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Abstract
With the growing research that sleep habits interact with stress 

and health, it is now essential to understand exactly how sleep 
influences stress, which contributes to a person’s overall health and 
wellness. This is equally important for palliative medicine care. Stress 
has been shown to play an active role in health, while sleep has been 
shown to effect levels of stress. Those who are experiencing poorer 
sleep, also experience more stress, which potentially leads to risk 
of various health concerns. Therefore, it is essential to understand 
the interworking relationship between stress and sleep in order to 
effectively maximize restorative sleep for the best health outcomes. 
The present article examines the relationship between stress and 
sleep, along with extra consideration to potential factors that could be 
mediating the aforementioned relationship. Gaining an understanding 
of these relationships may assist future research and treatment 
developments for sleep deficiency and resulting health consequences 
during palliative care. 
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Introduction
Recent studies have indicated that Cortisol, a main hormone 

of stress, plays a critical role in the development of habitual 
behavior. For instance, it has been shown that stress induces a 
shift in the control of instrumental behavior from goal-directed 
to habitual responses [1]. The term “stress” was coined by Hans 
Selye, who defined it as “the non-specific response of the body to 
any demand for change [2]. A stressor is more recently defined as 
environmental change which increases catecholamine hormones 
or cortisol, that have a variety of effects on the body [3]. Allostatic 
load/overload refers to the cumulative “wear and tear” on 
body systems caused by too much stress and/or inefficient 
management of the systems that promote adaptation through 
allostasis [4]. The endogenous level of cortisol varies according 
to an individual’s circadian rhythm. In humans, cortisol levels are 
low at midnight and increase overnight to a peak in the morning. 
Following this morning peak, cortisol levels slowly decline 
throughout the day [5].

Sleep is a state of immobility which consists of greatly 
diminished physical responsiveness that allows for the 

rejuvenation of neural activity [6,7]. Although some research 
supports sleep as a buffering system [8], there is also support 
for sleep deprivation as a stand-alone stressor instead of a 
moderator [9]. Sleep deprivation affects cognitive functioning 
across a number of domains, including, but not limited to: 
attention; information-processing speed; psychomotor reaction 
time; working memory; learning and immediate memory recall; 
abstract reasoning; inhibition of previously learned responses 
and impulses; and decreased awareness to present situations 
and circumstances [10]. Sleep loss has also been shown to be 
associated with a diminished quality-of-life [11] and increase 
economic costs [12]. Overall, sleep deprivation has also been 
found to be associated with short- and long-term negative 
consequences for health and wellbeing, including increased risk 
of cardiovascular disease and mortality [13, 14]. It is extremely 
important to consider these relationships even during palliative 
care.

Sleep
Individual-sleep needs vary widely among individuals; still, 

most sleep experts recommend seven to nine hours of sleep each 
night [15]. However, nearly 30% of all adults sleep less than six 
hours a night [16]. There are two most-widely accepted theories 
of separate types of processes used to regulate sleep. The first, 
the Homeostatic Sleep-Regulating Process consists of a need to 
sleep that compounds during hours of wakefulness and is then 
brought to a homeostatic level during sleep. The other system, 
the Circadian Rhythm Sleep-Regulating Process consists of 
internal bodily processes that regulate a more week-based timing 
of feelings of sleepiness [17-20]. 

There is also support that acute stress and sleep loss may 
alter diurnal cortisol rhythms [21, 22]. Sleep-quality and sleep-
quantity have been shown to be distinct individual outcomes. 
More recent findings began measuring in terms of sleep-quality 
because it better controlled varying sleep groups. It is more 
important how little disruption and deep sleep an individual 
receives (sleep-quality) than purely how many hours one 
sleep (sleep- quantity) [23-25]. The remainder of the findings 
concentrates on sleep-quality instead of quantity, as it is a better 
control for sleep. Insufficient and disturbed sleep is linked with 
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adverse health conditions, including cardiovascular disease 
[26], obesity [27], Type 2 Diabetes [23], hypertension [28], and 
depression [29]. The period of peak sleepiness shifts earlier after 
young adulthood. Overall sleep quantity and the amount of time 
spent in the non- rapid eye movement (REM) stage diminish as an 
individual gets older [30]. This holds some concerns for age as a 
moderator for sleep quality.

Physiological Health

In regard to physical health, changes in sleep patterns 
causing significant loss of sleep increase pain sensitivity, which 
interferes with pain-relieving treatments [31], and cause low-
grade cardiovascular inflammation [26]. It has been found that 
chronically painful events have been frequently associated 
with disturbances in sleep, which involves increased daytime 
sleepiness and changes in sleep quality and continuity [106]. 
The relationship between sleep and pain involves several 
simultaneous unidirectional and/or bidirectional interactions 
between sleep and pain which can then alter pain perception [31, 
107-109]. Recent epidemiological data shows that the general 
population experiences substantial increases in “next-day pain 
frequency” when transitioning from a night of relatively normal 
sleep (6-9 hours) to a night of either fewer than 6 hours or 
greater than 9 hours of sleep [110, 111]. This puts emphasis on 
the system that regulates our daily sleep.

Circadian rhythm is a system which guides the internal 
schedule of sleep for most animals including humans, and it is 
often the first system disrupted by stress [32]. Studies have shown 
that, even with a small disruption (e.g., a few days) of circadian 
rhythm, there are increases in physiological responses (e.g., 
appetite, blood pressure, levels of pro-inflammatory cytokines, 
and evening-cortisol levels), as well as decrease parasympathetic 
response [4, 33, 34]. Beyond these acute effects, chronic circadian 
disruption is associated with increased likelihood of obesity, 
elevated cortisol, and overall shrinkage of the temporal lobe [4]. 
Individuals reporting sleep problems also evidence lower overall 
health quality [35, 36], and greater physical-health problems, such 
as muscle pain, headaches, and gastrointestinal problems [36]. In 
addition to these findings for basal cortisol levels, a recent review 
has further suggested that poor sleep, in particular if prolonged, 
may also interfere with acute endocrine stress responses [37].

Psychosocial Health and Palliative Care

In terms of psychosocial health, sleep loss influences the 
secretion of hormones (e.g., cortisol) which can influence mood 
and contribute to anxiety disorders [38, 39]. When sleep-quality 
diminishes the parasympathetic system is compromised causing 
the individual to start the next day with a higher baseline level of 
cortisol that continues building throughout the day. As cortisol 
level raise throughout the day, as they normally would, the 
effects that cortisol have on the body take effect [38, 39]. This 
can vary depending on the interpretation of the sleep loss for the 
individual, those that perceive more helplessness to their loss of 
sleep typically have more drastic hormone changes [110, 111].

Also, poor sleep has been shown to impair the processing 

of recent emotional experiences that occur overnight [40] and 
reduce the accuracy with which people recognize emotions [41]; 
which explains sleepiness and negative affective states [42]. There 
is also support that chronic sleep deprivation causes memory to 
be impaired, along with increases in oxidative stress [4]. Even 
though all these problems have been found with a lack-of-sleep, it 
is suggested that sleep problems might contribute towards these 
adverse health effects by negatively influencing the stress system. 
Specifically, elevated-stress responses [43], as well as attenuated 
responses of the stress system [37], can be maladaptive for health, 
and poor sleep is related to both heightened and attenuated 
endocrine stress responses [44, 45].

Stress
Stress is a negative emotional experience accompanied by 

anticipated biochemical, physiological, cognitive and behavioral 
responses that are directed either toward altering the stressor 
or accommodating to their effects. Animal studies have shown 
that chronic social stress disrupts sleep regulation, causing an 
exacerbated wakefulness period and an over-active sleep cycle in 
mice [46]. This is speculated to have a similar effect for humans. 
However, it is difficult to experimentally test the effects of 
chronic stress on human behavior because it is ethically difficult 
to control. However, there is support that job-work stress is 
a strong risk factor for depressive symptoms, with those who 
are experiencing pre-existing sleep disturbances [47]. A review 
based on high-quality studies on the relationship between work 
and sleep found indications that lack of control and psychosocial 
demands at work may lead to poorer subsequent sleep-quality 
[48].

Work stress has also been shown to decrease quality-of-sleep, 
and positive methods for addressing stress show it to help sleep 
quality [49, 50]. Brain regions which are involved in memory and 
emotions (e.g., hippocampus, amygdala, and prefrontal cortex) 
undergo structural-remodeling when subjected to chronic 
stress, with the result that memory is impaired and anxiety and 
aggression are increased [4]. Stress can also lead to problems 
with health-habit forming behaviors; it is more difficult to form 
habits due to hormonal interference from cortisol [51]. The 
endogenous level of cortisol varies according to an individual’s 
circadian rhythm. In humans, cortisol levels are low at midnight, 
and increase overnight to a peak in the morning. Following this 
morning peak, cortisol levels slowly decline throughout the day 
[5].

Stress activates the hypothalamic pituitary-adrenal (HPA) 
axis to regulate physiological responses to stressors [52, 53]. 
The HPA-axis responses to stress are also modulated by several 
individual and contextual factors (e.g., age, gender, time of day) 
[54, 55]. Several studies suggest that poor sleep is associated 
with atypical cortisol reactivity to psychosocial stress among 
both children [44, 56, 57, 58] and adults [45, 59]. Sleep behavior 
is closely linked with the HPA axis, as optimal sleep (in terms 
of duration and quality) is associated with a healthy diurnal 
profile of cortisol release as indicated, for example, by higher 
levels of cortisol in the morning, its lower concentration in the 
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evening, and a steeper slope of cortisol secretion [60]. Atypical 
cortisol reactivity associated with poor sleep is most likely what 
moderates HPA-axis response changes from sleep deprivation 
[61]. Relatedly, experimental and population-based research 
tested the plausible impact of sleep deprivation and fragmentation 
on basal-levels of cortisol, an important biomarker of the HPA 
axis [62], and numerous studies reported elevated as well as 
blunted cortisol concentrations [63, 64, 65]. Elevated cortisol 
levels have been found to be associated with conditions such as 
Type 2 Diabetes [66] and all-cause mortality [67], while blunted 
cortisol responses have been reported in clinical populations, 
including patients with depression [68] or chronic fatigue [69].

Cyclical Reactivity
The findings discussed above support that sleep can influence 

stress. Prolonged lack of sleep can raise, as well as blunt, cortisol 
concentrations resulting in increased health concerns (e.g., 
Type 2 Diabetes) or depression, respectively (e.g., poor sleepers 
reported greater perceived stress-reactivity levels, even after 
adjustment for age and body mass index [70]). However, cortisol 
and perceived stress reactivity were uncorrelated. Associations 
between sleep disturbances and stress reactivity were not 
independent of BMI, chronic stress levels, and endocrine; also, 
generally perceived stress reactivity was dissociated from sleep 
disturbance [71]. Initially, self-report data supported that there 
was a cyclical reactivity between sleep and stress. However, 
with further investigation, it has been shown that there is not a 
cyclical reactivity effect, and that good-sleep leads to less stress, 
while poor-sleep leads to more stress. Modifying poor sleeping 
habits typically greatly improves salivary free cortisol [71]. This 
modification should always be considered in palliative medicine. 

Potential Confounds
Positive Affect

Basic motivational theories of emotion provide a general 
model that helps link the experience of emotion, both positive 
and negative, with health-related outcomes. The background 
idea of these models is that emotions exist in the service of 
motivating behavior or promoting particular action-tendencies 
[72, 73]. Emotional motivation theory led to the finding that 
the resulting actions and biological responses may provide a 
respite from the stress associated with negative affectivity [74, 
75] specifically with biofeedback measures of cardiovascular 
reactivity [76-78]. Prolonged neuroendocrine response to stress 
has also been associated with depressed mood [79], while lower 
levels of cortisol found in saliva have been associated with 
measures of well-being [80]. Therefore, the association between 
neuroendocrine function and emotional responding is also a 
potential mechanism linking positive emotion to physical-health 
outcomes.

Job Stressors

Workers often attribute poor-sleep to factors at work. Sleep 
problems experienced by workers have additional public health 
consequences. There are correlations between poor quality-of-
sleep and accidents, including incidents in the workplace [81-

83] as well as motor vehicles accidents [83, 84]. Employers bear 
additional costs due to sleep-related productivity losses, which 
may reach another $50 billion per year [12]. Sleep disorders are 
also associated with lower job performance, greater absenteeism, 
and increased use of sick leave [85, 86], which all affect increased 
costs. Also, there are additional costs due to increased health care 
utilization [86], such as doctor visits and hospitalization [87]. In 
the US, insufficient sleep of employees caused an estimated $150 
billion in indirect costs in 2010 (combined costs of absenteeism, 
presenteeism, and workplace accident or injuries [88, 12]).

Jobs create stress which, in turn, causes a lack of restorative 
sleep. Workers who are overloaded with work were associated 
with poorer sleep-quality, and those that reported experiencing 
monotonous repetition in their jobs showed non-restorative sleep 
[89]. Recent systematic reviews of work and sleep shows that 
high-work demands (e.g., job strain, bullying, and effort-reward 
imbalance) were related to more future sleep disturbances, 
while psychosocial work variables (e.g. social support at work, 
control, and organizational justice) were related to fewer sleep 
disturbances [90]. Therefore, job stress is associated with sleep 
ability, which could generate more stress for the individual, as 
well as lead to cyclical reactivity from lack of good sleep (even 
though stress and sleep have been supported as not having 
cyclical reactivity as discussed above [71]).

Age

There are several different contributors which can diminish 
sleep in an aging population. Adults tend to have poorer sleep 
quality, and sleep for less overall time, which interrupt fully 
recuperative sleep, and benefits cannot be fully acquired [91]. 
Older adults (7-8 hours a night) typically require less sleep 
than younger adults (8-9 hours), and even less than children (9-
11 hours [92]). Still, adults get less sleep than the already low 
recommended sleep. One common problem with loss of sleep due 
to aging is the circadian rhythm mechanisms that change due to 
old age [93]. Loss of sleep also contributes to neurodegeneration, 
which is a key component in dementia. Neurodegeneration 
is not associated with old age, but it is associated with loss of 
regenerative sleep which is linked with old age [94]. Due to the 
intimate relationship between circadian rhythm interruption and 
neurodegeneration, it is essential to manage sleep effectively and 
get as much restful, rejuvenating sleep as possible, especially in 
older adults undergoing palliative care. 

Depression

There is still a great deal that is unknown about the 
associations between depression, stress, and sleep problems. 
Stress and depression have been found to be correlated for both 
undergraduate and graduate students [95] and stress has been 
evaluated as both a predictor of depressive symptomatology 
and as a predictor of sleep problems [95, 96]. Despite the 
typically strong associations between stress and depression, 
they consistently emerge as two independent constructs [97]. 
The literature is mixed regarding the causal direction between 
these affective factors and sleep, and there is evidence that the 
associations may be bidirectional in nature [98, 99]. It is difficult 
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to determine if stress and depression are independently or 
conjointly predictive of sleep problems, or if poor sleep patterns 
(including the quality- and quantity-of sleep) predict stress 
and/or depression. However, there is potential for depression 
mediating stress and sleep. Although there are potentially more 
mediators, there is little structured research on other strong 
variables that may be associated (this is not considering medical 
disorders that directly affect sleep). However, more recently, 
Lyall et al (2018) have found that a disrupted circadian clock was 
related to mood disorders, such as lifetime bipolar disorder and 
major depression disorder. 

Conclusion
In the United States, there are national programs aimed at 

promoting stress-reducing habits in working adults (e.g., National 
Healthy Worksite Program by the Centers for Disease Control and 
Prevention, 2018), as well as promoting good sleeping-habits 
(e.g., National Sleep Foundation, 2018). This is not surprising 
given the important roles that stress and sleep play in human daily 
functioning and health. Acute stress responses are also influenced 
by other factors such as physical exercise [100] and chronic stress 
[101]; both of these are also linked with sleep quality and vice 
versa [102-104]. Thus, there is much support from the research 
discussed above which shows that stress affects sleep restoration 
and regulation. Research also supports that sleep-quality, rather 
than sleep-quantity, may be the greater health concern for young 
adults [105]. This suggests that intervention programs targeting 
depression, stress management, and healthy sleep-patterns 
should be investigated. This is equally important for patients 
undergoing palliative care. 

References
1.	 Schwabe L, Schächinger H , de Kloet ER, Oitzl. Corticosteroids 

operate as a switch between memory systems. J Cogn Neurosci. 
2010; 22(7): 1362-72. DOI: 10.1162/jocn.2009.21278

2.	 Selye H. The stress of life.1956;
3.	 Tiegel, I. M. (2017). Diathesis-stress models for understanding 

physiological and psychological effects of stress. In S. Wadhwa, S. 
Wadhwa (Eds.) , Stress in the modern world: Understanding science 
and society  (pp. 35-44). Santa Barbara, CA, US: Greenwood Press/
ABC-CLIO.

4.	 Bruce. S, Mc Ewen, Ilia N, Karatsoreos.  Sleep deprivation and 
circadian disruption: stress, allostasis, and allostatic load. Sleep 
med clin. 2015;10(1):1-10. DOI:10.1016/j.jsmc.2014.11.007

5.	 Weitzman ED,  Fukushima D,  Nogeire C,  Roffwarg H,  Gallagher 
TF, Hellman L. Twenty-four hour pattern of the episodic secretion 
of cortisol in normal subjects. J Clin Endocrinol Metab. 1971; 
33(1):14-22. DOI:10.1210/jcem-33-1-14

6.	 Siegel, J. M. Clues to the functions of mammalian sleep. Nature. 
2005; 437(7063):1264-71.DOI:10.1038/nature04285

7.	 Hobson JA. Sleep is of the brain, by the brain and for the brain. 
Nature. 2005; 437(7063):1254-6. DOI: 10.1038/nature04283

8.	 Liu Y, Song Y, Koopmann J, Wang M, Chang CD, Shi J. Eating your 
feelings? Testing a model of employees’ work-related stressors, 
sleep quality, and unhealthy eating.  J Appl Psychol. 2017; 
102(8):1237-1258. DOI: 10.1037/apl0000209

9.	 Vargas I ,  Lopez-Duran N. Investigating the effect of acute sleep 
deprivation on hypothalamic-pituitary-adrenal-axis response 
to a psychosocial stressor.  Psychoneuroendocrinology. 2017;79, 
1-8.  DOI: 10.1016/j.psyneuen.2017.01.030

10.	 Namni Goel,   Hengyi Rao,   Jeffrey S. Durmer, David F. Dinges.  
Neurocognitive consequences of sleep deprivation. Semin Neurol. 
2009; 29(4): 320–339. DOI:  10.1055/s-0029-1237117

11.	 Ancoli-Israel S, Roth T. Characteristics of insomnia in the United 
States: results of the 1991 National Sleep Foundation Survey. I. 
Sleep. Suppl 2:S347-353.

12.	 Lamberg, Lynne. Promoting adequate sleep finds a place on the 
public health agenda. JAMA, 291(20), 2415-2417. doi.org/10.1001/
jama.291.20.2415

13.	 Ferrie JE,  Kumari M,  Salo P,  Singh-Manoux A,  Kivimäki M. Sleep 
epidemiology—a rapidly growing field. Int J Epidemiol. 2011; 
40(6):1431-7. DOI: 10.1093/ije/dyr203.

14.	 Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine 
HE, et all., Global burden of disease attributable to mental and 
substance use disorders: findings from the Global Burden of 
Disease Study 2010. Lancet. 2013; 382(9904), 1575-1586. DOI: 
10.1016/S0140-6736(13)61611-6

15.	 Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos 
L. National Sleep Foundation’s updated sleep duration 
recommendations.  Sleep Health: 2015:  1(4), 233-243.   DOI: 
10.1016/j.sleh.2015.10.004

16.	 Krueger PM,  Friedman EM. Sleep duration in the United States: 
a cross-sectional population-based study.  Am J Epidemiol. 
2009;169(9), 1052-1063. DOI: 10.1093/aje/kwp023

17.	 Borbely AA. A two process model of sleep regulation.  Hum 
neurobiol. 1982;1(3), 195-204.

18.	 Alexander A. Borbely.  Refining sleep homeostasis in the two‐
process model.  Journal of sleep research. 2009;18(1): 1-2. 
DOI:10.1111/j.1365-2869.2009.00750.x

19.	 Christopher M.Barnes. Working in our sleep: Sleep and self-
regulation in organizations.  Organizational Psychology 
Review, 2012; 2(3): 234-257.

20.	 Barnes, ChristopherM., Schaubroeck, John, Huth,  Megan, Ghumman, 
Sonia. Lack of sleep and unethical conduct.  Organizational 
Behavior and Human Decision Processes. 2011;115(2):169-180.

21.	 YoichiChida AndrewSteptoe Cortisol awakening response 
and psychosocial factors: a systematic review and meta-
analysis.  Biological psychology. 2009; 80(3), 265-278. DOI: 
10.1016/j.biopsycho.2008.10.004

22.	 Elder GJ, Wetherell MA, Barclay NL, Ellis JG. The cortisol awakening 
response–applications and implications for sleep medicine. Sleep 
Med Rev. 2014;18(3): 215-224.  DOI: 10.1016/j.smrv.2013.05.001

23.	 Cappuccio FP,  D’Elia L,  Strazzullo P,  Miller MA. Quantity and 
quality of sleep and incidence of type 2 diabetes: a systematic 
review and meta-analysis.  Diabetes care.2010; 33(2), 414-420. 
DOI:10.2337/dc09-1124

24.	  Allison G. Harvey,  Kathleen Stinson, Katriina L. Whitaker, 
Damian Moskovitz, Harvinder Virk. The subjective meaning 
of sleep quality: a comparison of individuals with and without 
insomnia. Sleep. 2008; 31(3), 383-393.

https://www.ncbi.nlm.nih.gov/pubmed/19445601
https://www.ncbi.nlm.nih.gov/pubmed/19445601
https://www.ncbi.nlm.nih.gov/pubmed/19445601
http://psycnet.apa.org/record/1957-08247-000
https://www.sleep.theclinics.com/article/S1556-407X(14)00124-6/abstract
https://www.sleep.theclinics.com/article/S1556-407X(14)00124-6/abstract
https://www.sleep.theclinics.com/article/S1556-407X(14)00124-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/4326799
https://www.ncbi.nlm.nih.gov/pubmed/4326799
https://www.ncbi.nlm.nih.gov/pubmed/4326799
https://www.ncbi.nlm.nih.gov/pubmed/4326799
DOI:%2010.1038/nature04285
DOI:%2010.1038/nature04285
https://www.ncbi.nlm.nih.gov/pubmed/16251949
https://www.ncbi.nlm.nih.gov/pubmed/16251949
https://www.ncbi.nlm.nih.gov/pubmed/28394149
https://www.ncbi.nlm.nih.gov/pubmed/28394149
https://www.ncbi.nlm.nih.gov/pubmed/28394149
https://www.ncbi.nlm.nih.gov/pubmed/28394149
https://www.ncbi.nlm.nih.gov/pubmed/28235691
https://www.ncbi.nlm.nih.gov/pubmed/28235691
https://www.ncbi.nlm.nih.gov/pubmed/28235691
https://www.ncbi.nlm.nih.gov/pubmed/28235691
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3564638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3564638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3564638/
https://www.ncbi.nlm.nih.gov/pubmed/10394606
https://www.ncbi.nlm.nih.gov/pubmed/10394606
https://www.ncbi.nlm.nih.gov/pubmed/10394606
http://psycnet.apa.org/record/2004-14643-001
http://psycnet.apa.org/record/2004-14643-001
http://psycnet.apa.org/record/2004-14643-001
https://www.ncbi.nlm.nih.gov/pubmed/22158659
https://www.ncbi.nlm.nih.gov/pubmed/22158659
https://www.ncbi.nlm.nih.gov/pubmed/22158659
https://www.ncbi.nlm.nih.gov/pubmed/23993280
https://www.ncbi.nlm.nih.gov/pubmed/23993280
https://www.ncbi.nlm.nih.gov/pubmed/23993280
https://www.ncbi.nlm.nih.gov/pubmed/23993280
https://www.ncbi.nlm.nih.gov/pubmed/23993280
https://www.ncbi.nlm.nih.gov/pubmed/29073398
https://www.ncbi.nlm.nih.gov/pubmed/29073398
https://www.ncbi.nlm.nih.gov/pubmed/29073398
https://www.ncbi.nlm.nih.gov/pubmed/29073398
https://www.ncbi.nlm.nih.gov/pubmed/19299406
https://www.ncbi.nlm.nih.gov/pubmed/19299406
https://www.ncbi.nlm.nih.gov/pubmed/19299406
https://www.ncbi.nlm.nih.gov/pubmed/7185792
https://www.ncbi.nlm.nih.gov/pubmed/7185792
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2869.2009.00750.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2869.2009.00750.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2869.2009.00750.x
http://journals.sagepub.com/doi/abs/10.1177/2041386612450181
http://journals.sagepub.com/doi/abs/10.1177/2041386612450181
http://journals.sagepub.com/doi/abs/10.1177/2041386612450181
https://ideas.repec.org/a/eee/jobhdp/v115y2011i2p169-180.html
https://ideas.repec.org/a/eee/jobhdp/v115y2011i2p169-180.html
https://ideas.repec.org/a/eee/jobhdp/v115y2011i2p169-180.html
https://www.ncbi.nlm.nih.gov/pubmed/23835138
https://www.ncbi.nlm.nih.gov/pubmed/23835138
https://www.ncbi.nlm.nih.gov/pubmed/23835138
https://www.ncbi.nlm.nih.gov/pubmed/19910503
https://www.ncbi.nlm.nih.gov/pubmed/19910503
https://www.ncbi.nlm.nih.gov/pubmed/19910503
https://www.ncbi.nlm.nih.gov/pubmed/19910503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2276747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2276747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2276747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2276747/


Page 5 of 7Citation:  Gatchel RJ, Jones C (2018) Palliative Medicine: The Importance of Sleep, Stress, and Behavior. Palliat Med Care 5(2): 1-7. 

Palliative Medicine: The Importance of Sleep, Stress, and Behavior Copyright: 
© 2018 Gatchel RJ, et al.

25.	 Pilcher JJ ,  Ginter DR,  Sadowsky B. Sleep quality versus sleep 
quantity: relationships between sleep and measures of health, 
well-being and sleepiness in college students.  J Psychosom Res. 
42(6), 583-596.

26.	 Cappuccio FP,  Cooper D,  D’Elia L,  Strazzullo P,  Miller MA. Sleep 
duration predicts cardiovascular outcomes: a systematic review 
and meta-analysis of prospective studies. Eur Heart J. 2011; 
32(12), 1484-1492. DOI: 10.1093/eurheartj/ehr007

27.	 Wu Y, Zhai L, Zhang D. Sleep duration and obesity among adults: 
a meta-analysis of prospective studies. Sleep Med. 15(12), 1456-
1462. DOI: 10.1016/j.sleep.2014.07.018

28.	 Pepin, J. L., Borel, A. L., Tamisier, R., Baguet, J. P., Levy, P., 
&Dauvilliers, Y. (2014). Hypertension and sleep: overview of a 
tight relationship. Sleep medicine reviews. 2014; 18(6), 509-519. 
DOI:10.1016/j.smrv.2014.03.003

29.	 Salo P,  Sivertsen B,  Oksanen T,  Sjösten N,  Pentti J,  Virtanen 
M,  Kivimäki M,  Vahtera J. Insomnia symptoms as a predictor of 
incident treatment for depression: prospective cohort study of 
40,791 men and women.  Sleep Med. 2012;13(3), 278-284. DOI: 
10.1016/j.sleep.2011.06.022

30.	 Moorcroft, William H, Belcher, P. Disorders of sleep, part II. 
Understanding sleep and dreaming. 2005; 245-259.

31.	 Stefan Lautenbacher, Bernd Kundermann, Jurgen-Christian Krieg. 
Sleep deprivation and pain perception. Sleep medicine reviews, 
10(5), 357-369. DOI:10.1016/j.smrv.2005.08.001

32.	 Wells AM , Ridener E , Bourbonais CA , Kim W , Pantazopoulos H 
, Carroll FI , Kim KS , Cohen BM , Carlezon WA Jr. Effects of chronic 
social defeat stress on sleep and circadian rhythms are mitigated 
by kappa-opioid receptor antagonism.  J Neurosci. 2017; 37(32), 
7656-7668. DOI: 10.1523/JNEUROSCI.0885-17.2017

33.	 Kristen L. Knutson, Karine Spiegel, Plamen Penev, PhD, Eve Van 
Cauter. The metabolic consequences of sleep deprivation.  Sleep 
Med Rev. 2007; 11(3), 163-178. DOI: 10.1016/j.smrv.2007.01.002

34.	 Grandner MA ,  Sands-Lincoln MR ,  Pak VM ,  Garland SN. Sleep 
duration, cardiovascular disease, and proinflammatory 
biomarkers.  Nat Sci Sleep. 2013; 5:93-107. DOI:10.2147/NSS.
S31063

35.	 Edell-Gustafsson UM,  Kritz EI,  Bogren IK. Self‐reported sleep 
quality, strain and health in relation to perceived working 
conditions in females. Scand J Caring Sci. 2002;16 (2), 179-187.

36.	 Kuppermann M,  Lubeck DP,  Mazonson PD,  Patrick DL,  Stewart 
AL, Buesching DP, Fifer SK. Sleep problems and their correlates in 
a working population. J Gen Intern Med. 10(1), 25-32.

37.	 Phillips AC,  Ginty AT,  Hughes BM. The other side of the coin: 
Blunted cardiovascular and cortisol reactivity are associated 
with negative health outcomes. Int J Psychophysiol. 2013; 90(1), 
1-7. DOI: 10.1016/j.ijpsycho.2013.02.002

38.	 Anthony Charuvastra, Marylene cloitre. Safe enough to sleep: 
sleep disruptions associated with trauma, posttraumatic stress, 
and anxiety in children and adolescents.  Child and Adolescent 
Psychiatric Clinics. 18(4), 877-891.

39.	 DOI:10.1016/j.chc.2009.04.002
40.	 Holsboer, F. Stress hypercortisolism and corticosteroid receptors 

in depression: implicatons for therapy. J Affect Disord.2001; 62(1-

2):77-91.
41.	 Walker, Matthew P., van der Helm, Els. Overnight therapy? The 

role of sleep in emotional brain processing. Psychological bulletin, 
2009; 135(5), 731-748. DOI:10.1037/a0016570

42.	 Els van der Helm,  Ninad Gujar,  Matthew P. Walker. Sleep 
deprivation impairs the accurate recognition of human emotions. 
Sleep, 2010; 33(3): 335-342.

43.	 Franzen PL,  Siegle GJ,  Buysse DJ. Relationships between affect, 
vigilance, and sleepiness following sleep deprivation. J Sleep Res. 
2008; 17(1): 34-41. DOI: 10.1111/j.1365-2869.2008.00635.x

44.	 George.P.Chrousos. Stress and disorders of the stress system. 
Nature reviews endocrinology,2009;5(7):374-381.

45.	 Minkel Jared,  Moreta Marisa,  Muto Julianne,  Htaik Oo,  Jones 
Christopher,  Basner Mathias. Sleep deprivation potentiates HPA 
axis stress reactivity in healthy adults. Health Psychology.2014; 
33(11): 1430-1434.

46.	 Wright CE, Valdimarsdottir HB, Erblich J, Bovbjerg DH. Poor sleep 
the night before an experimental stress task is associated with 
reduced cortisol reactivity in healthy women. Biol Psychol. 2007; 
74(3), 319-327. DOI:10.1016/j.biopsycho.2006.08.003

47.	 Nadja Olini, Iru Rothfuchs, Damiano Azzinnari, Christopher R. 
Pryce, Salome Kurth, Reto Huber. Chronic social stress leads to 
altered sleep homeostasis in mice.  Behavioural brain research. 
327(1):167-173. DOI:10.1016/j.bbr.2017.03.022

48.	 Magnusson Hanson LL, Peristera P, Chungkham HS , Westerlund H. 
Psychosocial work characteristics, sleep disturbances and risk of 
subsequent depressive symptoms: a study of time‐varying effect 
modification. J Sleep Res.2017; 26(3), 266-276. DOI: 10.1111/
jsr.12494

49.	 Van Laethem F,  Tikhonova AN,  Pobezinsky LA,  Tai X,  Kimura 
MY,  Le Saout C. et all ., Lck availability during thymic selection 
determines the recognition specificity of the T cell repertoire. 
Cell. 2013;154(6):1326-1341. DOI: 10.1016/j.cell.2013.08.009

50.	 Adrian J. Bravo, Michelle L Kelley, Brittany F. Hollis. Work 
stressors, sleep quality, and alcohol‐related problems across 
deployment: A parallel process latent growth modeling approach 
among navy members.  Stress and Health.2017; 33(4), 339-347.
DOI:10.1002/smi.2712

51.	 Akerstedt T, Nordin M, Alfredsson L, Westerholm P, Kecklund G. 
Predicting changes in sleep complaints from baseline values and 
changes in work demands, work control, and work preoccupation–
the WOLF-project. Sleep Med.2012; 13(1): 73-80. DOI: 10.1016/j.
sleep.2011.04.015 

52.	 Fournier, Marion, d’Arripe-Longueville ,  Fabienne , Rovere, Carole, 
et all., Effects of circadian cortisol on the development of a health 
habit. Health Psychology. 2017; 36(11):1059-1064.

53.	 E. RONALD DE KLOET, ERNO VREUGDENHIL, MELLY S. OITZL, 
MARIAN  JOELS. Brain corticosteroid receptor balance and 
homeostatic control.  Front. Neuroendocrinol. 1998; 19(3): 269–
301.

54.	 Johnson EO ,  Kamilaris TC,  Chrousos GP,  Gold PW. Mechanisms 
of stress: a dynamic overview of hormonal and behavioral 
homeostasis. Neurosci Biobehav Rev 1992; 16(2): 115-130.

55.	 Kudielka BM,  Buske-Kirschbaum A,  Hellhammer DH,  Kirschbaum 

https://www.ncbi.nlm.nih.gov/pubmed/9226606
https://www.ncbi.nlm.nih.gov/pubmed/9226606
https://www.ncbi.nlm.nih.gov/pubmed/9226606
https://www.ncbi.nlm.nih.gov/pubmed/9226606
https://www.ncbi.nlm.nih.gov/pubmed/21300732
https://www.ncbi.nlm.nih.gov/pubmed/21300732
https://www.ncbi.nlm.nih.gov/pubmed/21300732
https://www.ncbi.nlm.nih.gov/pubmed/21300732
https://www.ncbi.nlm.nih.gov/pubmed/25450058
https://www.ncbi.nlm.nih.gov/pubmed/25450058
https://www.ncbi.nlm.nih.gov/pubmed/25450058
https://www.smrv-journal.com/article/S1087-0792(14)00024-0/abstract
https://www.smrv-journal.com/article/S1087-0792(14)00024-0/abstract
https://www.smrv-journal.com/article/S1087-0792(14)00024-0/abstract
https://www.smrv-journal.com/article/S1087-0792(14)00024-0/abstract
https://www.ncbi.nlm.nih.gov/pubmed/22177343
https://www.ncbi.nlm.nih.gov/pubmed/22177343
https://www.ncbi.nlm.nih.gov/pubmed/22177343
https://www.ncbi.nlm.nih.gov/pubmed/22177343
https://www.ncbi.nlm.nih.gov/pubmed/22177343
https://www.springer.com/gp/book/9781461464662
https://www.springer.com/gp/book/9781461464662
https://www.smrv-journal.com/article/S1087-0792(05)00075-4/abstract?code=ysmrv-site
https://www.smrv-journal.com/article/S1087-0792(05)00075-4/abstract?code=ysmrv-site
https://www.smrv-journal.com/article/S1087-0792(05)00075-4/abstract?code=ysmrv-site
https://www.ncbi.nlm.nih.gov/pubmed/28674176
https://www.ncbi.nlm.nih.gov/pubmed/28674176
https://www.ncbi.nlm.nih.gov/pubmed/28674176
https://www.ncbi.nlm.nih.gov/pubmed/28674176
https://www.ncbi.nlm.nih.gov/pubmed/28674176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1991337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1991337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1991337/
https://www.ncbi.nlm.nih.gov/pubmed/23901303
https://www.ncbi.nlm.nih.gov/pubmed/23901303
https://www.ncbi.nlm.nih.gov/pubmed/23901303
https://www.ncbi.nlm.nih.gov/pubmed/23901303
https://www.ncbi.nlm.nih.gov/pubmed/12000672
https://www.ncbi.nlm.nih.gov/pubmed/12000672
https://www.ncbi.nlm.nih.gov/pubmed/12000672
https://www.ncbi.nlm.nih.gov/pubmed/7699483
https://www.ncbi.nlm.nih.gov/pubmed/7699483
https://www.ncbi.nlm.nih.gov/pubmed/7699483
https://www.ncbi.nlm.nih.gov/pubmed/23454029
https://www.ncbi.nlm.nih.gov/pubmed/23454029
https://www.ncbi.nlm.nih.gov/pubmed/23454029
https://www.ncbi.nlm.nih.gov/pubmed/23454029
https://www.ncbi.nlm.nih.gov/pubmed/11172875
https://www.ncbi.nlm.nih.gov/pubmed/11172875
https://www.ncbi.nlm.nih.gov/pubmed/11172875
http://psycnet.apa.org/record/2009-12487-003
http://psycnet.apa.org/record/2009-12487-003
http://psycnet.apa.org/record/2009-12487-003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831427/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831427/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831427/
https://www.ncbi.nlm.nih.gov/pubmed/18275553
https://www.ncbi.nlm.nih.gov/pubmed/18275553
https://www.ncbi.nlm.nih.gov/pubmed/18275553
https://www.nature.com/articles/nrendo.2009.106
https://www.nature.com/articles/nrendo.2009.106
http://psycnet.apa.org/record/2014-19532-001
http://psycnet.apa.org/record/2014-19532-001
http://psycnet.apa.org/record/2014-19532-001
http://psycnet.apa.org/record/2014-19532-001
https://www.ncbi.nlm.nih.gov/pubmed/17011693
https://www.ncbi.nlm.nih.gov/pubmed/17011693
https://www.ncbi.nlm.nih.gov/pubmed/17011693
https://www.ncbi.nlm.nih.gov/pubmed/17011693
https://www.ncbi.nlm.nih.gov/pubmed/28116758
https://www.ncbi.nlm.nih.gov/pubmed/28116758
https://www.ncbi.nlm.nih.gov/pubmed/28116758
https://www.ncbi.nlm.nih.gov/pubmed/28116758
https://www.ncbi.nlm.nih.gov/pubmed/28116758
https://www.ncbi.nlm.nih.gov/pubmed/24034254
https://www.ncbi.nlm.nih.gov/pubmed/24034254
https://www.ncbi.nlm.nih.gov/pubmed/24034254
https://www.ncbi.nlm.nih.gov/pubmed/24034254
https://onlinelibrary.wiley.com/doi/abs/10.1002/smi.2712
https://onlinelibrary.wiley.com/doi/abs/10.1002/smi.2712
https://onlinelibrary.wiley.com/doi/abs/10.1002/smi.2712
https://onlinelibrary.wiley.com/doi/abs/10.1002/smi.2712
https://onlinelibrary.wiley.com/doi/abs/10.1002/smi.2712
https://www.ncbi.nlm.nih.gov/pubmed/22177346
https://www.ncbi.nlm.nih.gov/pubmed/22177346
https://www.ncbi.nlm.nih.gov/pubmed/22177346
https://www.ncbi.nlm.nih.gov/pubmed/22177346
https://www.ncbi.nlm.nih.gov/pubmed/22177346
http://psycnet.apa.org/buy/2017-27629-001
http://psycnet.apa.org/buy/2017-27629-001
http://psycnet.apa.org/buy/2017-27629-001
https://static1.squarespace.com/static/574f4044ab48decaf96b9095/t/594060d3893fc0e151e9a15c/1497391318152/BrainCortico.pdf
https://static1.squarespace.com/static/574f4044ab48decaf96b9095/t/594060d3893fc0e151e9a15c/1497391318152/BrainCortico.pdf
https://static1.squarespace.com/static/574f4044ab48decaf96b9095/t/594060d3893fc0e151e9a15c/1497391318152/BrainCortico.pdf
https://static1.squarespace.com/static/574f4044ab48decaf96b9095/t/594060d3893fc0e151e9a15c/1497391318152/BrainCortico.pdf
https://www.ncbi.nlm.nih.gov/pubmed/1630726
https://www.ncbi.nlm.nih.gov/pubmed/1630726
https://www.ncbi.nlm.nih.gov/pubmed/1630726
https://www.ncbi.nlm.nih.gov/pubmed/14575731


Page 6 of 7Citation:  Gatchel RJ, Jones C (2018) Palliative Medicine: The Importance of Sleep, Stress, and Behavior. Palliat Med Care 5(2): 1-7. 

Palliative Medicine: The Importance of Sleep, Stress, and Behavior Copyright: 
© 2018 Gatchel RJ, et al.

C. HPA axis responses to laboratory psychosocial stress in healthy 
elderly adults, younger adults, and children: impact of age and 
gender. Psychoneuroendocrinology. 2004; 29(1): 83-98.

56.	 Kudielka BM,  Schommer NC,  Hellhammer DH,  Kirschbaum C. 
Acute HPA axis responses, heart rate, and mood changes to 
psychosocial stress (TSST) in humans at different times of 
day. Psychoneuroendocrinology.2004; 29(8): 983-992.

57.	 Sylvie Mrug, Anna Tyson, Bulent Turan, Douglas, A. Granger. 
Sleep problems predict cortisol reactivity to stress in urban 
adolescents. Physiology & behavior. 2016; 155: 95-101.

58.	 Hatzinger M, Brand S, Perren S, Stadelmann S, von Wyl A, von Klitzing 
k. Electroencephalographic sleep profiles and hypothalamic–
pituitary–adrenocortical (HPA)-activity in kindergarten children: 
Early indication of poor sleep quality associated with increased 
cortisol secretion. Journal of psychiatric research.2007; 42(7): 
532-543. DOI: 10.1016/j.jpsychires.2007.05.010
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