEEP-NEW YORK THEN WESTCHESTER-, 27(1), 69–78.
Van Dongen, H. P., Maislin, G., Mullington, J. M., & Dinges, D. F. (2003). The cumulative cost of
additional wakefulness: dose-response effects on neurobehavioral functions and sleep
physiology from chronic sleep restriction and total sleep deprivation. SLEEP-NEW YORK THEN
WESTCHESTER-, 26(2), 117–129.
Van Strien, T., Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. (1986). The Dutch Eating Behavior
Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior.
International Journal of Eating Disorders, 5(2), 295–315. doi:10.1002/1098108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T
Walker, M. P. (2009). The Role of Sleep in Cognition and Emotion. Annals of the New York Academy of
Sciences, 1156(1), 168–197. doi:10.1111/j.1749-6632.2009.04416.x
Wardle, J., Steptoe, A., Oliver, G., & Lipsey, Z. (2000). Stress, dietary restraint and food intake. Journal
of Psychosomatic Research, 48(2), 195–202.
Willibond, S., Laviolette, M., Duval, K., & Doucet, E. (2010). Normal weight men and women
overestimate exercise energy expenditure. The Journal of Sports Medicine and Physical
Fitness, 50(4), 377–384.
Wood, W., Labrecque, J. S., Lin, P.-Y., & Rünger, D. (2014). Habits in dual-process models. In DualProcess Theories of the Social Mind (pp. 371–385). Guilford Publications.
Yen, I. H., & Syme, S. L. (1999). The Social Environment and Health: A Discussion of the Epidemiologic
Literature. Annual Review of Public Health, 20(1), 287–308.
doi:10.1146/annurev.publhealth.20.1.287

20

Zellner, D. A., Loaiza, S., Gonzalez, Z., Pita, J., Morales, J., Pecora, D., & Wolf, A. (2006). Food selection
changes under stress. Physiology & Behavior, 87(4), 789–793.
doi:10.1016/j.physbeh.2006.01.014
Zuo, H., Shi, Z., Yuan, B., Dai, Y., Hu, G., Wu, G., & Hussain, A. (2012). Interaction between physical
activity and sleep duration in relation to insulin resistance among non-diabetic Chinese adults.
BMC Public Health, 12(1), 247. doi:10.1186/1471-2458-12-247

21

