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Learning Objectives 
 
Upon successful completion of this course, you will be able to: 
 
  
 Define OSA and describe its symptoms, causes, pathology, and treatments 
 
 Discuss the interactions/relationships between COR PULMONALE & OSA 
 
 Identify and discuss the wide variety of sleep disorders, including their symptoms, 
consequences, and treatments 
 
 Explain what is meant by “insomnia” and discuss its prevalence and treatments 
 
 Discuss the current status of sleep among people living in the United States 
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Introduction 
 

An Introduction to Obstructive Sleep Apnea 

The following case history is an example of a healthcare worker’s introduction to sleep 
medicine. The setting is a clinic. The patient is a 32-year-old make who appears fit and trim and 
quite healthy. He is accompanied by his wife, a young woman who despite looking fit, trim and 
healthy appears to be exhausted. 
 
Caregiver: What brings you to the clinic? 
Spouse: He snores and I cannot sleep 
Caregiver: Are you tired during the day? 

Patient: No 

Spouse: Yes you are. You fall asleep every time you sit down. 
Patient: That’s just because I am working so much. 
 
Caregiver: What time do you go to bed? 
Patient: Usually around 10:00. 
Caregiver: And what time do you get up? 
Patient: 7:00. 
 
Caregiver: Do you feel rested when you get up in the mornings? 
Patient: Yes 
Spouse: No you’re not. You’re grumpy and you have to drink 4-5 cups of coffee to get going. 
Caregiver: Does your husband snore every night? 
Spouse: Yes. From the moment he falls asleep to the moment the alarm goes off. And it is so 
loud you can hear it throughout the whole house. 
Caregiver: Do you notice that he stops breathing at night?   
Spouse: Yes and then I lie there and worry when he will start. Often I have to kick him to get 
him breathing. 
Caregiver: Do you two like movies? 
Spouse: Yes, but I won’t go to the theater with him anymore, because as soon as the lights go 
out he falls asleep and begins to snore. 
An examination was performed and then a sleep test ordered. The couple returned after the sleep 
test, which showed moderate obstructive sleep apnea with an apnea hypopnea index of 30. 
 
Caregiver: You have obstructive sleep apnea. 
Spouse: I told you so I thought it was something like this  
Patient: What does that mean? 
The caregiver explained the diagnosis, and the resultant problem of hypertension, 
heart attack and stroke. 
Patient: Well, what can we do about this? 
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Caregiver: You need to be treated with nasal CPAP. 
Patient: What is that? 
The caregiver explained and the patient hardly listened. 
Patient: How about an operation? 

Caregiver: No, you need to be treated with CPAP. 

Patient: I am not wearing a machine. 
Spouse: What happens if he doesn’t treat this? 
Caregiver: He may die prematurely 
Patient: I will think about it, but I don’t think this is necessary. We can go now honey. 
Two weeks later, the couple returned. Serious family discussion had obviously 
ensued. 
Patient: I’ve decided to try CPAP 
Caregiver: This is a good decision 
The patient was referred for a CPAP titration and trial. He returned with his wife one month 
later. 
Caregiver: How are things going? 
Patient: I can’t believe it. I feel like a new person. I get up refreshed and never fall asleep at 
work. My morning headaches are gone, I don’t get up to pee 3 times a night.   
Spouse: Better yet, I can sleep. He doesn’t snore, we can go to the movies and we are making 
love like we did before we got married. 
And so began the caregiver’s introduction to sleep medicine 

Cardiovascular Associations of OSA 

So, you’ve gotten a preliminary introduction to Obstructive Sleep Apnea and have gotten an idea 
about the typical people that OSA affects. In the following section, we will discuss the various 
pathological cardiovascular processes caused by and associated with OSA. The goal is to get 
through this section without entering into sleep. Hopefully you find the entertainment verging on 
tasteful and the information poignant.  
 
The story on hypertension (HTN) and OSA is complicated namely because one must consider 
the effects of OSA on blood pressure during sleep and wakefulness. 
 
Normal sleep should cause a drop in arterial pressure by way of an increase in 
parasympathetic mediated vasodilatation and a decrease in cardiac output (see Figure 
1.1). This phenomenon is termed “dipping”, and is completely normal. Conversely, it is 
well-documented that apneic episodes and the resulting oxyhemoglobin desaturation seen 
in OSA cause elevated blood pressure during sleep (see Figure 1.2).  
 
This is a no-brainer—hold a pillow over your bed partner’s mouth while they sleep and watch 
their pressures soar through the roof! (Disclaimer: Actually, do not try this at home!) The 
mechanism is felt to be hypoxemia-induced activation of the sympathetic nervous system 
causing catecholamine release. OSA patients who experience elevated nocturnal pressures are 
termed “non-dippers”. This is an abnormal physiologic state, which, over the long-term, can lead 
to significant morbidity.  
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While the association between OSA and diurnal hypertension is difficult to prove because of 
confounding factors, the data supporting the association are quite convincing. 
 
Hypertension, cardiac arrhythmias, myocardial infarction, and stroke in relation to obstructive 
sleep apnea.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Blood Pressure Response to Sleep:1.1: Normal physiologic 
“dipper” response—blood pressure decreases during sleep. 
1.2: Abnormal “nondipping”response characteristic in OSA patients. Note that blood pressure 
remains at or above 
diurnal values. 
  
Approximately half of all OSA patients have hypertension. When multivariate analysis and 
linear multivariate regression techniques were applied to evaluate contributions to the formation 
of daytime hypertension, OSA was found to be an independent risk factor in both men and 
women. The effect appears to be most profound in younger patients of normal weight. 
 
Several different studies have corroborated that OSA is an independent risk factor for persistent 
diurnal HTN. Since the association between OSA and hypertension has such profound 
repercussions for the health of your future patients, it cannot be emphasized enough. It is well 
documented that treatment of OSA with continuous positive airway pressure (CPAP) can 
improve patients’ diurnal and nocturnal HTN. 
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Additionally, compared with controls, OSA patients have higher plasma and urine levels of 
catecholamines and more plasma thromboxane than plasma prostacyclin. With treatment of 
OSA, norepinepherine and thromboxane levels fall favoring relative vasodilatation. All these 
data support the strong association between OSA and the development of both diurnal and 
nocturnal HTN. 
 
Now we get to the meat and potatoes of OSA, and how it can kill. There are innumerable studies 
in both humans and animals about the effects of ventilation and sleep state on cardiac rhythm. To 
better understand this process let’s look at a typical day in your life as a healthcare giver. By 
examining the response of your autonomic physiology to both stress, sleep, and stressful sleep, 
we will elucidate the main dysrhythmias linked to OSA. These include the vagally mediated 
bradycardias that occur during apnea onset, and the sympathetically mediated ventricular 
arrhythmias that occur upon arousal from apneic episodes. Using our understanding of the 
autonomic nervous system, the manner in which obstructive sleep apnea causes cardiovascular 
morbidity and mortality will become clear. 
 
A day in the life of YOU is fairly stressful. It consists of taking ceu courses, being pimped by 
attending department meetings, checking in on I.C.U. patients, and making sure you get 
something to eat.  During your typical day, the sympathetic nervous system and its 
catecholamines facilitate cardiovascular responses to stressful stimuli. For example, when your 
department manager asked you to recite the calculated creatinine clearance formula in front of 
everyone this morning, your heart beat faster (very fast) and your arterial pressure rose (very 
high). You may even have experienced a premature ventricular complex or two as the extra load 
of catecholamines that was released into your serum came into contact with your myocardium. 
As your autonomic system faultlessly prepared you to flee from this stressful situation, you 
stoically remained, and blubbered some excuse about how your parakeet came down with 
pneumonia. Consequently, you spent all last night in the vet ER so you did not have time to 
brush up on that formula you were supposed to be ready to recite today. As the last words of 
your response emerged from you lips, it was clear to everyone within earshot, including yourself, 
that your prospect for moving up the ladder in the department had just vanished.   
 
Unfortunately for you, but fortunately for us, your degrading and stressful experience has 
demonstrated some important points: 1) Meetings can be difficult with taskmasters who have 
been well trained in the Art of Humiliation and 2) the autonomic nervous system greatly 
influences the entire cardiovascular system including blood pressure and cardiac rhythm.  It is 
through the interaction between the autonomic nervous system and the cardiovascular system 
during sleep that dysrhythmias occur in OSA.   
 
Ashamed and forlorn, you dash off to the library to look up that silly formula and thereby 
attempt to salvage your day. You find the proper book, settle down in a comfortable chair and 
prepare to learn about renal physiology. At the exact moment that the book is cracked, however, 
you begin to enter the first stages of NREM sleep.  
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It is now, that the Autonomic Balance of Power shifts—Sympathetica, God of War and 
Destruction, and His catechol army retreat for cover in your nerve terminals as 
Parasympathetica, Goddess of Rest and Relaxation reigns supreme over your bodily functions 
through her multiheaded warrior, The Vagus. Well, you get the idea!  
 
From a cardiovascular standpoint, the net result of NREM sleep is a slowing of your heart rate 
and a decrease in your arterial pressure. Normal NREM sleep produces fewer ventricular 
arrhythmias than any other period because of the change in your autonomic tone. 
Catecholamines are arrhythmogenic. When Sympathetica and His army are ruling over your 
bodily functions, one would expect you to have arrhythmias from the effects of catechol surges 
on your heart. This is exactly what we saw when you blew your honors grade in Medicine. When 
catecholamine input is withdrawn, however, as in NREM sleep, the vagus and the inherent 
cardiac pacemaker deliver a slow, steady and predictable heart rate.    
 
Let’s get back to you, asleep in the library, in order to see when obstructive apneas occur and 
how they result in arrhythmias. Through all the stages of NREM sleep you go, the frequency of 
your brain waves slowing and gaining more amplitude. You have an occasional K-complex and 
sleep spindle register as you pass through NREM stage 2, then you transition into NREM stage 3 
and 4--you are now in slow wave sleep.  From here, you quietly await your inevitable entry into 
REM sleep. As your brain waves 12 become less synchronized and your eyes begin to samba 
under your lids, all your skeletal muscles to lose their tonic input from your brain and become 
flaccid. Somewhere in your head you hear, “Ladies and Gentlemen, on behalf of the captain and 
Wing and a Prayer Airlines, Welcome to Dream Land!” You have entered REM sleep—the sleep 
stage where obstructive apneas are most prevalent. 
 
As you begin a dream sequence that includes you and a special someone sharing a vegan picnic 
meal in a secluded mustard field, you are completely unaware that an obstructive apnea is about 
to transform this romantic Hollywood scene into a real-life nightmare. Within moments of 
entering REM sleep, your head falls backwards, fully extended, and all of your pharyngeal 
dilator muscles lose their tonic input. Your abnormal head position causes your airway anatomy 
to resemble that of an OSA patient.  Combined, your newly acquired abnormal airway anatomy 
and the loss of pharyngeal muscular tone cause your airway to obstruct. My friend, you have 
now entered the obstructive sleep apnea zone!  
 
As the apnea continues, your dream content changes.  Your special friend morphs into your 
angry Renal Attending! He begins to grab tofu sandwiches and shove them down your throat, 
yelling, “Let’s see how your kidneys handle this protein load!” While you feel as if there is tofu 
stuck in your throat rendering you unable to breathe, in reality, your own airway anatomy is 
causing obstruction. In response to your loss of ventilation, parasympathetic tone mediates a 
mammalian diving reflex-like response. Your heart rate slows to decrease myocardial oxygen 
demand, and you wait to see what the oxygen drought will bring. 
 
During an obstructive apnea, vagally mediated arrhythmias are quite common, including 
bradycardias, sinus pauses, and second-degree AV blocks. These are the first type of arrhythmias 
seen in OSA. As apnea persists, metabolic requirements sap your precious oxygen stores causing 
oxyhemoglobin saturation to fall and carbon dioxide levels to rise.  
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Consequently, the chemoreceptors in your carotid bodies begin firing like mad telling your 
respiratory center, “Scotty, we need more…power”. They respond in their Scottish affect, 
“Captain, we’re giving her all she’s got!” Like Kirk at the helm, you’re helplessly trusting that 
the diaphragm will generate enough force to overcome the glottic obstruction. 
 
Although the exact mechanism has not been identified, something magical occurs at this crucial 
juncture that keeps you from asphyxiating to death. Many feel that the increased neurogenic 
activity that is flogging your respiratory drive centers combines with the falling oxygen tension 
in your blood to activate your Reticular Activating System (RAS). The RAS responds to this 
suffocation by arousing you from REM sleep, allowing restoration of muscle tone to the 
pharyngeal dilators, and activating your sympathetic nervous system. The result is resolution of 
the obstruction, and resumption of ventilation. 
 
Obstructive apneas cause abrupt changes in autonomic tone. At apnea onset, parasympathetic 
tone predominates. Towards the end of an apnea, however, increasing inspiratory efforts and 
decreasing oxygen saturation cause arousal from sleep and a surge in sympathetic tone. Of all the 
arrhythmias in OSA, the most common is the bradytachyarrhythmia. It results directly from the 
myocardial response to changes in autonomic tone. It is characterized by an increase in 
parasympathetic tone at apnea onset causing bradycardia immediately followed by a sympathetic 
surge causing tachycardia at apnea termination. This arrhythmia is present in over 75% of 
patients with OSA. 
 
Oxyhemoglobin desaturation and increased circulating catecholamines cause the third type of 
arrhythmias seen in OSA. If we were to do a systems’ check at the end of an apneic episode, we 
would find: 
 
1) Oxyhemoglobin saturation is low and barely able to meet myocardial metabolic 

requirements. 
2) A surge of arrhythmogenic catecholamines has been released into the blood stream and will 

increase myocardial oxygen requirements when it contacts the myocardium. 
3) Afterload is maximized as a result of the sympathetic surge. 
4) There is a respiratory acidosis. 
 
All these factors—low oxygen supply, high myocardial oxygen demand, acidosis, and 
arrhythmogenic catecholamines—converge at apnea termination to create the optimal setting for 
all sorts of interesting ventricular arrhythmias (ectopic focuses, tachycardia, bigeminy). These 
are seen particularly in patients with underlying cardiovascular disease. In OSA patients without 
overt coronary disease, apneic episodes resulting in oxyhemoglobin saturation levels below 60% 
are associated with ventricular arrhythmias.  In patients who have severe coronary disease or pre-
existing conduction abnormalities, however, apneas causing oxyhemoglobin saturations below 
even 80% can trigger ventricular arrhythmias. These ventricular dysrhythmias can progress to 
fatal arrhythmias and ultimately death in all OSA patients. 
 
Now that we are aware of the main types of arrhythmias characteristic for OSA patients—
bradyarrhythmias, bradytachyarrhythmias, and tachyarrhythmias—the question arises: what can 
be done about these potentially fatal rhythms?  
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Multiple studies have demonstrated that apnea-induced arrhythmias resolve with effective 
treatment of OSA!  Preventing apneic episodes subsequently prevents autonomic instability and 
low oxygen saturations—the basic ingredients that cause the characteristic arrhythmias in OSA. 
In fact, effective OSA treatment prevents most of the other significant pathological processes 
associated with OSA. These treatments will be discussed in later in this course.. 
 
If you understood the cardiac arrhythmia section, the rest of the pathological processes 
associated with OSA will be a cakewalk. The pathophysiology is the same; it is simply applied 
differently. The key to understanding the cardiovascular effects of OSA lies in understanding 
apnea-induced arousals. We discussed the abrupt shift in the autonomic tone that occurs when 
apneas cause arousal from REM sleep. The resulting sympathetic surges cause increased 
myocardial oxygen demands by increasing the major determinants of MVO2 (isotropy, 
chronotropy, and afterload). OSA causes myocardial ischemia by way of a simple supply and 
demand problem.  
 
When a sympathetic surge causes all the determinants of MVO2 to increase, and the supply of 
oxygen is limited by an apnea, the result is ischemia! The principle is the same in a person who 
has arteriosclerotic coronaries; any increase in myocardial oxygen demand is met with ischemic 
pains because of limited oxygen supply! One Koehler study found that 83% of nocturnal 
ischemic events occurred during apneic episodes in REM sleep characterized by 
persistent oxyhemoglobin desaturation. Moreover, there is a strong association between 
apneic indices and myocardial infarction. In a retrospective analysis of patients who suffered 
myocardial infarction, Hung et al. found that an apnea index of greater than 5.3 was 
independently predictive of having myocardial infarction (the statistically significant odds ratio 
approached 23!). While there might be chicken and egg uncertainty with this association, 
logically it makes sense that apneas would predispose to myocardial infarctions for the 
aforementioned reasons. However, for completeness sake and to add some complexity to the 
issue, congestive heart failure caused by a myocardial infarction could cause a crescendo-
decrescendo Cheyne-Stokes breathing pattern that would create apneic episodes that were not 
present before the infarction. However,  it seems that the majority of post-infarction patients with 
significant apnea indices had their infarction as a result of their apneas, and not the other way 
around.  Then again, it seems that there was a reptile egg and some Darwinism that created the 
chicken, so take this view with a proverbial grain of salt. 
 
We must also consider the possibility that OSA may cause other pathophysiologic states that 
predispose to infarction such as increased coagulability. Recently, a well-designed study found 
that OSA patients had higher blood viscosities and fibrinogen levels compared with controls. 
Another study found that effective CPAP treatment caused fibrinogen levels to normalize. 
Increased blood viscosity and serum fibrinogen levels could potentially lead to increased 
coagulability, which could further predispose to myocardial infarction. Regardless, of the exact 
mechanism, the association between OSA and myocardial infarctions cannot be ignored! 
 
As for sudden cardiac deaths, we look to the Scandinavians and their amazing database to find 
that snoring is an independent risk factor for sudden nocturnal cardiac deaths.  
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While this finding only implicates OSA in sudden death, when we amass our understanding of 
OSA and its effects on the autonomic nervous system, the associations with myocardial 
dysrhythmias, ischemic events, and infarctions it seems perfectly logical that OSA should be a 
risk factor for sudden nocturnal cardiac death!  
 
 

COR PULMONALE & OSA 
 
We’ve discussed the implications of OSA on the heart specifically on the increased risks of 
dysrhythmias, ischemia, infarction and sudden cardiac death. Well, I saved this one for last and 
gave it a special section because it is especially interesting.  Heart failure and OSA should be 
enough to send shivers down your spine. Not only does the pathophysiologic mechanism 
challenge us to widen our perspectives about the severity of the morbidity of sleeping disorders, 
but also there is a Chagas-esque exoticness associated with OSA causing heart failure. Ask 
yourself how many VA patients with CHF you’ve seen whose failure resulted from ischemia or 
valvular disease?   
 
These mechanisms for inducing CHF are so banal—like Big Macs, Toyota Tercels or Wal-
Mart—sure, they do the job, but when you’ve experienced one, you’ve seen them all. It would be 
so much more refreshing to work with a patient whose CHF resulted from OSA. This would be 
like traveling across India on the Orient Express to bathe in the Ganges River or indulging in a 
Fruit du Mer Risotto infused with white truffle oil and century-old balsamic vinaigrette. You get 
the point. Hopefully, after perusing this section you will begin to realize that even with the 
relatively large incidence of OSA causing CHF, this knockout combination maintains a je ne sais 
quoi quality that memorializes them in our hearts and memories. 
 
Cor pulmonale is heart failure caused by a primary lung pathology. The pathogenesis includes an 
increase in pulmonary vascular pressure causing right heart hypertrophy and subsequent right 
heart failure. Right heart failure subsequently leads to left heart failure. Often, the inciting 
mechanism that causes this chain of events is hypoxia leading to vasoconstriction of the 
pulmonary vascular tree, OSA plays a role in the development of heart failure via three main 
mechanisms. The result is an incidence of right heart failure in OSA patients of about 10%. The 
first mechanism deals with the altered chemoreceptor mediated ventilatory response in some 
OSA patients. Blunted responses to hypoxia and pH changes lead to the development of 
hypoventilation in the OSA patient. A decreased ventilatory drive combined with frequent 
nocturnal apneic episodes leads to persistent nocturnal hypoxemia. 
 
Hypoxic pulmonary vasoconstriction results in an effort to minimize V/Q mismatching. The 
right heart consequently has to push against elevated pulmonary vascular pressures, which over 
time leads to hypertrophy then to failure. These two effects of OSA—global hypoventilation and 
frequent nocturnal apneas—are the main mechanisms for de novo development of heart failure. 
OSA, however, also exacerbates existing heart failure through elevated arterial pressures 
(resulting from apnea induced sympathetic activation) causing increased myocardial oxygen 
demand. This increased work on the left ventricle causes hypertrophy and predisposes to 
ischemia. This chain of events has been implicated in worsening the LV function of patients with 
both OSA and CHF.  
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To complicate this issue, however, most CHF patients have a form of sleep-disordered breathing 
that is felt to be caused by LV failure leading to pulmonary congestion.15 The resulting Cheyne-
Stokes breathing also contributes to worsening heart failure. As one would guess, treatment of 
CHF patients with nocturnal CPAP has been shown to improve function and heart failure. 
 
While the incidence of stroke occurring in OSA patients is about 7%, the relationship has not 
been formally studied with prospective double-blinded studies.  Despite this, the preponderance 
of evidence points towards OSA predisposing to cerebral infarction. As seen in cardiac infarction 
and sudden cardiac death, many investigators have determined that snoring is an independent 
risk factor for developing stroke. This association becomes even stronger when hypertension and 
snoring co-exist. While we already know that apneas lead to nocturnal hypertension through a 
shift in the autonomic nervous system, studies have also demonstrated that intracerebral 
pressures increase in relation to apnea duration and oxygen desaturation. Doppler studies have 
demonstrated a watershed distribution hypoperfusion in the brains of OSA patients. Impairment 
in cerebral vascular auto regulation in OSA patients has also been demonstrated.   
 
So, I present to you a recipe that is guaranteed to knock off the hemispheres of your dinner 
guests! Mix intermittent bursts of hypertension with cerebral vessels that are unable to properly 
buffer significant pressure changes, fold in a background of watershed hypoperfusion, add a dash 
of increased blood viscosity and a pinch of potentially increased coagulability, place in a 
cranium whose pressure is set to rise with apneic episodes and you have a fabulous recipe for 
cerebral infarction that can be served either hot or cold at your local nursing homes! I challenge 
you to think of what type of visual aid would best demonstrate this recipe for disaster to your 
patients. Perhaps in the spirit of the anti-drug campaign, we should start a “This is your brain on 
OSA” campaign. Instead of a fried egg, we could show a head CT demonstrating an enormous 
watershed or hemorrhagic infarct. Combine this with a correspondingly graphic clinical example:  
Left ventricular volume in patients with heart failure and Cheyne-Stokes respiration during sleep. 
and perhaps this would finally achieve the shock value needed to wake people up to the dangers 
involved in OSA, no pun intended! 
 

Treatment Principles for OSA 

While there exist innumerable interventions of varying efficacies for treating OSA, most are 
variations of a limited number of central themes. By understanding a few principles about the 
pathogenesis of OSA, the logic behind existing treatment paradigms will become apparent. 
Subsequently, a discussion about treatment options will be very easy to understand! In this short 
section, we will encounter three main principles about the pathogenesis of OSA. 

Principle 1: What causes OSA? 

At the most basic level, OSA is caused by a mechanical obstruction occurring somewhere in the 
upper airway that makes a person unable to breathe during sleep despite ventilatory efforts. The 
obstruction is in the upper respiratory tract and may involve the nose, pharynx or larynx. The 
most common obstructions involve the uvula/soft palate and base of the tongue. While the site of 
the obstruction is unimportant, the effects are devastating, as we’ve seen in the complications 
section.  



 
 

13

In addition to anatomy, we must also infer that there is some neurological predilection to 
developing this obstruction. When sleep occurs, the neurologically mediated tonic input to the 
pharyngeal dilator muscles decreases. For some individuals, this results in a smaller pharyngeal 
diameter but no sleep-disordered breathing. For OSA patients, however, this withdrawal of 
muscle tonicity results in partial airway obstruction. Anatomy and/or neurogenic regulation of 
pharyngeal relaxation, therefore, differ between OSA patients and non-sufferers! 
 

Principle 2: Where do the obstructions occur and why? 

Most suffers of OSA obstruct at any of three anatomical locations (Figure 2). The most 
common site is at the level of the pharynx. Repetitive blunt trauma of the soft palate during 
snoring causes tissue edema. Pharyngeal obstruction is caused by the edematous soft palate 
collapsing onto the posterior pharyngeal wall. Certain neurological or anatomical contributions 
will make obstruction at the pharynx worse. These include: reduced tonic input to the 
pharyngeal dilator muscles, large tonsils, or redundant soft tissue in the pharynx. All will 
decrease the patency of the upper airway. The second most common site for obstruction is at the 
level of the tongue base. While there is an enormous variation in tongue sizes, large tongues 
nestled within small pharynxes is a guaranteed way to achieve horrible, suffocating, near death 
OSA. A third site of obstruction is in the nose. A nose should consist of two large boreholes that 
lead to the nasopharynx. The nasal passages may become obstructed because of a deviated 
septum, dust mites, mold or other allergens causing mucosal inflammation, nasal polyps or other 
obstructing anatomy. 
 

 
 
Figure 2: Sites of Obstruction in OSA: oropharynx (tongue base), soft palate/tonsils, and nasal 
passage (in ascending order of arrows) 
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Regardless of the cause or location of the airway obstructions, the net effect is the same—
increased resistance causing reduced airflow. Think of the river and the dam analogy—place a 
dam in a river and you get less flow downstream. Because all three of these anatomical sites are 
located in series, their resistance is additive. Consequently, a few mild obstructive lesions in the 
upper airway can generate enormous resistance. 
 
Another major contribution to airway obstruction is the large negative intra-thoracic pressure 
generated by the contraction of the diaphragm. This diaphragmatic action creates a vacuum in 
the airway that pulls both air and anatomy inward. The result is a narrowing of the upper airway. 
Because OSA patients have increased airway resistance, their diaphragms must generate large 
negative intra-thoracic pressures in order to achieve effective ventilation. Such a large negative 
force causes a greater inward force on the pharyngeal anatomy. In this way, increased airway 
resistance in OSA patients creates a spiraling effect where adaptive responses result in a 
worsening of the pathologic mechanism. 

Principle 3: Who gets these obstructions? 

Some wrongly believe that semi-starved, runway-models are immune from developing OSA. 
Some may also think that OSA is a disease only for the “big boned” of the world. Well, the truth 
is anyone can get OSA! OSA is caused by a combination of poorly designed anatomy and 
probably an abnormal withdrawal of muscle tone in the pharynx during sleep. Certainly, obesity 
plays a role in worsening the severity of OSA. 
 
By mass effect, obesity contributes to upper airway compression and to decreased lung 
volumes. While the mechanism of how airway compression exacerbates OSA should be 
self-evident, the role of lung volume in the pathogenesis of OSA is less apparent. Underinflated 
lungs do not contain the oxygen reserved needed to buffer against oxygen desaturation during 
apneic episodes. Thus in obese individuals with OSA, airway compression and small lung 
volumes result in more frequent and severe oxygen desaturations, nocturnal arousals and 
sympathetic surges. While an increased BMI will inevitably make OSA more severe, under no 
circumstances do all obese individuals have OSA. Conversely, obesity is not a pre-requisite for 
developing OSA. Put another way, Ali McBeal might have OSA, and the late, great Chris Farley 
may not have had OSA!  OSA also progresses with age. Those who snore in their 20s and 30s 
obstruct in their 40s. This is clearly a progressive illness. 
 

Treatments for OSA 

Treating OSA can be fun and rewarding since there are so many radically different approaches 
that can positively affect the lives of OSA patients. These range from non-invasive therapies like 
CPAP, weight loss, dental prostheses, pharmacotherapy, and improved sleep positioning to 
surgical therapies aimed at correcting the anatomical abnormalities that cause OSA. 
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By far, the most successful and least invasive treatment for OSA is CPAP (continuous positive 
airway pressure). The use of CPAP in OSA has been studied extensively since its introduction by 
Professor Colin Sullivan in 1981. The results are remarkable! CPAP normalizes 
sleep architecture; it eliminates daytime sleepiness, nocturnal obstructive apneas, nocturnal 
desaturations, and nocturnal arrhythmias; it decreases nocturnal and daytime blood pressures, 
and improves mortality within the OSA cohort. When used on a regular basis, CPAP reverses or 
eliminates all the pathology that is associated with OSA! 
 
The concept behind CPAP is relatively simple: air pressure is employed to splint open the 
airway. In fact, the CPAP machine has been likened to a Hoover vacuum cleaner 
running in reverse! While present day machines are much more advanced than the old Hoover 
vacuum cleaners, the concept of using pressurized air to splint open an airway remains the same. 
Modern day CPAP machines have clean tubing, filtered air, comfortable masks, quiet motors and 
titratable pressure that is delivered during both inspiration and exhalation. Typically, CPAP 
inspiratory pressures (5-15 cm water) are larger than exhalation pressures (5-10cm water) since 
the negative pressure generated during an inspiration provides additional inward force that 
further collapses an already compromised airway.   
 
One of the biggest problems with CPAP has nothing to do with the efficacy of therapy itself, but 
rather with the compliance of patients.  
 
Patients on CPAP are non-compliant because either they are unable to tolerate the feeling of high 
pressures (12-15cm water) in their airways, or their mask causes irritation, most commonly on 
their nasal bridge. In addition to these impediments, some patients with inadequate support from 
their bed partners will not remain compliant . Over the years, multiple advancements have been 
made in the design and technology of CPAP. Patients who once could not tolerate high airway 
pressures in conventional machines are now able to use CPAP regularly because of the auto-
titrating machines. These CPAP machines auto-titrate the pressures delivered to the patient on a 
breath-to-breath basis so that the minimum amount of pressure needed to keep the airway patent 
is used. This modification combined with newer, more comfortable masks will have a dramatic 
impact on CPAP compliance rates. 
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While using CPAP on a regular basis is not easy, with improved product designs, patient 
education and an excellent social support network, CPAP therapy can prove to be a painless 
experience that can confer amazing benefits to affected patients. 
 
So, when you’re  with newly diagnosed OSA complaining to your father about 
how hard it is to use the new CPAP machines, be prepared for the “When I was Your 
Age” monologue. He will remind you that he not only walked to work in three feet of 
snow, uphill in both directions, but also, his CPAP machine was a Rube Goldberg gas-powered 
model, made from duct tape and garden hose that delivered only a single pre-set 22 pressure.  
 
While he is probably indulging the truth, the fact remains that a diagnosis of OSA requiring 
regular CPAP therapy is no longer as difficult as it may have once been!  While CPAP is a 
fantastic treatment for OSA, some people simply cannot tolerate it. Additionally, other people 
have isolated, localized anatomical sites that account for their OSA. In these cases, surgical 
intervention is an appropriate treatment. While there are many surgical procedures aimed at 
helping OSA, they generally fall into two categories based on severity of the intervention. I like 
to think of them as Minor League surgery and Major League surgery. 
 
Just as there are many minor league baseball players of varying skill levels, so are there many 
surgeries of varying efficacies aimed at treating OSA. These procedures generally consist of a 
surgeon tinkering with the anatomy of the nose and pharynx in an effort to relieve sites of 
localized obstruction. Minor League procedures generally do not result in profound anatomical 
alterations, but rather, simply modify or resect excess/obstructing tissue! Surgery is tailored to 
the individual’s obstructing anatomy. 

 
 
Commonly recommended operations include septoplasty, turbinate reduction, tonsillectomy, soft 
palate excision (this is called uvulopalatal pharyngoplasty or UP3), tongue reduction and tongue 
advancement. While these procedures generally help OSA patients with localized anatomical 
defects, they are temporizing interventions only because most Minor League surgeries, except 
the UP3, do not have long-term outcome studies supporting their use as a definitive cure for 
OSA. Another reason these surgeries are felt to be temporizing measures only deals with the 
mechanics of the repairs. Over time, the anatomical correction gained from most of these 
surgeries reverts due to the power of times and tissue plasticity. 
 
If the Minor League interventions fail to alleviate OSA symptoms or a patient has particularly 
advanced OSA, Western Medicine has devised two Major League curative interventions. The 
first is the maxillomandibular advancement (MMA) or the jaw thrust.   
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The aim of this surgery is to turn back the clock on Darwinian evolution by taking a Homo 
sapiens’ face and remodeling it into that of a chimpanzee’s.  
 
Although this may sound like the procedure Michael Jackson underwent, I assure you the result 
is more characteristic of a Jay Leno profile. Through this process of breaking the upper and 
lower jaws, advancing them anteriorly 12mm, then fixating them with hardware, the tongue and 
palate are pulled away from the pharynx so that it no longer obstructs the sleeping airway. The 
result is a Neanderthal circa the Paleolithic Age minus the pronounced brow, dragging knuckles 
and the “Me Tarzan, you Jane.” mentality. Long-term follow up studies on the patients that 
undergo this surgery suggest that significant SDB is cured in 90 percent of the cases and the 
appearance changes are fine.  Unfortunately, the surgery requires 3 months of interdental fixation 
and has a 1 percent risk of serious complications. 
 
The second Major League operation for OSA is a tracheostomy. As we discussed above, OSA is 
caused by bad anatomy of the upper airway. If that anatomy is bypassed  with a large hole in the 
trachea, OSA ceases to exist! Unfortunately, because purulent pulmonary secretions dripping 
from a hole in your throat are not socially acceptable in western society, tracheostomy is 
typically reserved for severe cases of OSA. Perhaps a fitting social intervention for ex-OSA 
patient’s who undergo these curative procedures would be a match making singles service. 
Typical personal want-ads might read: “DWM with strong jaw seeking D/SWF with drippy neck 
for friendship and possibly more, purulence OK” or “Tarzan seeking Jane to swing in trees and 
share bananas. Must be non-snorer.” 

 
 
Aside from CPAP and surgical interventions, the single most beneficial treatment 
for OSA is weight loss. Patients with OSA who lose a fraction of their weight can 
significantly improve their apnea indexes. Furthermore, obese patients 
with OSA who lose most of their extra weight can potentially cure their OSA. 
This is impressive and seemingly simple, but extremely difficult in reality! The typical OSA 
patient is not a model of health fitness. Many are obese, and some morbidly obese with 
associated co-morbidities— osteoarthritis of the hips and knees, impaired pulmonary function 
with dyspnea on exertion, and cardiac and peripheral vascular disease manifesting as angina, 
claudication, and possibly syncope/dizziness with exertion. Add excessive daytime fatigue to this 
picture of jumbled pathology and see how many of these individuals want to go for a run around 
the lake every morning to lose weight?   
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To make this concept more experiential, try this exercise next time you are on overnight call. 
Take a large backpack and fill it with 100 pounds of sand. Put it on—this is your new body 
habitus. Go about your day of rounding on patients, climbing stairs, sitting down, standing up, 
walking, you get the point. Continue this activity throughout the day, into the night (make sure 
you don’t sleep or neglect your on-call cross cover duties!), and then into the next day. Just for 
kicks, stay up an additional night (now 48 hours straight without sleep). When the next morning 
rolls around see how much you feel like engaging in some brisk exercise followed by a 
rewarding breakfast of wheat grass juice and non-fat bran muffins.  
 
For all you who may think that you are up for the challenge, try to consider yourself with 
advanced osteoarthritis in your knees and crushing angina. After this visualization, losing weight 
becomes less of a priority. By this point, most would opt for some good tasting French fries, a 
comfortable couch, and a funny Seinfeld episode over a run around the lake. Welcome to the 
world of OSA patients! 
 
Having completed that exercise in experiential education, I think we can all agree that getting 
patients with OSA to lose weight is an enormous feat. In fact, the only way that obese OSA 
patient’s can stand a chance at losing weight is if their OSA is properly treated with an effective 
intervention. By eliminating their incredible fatigue with CPAP, they have one less obstacle to 
overcome in their quest for a normal body habitus! For those who are able to reach their lean 
fighting weight, they will reap the rewards of an  improved self-image, a decrease in the 
morbidity associated with obesity, and perhaps a future without OSA. 
 
The remaining treatments for OSA vary in their efficacies, and for completeness I will mention 
each briefly. There exist numerous dental prosthetics on the market that fall into two categories. 
The first pulls the tongue forward which prevents it from falling back and blocking the airway.  
The second repositions the mandible anteriorly by moving the mandible and associated 
structures. These devices can often be adjusted until just the correct amount of movement has 
been achieved to prevent airway obstruction. These devices are discussed more thoroughly (and 
quite comically) in the case studies.  The bottom line is that some practitioners swear by the use 
of oral appliances, while others scoff at them. 
 
If they work for your patients they can be an effective and preferable option to surgery.  There is 
also pharmacotherapy. Progestational agents like Medroxyprogesterone acetate (MPA) 
accentuate the hypercapnic chemoreceptor reflex. While these agents increase respiration in 
hypoventilatory patients during the day, they have little if any effect on apneic episodes during 
sleep.  Additionally, there are proponents of tricyclic antidepressant (TCA’s) use for treating 
OSA. Here, the aim is to capitalize off the side effect profile of TCA’s—a diminution of REM 
sleep. Since REM is the part of sleep in which most apneas occur, the theory is to reduce apneas 
by eliminating REM. While this therapy does reduce total number of apneas during a night, 
patients still have abnormally high apnea indices. While TCA’s may not be an effective 
treatment for OSA, at least the patients taking them will not be so depressed about their 
dysfunctional sleep! 
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Finally, there is always the tennis ball sewn in the back of the shirt trick. This intervention aims 
to keep snorers off their backs so gravity does not pull their tongues and palates into their 
pharynxes! While this intervention may work for some cases of positional snoring, or positional 
OSA, patients who snore or stop breathing in other positions will continue to obstruct. 

Sleep-Disordered Breathing Grab Bag 

By this time, you may be confused about the distinction between obstructive sleep apnea and 
sleep-disordered breathing, since they seem to describe overlapping phenomena. Sleep-
disordered breathing, however, refers to the entire spectrum of breathing disorders that cause 
problems with sleep. Thus, obstructive sleep apnea is a subset of sleep-disordered breathing. 
Pathological states included in this subset are: snoring, upper airway resistance syndrome, 
obstructive sleep apnea, heart failure, stroke, and hypercapnic COPD. While snoring, upper 
airway resistance syndrome and obstructive sleep apnea are discussed separately for simplicity, 
these particular conditions probably represent a continuum of common pathophysiology. This 
section will impart pearls of information in a grab bag fashion. Hopefully these quips will round 
out your understanding of sleep-disordered breathing and OSA. 
 
 

Snoring 
 
Snoring causes a significant disruption to bedroom harmony and is associated with the 
development of hypertension. Several publications have demonstrated that snoring without 
concurrent OSA is an independent risk factor for the development of hypertension. 
 
 The key to the management of snoring is to determine whether OSA co-exists. A multi-channel 
home sleep test can accomplish this. For patients with a normal apnea-hypopnea index (AHI) 
whose snoring causes significant disruption in the bedroom, options exist. The most successful 
treatment is likely to be weight loss. Nasal CPAP is also very effective in the treatment of 
snoring, but because most snorers do not have sleep apnea, the benefit derived from CPAP 
therapy is often insufficient to motivate patient compliance. In cases where CPAP is not an 
option, the Otolaryngology community has proposed numerous surgical therapies for the 
treatment of snoring. 
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Sleep Disorders 

UARS: 

Upper airway resistance syndrome is a fascinating illness. Patients with UARS present with 
symptoms of daytime sleepiness, fatigue and depression, but sleep testing fails to document an 
impressively elevated AHI. Only in-hospital polysomnographic studies with pharyngeal balloon 
measurements will demonstrate an increase in pharyngeal pressure associated with EEG 
arousals. These patients respond well to treatment with nasal CPAP. Because of its immediate 
response to CPAP treatment, a significant number of sleep physicians consider UARS a form of 
obstructive sleep apnea. 

OSA: 

Obstructive sleep apnea has been discussed sufficiently. The extensive morbidity and mortality 
caused by OSA, however, should beg the question what evolutionary advantage is gained by this 
disease. My advisor, Dr Davidson, has proposed an interesting anatomical evolutionary theory 
on why humans are the only mammals aside from English Bulldogs to have developed OSA. It is 
his belief that OSA is a recent illness that results from the anatomical changes that facilitated 
speech. 
 
In order to speak, the distance from the lips to pharynx and pharynx to vocal cords must be 
equidistant and the pharynx must be a narrow, collapsible, compliant tube. To achieve the first of 
these changes, the larynx descended. Man is the only mammal with the larynx descended 
beneath the level of the soft palate. The tongue base followed the descent of the larynx resulting 
in its current position partially in the oropharynx.  To shorten the lip to pharynx distance, the 
maxilla and mandible retruded. This was achieved in part by a shortening of the sphenoid bone 
and in part by a decrease in the length of the maxilla and mandible. These changes caused the 
tongue to lapse further into the oropharynx.  
 
To create a narrow and compliant pharynx, the anterior and posterior boarders approached one 
another. The foramen magnum rotated anteriorly causing the spine to push the pharynx anteriorly 
and the midface was repositioned posteriorly causing the pharynx to be pushed towards the 
spine. The anatomical changes that have facilitated speech—laryngeal descent, posterior 
retraction of the midface, an oropharyngeal tongue base, and a narrow and floppy pharynx—
have predisposed man to the development of obstructive sleep apnea.  In considering the 
evolutionary process, one may ask why natural selection did not weed out individuals with OSA. 
I will remind you that only recently has man’s life expectancy exceeded 30-40 years. Obstructive 
sleep apnea occurs more frequently when people are 40 – 50 and older, a time when most have 
passed their procreative period and are no longer subject to the normal selection forces seen in 
evolution. 
 
 
Sleep-Disordered Breathing and Gender 
Gender based differences in the manifestations of sleep-disordered breathing can often confuse 
the diagnosis and thereby delay treatment. Because sleep-disordered breathing was thought to be 
primarily a male disorder, the symptoms in women are often overlooked or misinterpreted. Men 
tend to present with snoring, apneic episodes and daytime sleepiness.  
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When evaluated with sleep testing, most will demonstrate an elevated AHI. Women are less 
likely to report snoring, and their daytime sleepiness is often assumed to be depression. Their 
symptoms may often be more vague and generalized. Consequently, sleep-disordered breathing 
in women is commonly mistaken for depression and subsequently under-diagnosed. 
 
Heart Failure and Sleep-Disordered Breathing: 
There are millions suffering from varying degrees of heart failure. Some snore, some exhibit 
Cheyne-Stokes breathing and most have abnormal sleep studies. Nonetheless, congestive heart 
failure is improved with nasal CPAP. For mild heart failure, the standard nasal CPAP with an 
autotitrating device is remarkably therapeutic. For those with Grade III and IV heart failure, 
particularly those with Cheyne-Stokes breathing, more sophisticated CPAP paradigms are 
required for effective treatment. 
 
Stroke and Sleep-Disordered Breathing 
Two-thirds of the patients who have suffered stroke will exhibit obstructive sleep apnea and 
other abnormalities of sleep. While nasal CPAP compliance in this patient population requires 
hard work and lots of emotional support, those who are able to comply will demonstrate 
significant improvement in their sleep function and their quality of life. 
 
Hypercapnic COPD 
Patients with hypercapnic COPD can be preemptively treated with nasal or full mask bi-level 
PAP treatment.  (COPD is virtually never treated with nasal CPAP because of lung involvement 
and the need for ventilation as well as upper airway stabilization). This diminishes CO2 
accumulation during sleep, improves pulmonary function and improves general well being. 
 
Sleep-Disordered Breathing Associations 
There are a myriad of medical conditions associated with sleep-disordered breathing, including 
nocturia, nighttime epilepsy and nighttime arrhythmia requiring a pacemaker. A number of 
patients with ocular abnormalities, particularly nighttime retinal hemorrhages, also have sleep-
disordered breathing. All of these conditions will respond to nasal CPAP. 
 
Central Sleep Apnea 
Central Sleep Apnea (CSA) is a condition characterized by apneas in the absence of ventilatory 
effort.  Conditions that cause CSA include any neurological or muscular disorders that affect the 
respiratory control center, the innervation of the diaphragm, or the muscles of respiration. These 
would include encephalitis, cerebral infarct, tumor, old polio, amyotrophic lateral sclerosis, 
quadriplegia, muscular dystrophy, and kyphoscoliosis respectively. CSA is also seen in cases of 
heart failure, manifesting as Cheyne-Stokes respiration. Depending on the severity of ventilatory 
impairment and the stability of neurological impairment (progressive vs. non-progressive 
disease), treatments for CSA include use drugs to stimulate the respiratory center, periodic non-
invasive ventilation with bi-level positive airway pressure, electrical diaphragmatic pacing and, 
in severe cases, continuous ventilatory support. 
 
Sleep-Disordered Breathing in Children 
Thus far, I have not mentioned pediatric obstructive sleep apnea. This condition is generally a 
consequence of enlarged adenoids and palatine tonsils. 
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 It is reported that 10 percent of children snore and 2 percent have documentable obstructive 
sleep apnea. A tonsillectomy and adenoidectomy procedure will usually cure kids of pediatric 
OSA and thereby cause dramatic improvements in daytime behavior and school performance. 
 
Sleep-Disordered Breathing in the Elderly 
The prevalence of sleep disordered breathing in the elderly (24%) is substantially higher than in 
younger adults. Although BMI is still the best predictor of the presence of sleep disordered 
breathing, obesity is less of an issue in the elderly. The slender, older man or woman who snores 
and is excessively sleepy may still need an evaluation for OSA. In addition, many of the 
symptoms of sleep-disordered breathing may mistakenly be thought of as part of normal aging, 
for example, difficulty sustaining attention, slowed response time, difficulty with memory, and 
decreased performance. These symptoms may all be misinterpreted as dementia. 
 

Sleep Testing 
As sleep-disordered breathing began to be recognized as a medical condition, in-hospital 
polysomnography was the tool of choice for reaching a diagnosis. The gold standard involves 
monitoring multiple physiologic functions during sleep in a hospital sleep laboratory. For all 
practical purposes, every physiologic function barring one’s bowel activity is “watched over” in 
this test. Information is gathered about heart rate, heart rhythm, blood pressure, blood oxygen 
saturation, muscle activity, brain wave activity, eye movement, airflow, and chest wall 
movement during every moment of sleep.   
 
With experience, economic restrictions and a limited number of individuals capable of 
performing in-hospital polysomnography, however, the portable home sleep test has become a 
viable alternative to diagnosing sleep disorders. Home sleep tests vary with respect to the amount 
of data they collect. The comprehensiveness ranges from recording only a single variable 
(airflow, oximetry etc.), termed level IV testing, to recording all the variables entailed in 
standard polysomnography, termed level II testing. As one would expect, the more variables 
recorded, the more sensitive and specific the test becomes.  Currently, the minimum 
requirements needed for a home sleep test to be an effective diagnostic test are a separate 
measures of respiration, a measure of heart rate, and an oxygen saturation. This degree of testing, 
termed level III testing, has proven specific and sensitive in screening sleep disorders. 
 
Additionally, because the home sleep test occurs in the patient’s own bedroom instead of the 
hospital laboratory, it is better accepted, less expensive and may document sleep patterns that are 
more characteristic of a patient’s normal sleep. By monitoring the nocturnal physiological 
function, sleep testing has become the tool diagnose SDB. 
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The key to deducing the diagnosis of OSA via a home sleep test is through use of the respiratory 
channel. Information for this channel is obtained via very sensitive detectors of airflow that are 
placed beneath the nose and in front of the mouth. Information from these sensors forms the 
basis for diagnosing OSA. Apneas are defined as a ninety percent or greater decrease in airflow 
for ten or more seconds. Hypopneas are defined as a fifty to ninety percent decrease in 
ventilation for ten or more.  
The apnea index (AI) is reported as the number of apneas per hour of sleep. The same is true for 
the hypopnea index (HI). The apneas and the hypopneas are added to form the Apnea Hypopnea 
Index (AHI), also called the respiratory distress index (RDI). This is reported as the number of 
apneas plus hypopneas per hour of sleep. In home sleep tests which have no measure of 
sleep/wake, the AI and the AHI are approximated from the time spent in bed. As we will see in 
the following cases, the information from the multi-channel home sleep test imparts objective 
data about sleep parameters that allow a practitioner to individually tailor treatment. 
 
Figure 1 is a normal sleep study while Figure 2 is an abnormal sleep study. As you compare the 
two, the differences should become obvious. The normal study has a minimum amount of ink 
while the abnormal study has tons of ink. If you could simply weigh the ink here, you would 
know the severity of the sleep-disordered breathing. 
 

From AutoSet Portable II Plus (ResMed, San Diego) 
 

 
 



 
 

24

 
 
Looking at the specific channels, the first is pulse oximetry. A person in normal sleep maintains 
a normal blood oxygen level. You can see that the normal study oximetry shows essentially 99% 
saturation throughout the night. The abnormal study shows repeated desaturations. Note that 
these come in bursts or periods of deep sleep. Oxygen desaturations are unhealthy and are 
associated with cardiovascular stress. The more severe the sleep-disordered breathing, the more 
severe one typically sees the oxygen desaturations. 
 
The next channel reports the flow volume of nasal ventilation. In the normal individual, nasal 
ventilation is smooth and of low amplitude. In obstructive sleep apnea, it is erratic and of greater 
amplitude. People who stop breathing take larger breaths upon arousal. 
 

From AutoSet Portable II Plus (ResMed, San Diego) 
Ventilation that is erratic in rhythm and large in amplitude implies a more severe case of sleep-
disordered breathing. 
 
The next channel shows a recording of snoring. While the only silent sleepers are those in the 
morgue, the majority of people do make some noise during nighttime breathing. This is reflected 
in the normal study. Conversely, those with sleep-disordered breathing may make a substantial 
amount of noise. The abnormal sleep study depicts a patient who snores like a freight train. The 
units are arbitrary, but for definition’s sake, one unit is 75 decibels at a distance of 10 
centimeters from the mouth.  The next channel shows the individual apneas and their duration, 
measured in seconds. 
 
The next channel is a histogram of cumulative apneas and hypopneas per hour. 
The data at the bottom, are the critical aspects of the sleep evaluation. They include age, 
gender, apnea index (AI), apnea hypopnea index (AHI) and the lowest oxygen 
desaturation (LSAT).  
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While most sleep recording machines display more data than we 
have included, this additional information tends to confuse the novice, and is consequently 
omitted. For completeness, however, chest movement and abdominal movement may be part of 
the data to differentiate obstructive from central sleep apnea. Information about leg movements 
and body position, namely prone, supine and right or left lateral can be included.  
 
Electrocardiogram and EEG (polysomnography only) can also be included in the data (the latter 
is used to determine sleep stage and sleep architecture). For home sleep tests that do not use an 
EEG, the sleep/wake cycle can be approximated with actigraphy—the charting of movements 
during sleep. Using an accelerometer the size of a wristwatch, movement during sleep can be 
determined. When the patient is sleeping, movement will be at a minimum, and conversely at a 
maximum when the patient is awake. 

Case Studies 
To reinforce the key features of sleep-disordered breathing, we present several cases. 
 

CASE ONE 
The first case is a 23-year-old second year medical student who presented by himself stating that 
he was snoring and chronically tired. His girlfriend suggested that he may have sleep apnea and 
in any case, his snoring was so bad that she could no longer sleep near him. He studied every 
night until midnight. On Monday, Wednesday and Friday he arose at 6:00 AM. On Tuesday, 
Thursday and Saturday he arose at 7:00 AM. On Sunday, he arose at 8:00 AM. He was sleepy 
and often fell asleep during class. 
 
Examination 
On examination, the patient appeared to be a normal 23-year-old male with height and weight of 
5’7”, 170 lbs. and a BMI of 24. ENT exam showed a mildly deviated septum.  He had undergone 
tonsillectomy as a child. His pharynx appeared normal. Trans-nasal endoscopy showed normal 
anatomy of the pharynx, nose and larynx. An overnight sleep study was performed and the 
results are shown. 
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Questions 

1. What is your interpretation of the sleep study? 
2. What are the causes of this man’s snoring? 
3. What are the causes of this man’s sleepiness? 
4. What treatment recommendations do you suggest? 

 
Answers 
1. You may recognize this sleep study, as it is identical to that in Figure 1, a normal sleep study.   
2. Snoring is caused in most cases by a vibration of the uvula. Air rushing by this restricted 

portion of the airway causes the uvula to vibrate, making the snoring sound. In some cases, 
the posterior tongue will contribute to the sound, but as uvulectomy resolves snoring in 90% 
of patients, it is presumed that the uvula is the primary site of snoring.  In this case, the sleep 
study shows a silent snoring channel, and yet the bed partner who did not accompany the 
patient stated that he snored and disrupted her sleep. This presentation is not the usual, but is 
certainly seen. Everyone makes some breathing related noise during sleep. In some cases, 
when the bed partner is an extremely light sleeper, virtually any movement or noise can 
disrupt their sleep. This problem can be exacerbated by a deteriorating relationship. It is 
important to note that a complaint of SDB should always be taken seriously and properly 
evaluated by a sleep test, just as was done in this case. One should only rule out the existence 
of SDB after thorough sleep testing has been done. 

 
On further questioning, the medical student revealed that his relationship had been strained. 
His partner was under a great deal of stress and had been blaming him for causing many of 
the stressors that their relationship was experiencing. 

3. The amount of sleep that people need is genetically programmed. When this amount of 
sleep is not fulfilled, sleep debt begins to accrue.  
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It is said that the only debt in the United States that exceeds the national financial debt is the 
national sleep debt. Indeed, we each carry our own sleep debt. On Mondays, Wednesdays 
and Fridays, this patient accumulated two hours of sleep debt. On Tuesdays, Thursdays and 
Saturdays, he accumulated one hour of sleep debt. This is a nine-hour sleep debt per week. 
Carried on week after week, this debt accumulation resulted in a very tired medical student. 
From the perspective of efficiency and success in medical school, this patient would have 
done better going to bed at 11:00 PM on a regular basis, and permitting himself to sleep in on 
Saturday or Sunday morning to make up for the week’s sleep loss. 

 
Excessive daytime sleepiness, which can be a result of medication, sleep deprivation, 
obstructive sleep apnea and many other etiologies, makes one prone to accidents. Compared 
to properly rested individuals, tired people have 7 times the incidence of motor vehicle 
accidents. Additionally, they are non-productive and are often involved in failing 
relationships. The medical student’s sleepiness may have contributed to the stress in his 
relationship, resulting in his partner’s complaint that he made too much noise at night. The 
diagnosis should point to the obvious treatments. The responsibility for change lies with the 
student.   

CASE TWO 
The next case is a 48-year-old businessman who presented to the University Sleep Clinic for an 
evaluation for sleep apnea. His wife accompanied him and provided much of the history. He is a 
hard- working, successful professional who has snored for most of his adult life. The wife reports 
that his snoring has become increasingly louder over time.  Also, over the past several years, his 
wife noted an increase in the frequency and duration of apneic episodes. Despite up to 10-12 
hours of sleep per night, the patient remains sleepy during the day. He falls asleep in meetings 
and spends his weekends at home napping. Needless to say, his problem is beginning to impair 
his professional and marriage life. 
 
Examination 
On examination, he was 6’1”, 230 lbs. with a BMI of 30. His upper respiratory exam showed a 
reasonably patent nasal cavity. On oral exam, he had a Mallampati class 4 upper airway, and his 
tonsils were 2+. His uvula was long and edematous and his tongue appeared to fill his entire 
mouth. 
 
On trans-nasal fiber optic exam, the soft palate was indeed retro-displaced. The base of tongue 
was positioned posteriorly. His vallecula was occupied by his tongue. This caused posterior 
displacement of his epiglottis. The distance from the epiglottis to the pharynx, the posterior air 
space, was only millimeters wide. Based on the symptoms of snoring, apneic episodes, and 
excessive daytime sleepiness, a multi-channel home sleep study was ordered. The results are 
shown. 
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Questions 

1. What is your diagnosis? 
2. What is the relationship of BMI to AHI? 
3. What is a mallampati examination? 
4. What is the treatment recommendation for this gentleman? 
5. How does obstructive sleep apnea get this bad prior to diagnosis? 

 
Answers 
 

1. The patient has an AHI of 50, indicating severe obstructive sleep apnea. Most 
consider an AHI less than 5 as normal, while an AHI of 5 to 15 is considered mild 
OSA, 15 to 30 is moderate and greater than 30 is severe.22 Using this criteria, up 
to 24% of adult males and 9% of adult females would have an abnormal AHI. 
Currently, there is not sufficient medical evidence to support the treatment of mild 
forms of OSA. There is concern, however, that early intervention in OSA will 
significantly reduce morbidity and mortality just as we have found in dealing with 
hypertension, diabetes and lipid abnormalities. This patient, therefore, has severe 
OSA as supported by the AHI, the LSAT and his symptoms. 

 
2. The relationship between BMI and AHI is an interesting one. Certainly, obesity 

makes OSA worse. It exacerbates existing airway obstructions via mass effects 
and causes more severe desaturations during apneic episodes as a result of smaller 
residual lung capacities. It is important to realize, however, that obesity does not 
cause OSA. Poor upper airway anatomy and neurologically mediated hyper-
relaxation of the pharyngeal dilator muscles are the causes of OSA.  
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With that said, however, weight loss is an important treatment intervention for OSA. 
Most OSA patients who are able to lose even minimal weight can gain improvement 
in symptoms. Those who are able to achieve their ideal weight can oftentimes cure 
themselves of OSA. 

 
 
3. Mallampati was an anesthesiologist in Canada who was interested in finding 

criteria that would predict a difficult intubation. Mallampati developed a system 
in which he examined the relationship of the tongue to the uvula and soft palate in 
the relaxed, gently opened mouth. Mallampati class 1 means the entire uvula and 
tonsillar fossae are visible, Mallampati 2 means the tip of the uvula and/or part of 
the tonsils are obscured by the tongue, Mallampati 3 means the entire uvula is 
obscured, and Mallampati 4 means all of the soft palate is obscured. Mallampati 
scores of 3-4 are associated with difficult intubation and they are commonly seen 
in patients with obstructive sleep apnea. An awake physical examination may not 
predict obstructive sleep apnea, since there is a significant difference in the 
airway during sleep and while awake.  There is, however, a sense that a smaller 
airway, a thicker neck and visible airway obstructions including a deviated 
septum, large tonsils, a long edematous uvula, posterior tongue displacement and 
narrow posterior air spaces are all consistent with the diagnosis of sleep apnea. 

 
4. The treatment of choice is nasal CPAP. If this fails, the patient may be considered 

a candidate for surgical treatment. Interventions such as septoplasty, 
tonsillectomy, tongue base suspension and uvulopalatopharyngoplasty (UP3) are 
an option for CPAP failure in mild cases of SDB or in patients with obvious 
anatomical obstructions such as nasal polyps or very big tonsils. Patients with 
moderate and severe obstructive sleep apnea, however, typically require either a 
tracheostomy or a maxillomandibular advancement. 

 
The temporizing surgical treatments such as septoplasty, tonsillectomy and 
uvulopalatopharyngoplasty (UP3), even when combined with a tongue suspension 
procedure, will often not relieve the obstruction sufficiently to cure moderate or 
severe SDB. Maxillomandibular advancement (MMA) and tracheostomy are the 
only surgical interventions that are able to provide total cures for OSA. While 
MMA has a 90% cure rate, it is considered a rather rigorous undertaking. It has a 
1% incidence of significant morbidity including infection, slippage, malocclusion 
and pain. For those who require it, it is available, but it is not to be taken lightly. 
For most patients, a conventional tracheostomy is not an attractive option. There 
are however, tracheal buttons that connect the trachea with the anterior neck and 
sit flush with the neck skin. The tube is capped during the day and is only opened 
at night. For many with advanced sleep apnea who cannot tolerate CPAP, this is 
the technique of choice. 

 
4. The medical profession is still learning about sleep medicine, and many medical 

schools have not yet included it as part of their regular curriculum. Hence, my 
interest in writing this primer.  
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The majority of physicians faced with a sleepy patient will simply advise them to get 
more rest. If the patient appears overweight, they will advise them to lose weight. 
Rarely will they take a sleep history. It is only recently that the primary care 
physicians are thinking about referring for sleep evaluation and treatment. 

 

CASE THREE 
Case three is a 30-year-old orthodontist who was accompanied by his wife. He described himself 
as a very loud snorer. Before his examination, he and his wife had vacationed with another 
couple in a motor home. After two days, the other couple had to leave because of his snoring. 
When questioned about apneic episodes, his wife thought that they occurred sometimes. When 
questioned about his sleep behavior, the patient reported going to bed between 9:00 and 10:00 
PM and awaking between 6:00 and 7:00 AM, with headaches. He reported difficulty arising in 
the morning, but denied any overt symptoms of daytime sleepiness. 
 
Examination 
The patient was an average, healthy 30-year-old male in good physical shape. Height was 5’11”. 
Weight was 185 lbs. BMI was 26. ENT exam showed no significant obstructive abnormalities. 
The nose appeared patent. The tonsils were resected when he was a child.  Mallampati was 3. 
The uvula was edematous, but not elongated. At fiber optic exam, the vallecula was obscured by 
tongue base, but the posterior space was not otherwise compromised. A multi-channel home 
sleep study was recommended. The results are shown. 
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Questions 
1. What is the diagnosis? 
2. What is the recommended treatment? 
3. What is the role of dental orthotics in the management of sleep apnea? 
5. What is the importance of spousal support in CPAP compliance? 
 

     Answers 
1. The diagnosis is moderate obstructive sleep apnea with an AHI of 22. The AHI is not 

terribly high, but the patient is impressively symptomatic. He sleeps 10 hours per 
night on average. He wakes up unrefreshed. His morning headaches are considered a 
result of 45 carbon dioxide retention causing cerebral vasodilatation. The LSAT of 82 
for a 30 year old with an AHI of 22 is concerning. 

 
2. Nasal CPAP. While there is interest on the part of the surgeons to treat patients with a 

low AHI, nasal CPAP is still the first line of treatment. Only those who fail CPAP 
should be considered for surgery. In addition, surgical results do not appear to be 
long-lived. This man is 30. We know from the previous case that sleep apnea 
progresses. This man will clearly develop worsening obstructive sleep apnea as he 
ages, and while it may be possible to improve his situation in the short term with 
surgical therapies, over the long-term, nasal CPAP is inevitable. 

 
3. When CPAP was recommended to the patient, he inquired about the use a dental 

device. Dental devices have been recommended as a therapy for snoring and sleep 
apnea.  Proponents of dental devices say that by opening the mouth and thrusting the 
mandible several millimeters anteriorly, they can reduce snoring and decrease 
obstructive sleep apnea. Assuming these reports are valid, this is accomplished at 
significant cost. The pressure that these devices put on the teeth causes them to move, 
similar to the effects of orthodontic braces. They also distort the normal anatomy of 
the temporomandibular joint and thereby create problems. It is hard to imagine that 
this form of therapy for 50 to 70 years would be acceptable. One can imagine a 
scenario where chronic use of the device would slowly push the mandibular teeth 
forward to the point where first the incisors, then the canines, then the premolars and 
finally the molars would protrude out the front of the mandible. The result would be 
an unhappy patient with an edentulous mandible, severe TMJ, severe obstructive 
sleep apnea, and a horribly unsightly smile. Because of the need for long-term 
therapy, this patient was counseled against the use of dental devices. 

 
4. The most important variables that determine compliance rates are the time that 

patients spend with their treating health care team and the energy provided by their 
spouse. Life long CPAP compliance is difficult to achieve for both technical and 
emotional reasons. Patients can experience nasal obstruction and mouth leaks, so it is 
important that a skilled professional be available to counsel and assist patients. If the 
spouse is unsupportive, or if using CPAP interrupts the patient’s sexual relationship, 
the patient will probably become non-compliant.  Conversely, if the spouse attends 
the diagnostic and the treatment sessions and is supportive about the patient wearing 
the CPAP, the patient will most likely wear the CPAP and derive significant benefit. 
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In successful cases, the patients will become accustomed to using the machine and 
will even travel with the CPAP. Only on rare occasions, such as during an illness, will 
they not use the machine. 
 

CASE FOUR 
Case four is a 12-year-old boy who presented with loud snoring. His mother noted witnessed 
apneic episodes. When she discussed this with her pediatrician, she was advised to consult with a 
specialist. Neither he nor his mother noted any other sleep symptoms. 
 
Examination 
On examination, the patient was a thin 12-year-old male, 54 inches, and 99.5 pounds with a BMI 
of 24. On examination, the patient had a normal nose. He had 3.5+ tonsils and no other obvious 
abnormality. The patient was recommended for an overnight sleep study.  The results are shown. 

 

 
 
Questions 

1. What is the diagnosis? 
2. What is the recommended treatment? 
3. What is the role of obstructive sleep apnea in enuresis? 
4. What is the recommended treatment for pediatric snoring? 

Answers 
1. The diagnosis is obstructive sleep apnea. An AHI of 14 is abnormal for anyone and it 

is certainly abnormal for a child. As children do not breathe as deeply, snoring may 
not be detected as easily. Any elevation of AHI over 5 in a child who snores and has 
large tonsils should be taken seriously. 
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2. Pediatric sleep apnea is different from adult sleep apnea. The anatomic abnormalities 
are different. Generally speaking, 90% of pediatric apnea is effectively treated with 
tonsillectomy and adenoidectomy. In this case, because of the very large tonsils, the 
T&A is recommended. 
Tonsils are typically graded on a scale of 0 to 4: 

0 reveals no tonsil 

1+ shows tonsils that come to the tonsillar fossae, but do not protrude into the 
pharynx 2+ shows tonsils that protrude into the pharynx 3+ shows tonsils that 
protrude at least 50% of the distance to the midline of the pharynx 4+ shows tonsils 
that touch in the midline. 

This patient had 3.5+, meaning he had very large tonsils that were not quite touching. 

The patient did undergo T&A. Postoperatively, the patient made an uneventful 
recovery and underwent a follow up sleep test six weeks later. The results showed an 
AHI of 1.  The mother stated that the snoring and apneic episodes disappeared the 
night of the surgery. 

4. When asked about changes in behavior, the patient’s mother reported that he was 
more relaxed and seemed to be doing better in school. She also noted that before 
surgery, her son had wet the bed every night, and after the surgery, he had not wet the 
bed once. In fact, enuresis in children is frequently caused by snoring and sleep 
apnea, and is mostly corrected by T&A. In adults, this is seen as nocturia. Most adults 
assume this is secondary to prostatic hypertrophy because it usually occurs at the time 
that prostate problems arise and it occurs slowly. However, some of the nocturia may 
not be due to BPH and may be due to SDB. It certainly is a pleasant benefit of 
successful sleep disordered breathing treatment. 

 
4. As 10% of children snore and 2% have sleep apnea, one may wonder how many of 

these children would benefit from T&A. Given what we know about the negative 
effects of sleep deprivation on well being, attention and learning, it seems fitting that 
the 2% with sleep apnea should definitely undergo T&A.  Management of the 
remaining 8% who do not have sleep apnea is less clear. Meaningful prospective 
studies have yet to address this issue. Additionally, no one has addressed the 
interconnectedness of pediatric and adult sleep apnea. For instance, does treatment of 
pediatric sleep apnea affect the development of adult sleep apnea? Like many sleep 
specialists, Dr. Davidson’s impression is that pediatric sleep apnea is a different 
anatomic illness than adult sleep apnea. Thus, the management of pediatric sleep 
disordered breathing should not have any effect on the subsequent development of the 
disease in adulthood. 
 

CASE FIVE 
Case five is a 50-year-old woman, five years post-menopausal, who was self-referred for snoring 
because her husband had refused to sleep in the same bedroom. She was unaware of apneic 
episodes. She denied excessive daytime sleepiness. 
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Examination 
 
On physical examination, she had a height of 5’5”, a weight of 158 lbs. and a BMI of 27.  ENT 
exam showed a patent nose. Mallampati was 2. Tonsils were 2+. On fiber optic exam, the 
pharynx seemed somewhat narrowed, but obvious obstruction was not evident.  A multi-channel 
home sleep test was recommended. The sleep study is shown. 

 

 
 
Questions 

1. What is the diagnosis? 
2. What is the treatment? 
3. What are the symptoms of sleep apnea in women? 
4. What is upper airway resistance syndrome? 

Answers 
1. The patient has an AHI of 5. Based on AHI alone, the diagnosis is mild obstructive 

sleep apnea.   
 
2. Her treatment is nasal CPAP, which tends to be extremely effective. Treatment 

paradigms are no different for women than they are for men. 
 

 
3. Symptoms of obstructive sleep apnea in women are often different from those in men. 

As seen in the previous cases, men often report snoring, apneic episodes and 
excessive daytime sleepiness. Women, on the other hand, seem to report loss of 
energy, loss of consortium, fatigue and even depression. These conditions are 
commonly diagnosed as hypothyroidism, depression etc.  
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Treatment with CPAP will often reverse these subjective symptoms, so it is clear that 

they can be caused by sleep apnea. The vague, more generalized symptoms of OSA in 
women make deducing a diagnosis more difficult. Additionally, while one may not be 
inclined to treat a male with an AHI of 5, a woman with any of the above symptoms 
and an AHI of 5 probably warrants treatment. 

 
4. Upper airway resistance syndrome (UARS) is a condition in which apneas and 

hypopneas are not prevalent despite the presence of elevated esophageal pressures 
during nocturnal respiration. An increased pressure in the esophagus implies elevated 
resistance in the airway. If one measures the nocturnal EEG in these patients, one 
finds that arousals occur during periods of elevated esophageal pressures. This 
condition has been called upper airway resistance syndrome. It is an indication for 
treatment with CPAP.  UARS is effectively treated this way. Like most in his field, 
Dr. Davidson believes that the diagnosis of UARS can be deduced from a mild 
elevation in AHI, the patient’s symptoms, and specialized metrics on the sleep test 
(degree of flattening, for example). If the diagnosis of UARS is suspect, a trial of 
nasal CPAP is warranted. If the symptoms improve, the diagnosis is confirmed. If 
CPAP does not provide improvement, the diagnosis is probably not UARS.  Many 
believe that there is a continuum in the development of obstructive sleep apnea, 
beginning with snoring, progressing to upper airway resistance syndrome and then 
progressing to moderate and ultimately severe obstructive sleep apnea. It is unclear if 
this evolution in sleep-disordered breathing is true. 

 
 

 
Sleep Disorders and Anesthesia 

Sleep disorders and their consequences are found in all realms of medicine—from insomniacs 
seeking treatment in the outpatient clinics to OSA patients experiencing nocturnal arrhythmias 
during an ICU admission. Given the prevalence of patients with sleep disorders, as a physician-
to-be, it is vital that you know how to properly take care of these individuals. The impetus for 
creating a section on sleep and anesthesia was not to advertise the greatness of the field into 
which I am entering, but rather to raise awareness of how you can get into trouble when caring 
for patients who have sleep disorders. More than any other specialist, the anesthesiologist must 
have a keen understanding of the anatomy and pathophysiology of patients with sleep disorders. 
This is especially true for OSA patients. 
 
Anesthesia removes a person’s ability to maintain their vital functions and reflexes. Through the 
use of narcotics and fluorinated inhalation agents, autonomic reflexes are blunted, patients 
become unresponsive, airways obstruct and ventilatory control becomes reflexive. The result is 
cardiovascular instability, partial or complete airway obstruction, and dampened ventilatory 
drive. The use of paralytics only compounds these problems by causing complete relaxation of 
the pharyngeal muscles and atonicity of the diaphragm. The result is a floppy unprotected airway 
and no independent ventilation.  
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The anesthesiologist is trained to induce an adequately deep plane of anesthesia (induction), 
support the vital systems while a patient is anesthetized (maintenance) and to wake the patient up 
at an appropriate time (emergence). It is during both induction and emergence that problems 
arise with patients who have OSA. 
 
During the induction phase of anesthesia, the airway must be secured for ventilation. Practically, 
this becomes an enormous problem in patients with OSA. As we previously mentioned, the 
Mallampati classification for difficult intubations tend to correlate well with prevalence of OSA. 
In other words, OSA patients tend to be difficult intubations because of their bad upper airway 
anatomy—short fat necks with limited extension, edematous pharyngeal tissue, and large 
obstructing tongues. All of these factors impair an anesthesiologist’s ability to achieve an 
endotracheal intubation via standard laryngoscopy techniques. Moreover, to aggravate this 
scenario, most difficult intubations are also difficult or impossible to manually ventilate. 
Therefore, if an OSA patient undergoes induction and the anesthesiologist happened to not clue 
into the airway exam or the history of OSA, they might find themselves in a predicament where 
they are unable to ventilate their patient. Unless a surgical airway is achieved hastily, the patient 
will die from asphyxiation. To prevent such a scenario, OSA patients with significant anatomical 
obstruction should undergo awake intubations facilitated by fiber optic visualization.  
 
The key idea to remember here is that OSA patients will need special handling during induction. 
During emergence, the bad anatomy and the altered physiology of OSA patients 
combine with residual anesthetic agents to create the potential for a lethal situation. While 
a patient who has just emerged from anesthesia may appear awake, often this is illusory. 
Recently emerged patients still have a considerable amount of anesthetic and paralytic agents in 
their systems. The effect is the same as when these agents were used in induction, but to a lesser 
extent because of dose response effects. Consequently, upon emergence, airway reflexes do not 
protect from aspiration, and partially paralyzed ventilatory and pharyngeal muscles lead to 
impaired ventilatory effort, and upper airway obstruction. 
 
As one would guess, the OSA patient undergoing this passage from sedated to 
fully conscious tends to develop severe respiratory problems. The effects of anesthetic 
agents combine with their anatomical/neurological predisposition to developing airway 
obstruction to cause impaired ventilation. Compounding this effect, most patients emerging from 
surgery have a substantial amount of narcotics in their system. Because this class of drugs eases 
the process of emergence by blunting autonomic reflexes and by causing analgesia, it is 
commonly used. The side effect of narcotics, however, is a profound respiratory depression, 
especially in a recently anesthetized patient. This side effect is particularly profound in emerging 
OSA patients. 
 
At baseline, OSA patients tend to have blunted ventilatory responses to the normal chemical 
stimuli of ventilation. Thus, apneas do not produce as strong a ventilatory response in OSA 
patients as compared with controls. When this altered endogenous ventilatory response is 
combined with the effects of airway obstruction and narcotized ventilatory drives, the result is 
inevitable asphyxiation of the OSA patient during emergence.  
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Consequently, in order to prevent this otherwise inevitable fate of a prolonged mixed apnea 
causing global ischemia, the anesthesiologist must be particularly vigilant and follow a few 
simple guidelines. 
 
Firstly, the use of narcotics should be avoided in OSA patients undergoing anesthesia. Secondly, 
external devices, like oral or nasal airways, must be employed to achieve and maintain airway 
patency during emergence. Lastly, the anesthesiologist may need to observe the post-operative 
patient for ventilatory complications for a longer period than they are accustomed to. During that 
time, they should be available to externally stimulate the patient to breathe so that oxygen 
saturation is maintained. By employing these relatively simple interventions, the emergences of 
your OSA patients can be smooth uneventful experiences. 
 
The final point about OSA and anesthesia has to do with specifics of the patient population. 
While BMI values for OSA patients range from normal to morbidly obese, most individuals with 
morbid obesity tend to also have OSA. Many of these individuals undergo bariatric surgeries 
(stomach stapling, gastric bypasses or a combination) to treat their obesity. In order to optimize 
their recovery, minimize their hospital stay and prevent hospital acquired pulmonary infections, 
nasal CPAP should be used preoperatively and continued post-operatively. 
 
Without nasal CPAP therapy, the combination of pain from abdominal surgery and severe 
obesity will limit these patient’s respiratory effort causing atelectasis, impaired gas exchange, 
and predisposition to pulmonary infection. All of these will increase hospital stay and increase 
the risk of a hospital-acquired infection. In order to facilitate the use of nasal CPAP post-
operatively, however, use of the machine must have been initiated weeks before surgery. This 
not only allows the patient to become accustomed with the working of the machine, but also 
helps them acquire improved sleep in preparation for their surgery. 
 
In the Critical Care setting, CPAP has been used in the management of individuals recovering 
from surgery or people who present with respiratory failure. The more severe cases obviously 
require intubation and appropriate ventilation, however weaning can be expedited or 
endotracheal intubation avoided with the use of bi-level PAP (CPAP does not ventilate). This is 
called non-invasive positive pressure ventilation (NIPPV). In some intensive care units, a large 
percentage of the patients are maintained with NIPPV.  Given the complications of endotracheal 
intubation, NIPPV is an important direction for the future. 
 
In order to drive home the pertinent aspects about anesthesia and OSA, we will present the 
following case report. As you read, please keep in mind that this was a real case, and that the 
problem of sleep disorders in anesthesia loom large! 
 
Judge: Has the Jury reached a verdict? 
Jury Foreman: Yes, your Honor. 
Judge: What is the verdict? 
Jury Foreman: We find the defendants guilty. 
 
Judge: The Court finds the defendants guilty of medical malpractice. The Court awards the 
defendant’s family $10 million. 
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Presentation of Case 

The deceased was a 17-year-old male who had recurrent tonsillitis and a snoring problem. 
He was referred to an otolaryngologist, who recommended a tonsillectomy.  The patient was 
seen in the preoperative anesthesia clinic and was noted to weigh 300 pounds with a BMI of 50 
kg/m2. Further history raised suspicion for obstructive sleep apnea and physical examination 
suggested congestive heart failure, i.e. cor pulmonale.  The patient was brought to the operating 
room, where he was provided general anesthesia. The surgeon then performed a tonsillectomy on 
the patient without difficulty.  Following the surgery, the patient was extubated and sent to the 
recovery room.  In the recovery room, it was noted that the patient desaturated. As a result, the 
patient was given mask oxygen at 10 L/minute. His oxygen still desaturated and the patient 
needed to be periodically stimulated and reminded to breathe. Upon awakening, the patient 
appeared to be in pain and was given 2 mg. of morphine sulfate intravenously.  Shortly 
thereafter, his oxygen decreased and the patient was ventilated by mask until an anesthesiologist 
arrived. The anesthesiologist gave the patient a standard reversal dose of Narcan. The patient’s 
respiration returned to normal and his oxygen saturation returned to above 90%. He appeared to 
be doing well. 
 
The patient was then discharged to the overnight observation ward with routine postoperative 
tonsillectomy instructions. In transit to the observation ward, which took a period of time to 
initiate, the Narcan wore off. The patient proceeded to develop increasing respiratory problems 
due to the effects of the narcotics and anesthetic agents that were still lingering in his system. It 
was in this condition that the patient was handed over to the understaffed nurses in the 
observation ward. They were wrongly advised that his case was a routine tonsillectomy and that 
he was doing fine.   
 
During the next several hours, the patient was noted to frequently desaturate, but upon 
stimulation, his oxygen would rise to above 90%. The operating surgeon was notified that the 
patient was having some respiratory difficulty. The surgeon declined to visit the 60 patient and 
recommended that the nurses call Respiratory Therapy to provide the patient with nasal CPAP 
support. Respiratory Therapy was called. In the meantime, however, the patient developed 
respiratory arrest. A code was called and he was intubated. His pH was 6.9, and his CO2 was 
120. The patient was ultimately resuscitated and transferred to the SICU. He never recovered and 
died the following morning.  The case went to trial.  
 
The anesthesia group, the surgeon and the hospital were each represented by different law firms. 
The anesthesiologists and their experts opined that the patient had obstructive sleep apnea and 
should have undergone a sleep test before surgery. They argued that if the nurses in the 
observation unit had notified them of the respiratory difficulty, they would have supported the 
patient with an endotracheal tube.   
 
The surgeon and his experts maintained that the surgeon was aware of the patient’s sleep apnea 
and that the tonsillectomy was his procedure of choice. They argued that the surgeon had advised 
the anesthesiologists of the patient’s condition and that the maintenance of respiration in the 
postoperative period was the responsibility of the anesthesia service.  
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The surgeon claimed that the nurses had not called him, and argued that if they had, he would 
have visited the patient and provided the patient with appropriate respiratory support. 
 
The nurses and their experts said that they received a morbidly obese young man with routine 
postoperative tonsillectomy instructions. They claimed that upon arrival in the observation unit, 
the patient had a PO2 of 80, yet they were informed that the patient was well. The nurses noted 
that they could easily stimulate the patient. They had called the surgeon who did not respond. 
They argued that they had done the best they could, as they were somewhat fearful of calling the 
surgeon and the anesthesia service after hours.  Experts for the plaintiff presented a clear-cut case 
of a patient with obstructive sleep apnea. They argued that both the anesthesia and surgical teams 
failed to 1) make this diagnosis, 2) institute appropriate postoperative orders and care, and 3) 
instruct the nursing service of the patient’s condition. They further argued that the nursing 
service failed to recognize signs of impending respiratory obstruction. The defense maintained 
that the young man was allowed to suffocate to death as a result of these failures. They asserted 
that the patient’s care fell below the standard of care and that the anesthesiologists, the surgeon 
and the hospital staff were all responsible for the patient’s demise. 
 
The jury found the expert for the plaintiff believable, and found it somewhat amazing that the 
physicians and healthcare workers were blaming each other. They assumed that someone must 
have made a mistake and they handed down a guilty verdict. The Court then awarded the 
plaintiff the maximum in malpractice damages.  The reality of the case is that the child’s 
pediatrician did not manage his obesity or recognize the signs and symptoms of obstructive sleep 
apnea and cor pulmonale. The surgeon then failed to obtain a sleep test and to diagnose 
obstructive sleep apnea and cor pulmonale. The anesthesia service suspected sleep apnea and cor 
pulmonale, but did not  believe that the diagnosis was their responsibility, as they saw nothing in 
the patient’s physiology that they were unable to manage. 
 
The anesthesia and the surgery went well. Postoperatively, as occurs in patients with sleep apnea, 
the patient had respiratory problems. His respiratory difficulties were misinterpreted as pain. The 
patient was given morphine. This further complicated the sleep apnea and necessitated mask 
ventilation. The narcotic was reversed with Narcan and the patient seemed to recover. 
At this time, the orders were written to transfer the patient to the observation ward.  
Unfortunately, the half-life of Narcan is far shorter than the half-life of the narcotics used during 
and after anesthesia. The Narcan therefore wore off, and the patient reverted to his somewhat 
anesthetized narcotized state. 
 
The nurses, who were not experienced in the management of serious respiratory problems or in 
the management of obstructive sleep apnea, were told that he was a patient recovering from a 
routine tonsillectomy and was doing just fine. He seemed to be doing fine when they aroused 
him, but would always slip back into respiratory difficulties.  Slowly but surely, the patient’s pH 
fell, his CO2 rose and the patient arrested and ultimately succumbed. 
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Chronobiological Sleep Disorders 

An Introduction to Chronobiology 

This section will explore the biological basis of how the body keeps time through circadian 
rhythms and the sleep disorders that result when one’s intrinsic physiologic rhythms do not occur 
in synchrony with the external environment. Examples of significant chronobiological sleep 
disorders that we will discuss are jet lag, shift work, and delayed and advanced sleep phases. It is 
estimated that over 80 million Americans fly annually and up to 20% of the American work 
force participates in shift work regularly. Assuming that a fraction of these individuals develop 
chronobiological sleep disorders from these activities means that millions of people are affected 
annually.   
 
Understanding the pathophysiology that accounts for these disorders will allow medical students 
to help an enormous cohort of individuals including themselves. A fundamental knowledge of 
chronobiology can minimize the severity and duration of jet lag that results from the exotic trips 
that medical students take during their fourth year of school. This will allow more time for 
tanning on the Mediterranean shores instead of tossing and turning on uncomfortable mattresses 
within student hostels. More so, the study of chronobiology will give insight into why repetitive 
overnight call duty during residency will morph a tanned, idealistic, philanthropic fourth year 
medical student into a depressed, poorly functioning, asocial, intern! The discussion of delayed 
and advanced sleep phases will give important insight into why teenagers sleep all day and play 
all night and conversely why grandparents consistently arise before the crack of dawn. As an 
added bonus, the chronobiology section will give an overview on the concept and management 
of sleep debt. Since the principles overriding the repayment of both sleep and monetary debt are 
identical, this information will impart the intellectual tools needed to avoid both loan default and 
chronic over fatigue! Overall, we feel that the Chronobiology section is very relevant and quite 
interesting! So sit back; refill on the coffee; and get ready to enter the world of Chronobiology! 
 

Circadian Rhythms 

A discussion of chronobiological sleep disorders would not be complete without a proper 
understanding of the role of rhythm in maintaining life. Every living creature’s physiology is 
regulated by internal biological rhythms called circadian rhythms. Implied by their name, these 
fluctuations in physiologic activity follow a daily periodicity (circa= around or about; dia=day). 
Examples of known circadian rhythms include sleep schedules, hormone secretion, hepatic 
metabolism, temperature regulation, cognitive performance, and renal, gastrointestinal and 
cardiac function. There probably exist several other circadian rhythms of which the scientific 
community is not aware. The purpose of circadian rhythms is to align internal biological 
processes with one another and the external environmental. Circadian rhythms cause most people 
to awaken during the day and sleep at night, perform cognitive tasks better in the morning, and 
have decreased urine output during sleep. Much like the instruments of an orchestra, when 
circadian rhythms are synchronized with one another and the external environment, the result is a 
seamless expression of physiologic harmony. However, when desynchronized, cacophonous 
clatter results. 
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The alignment of physiology with environmental time is possible because circadian rhythms are 
dynamic and constantly influenced by time indicators, or cues, called zeitgebers. Sun exposure, 
clocks, meal times, and exercise periods are all examples of zeitgebers. While the dynamic 
nature of circadian rhythms allows for the optimal timing of physiologic activity in a changing 
environment, it also accounts for significant pathology as we will see shortly in the discussion 
about shift work and jet lag!  When circadian rhythms occur in synchrony with their environment 
because of zeitgeber influence, they are called entrained rhythms. When they are not 
synchronized with environmental time, they are called phase-shifted rhythms. Without 
zeitgebers, human circadian rhythms tend to follow an endogenous genetically predetermined 
periodicity of between 23-28 hours. 
 
There is an anatomical basis for circadian rhythm control and entrainment. Based on studies of 
selective cerebral ablation in rats and human stroke victims, the control center for circadian 
rhythms has been localized to a nucleus of the hypothalamus termed the suprachiasmatic nucleus 
(SCN). Without this center, circadian rhythms would not only occur at inappropriate 
environmental times, but they would occur independently of one another. The result would be 
physiologic chaos. A properly working SCN is needed to orchestrate physiologic events with one 
another and at appropriate external times. To accomplish this task, the SCN must have both an 
internal clock that determines when a physiologic process should occur with respect to another, 
and an ability to align this internal timer with the external environment. While the mechanisms 
of internal synchrony are less clear, one powerful anatomical pathway for processing zeitgebers 
has been determined. 
 
The retino-hypothalamic track (RHT) receives input from the retina and projects to the SCN. It is 
felt that 24-hour light/dark cycles are determined via this network. Because sunlight is the 
strongest zeitgeber for achieving entrainment, the RHT is vitally important. Retinally blind 
individuals have difficulty aligning their circadian rhythms with a 24-hour light dark cycle 
because they are missing the RHT pathway.  These individuals’ circadian rhythms tend to free 
run on their endogenous periodicity, which is often longer than 24 hours. Consequently, retinally 
blind individuals have difficulty maintaining socially normal schedules. 
 
While all circadian rhythms are necessary for proper physiologic regulation, select rhythms have 
particular relevance to chronobiological sleep disorders. The sleep cycle, temperature regulation, 
and the secretion of melatonin, growth hormone and cortisol are particularly important. The 
normal sleep schedule consists of falling asleep at night and awakening during the day. While all 
the triggering mechanisms for initiating and maintaining sleep are far from being elucidated, 
some important physiologic events have been identified. There exist predictable periods within 
the sleep circadian rhythm where humans become sleepier and conversely when they are most 
awake. 
 
 Additionally, fluctuations in core body temperature and melatonin secretion cause changes in 
the initiation and efficiency of sleep. By understanding the role circadian rhythms play in normal 
sleep, pathophysiological states will become evident.  Irregardless of sleep deprivation, humans 
have increased daytime sleepiness from 4:00-5:00 in the morning and during the siesta period 
from 15:30-16:30. Conversely, humans are most alert in the mornings around 9:30 and the early 
evening from 19:30-21:30.  
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Applying this information to medical education, we find that in-lecture somnolence mirrors the 
circadian rhythm of tiredness and alertness. Most students who attend morning classes can 
actually remain semi-alert and even learn something during this time.  
 
While the biologically entrained rhythm of alertness may get a little kick from morning caffeine 
intake, it remains that most students do not sleep during AM lectures.  Once lunch rolls around, 
however, any semblance of intellectual alertness and productivity completely vanish. Post-
prandial fatigue and increased afternoon sleepiness have a synergistic effect that results in 
transforming an intellectually curious eager to learn medical student into a semi-comatose 
zombie incapable of alertness. By the time most students emerge from these altered states of 
consciousness around the five o’clock hour, another day of medical school has passed. Ironically, 
peak alertness occurs in the early evening during times when students are more likely to be 
exercising, spending time with their family, or reading e-mail than doing anything related to their 
medical education. In this way, it seems that the medical education curriculum committee 
members should consider circadian rhythms before proposing classes at times where students are 
biologically guaranteed to be incapable of retaining or processing any educational information! 
 
Human core body temperature follows a predictable circadian rhythm where temperature rises 
throughout the daytime, peaks in the late evening, and subsequently plummets, reaching a nadir 
in the early morning hours. Studies examining the relationship between sleep and temperature 
have determined that the quantity and quality of sleep depend on where in the temperature cycle 
sleep is initiated. Individuals who initiate sleep at their peak temperature (late evening) tend to 
sleep significantly longer than those who initiate sleep at the temperature trough when all other 
factors are controlled. Whether this effect is due to temperature itself or simply coincides with 
temperature is yet undetermined. Regardless, this association is important when understanding 
why people sleep poorly with jet lag and shift work.   
 
The release of melatonin by the pineal gland is another important circadian rhythm. Melatonin 
can be thought of as the vampire hormone because it is secreted only in environmental darkness. 
While the exact function of this hormone is unknown, melatonin specific receptors have been 
located in the SCN. This fact along with its nocturnal release implicates that melatonin release 
acts as a zeitgeber. For this reason, melatonin has been the focus of extensive research in 
chronobiological sleep disorders.  Exogenously delivered melatonin causes phase shifts in 
circadian rhythms opposite to the effect of sunlight, and acts as a mild hypnotic. While the 
definitive function of melatonin remains elusive, most would agree that melatonin acts as a 
nocturnal zeitgeber that entrains circadian rhythms, and that it has a role in triggering the cascade 
of mechanisms needed to maintain or initiate sleep via the hypnotic effects. 
 
Most organ systems have physiologic fluctuations that occur on a circadian basis. While many of 
these rhythms do not directly cause the pathogenesis in chronobiological sleep disorders, their 
asynchrony with one another and the environment gives rise to significant morbidity. The 
secretion of growth hormone and cortisol can be thought of in this way. Both are secreted during 
sleep in response to distinctly different regulatory mechanisms. It is arguable that growth 
hormone secretion is not a circadian rhythm at all since its secretion occurs in response to slow 
wave sleep only.  
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There is no endogenous activation. Patients with sleep disorders who cannot achieve slow wave 
sleep consequently suffer from deficient levels of growth hormone. This can result in 
developmental delay in children with sleep disorders. In adults, Van Cauter has found that sleep 
deprivation of only a few hours a night results in altered physiologic and endocrine functions. 
 
 Glucose tolerance and thyrotropin levels are lower in the sleep-deprived state compared to the 
fully rested state. Conversely, evening cortisol concentrations and sympathetic activity are 
increased during sleep deprivation. These findings imply that sleep debt has far reaching effects 
on glucose metabolism and endocrine function that may predispose to disease formation. 
Cortisol secretion, on the other hand, has an endogenous circadian pattern of secretion that is 
controlled by the SCN. Serum cortisol levels peak in the early morning, and gradually taper 
during the day.  Cortisol is vital for normal functioning of multiple physiological processes 
including the regulation of the body’s adaptation to stressful stimuli. While the morning 
secretion is not significant in itself, the relationship of the secretion to the occurrence of other 
physiological processes is significant.  
 
Consequently, when the cortisol burst is phase shifted, we assume that it occurs outside of a 
window period during which it is able to achieve optimum benefits on concurrently occurring 
physiologic processes. A phase shift will affect every circadian rhythm differently, and 
conversely, each circadian rhythm will re-entrain at its own rate. When determination of cortisol 
secretion is used to demonstrate the affects of phase shifting on circadian rhythms, the disruption 
and entrainment of cortisol secretion is solely representative and not indicative of a these events 
occurring in all circadian rhythms. 
 
The somewhat famous Caregiver William Dement describes this somewhat differently in his 
book, The Promise of Sleep. He explains that all of accumulate a sleep debt anytime we are 
awake. When we reach a certain level of debt, we should go to bed. However, we can resist sleep 
by pushing ourselves to work, play and stay awake. This all falls on a background of a biologic 
clock alerting a circadian rhythm force which stimulates us to be awake. For most of us, clock 
alerting is strongest mid morning and in the evening. It falls in the afternoon which is why those 
of us carrying enormous sleep debt fall asleep in afternoon classes. There is a constant balance 
between clock alerting and sleep debt. 
 

The Jet Lag Syndrome 

Short of climbing to the summit of Mount Everest, the act of traveling is one of the biggest 
stresses the body can endure. Lost luggage, small airline seats, cancelled reservations, con artists, 
stolen wallets, new surroundings, foreign customs, language barriers, exotic cuisines, 
gastrointestinal illness, and financial difficulties are just a few of the external stressors that 
accompany any type of traveling experience. Successfully juggling them while attempting to 
maintain a positive outlook causes considerable strain on one’s emotional, psychological and 
physical health. To compound the effects of these external stressors, most people commence 
their journeys in less than ideal health.   
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Individuals work themselves ragged in fulfilling deadlines before a vacation, in making 
preparations for their absence from their normal responsibilities, and in spending the night before 
their trip packing instead of sleeping. Because many wrongly feel that their travel experience 
will be restful or that sleep will be achieved on the plane, most people are willing to sacrifice 
healthy living before a trip. The fact remains however, that all aspects of travel are profoundly 
stressful and can compound to make traveling not very fun. The physiological stress caused by 
jet lag is often the factor that transforms a barely tolerable travel experience into a living hell.  
 
The power of desynchronized circadian rhythms to ruin a trip is often overlooked. Hopefully, by 
applying the principles gained in this section, medical students will be able to minimize the 
biological stress of jet lag so that they can concentrate on more immediate problems like where 
in rural Guatemala they can replace stolen passports, or what antibiotic besides Cipro is effective 
at treating a whopping case of traveler’s diarrhea. Despite all these stresses involved in travel, try 
to maintain perspective and remember that travel is supposed to be fun!  Most travelers have 
suffered from the myriad of symptoms attributed to Jet Lag— an inability to sleep, mood 
disturbances, constipation, GERD, bloating, decreased cognitive performance, and severe 
fatigue.  
 
Jet lag results from an inappropriate timing of physiological rhythms caused by a change in time 
zone. Since evolutionary development did not intend for humans to undergo the large time shifts 
that occur with jet travel, the period during which circadian rhythms become entrained on a new 
environmental schedule can take many days. The rate of entrainment depends on two variables: 
the number of time zones crossed and the direction of travel.  As a rule, the severity and duration 
of jet lag increase with the number of time zones crossed. Larger time differences between 
arrival and departure cities result in longer entrainment periods because circadian rhythm 
periodicity can only change by a limited amount every 24 hours. Moreover, a large time shift 
will result in physiologic events occurring at inappropriate times.  
 
As an example, travel from San Diego to Barcelona results in circadian rhythms occurring 10 
hours later than would be appropriate for local time. Consequently, circadian rhythms entrained 
for diurnal activity in San Diego would occur at night in Barcelona. The same would be true for 
nocturnal rhythms occurring in the daytime. A sleep cycle entrained to San Diego time would 
result in alertness and core body temperature peaking during the night in Barcelona. From a 
circadian perspective, it would be close to impossible to initiate and maintain sleep at night in 
Barcelona. Oftentimes, the only reason that individuals are able to sleep during the night after 
significant travel, barring the use of hypnotic medication, is that sleep debt  overrides the 
circadian influences on sleep. Consequently, time difference plays a large role in determining the 
duration and severity of jet lag symptoms.   
 
The latitudinal direction of travel is extremely influential on jet lag symptoms. It has been well 
documented that eastward travel results in more severe and longer lasting jet lag than westward 
travel. Circadian rhythms can phase delay 1.5 hours per day after westward travel, while they can 
only phase advance 1.0 hours per day after eastward travel. The physiological basis of this 
discrepancy lies in the fact that circadian rhythm periodicity can be lengthened more easily than 
they can be truncated. Endogenous circadian rhythms usually follow a periodicity of between 25-
28 hours.  
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Entraining these free running circadian rhythms to a 24-hour cycle requires that consistent 
zeitgeber influence on the SCN causes a phase advance. The phase delay that is needed to entrain 
rhythms after westward travel is easily achieved by reversion of rhythms to their endogenous 
periodicity of greater than 24 hours. Phase advancing rhythms to less than 24 hours, as would be 
necessary to achieve entrainment after an eastward trip, requires significant zeitgeber influence 
to overcome the natural tendency of the circadian rhythms to be longer than 24 hours. 
Consequently, the result of eastward travel and phase advancements is longer lasting and more 
severe jet lag. 
 
Interestingly, with westward travel, all circadian rhythms phase advance, effectively mirroring 
the direction of change that the local destination time followed. After eastward travel, however 
not all rhythms entrain via the same mechanism. While some circadian rhythms with phase delay 
as would be the quickest way to entrain to local time, others will phase advance until they have 
entrained on local time. This inconsistency in entrainment mechanism results in a longer time 
that circadian rhythms are desynchronized.  This likely contributes to the differing jet lag 
syndromes based on direction of travel. 
 
Treatments for jet lag involve some knowledge of chronobiology and lots of common sense. The 
use of zeitgebers to aid entrainment has resulted in varying success.  Bright light exposure, when 
done at proper time intervals causes phase shifts in circadian rhythms. Bright light exposure in 
the early morning hours will act to phase advance circadian rhythms. The pseudo-biological 
basis for this phenomenon deals with evolutionary adaptation. 
 
Because humans are diurnal creatures who depend on the daylight for survival, it is important to 
optimize the number of hours awake during the daylight. Consequently, bright light exposure in 
the early morning tells the SCN that sleep started too late the night before, consequently, this 
human is sleeping later into the day as evidenced by this light exposure. In order to fix this 
problem, the SCN phase advances all circadian cycles resulting in sleep onset and awakening 
occurring at earlier times compared with the previous day’s respective events. The physiologic 
rationale for bright light exposure in the late evening causing phase delays is similar. 
 
The application of these chronobiological principles is easy for traveling medical 
students to accomplish. To facilitate phase advancements needed for entrainment after 
westward travel, exposure oneself to bright light in the early morning hours of departure 
city time. This simply involves awakening in the morning local time and heading 
outdoors to explore your new surroundings. For phase delay after eastward travel, simply 
expose yourself at night. This can be achieved by illuminating all the lights in your hotel room, 
and staring at them until it is time to go to bed. An excellent reference that includes an 
interactive schedule for determining the proper timing of light exposure to achieve optimum 
effect is www.bodyclock.com.  
 
One note of caution on bright lights—in addition to phase shifting, light exposure has been used 
in the treatment of affective disorders. Too much exposure can have the side effect of pushing 
one towards mania.  
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 Consequently, if you feel a bit racy after extensive bright light exposure in your hotel room, 
consider cutting back your exposure time! 
 
Just as bright light acts as a diurnal zeitgeber, so too is melatonin thought to act as 
a nocturnal zeitgeber. Phase shifts have been demonstrated by use of exogenous 
melatonin. As expected, the direction of these shifts is opposite to that achieved from 
bright light exposure. While field studies of travelers taking melatonin have shown varied 
results, many have demonstrated a decrease in severity and duration of jet lag symptoms with 
melatonin. In order to be effective, however, melatonin must be taken the day before travel at the 
time that mimics the new nocturnal bedtime and for a few days after arrival at bedtime in the 
arrival city. Because melatonin is a hypnotic agent care must be taken if used during the daytime.  
The quick release formula was shown most effective. 
 
Aside from these chronobiological inspired treatments, the best way to combat jet lag is by 
following one’s common sense. Obtain lots of rest before your trip. Contrary to popular belief, it 
can be difficult to achieve any sort of restful sleep on the plane flight!  Additionally, being well 
rested will allow you to adapt to all the stressors associated with accumulated sleep debt. 
Nevertheless, you should try to sleep on the plane if it is night at your destination time zone and 
your will be arriving in the morning. That way you will have an easier time staying awake during 
that first day—a task which you absolutely have to do in order to facilitate entrainment. Also, 
during the flight, try to keep well hydrated since the cabin pressurization and low humidity 
causes dehydration at a faster rate than at sea level. This includes limiting in-flight alcoholic 
beverages due to their diuretic effects. Once at your new destination, immediately follow the 
local schedule including bedtimes, meal times, and wake up times. Try to be active during the 
day and spend time outdoors as exercise and light are moderate zeitgebers. For trips involving 
the crossing of multiple time zones, sleep during the first night can be aided with the use of 
prescribed short-acting hypnotics. While the specifics of this treatment will be addressed in the 
insomnia section, the goal is to achieve maximum sedation with limited residual hang over the 
following day. Aside from these suggestions, there is no quick fix for alleviating jet lag 
symptoms. By following the principles of circadian physiology, however, you should be able to 
get more out of your travels! 
 

Shift Work 

Shift work is defined as work that consists of scheduled 8-12 hour shifts that occur over a 24-
hour period. Because the world is tending towards a 24-hour convenience oriented society, shift 
work is gaining in popularity. Right now over 20% of the US workforce consists of shift 
workers. While there are many benefits to shift work— increased compensation, flexible 
schedules, and decreased levels of responsibility—they come at a very large price with respect to 
one’s health. In general, shift workers suffer from numerous health problems due to the 
schedules they keep. The morbidity of shift workers includes cardiovascular problems, female 
reproductive problems (increased miscarriage rates, increased infertility, decreased weight of 
newborns), psychiatric problems (affective disorders, decreased cognitive performance), 
gastrointestinal problems (GERD, ulceration), social problems (strained familial relationships, 
social isolation) and chronobiological sleep disorders.  
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While the sleep problem may seem like the least severe of all these, in fact it causes the 
pathogenesis associated with shift work.  Consequently, an understanding of the 
chronobiological basis for shift work sleep disorder will make apparent the pathogenesis for 
most of the other morbidities involved.  The pathogenesis of shift work is similar to that of jet 
lag—circadian rhythms are misaligned with their surrounding environments. However, 
significant differences exist between shift work and jet lag that makes the morbidity associated 
with shift work much more severe. One difference is the role that zeitgebers play in the 
entrainment process.   
 
In jet lag, once an individual walks off the plane, the new environment presents a unified notion 
of time to which the SCN should entrain. Thus in jet lag, an individual uses zeitgebers to aid in 
the entrainment process. In shift work, however, an individual’s entrainment to a nocturnal 
schedule is constantly at odds with zeitgeber influence. Shift workers often need to sleep during 
the day and awaken at night. Our knowledge of circadian rhythms tells us that this activity 
schedule contradicts the physiology of circadian rhythms and entrainment. The result is extreme 
difficulty in entraining circadian rhythms on a shift work schedule. 
 
The entrainment process is further compromised by the nature of shift work.  Because shift work 
schedules change so often, the SCN never has adequate time to entrain to a regular schedule. 
Compounding this is the fact that most shift workers attempt to resume a normal diurnal activity 
during their days off. All of these problems combine in shift work to make the entrainment 
process to a nocturnal schedule close to impossible. 
 
Another problem that differentiates shift work from jet lag is duration of the 
entrainment process. In jet lag, the entrainment process occurs in two finite time 
periods—upon arrival and at departure. The time surrounding these periods is filled with 
normally entrained physiology and hopefully great travel experiences. In shift work, 
however, the time that a person’s physiology is unentrained to their environment 
approaches the length of a shift work career. The risk of cardiovascular death in shift 
work is directly correlated with the length of time on a shift work schedule. The relative 
risk of cardiovascular death increases for shift workers from 2.0 after 5 years to 2.8 after 
20 years compared with non-shift working controls. Interestingly, after 20 years the relative 
risk is actually less than controls suggesting some adaptational advantage in those who are able 
to tolerate more than 20 year careers in shift work.  
 
Additionally, the large majority of individuals who start shift working quit within 2 years 
because they cannot tolerate the health effects. Both of these examples illustrate the cumulative 
effects of prolonged desynchronized physiology on health. Additionally the cardiovascular 
mortality associated with shift work nicely implies duration of time that one’s physiology is 
unentrained with severity of pathology. 
 
Lastly, the pathogenesis of shift work includes societal influences. Shift workers essentially live 
apart from normal diurnal society. They sleep when others play and vice versa. This results not 
only in severe social isolation and in strained familial relationships, but also adds to the difficulty 
of shift workers being able to obtain adequate sleep.  
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When shift workers are trying to sleep during the day, they have to deal with the effects of 
normal diurnal social activity disrupting their sleep. This would manifest as traffic noise making 
it difficult to sleep, phone calls during the day awakening the sleeping shift worker, and activity 
within the house causing disturbances.  
 
Additionally, an added difficulty for parental shift workers is the responsibility of child rearing. 
Many shift workers feel either a financial or a moral obligation to care for their children during 
the day despite a full night spent working. These factors combined with unentrained circadian 
rhythms cause shift workers to be chronically sleep deprived. When shift workers are able to get 
uninterrupted sleep they typically sleep 7-10 hours less per week compared with controls.  
 
Circadian desynchronosis appears to be the limiting factor of shift worker’s sleep. Thus even 
though shift workers have incredible sleep debt, they are physiologically unable to repay the debt 
with additional sleep.  Shift work is particularly pertinent to the lives of medical students. 
Medical education, post graduate residency training and even life as a physician are filled with 
disordered sleep schedules. Whether you are working an overnight shift in the Emergency 
Department or taking overnight calls on a regular schedule, the ravages of shift work affect 
performance. Several studies have examined resident performance after overnight call. 
 
Objective measurements including tests of cognition and physical adeptness were used to assess 
degree of impairment. Barring surgical residents, all residents fared worse on one or both of 
these tests after overnight call duty. Additionally if residents resemble the average shift worker, 
their successive overnight calls will predisposed to developing psychiatric disorders, 
predominantly depression. The implications of this information are profound not only for 
resident well being, but also for patient safety. 
 
 
While the best treatment for the shift work syndrome is abstinence from shift 
work, it is not the most practical option. Consequently, some less than ideal suggestions 
have been formulated that are by no means meant to be a comprehensive fix to the 
multiple problems of shift work, but rather measures aimed at ameliorating the severity of 
shift work. Firstly, manipulating the shift work schedule can have a tremendous impact 
on worker health and satisfaction. By advancing through shifts on a day to evening to 
night schedule, workers are able to take advantage of the fact that circadian rhythms are able to 
phase delay more readily than they can phase advance. This will help in faster entrainment times.  
 
Secondly, the Europeans have developed the quick shift system designed to minimize the amount 
of time that a worker’s circadian rhythms are desynchronized with their diurnal environment. 
This rotating schedule has workers spend two days on each rotating shift followed by two days 
off. Pathology is minimized with this system because a diurnal entrainment schedule can be 
maintained and there is adequate recovery time from the overnight shifts. 
 
If workers are unable to implement the quick shift schedule at their work place, other 
ameliorative measures exist. Just as in Jet Lag, the manipulation of zeitgebers can significantly 
facilitate the entrainment process in shift work. Bright lights in the work place make workers 
more alert on the night shift and help to phase shift their circadian rhythms.  



 
 

49

 
Consequently, they are less prone to an occupational injury resulting from tiredness and more 
productive. Avoid caffeine in the later part of the shift—the time that most people are likely to 
ingest the greatest amount of coffee because they are most tired.  The more coffee you drink 
towards the end of your shift, the harder it will be to fall asleep when you get home. Remember, 
the half-life of caffeine is between 3 and 7 hours.  Avoidance of bright light during the morning 
hours by wearing dark glasses can further help with the entrainment process. Sleeping in a 
completely dark room that lacks interruptions will also facilitate this entrainment process. While 
all of these suggestions will make shift work syndrome less severe, just as we saw with jet lag 
syndrome, no definitive magical treatment exists! 
 

Delayed and Advanced Sleep Disturbances 

Remember being a teenager, being in high school and not wanting to get go to sleep until about 
2:00 in the morning? Remember also wanting to sleep until noon? And remember how your 
parents told you to stop being so lazy. Then you got to college and you got to stay up as late as 
you wanted and sleep way past those early morning classes.  Well, it turns out that going to sleep 
late and sleeping late into the morning are normal patterns for adolescents. In our teen and young 
adult years, our circadian rhythms shift such that our temperature cycle and our sleep wake cycle 
delay. That means that temperature doesn’t start its drop until the early morning hours and as a 
result, we don’t get sleepy until the early morning hours. If we went to bed at about 1:00-2:00 am 
we would have no trouble falling asleep. We would then sleep our 11-12 hours (the amount of 
sleep that adolescents need) which means we would wake up at about noon the next day. Sound 
familiar? This is called delayed sleep phase and is very common and normal in young adults.  
 
Some adults are delayed their whole lives, and this leads to delayed sleep phase syndrome 
(DSPS). People with DSPS will tell you that they have terrible sleep onset insomnia. It takes 
them hours to fall asleep (and in fact, if they go to bed at 11:00pm like everyone else, it really 
does take them hours to fall asleep). They will also tell you that they have a terrible time waking 
up in the morning, and often, they have chosen jobs that let them pick their own schedules, like 
free-lance writing or radiology. 
 
 

 
 
Most adults who do not have DSPS outgrow their delayed phase and advance on their own to the 
so-called normal phase of going to sleep around 11:00pm and waking up about 8 hours later. 
However, as we continue to age, our circadian rhythms continues to advance so that older adults 
have advanced sleep phase syndrome (ASPS).  
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People with ASPS get sleepy early in the evening, around 6:00-8:00pm. If they went to sleep at 
that hour, they would fall asleep quickly and sleep for about 8 hours which means they would 
wake up at between 2-5:00am. Think about the older patients you have seen. What is their 
biggest complaint? “I wake up in the middle of the night and I can’t get back to sleep.” Well, 
yes, they can’t get back to sleep because their sleep phase is done for the night. Their 
temperature rhythm is rising and it is time to wake up. 
 
The problem arises, when, although sleepy early in the evening, the older adult still stays up until 
10:00 or 11:00pm but still wakes at 4:00 in the morning. Now they are not in bed long enough to 
get a full night’s sleep and find the need to nap in the afternoon. 

 
 
It is up to you as their physician to figure out if the sleep onset insomnia of the DSPS patient or 
the early morning insomnia of the ASPS is caused by something else or by a circadian rhythm 
disturbance. Usually, having the patient keep a sleep log for several weeks, or wear an actigraph 
for a week, together with a good sleep interview, will help figure out the answer. 
 
The good news is that both DSPS and ASPS can be treated. The best treatment is 
bright light therapy. For people with DSPS, light exposure of about 2500 lux should occur in the 
early morning hours. The best is to take all curtains and blinds off the windows so the sun pours 
into the room. 
 
For people with ASPS, light exposure needs to occur at late in the afternoon or early evening as 
possible.  And, of course, light should be avoided during the opposite times of day (so that those 
elderly who wake up at 4:00am and then go for an early morning walk need to wear dark 
sunglasses). When the sun is not available (either because of the time of year or the latitude), 
bright light boxes can be used. 
 

Sleep Debt Management 101 

Sleep debt is a very relevant subject for medical students, since they tend to have lots of it. 
Unfortunately, like the reality of any sort of debt, most are not aware of the degree of sleep 
indebtedness from which they suffer and the physiologic consequences that sleep debt carries. 
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Besides students, sleep debt is a problem that plagues not only those with sleep disorders, but 
society as a whole. It is a common cause for daytime tiredness, impaired cognitive performance, 
traffic accidents, and mood disturbances.  Said simply, sleep debt is a pervasive, unrecognized 
sleep disorder of western society.  Humans require between 6-9 hours of sleep for every 24 
hours. Most require approximately 8 hours daily. If one’s personal sleep requirement is not 
fulfilled, sleep debt accumulates. From EEG data, we know that there are rebound phenomena in 
slow wave sleep and REM sleep after selective deprivation. Likewise, there is a sleep rebound 
phenomenon where individuals who have sleep debt must repay it minute by minute with extra 
sleep. If individuals fail to repay their debt, instead of getting a visit from the Repo-man, they 
will suffer the physiologic consequences. 
 
Because common misconceptions about the consequences of sleep debt exist, it is a difficult 
problem to address and treat. Of Stanford students surveyed, most felt that daytime sleepiness 
and tiredness had different causes despite the fact that both symptoms were alleviated with 
accumulation of sleep. This distinction between the etiologies of tiredness and sleepiness is a 
common cultural perspective that perpetuates misconceptions about sleep debt. Of truck drivers 
surveyed, most did not consider common symptoms of sleepiness such as a subjective feeling of 
tiredness, clouded cognition, or heavy eyes as heralds for impending onset of sleep. In fact, 82% 
of truck drivers stated that they would only pull off the road to take a nap if they had experienced 
an episode of falling asleep at the wheel. This frightening information emphasizes that society as 
a whole is poorly informed about symptoms and consequences of sleep debt. 
 
Now is the time to clear the air about sleep debt with nothing but the facts! Any daytime 
tiredness, drowsiness, or sleepiness results from sleep debt. An increased amount of sleep debt 
will make an individual more likely to fall asleep during quiescent periods or boring activities. 
Subjective feelings of tiredness will herald the impending onset of sleep. Many feel that post-
prandial fatigue is a natural physiological phenomenon possibly mediated by tryptophan release. 
While a large meal may contribute to a feeling of mild sedation, the fact remains that any amount 
of sleep debt will transform mild post-prandial fatigue into a full-fledged food coma. Similarly, 
many feel that exercise or caffeine intake will nullify sleep debt. While these interventions will 
decrease the immediate feeling of tiredness, the sleep debt remains. The only method to nullify 
sleep debt is by repayment with extra sleep—minute-by-minute and hour-by-hour.  Looking on 
the bright side, at least with sleep debt, unlike student loans, there is no interest rate accruing! 
Best of luck in repaying your debts! 

 

Altitude Induced Sleep Disorder 

Introduction 

Climb the mountains and get their good tidings. Nature’s peace will flow into you as 
sunshine flows into trees. The winds will blow their own freshness into you, and the 
storms their energy, while cares will drop off like autumn leaves 

John Muir 
 

For most, thoughts of altitude conjure up images of fluffy powder skiing, serene alpine lakes, 
victorious mountaineers giving the thumbs-up sign atop a summit, or unspoiled fields of 
blooming wildflowers.  
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These romanticized associations with wilderness experiences drive us to visit high places in spite 
of the tremendous toll that altitude takes on our bodies. From hypoxia and hypothermia to 
dehydration and ultra violet burns, exposure to altitude causes a myriad of pathophysiological 
states (see appendix 1).  
 
These problems, however, affect more than just the recreational sub-culture of yuppie weekend 
warriors, crunchy granola backpackers and wealthy Aspen vacationers. High altitude miners and 
scientists must endure the ravaging effects of altitude on a daily basis in order to earn their 
livings. Certain military squadrons are kept at altitude year round to facilitate immediate 
readiness for altitude warfare. Thus, the cohort of individuals affected by altitude is numerous 
and diverse.  Among the problems that these individuals face at altitude, disordered sleep is the 
cause of significant morbidity. While it may be less glamorous than some of the sexier 
pathological states induced by altitude (e.g. gangrenous limbs or edematous lung parenchyma), 
the sheer prevalence of disordered sleep among altitude-goers makes it a pressing 
epidemiological health concern. The consequences include not only the usual morbidities 
(fatigue, decreased mental and physical performance, and increased incidence of accidents), but 
also significant economic and national security repercussions. 
 
Tired vacationers are less likely to rush out to the slopes and pay the exorbitant price of a lift 
ticket. Similarly, fatigued miners and astrologers are less productive at their duties and more 
likely to make mistakes. Sleep deprived soldiers tend to make errors in judgment and be less 
effective at their positions. We are convinced, therefore, that sleep at altitude is a significant 
societal problem that warrants a prized spot among the subjects discussed in this primer. In 
addressing this problem, however, we will diverge slightly into the subjects of altitude 
acclimatization and high altitude pathological syndromes, since they are intimately associated 
with sleeping at altitude. So, relax, this section should prove to be a fun experience through 
visually titillating graphs, humorous quips, and pertinent information. 
 

Acclimatization 

To demonstrate the powerful adaptive effects of acclimatization let us imagine a hypothetical 
scenario that is based in scientific fact. Take two medical students—student A: the annoying 
know-it-all who everyone dislikes in your class and student B: the caring and compassionate 
healer who listens to everyone’s problems without complaint—and bring them to the top of 
Mount Everest over different time periods. Drop student A out of a plane onto the summit and 
have student B walk to the summit from sea level with frequent stops along the way. Assuming 
that student A survives the landing, he would proceed to experience asphyxiation and death 
within minutes. Assuming that Student B is not trampled by a yak or covered by an avalanche 
during his journey, he will reach the summit and live to tell his grandchildren about it. What 
allowed one student to experience the thrill of standing on top of the world while the other 
perished? The answer lies in their acclimatization to altitude. 
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Figure 1: Acclimatization changes to Hypobaric Hypoxia 

1.1: Mechanism for the Hypoxic Ventilatory Response (immediate response—seconds to 
minutes) 
1.2: 2,3 DPG effects on oxyhemoglobin dissociation (prompt response—days to weeks) 1.3: 
Mechanism for increased red blood cell mass in response to chronic hypoxia (gradual response—
weeks to months) 
 

Pathophysiology: 

The decreased barometric pressure at altitude causes a concurrent decrease in the amount of 
oxygen in the air. Acclimatization comprises a series of physiological changes that allow for 
adaptation to this oxygen-depleted environment. Those changes that facilitate oxygen handling 
are critical for lessening the effects of altitude-induced hypoxemia (Figure 1). Just as we saw 
with our two students, however, the process of acclimatizing to altitude requires time to occur.  
 
The physiological changes take place over a range of different timelines. There are immediate 
(seconds), prompt (days) and gradual (weeks) physiological responses to hypobaric hypoxia 
exposure. Respectively, these include an augmentation in oxygen intake through increased 
ventilation (Figure 1.1), an optimization of oxygen delivery via a change in oxyhemoglobin 
binding kinetics (Figure 1.2), and an increase in oxygen carrying capacity through an increase in 
the number of circulating red blood cells (Figure 1.3). For a more thorough discussion of these 
acclimatization processes see Appendix 2. While all of these adaptive changes facilitate survival 
at altitude by minimizing hypoxia, the HVR causes significant counter adaptive repercussions. 
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Hyperventilation caused by the HVR leads to hypocapnea, and in turn, a respiratory alkalosis.  
 
The physiological effects resulting from both of these states are predominantly deleterious to the 
acclimatization process. While a decrease in the alveolar partial pressure of carbon dioxide 
allows for more oxygen to enter into the alveoli and thereby achieve slightly higher serum 
oxygen saturations (Figure 2), the predominant effect of hypocapnea is to inhibit ventilatory 
drive. This is achieved via direct stimulation upon the peripheral chemoreceptors. Respiratory 
alkalosis also inhibits ventilation by way of the respiratory center (Figure 3.1). As renal 
compensation neutralizes the acid base disturbance, however, ventilation will proceed to increase 
until the resulting hypocapnea and respiratory alkalosis again limit ventilatory drive. This 
stepwise achievement of equilibrium between minute ventilation, serum pH, and renal 
compensation accounts for the 1-2 week delay for achievement of peak resting ventilatory rate at 
altitude.   
 
Respiratory alkalosis further impairs delivery of oxygen to the peripheral tissues by causing a left 
shift in the oxyhemoglobin dissociation relationship and by causing a bicarbonate diuresis 
(Figure 3.2, 3.3).  A left shift causes increased affinity between oxygen and hemoglobin resulting 
in less oxygen dissociation in the peripheral tissues (Figure 4). Renal compensation for a 
prolonged respiratory alkalosis causes diuresis of up to 15% of total body water within the first 
two days at altitude. This pronounced decrease in intravascular volume impairs oxygen delivery 
via a decrease in cardiac output and an increase in blood viscosity. The diuretic effects of alcohol 
can exacerbate this profound dehydration and predispose to worsening ischemia. 

 
 

Figure 2: Inverse Relationship between Alveolar CO2 and O2 
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Figure 3: Detrimental Effects of Alkalosis 

3.1: Alkalosis and Ventilatory Drive 
3.2: Alkalosis and oxyhemoglobin dissociation 
3.3: Alkalosis and Bicarbonate Diuresis 
 



 
 

56

 
 
Figure 4: 
(Top) Oxyhemoglobin dissociation curve showing the effects of various agents on affinity. 
(Bottom) Effects of Left and Right shifting of the dissociation curve on oxygen binding. 
 
 
Altitude Syndromes 
 
To introduce the altitude syndromes with appropriate gusto, I would like to share a story about 
three medical students who experienced these problems first hand!  AMS, HAPE, and HACE 
were an inseparable trio in their second year of medical school. While each had different career 
aspirations—AMS wanted to be an Internist, HAPE a Pulmonary Critical Care specialist, and 
HACE a Neurosurgeon—they equally excelled in all of their pre-clinical classes. In fact, they 
shared the ranking of “Top in Class” and were on track towards achieving membership in their 
school’s AOA society.  Despite all their intelligence, however, this trio did not have a drop of 
common sense amongst them. As we will see, this proved to be their Achilles’ heel at altitude.   
 
Our story begins with AMS, HAPE and HACE crammed into a rusted 1975 Ford Pinto barreling 
towards their destiny. The three decided to road trip to Washington State for a backpacking 
vacation on the 14,400-foot Mount Rainier. Having just finished their winter quarter finals that 
afternoon, all of them were incredibly fatigued. Yet, because of their high-achieving triple-A 
personalities, they decided to leave the moment finals ended instead of delaying by 12 hours and 
departing after a good night’s sleep. After hours of driving, the ingestion of countless No-Doze 
tablets and thousands of feet in elevation gained, our fearless trio caught sight of Rainier’s 
dominating mass in the night skyline.  With thoughts of summit experiences titillating their egos, 
the three pushed onwards towards the parking lot at the base of the mountain. 
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Having gotten only a few hours of unrestful sleep in the cramped car, they awoke that morning 
incredibly fatigued and with pounding headaches. Despite being physically and emotionally 
drained and already experiencing mild altitude sickness, they started their hike. By late 
afternoon, the group’s condition had deteriorated in proportional to their gain in elevation. At 
10,000 feet, both AMS and HACE had developed incredible pounding headaches and some 
nausea. HAPE only had a mild headache, but seemed to be experiencing a relapse of the 
bronchitis that plagued him during finals week. In a foolish attempt to counteract these 
symptoms, the group passed around a fifth of whiskey that HAPE had brought. With each 
subsequent swig of the firewater, the headaches became more blunted and the effects of the 
fatigue seemed to disappear.   
 
When HAPE awoke the following morning to relieve himself, he noted that his cough was 
making breathing extremely difficult. AMS and HACE emerged from the tent in worse 
condition. AMS had a green tinge to his coloring and his headache had progressed. He started 
dry heaving upon the mention of cooking breakfast. Similarly, HACE had the worst headache of 
his life. He seemed to resemble a drunk who could neither think clearly nor maintain his balance. 
HAPE felt that AMS and HACE were both just lightweight drinkers who were unable to handle 
the effects of their alcohol. He thus attributed their symptoms to severe hangovers and residual 
alcohol still in their systems. Unfortunately, because HAPE had decided to go surfing instead of 
attending his classes on altitude physiology, he did not understand the premonitory signs and 
symptoms of altitude sickness. Consequently, he lacked the ability to realize that all 87 three of 
them were in the process of becoming poster children for the altitude syndromes.   
 
Not wanting to be held back by his two lily-livered companions, HAPE unilaterally decided that 
his companions should remain at the camp while he pressed on towards the summit. AMS 
gleefully embraced the dictum, since the movement involved in walking would only exacerbate 
his headache. He retired to his tent with no interest in ever moving again. HACE, on the other 
hand, seemed to be ambivalent to everything around him. Seeing no problem with his plan, 
HAPE set off for the summit alone with minimal supplies and what he thought was a quickly 
progressing case of bronchitis.  HACE’s mental condition continued to deteriorate after HAPE’s 
departure.   
 
Within a 24 hour period, HACE had gone from an intelligent medical student with Neurosurgical 
ambitions to a delirious lunatic who was lying on the cold ground, half dressed, babbling about 
the impending alien domination of the earth. When HACE gradually fell silent several hours 
later, AMS breathed a sigh of relief. His incessant blabbering was not only driving AMS crazy, 
but the sound exacerbated his headache.  Like HAPE, AMS skipped those important classes on 
altitude physiology. He did not understand that his friend HACE was outside, quietly undergoing 
brain herniation. The arrhythmic breathing pattern and decelerate posturing that heralded this 
impending event passed unnoticed. HACE died later that afternoon from profound altitude 
induced vasogenic cerebral edema. 
 
As HACE’s dead body cooled on the mountain and AMS struggled with the throws of a severe 
case of acute mountain sickness, our rugged, but stupid, solo mountaineer found himself in a bad 
situation. During his ascent, HAPE’s breathing became progressively difficult and his cough 
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more persistent. Upon reaching 13,000 feet, he started producing pink frothy fluid from the 
mouth. He was unable to breath fast enough to satiate his ventilatory drive.  
Physically unable to continue but still wanting a bid at the summit, HAPE decided to camp for 
the night at his current altitude. He reasoned that with the help of some rest and a good meal, his 
cough might go away so that he could summit in time to see the sunrise. Needless to say, our 
future Pulmonologist never saw the sunrise because he died during the night from a roaring case 
of pulmonary edema. 
Through a combination of genetic susceptibility, excessive ascent rate, lack of common sense, 
bad intuition, and an unyielding, unhealthy determination to reach the summit, our three shining 
stars have perished. Two are dead and one is miserable in a tent. Sadly, most of the morbidity 
and all of the mortality in this scenario was preventable. Use your brains when going to altitude 
so that you do not become an altitude syndrome poster child! 

Pathophysiology 

The result of hypobaric hypoxia is a collection of reproducible symptoms referred to as the 
altitude syndromes. These include: acute mountain sickness (AMS), high altitude pulmonary 
edema (HAPE), and high altitude cerebral edema (HACE). In the ensuing discussion, we will 
examine the pertinent aspects of each syndrome.  AMS is the most common manifestation of the 
altitude syndromes. Its incidence is dependent upon the rate of change in elevation and 
individual susceptibility. Sudden 88 arrival from sea level to a Colorado ski resort will cause 
15% of individuals to develop AMS. Sudden arrival to La Paz, Bolivia (13,400 ft) from sea level, 
on the other hand, will cause approximately 70-100% of individuals to develop AMS. While 
AMS has a spectrum of severity, the cardinal symptoms include headache, anorexia, nausea, 
fatigue, shortness of breath and dizziness. More severe cases display pronounced ataxia. 
 
The majority of AMS symptoms are felt to be caused by a vasogenic cerebral edema. Hypoxia 
leads to breakdown of the blood brain barrier (BBB) via activation of several pathways that 
cause increased capillary pressures and concurrent capillary leakiness. The renin/aldosterone and 
the sympathetic systems are stimulated directly by hypoxemia and act to prevent the normal 
altitude induced bicarbonate diuresis.  The result is fluid retention and a persistent respiratory 
alkalosis. This increase in intravascular volume combined with a concurrent altitude–induced 
loss of cerebral vascular auto regulation could account for the increased capillary pressures in 
AMS. 
 
Persistent alkalosis further contributes to tissue hypoxemia via mechanisms discussed in the 
acclimatization section. An inflammatory response to the resulting cerebral ischemia is felt to 
mediate the increased leakiness in the cerebral vessels. Genetic variation in all these responses to 
hypobaric hypoxia must be the determining factor of whether an individual develops AMS. From 
an epidemiological perspective, youths and women have a slightly increased incidence of AMS 
than adult males. There is no relationship to the level of physical fitness, the BMI, or the use of 
alcohol and cigarettes in the development of AMS. 
 
Interventions for mild AMS include symptomatic treatment with anti-emetics, analgesics, and 
supplemental oxygen (if available). For more severe AMS, rapid descent by at least 1000 feet is 
a definitive intervention.  
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The use of prophylactic acetazolamide dramatically decreases the incidence and severity of AMS 
symptoms. The mechanism will be discussed in the following sleep section. Also, administration 
of prophylactic anti-oxidants or Gingko Biloba has recently been reported to significantly 
decrease the severity of AMS. By far, however, the best way to address AMS is to prevent it.  
Adhere to an ascent rate of no more than 1000 ft. per day above 3000 meters. Avoid substances 
that will impair the HVR (alcohol, sedatives, and sleeping pills). Maintain aggressive hydration, 
and the avoid dehydrating effects of booze. Most importantly, use common sense in planning and 
participating in a trip at altitude.   
 
As seen in our story, High Altitude Cerebral Edema (HACE) is the most severe of the altitude 
syndromes. Untreated HACE is able to turn normally functioning athletic mountaineers into 
frozen mountain ornaments. The pathogenesis of HACE is the same as AMS, simply more 
pronounced. The result is the cranial vault becoming a pressure cooker that transforms the brain 
into slushy neuron soup! Most affected individuals develop a case of severe AMS with 
neurological symptoms before full-blown HACE.  This progression from severe headache and 
lassitude to delirium with ataxia finally leading to death, however, is not universal. There are 
cases of climbers who have died from a sudden onset of HACE that lacked heralding symptoms. 
Definitive treatment is rapid descent. Temporizing treatments include administration of 
Decadron or Gamov bag pressurization. Once HACE has developed, a meaningful outcome 
depends solely on speed of treatment. 
 
High Altitude Pulmonary Edema (HAPE) is the final of the altitude syndromes and is discussed 
last to represent the temporal association with onset of symptoms. The unique feature of HAPE 
is that symptoms do not occur until approximately 48 hours after arrival to significant altitude. 
Up to 2% of people above 12,000 ft will develop the symptoms of dyspnea on exertion and at 
rest, fever, cyanosis and a cough that progresses from dry to productive. On an epidemiological 
basis, women are less susceptible then men to developing HAPE. The pathogenesis of HAPE is a 
combination of an inflammatory/vasogenic edema and a high-pressure edema. Pulmonary 
hemodynamics demonstrate normal wedge pressures but increased pulmonary artery pressures. 
Definitive treatment is descent, while temporizing treatment is diuresis and oxygen 
administration. Once HAPE has resolved, individuals who are gluttons for punishment may 
safely continue their ascent at a very conservative rate.34 Conversely, sane individuals will 
consider themselves lucky to have warded off imminent death and will proceed to pack their 
belongings and head for home! 
 
If nothing else is gained from the altitude sickness section, please remember the following: 
definitive treatment for any altitude sickness involves descending to lower elevations. While this 
may sound simple, many people have lost their lives by not heeding this advice! Prevention is 
managed by slow ascent. Do not leave sea level on Friday evening, drive 6-8 hours to 9,000 feet 
and expect to be well. Leave Friday noon and spend the night at 5,000 feet then go play the next 
day. The extra day will ease the process of acclimatization and result in a better night’s sleep. 
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Sleep At Altitude 

We begin the discussion of sleep at altitude with a journal excerpt from medical students who 
traveled to the South American Andes as healthcare volunteers. Their experiences illustrate the 
problems that are commonly encountered with sleep at elevation:  
 
“We arrived into La Paz, from San Diego yesterday, a net gain in elevation of 13,200 feet. Our 
landing came with great relief, as I didn’t fully trust that our Bolivian Airline, jokingly referred 
to as Wing and a Prayer Air, would be able to get us over the towering ice capped peaks of the 
Cordilla Real Mountain Range that surrounds La Paz. The clinic director, Dr Hugo Barrio, met 
us at the airport, helped us gather our luggage and shuttled us off to our final destination. The 
quaint village towards which we headed, is home to approximately 5,000 individuals. Being 
interested in third world medicine, both Ann and I felt that this Bolivian alpaca herding village 
located 14,000 feet above sea level would serve as an excellent site for our initiation into 
International Medicine. 
 
While we expected difficulty in the usual— language barriers, diet, adjusting to life in the third 
world, etc, we never anticipated the ravaging effects of life at 14,000 feet. Needless to say, the 
altitude took us by surprise. 
 
On the way to the village, Dr Barrio told us about the various tropical diseases uncommon to US 
that are encountered daily at the clinic— tuberculomas of the brain, neurocysticercosis, filarial 
infections, elephantiasis, vitamin deficiencies, rheumatic heart disease, and measles to name a 
few. During our conversation in the car, I became painfully aware of the thinness of the air. I was 
unable to finish a sentence on a single breath. While I expected to experience some degree of 
mountain sickness-breathlessness and perhaps a mild headache—I was completely unaware of 
the severity of symptoms that would occur at this elevation.  Furthermore, no one had ever told 
me about the devastating effects of elevation on sleep. 
 
Although I didn’t realize it, the severity of my symptoms in the car was a premonition to the 
difficulties that lay wait. Last night was the absolute worst night of sleep either of us had ever 
experienced. Despite the incredible fatigue we had from hours of traveling, neither of us was 
able to sleep soundly. In fact, it felt as if the majority of the night was spent lying awake. 
 
When Dr Barrio woke us for breakfast, we were absolutely wasted despite 7 hours of downtime. 
I don’t know whether it is the lack of oxygen or the altitude’s affect on our breathing that caused 
such remarkably poor sleep. We both noticed in each other that during sleep, our breathing 
would become erratic in its rhythm with alternating episodes of uncontrolled panting followed by 
apnea. Our frequent awakenings allowed us to become more familiar than we would have liked 
with these peculiar breathing rhythms. In addition to our incredible tiredness this morning, both 
Ann and I had the added benefit of developing splitting headaches from the altitude. The 
combination of the two—sleeplessness and altitude sickness—has made our first day of third 
world medicine a living hell.” 
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Pathophysiology 
The experience of these two medical students will serve as a fine outline for our discussion about 
the difficulty of sleeping at altitude. A characteristic aspect of sleep at altitude is the perceived 
quality of sleep. Like the medical students, most unacclimatized altitude-goers experience a light 
sleep marked by frequent arousals. Slow wave sleep (stages 3 and 4) is almost non-existent at 
altitude. Stages 1 and 2 predominate with a slight decrease in the time spent in REM sleep. These 
alterations in sleep architecture and the frequent arousals cause people to feel as if they are lying 
awake most of the night.  When people do awakening from hours of this unsatisfactory slumber, 
most feel tired, groggy and unrested. 
The pathophysiological basis for this poor quality of sleep is due to global hypoxemia causing 
repeated arousal, thereby preventing slow wave sleep. This arousal mechanism is similar to that 
seen in OSA. Genetic variation in respiratory control will dramatically influence the severity of 
hypoxemia attained at altitude and consequently the frequency of arousal from sleep. While 
respiration during consciousness depends upon a combination of voluntary and reflexive inputs 
to the respiratory control center, control of breathing during sleep is solely due to reflexive inputs 
from peripheral chemoreceptors.  Consequently, the serum pH and the partial pressures of 
oxygen and carbon dioxide determine respiratory control during sleep. This purely reflexive 
control of respiration results in a breathing pattern at altitude called periodic breathing. Aside 
from being interesting from a physiologic standpoint, this breathing pattern forms the basis of 
disturbed sleep at altitude. 
 
When an unacclimatized individual falls asleep at altitude, hypobaric hypoxemia triggers an 
HVR. The resulting hyperventilation gives rise to a hypocapnic alkalosis.  Being powerful 
suppressants upon respiratory drive, the combination of hypocapnea and alkalosis will result in 
an apneic episode. Metabolism continues to deplete oxygen stores during this apnea, however, 
creating a worsening case of hypoxemia. When this hypoxemia becomes severe enough to 
overcome the inhibitory influences of hypocapnea and alkalosis, another HVR will occur. This 
cycle will repeat itself throughout the night. 
 
Clinically, periodic breathing results in predictable recurrent cycles of hyperventilation followed 
by apnea, identical to a Cheyne-Stokes pattern. The apneas in periodic breathing are 
distinguished from those in OSA by their cyclical regularity, the concurrent absence of 
ventilatory effort, and their occurrence during non-REM sleep. The strength of an individual’s 
HVR will determine the frequency of periodic breathing.  Stronger HVR’s will result in frequent 
periodic breathing and less dramatic fluctuations in arterial oxygen saturation when compared to 
weaker HVR’s. The arousals that fragment sleep at altitude are felt to be related to cerebral 
hypoxemia rather than stimulation from hyperventilation. Consequently, periodic breathing with 
long apneic episodes will recurrently exacerbate pre-existing hypoxemia and result in frequent 
arousals. This chain of events in respiratory control thus forms the pathophysiological basis for 
disordered sleep at altitude. 
 

Treatments 

Of the three main treatments for improving sleep at altitude, two of them work by addressing the 
detrimental influences of alkalosis and hypocapnea on ventilatory drive.   
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Prophylactic administration of acetazolamide is an effective treatment for both altitude 
disordered sleep and AMS. Acetazolamide is a carbonic anhydrase inhibitor that prevents 
resorption of bicarbonate in the kidneys. Consequently, it helps at altitude by facilitating the 
bicarbonate diuresis. Normalizing the serum pH causes an increase in blood oxygen saturations 
through a centrally mediated increase in ventilation and improved delivery of oxygen to 
peripheral tissues through a decrease in oxy-hemoglobin affinity. Clinically, this leads a 
cessation in periodic breathing, stable oxygen saturation levels during sleep and improved sleep 
quality at altitude.  The downfalls of acetazolamide, however, are quite significant. Firstly, the 
diuretic effects produce full bladders and wet beds. Both cause nocturnal arousals that 
dramatically impair sleep quality.  
Acetazolamide can also cause a reversible peripheral neuropathy that causes annoying but not 
serious parasthesias in a stocking glove distribution. Perhaps the most significant effect of 
acetazolamide therapy, however, is its ability to make a cool crisp beer taste like horse urine. The 
mechanism for registering the taste of carbonation is blocked by carbonic anhydrase inhibitors. 
While this effect is a misfortune for beer lovers at altitude, for horse lovers, it may be the best 
thing since sliced bread! 
 
Another treatment that manipulates the ventilatory drive is administration of supplemental 
carbon dioxide. For obvious reasons, this treatment should be used for research purposes only. A 
slip up in the relative concentration of inspired carbon dioxide could have the tragic consequence 
of causing global cerebral ischemia. Carbon dioxide administration, works via two separate 
mechanisms. The more profound effect is a hypercapnea induced increase in ventilation via 
chemoreceptor stimulation. The second mechanism deals with the less profound effects of 
supplemental carbon dioxide lowering serum pH thereby causing a decrease in the 
oxyhemoglobin affinity. Both of these effects contribute to normalization of sleep by enhancing 
oxygen intake and delivery. 
 
If you want definitive treatment for disordered sleep at altitude, however, attack the source of the 
problem. The pathogenesis of disturbed sleep at altitude is hypoxemia causing arousal. Thus, by 
eliminating hypoxemia through use of supplemental oxygen, sleep at altitude will improve. 
While I was busy writing this manual for you all (hopefully a cohort of individuals greater than 
my committee members and my mother), a classmate of mine, Andy Lux, was making the world 
a better place by analyzing oxygen’s effect on sleep at altitude. He took the human equivalent to 
research rats (medical students) up to a physiology lab atop White Mountain (11,000 feet). 
There, he found that through oxygen enrichment of room air, sleep quality improved. Practically, 
there are two ways to of achieving oxygen enrichment of the air during sleep. One is via local 
delivery the other is via whole room delivery. Local delivery modalities include the use of nasal 
cannulae. While these have the benefit of being inexpensive and simple, they cause significant 
drying of the nasal mucosa. This compounds the mucosal drying that already exists at altitude. 
 
The alternative modality for achieving whole room oxygen enrichment is through 
the use of electrically driven oxygen condensers. This technique is employed to help scientists 
reduce the detrimental effects of hypoxia at California Institute of Technology’s high altitude 
radio telescope in Chajnantor, Chile (5050 m).  
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There, rooms are enriched with 27% oxygen effectively simulating an altitude of approximately 
3100m. Of course, the main worrisome side effect of oxygen enrichment in an entire room is the 
increased risk of fire. John West has explored the safe upper limits of oxygen concentrations as 
determined by experimentally derived mathematical criteria set forth by the National Fire 
Protection Association (NFPA).  
West finds that the oxygen enrichment needed to create an effective altitude of 
3000m can be achieved without an increased risk of fire up to an altitude of 
6,500m. Above this altitude, the oxygen concentrations needed to produce an 
effective altitude of 3,000m are higher than those deemed safe by the NFPA. 
 

Conclusion 

To conclude the section on sleep at altitude, we would like to leave you with certain tips that will 
help to minimize the pain of your altitude experience. These are: 

Rules for Smooth Acclimatization 

1) Go rested: do not try to mimic our three medical students when planning a trip to 
altitude. Get plenty of rest before any exposure to altitude. 

2) Ascend Gradually: maintain a conservative ascent rate of no more than 1000 feet per 
day above 7000 feet elevation. 

3) Hydrate: keep well hydrated to facilitate the bicarbonate diuresis and to minimize the 
multiple dehydrating effects of altitude (bicarbonate diuresis, low humidity, increased 
insensible losses through hyperventilation and increased exertion). 

4) Avoid alcohol: booze predisposes to dehydration and blunts the HVR. There really is 
no place for alcohol at altitude. If you have a difficult time abstaining, try taking 
some acetazolamide. It will at least limit your intake of beer, unless of course you 
happen to be a horse lover! 

5) Minimize exertion: the first few days altitude should include mild exercise only. The 
severe dehydration resulting from initial exposure to altitude (the first 1-2 days) and 
the hypobaric hypoxia will make extreme exercise very difficult and potentially 
dangerous for the unacclimatized individual. Your body has enough to worry about 
upon initial exposure to dehydration, it does not need you voluntarily adding to the 
physiologic chaos. 

6) Climb high and sleep low: This is the mountaineer’s mantra. It contains an 
abundance of wisdom through limited words. Let us examine the first part: climb 
high. Limited but repeated exposure to more severe hypoxia at higher altitudes is felt 
to facilitate the process of acclimatization. While the effects of intermittent hypoxia 
exposure are not ground-breakingly profound, it appears to play a contributory role in 
hastening acclimatization. As for sleeping low, the past pages have tried to impart the 
rationale behind how altitude causes disturbed sleep. By sleeping at a lower altitude, 
sleep quality is better and consequently you feel and function better. So if given the 
choice of where to sleep at altitude, choose the location with the lowest elevation, 
even if it may be further away from your intended destination.  
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Believe me, the amount of energy and well-being gained from a good night’s sleep will 
more than compensate for any time you may have lost by not having slept at a higher 
elevation that might have been closer to your final destination. 

 

Appendix 1: Environmental Exposures at Altitude 

As altitude increases, barometric pressure and oxygen content in the air decrease. At 5500 
meters, (18,044 feet) there is half the amount of oxygen per air volume compared to sea level. 
On top of Mount Everest (8900 m), there is only one-third that at sea level. Extreme weather 
patterns at altitude combined with temperature drops of 6.5 C per 1000m of elevation gain 
predispose to hypothermia and gangrene. Dehydration is a ubiquitous stressor at altitude. Low 
atmospheric humidity, limited water supplies, increased insensible water losses, and an altitude 
induced diuresis all contribute to the dehydrating effects of altitude. More so, ultraviolet intensity 
increases by 4% for every 300 meters of elevation gain.  These large UV doses cause severe 
burns to unprotected cornea and skin. The combination of these altitude induced stressors results 
in an increase in baseline resting metabolism by up to 25%. 
 

Appendix 2: Acclimatization Processes 

A trip from sea level to altitude causes an acute decrease in barometric pressure and 
consequently a decrease in the oxygen content of the air. This hypobaric hypoxia triggers an 
immediate physiologic response similar to what we saw with obstructive apneas. The carotid 
body chemoreceptors detect hypoxia and notify the respiratory center with a distress call—
“SOS…need oxygen…urgent”. The response is an immediate increase in ventilatory drive 
causing hyperventilation. From detection to response, this chain of events comprises the hypoxic 
ventilatory response (HVR). It is the immediate adaptation to hypoxia.   
 
Tremendous variation exists amongst HVR’s. From the chemoreceptor hypoxia threshold that 
triggers the HVR to the degree of increase in ventilation by the respiratory center, all of these 
steps are genetically pre-determined, and, therefore, exhibit tremendous inter-individual 
variability. Individuals with strong HVR’s tend to acclimatize easier to altitude than those with 
weak HVR’s. This is primarily due to increased ventilation causing increased alveolar 
oxygenation. Certain agents alter the HVR—alcohol and sedatives blunt it causing an increased 
hypoxia threshold and less of a ventilatory drive. Substances like coca and caffeine, on the other 
hand, accentuate the HVR. This would explain the beneficial effects of chewing coca leaves or 
drinking coca tea at altitude. 
 
Over a period of more prolonged hypoxia (days), there are increased serum levels of 2,3 DPG. 
This compound is a by-product of anaerobic respiration and is found in highest concentration 
within RBC’s.  It rises in proportion to the degree of hypoxia. 2,3 DPG competes with oxygen 
for hemoglobin binding sites. It thereby decreases hemoglobin’s affinity for oxygen, effectively 
shifting the oxy-hemoglobin dissociation curve rightwards (Figure 4). Because the change in 
oxygen partial pressure values from the alveoli to the periphery is small at altitude, this 
adaptation facilitates maximal unloading of oxygen.  
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This is the short-term adaptation to hypoxia. 
 
Chronic hypobaric hypoxia causes a gradual increase in red blood cell mass over a period of 4-6 
weeks. Erythropoetin (EPO) secretion by the kidneys drives this proliferation. While kidneys 
begin secreting EPO within 2 hours of hypoxia onset, it takes approximately 4-5 days before any 
circulating reticulocytes are seen. It takes approximately 1 month before a significant EPO-
induced increase in red blood cell mass can be measured. This adaptation to chronic hypoxia is 
characterized by an increase in the number of RBC’s and the intravascular volume. Both increase 
the oxygen carrying capacity of the blood and definitively address the problem of hypobaric 
hypoxia. This is the most important step to achieving long-term acclimatization to altitude. 
 
 
 

 
Insomnia 

Introduction 

“Caregiver, I’m having trouble sleeping.” If the walls of the primary care clinics 
across the land could speak, they would recount the innumerable histories that started 
with this commonly encountered phrase. The incidence of these words is perhaps only 
second to “Caregiver, I’m having trouble with my bowels.”  
 
Insomnia is a highly prevalent disorder that causes significant morbidity. It affects approximately 
one third of the adult population intermittently and 10% on a chronic basis. Women and the 
elderly are particularly affected. For clinical purposes, insomnia is defined as a subjective feeling 
of  inadequacy of sleep. This can include difficulty falling asleep, maintaining sleep, or 
experiencing restful sleep.  
 
Conversely, for research purposes, insomnia is often defined as the sleep-onset latency (the time 
it takes for one to fall asleep) or the wake after sleep onset (WASO, the time spent awake after 
sleep was instigated) being greater than 30 minutes. Sleep efficiency (time asleep divided by 
total time in bed) must also be concurrently less than 85%, and the disturbance must be present 
for greater or equal to 3 nights per week. 
 
As a whole, insomniacs are a miserable group because of their daytime fatigue and 
psychocognitive and motor impairment. They are less efficient in attending to their daytime 
responsibilities, they tend to be accident prone, and they develop mood disorders. Approaching 
the patient with insomnia can be a challenging experience, since their sleeplessness has 
oftentimes morphed them into emotionally unstable and needy individuals who are looking to 
their physician for a quick fix. The following discussion of insomnia will bring closure to our 
educational primer on sleep disorders. It will explore the problems that result in a disruption of 
sleep, and in doing so, will review in a new context some of the sleep disorders that we have 
already discussed.  
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Through this section, we hope to impart information on how to approach patients with insomnia 
so that proper treatment can be implemented in a timely fashion. 
 

Pathophysiology 

Mechanistically, causes of insomnia can be divided into four general categories— 
medical, psychiatric, environmental, and idiopathic (Figure 1)—these are distinguished 
based on the history and physical examination. While each mechanism will present 
uniquely, some trends do exist. The medical causes of insomnia are vast, ranging from 
medical pathologies and primary sleeping disorders to use of prescription and nonprescription 
medications. Examples of primary medical diseases include neurological disorders (CVA, 
Parkinson’s), disorders that cause difficulty breathing (CHF, infection, sarcoid), disorders that 
cause pain (cancer, diabetic neuropathy, arthritis), and disorders that cause increased alertness 
(hyperthyroidism), to name a few. Because the primary medical disorders that cause insomnia 
are broad and multi-systemic, a thorough initial history and physical exam must be completed on 
all insomnia patients. Oftentimes, the past medical history, associated symptoms and the timeline 
of symptoms will lead to the cause of insomnia. In the case of acute exacerbations of medical 
conditions, the insomnia would be transient (lasting days) and associated with symptoms of the 
primary disorder. 
 
Underlying primary sleep disorders (OSA, chronobiological disorders, restless leg 
syndrome and periodic limb movements) can also present via a complaint of insomnia, 
but tend to account for chronic presentations (symptom duration of months). The elderly are 
especially susceptible to the effects of primary sleep disorders. As mentioned earlier, not only is 
OSA more prevalent in later life, but also the circadian rhythms of the elderly are endogenously 
phase advanced.  Additionally, sleep architecture changes that are characteristic in the elderly 
(decreased slow-wave sleep, increased stage 1&2 sleep, and REM flattening) result in less restful 
sleep. Combined, these primary sleep disorders in the elderly cause early morning arousals, 
decreased amounts of slow-wave sleep, and less sleep efficiency. The result is a decreased 
quantity and poor quality of sleep. 
 
Periodic Limb Movements in sleep (PLMS) is a condition that causes complaints 
of insomnia, and sometimes complaints of daytime sleepiness. In PLMS, the leg or legs jerk 
every 20-40 seconds, and these kicks are clustered in repetitive episodes. Often the kicks cause 
arousals from sleep, thus the complaint of insomnia. A diagnosis is made when the PLM index 
(PLMI), or the number of kicks per hour of sleep is > 5, each causing an arousal. The treatment 
of choice for PLMS is one of the L-dopas, such as pergolide or pramipexol (see table). 
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Medications, either over-the-counter, herbal, or prescription, are often overlooked as instigators 
of sleeplessness. This is, in part, because many substances that cause insomnia are not 
recognized for their ability to cause sleep disturbances. Steroids, birth control pills, levodopa, 
and antihypertensives are a few examples of medications that most would not consider disruptive 
to sleep. Onset of insomnia may also be erroneously associated with an unrelated event and 
thereby cause attention to shift away from drugs as the primary cause. Additionally, many 
patients do not disclose use of herbal medications that may be activating.  
 
Even if full disclosure occurred, however, most physicians lack the knowledge about these 
herbal remedies to give proper counsel about their use. Medication induced insomnia becomes 
particularly relevant in patients who suffer from polypharmacy. This is especially true in the 
elderly, where the offending agent(s) can usually be identified by a temporal association with 
onset of insomnia and the start of the medicine administration. Here again, the history becomes 
vital to determining the underlying cause of the insomnia. 
 
Psychiatric causes of insomnia are extremely common. It is estimated that the 
incidence of co-morbidity between insomnia and psychiatric disorders approaches 35- 
44%. Most commonly, depression and anxiety cause disturbed sleep, but dementia, 
delirium, substance abuse and psychosis can also contribute to insomnia. Among the elderly, 
Alzheimer’s disease and acute delirium (the sun-downing effect) commonly manifest as 
disrupted sleep.  Barring the hospitalized elderly who experience transient episodes of sun-
downing related to being in a foreign sleeping environment, most psychiatric conditions will 
cause chronic insomnia. 
 
Environmental disruptions not only interrupt sleep, but also can exacerbate a patient’s 
predilection towards developing insomnia. Multiple nights of disordered sleep caused by external 
disturbances cause patients to develop vicious cycles of anticipation and anxiety associated with 
the process of sleep. Consequently, subsequent disruptions in sleep that would normally pass 
unnoticed become very activating for an insomniac.  
 
A snoring bed partner or uncomfortable room temperature can trigger anxiety and unsettledness 
in the insomniac. They perseverate on their inability to sleep and the potential implications of 
their sleeplessness. These hypervigilant, psychological responses account for the perpetuation of 
insomnia, and cause it to advance from an intermittent problem to a chronic one. Unreasonable 
expectations about sleep behavior concurrently develop during this process of unhealthy 
stimulus-response entrainment. Thus, patients will begin to feel that without a full 8 hours of 
sleep, they are unable to function the next day. Unrealistic expectations and profound anxiety 
fuel the psychological mechanism of insomnia development. 
 
If the cause for insomnia cannot be deduced from medical, psychiatric or environmental 
disorders, then by default the insomnia is felt to be primary or endogenous. Up to 20% of 
insomniacs suffer from this form of insomnia. Interestingly, the EEG tracings of insomniacs are 
not significantly different from those of normal sleepers. 
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This may account for why the tiredness caused by primary insomnia is different from the other 
causes of insomnia . This finding also begs the question: if primary insomnia does not cause 
objective changes in sleep, what are the causes of the subjective complaints?  There is felt to be 
an anxious, hypervigilant personality that predisposes to the development of primary insomnia. 
As discussed, stimulus-response entrainment coupled with generalized sub-clinical anxiety tends 
to perpetuate and worsen insomnia. For insomniacs, perseveration about their inability to sleep, 
whether objectively supported or not, becomes a self-fulfilling prophesy. Somehow, the 
combination of anxiety, hypervigilance, and rumination culminate in the subjective feeling of 
inadequate sleep. 
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Figure 1: Causes of insomnia 

 
 

Insomnia Severity Index 

1. Please rate the current (i.e., last 2 weeks) SEVERITY of your insomnia problem(s). 
None Mild Moderate Severe Very 
Difficulty falling asleep: 0 1 2 3 4 
Difficulty staying asleep: 0 1 2 3 4 
Problem waking up too early: 0 1 2 3 4 

2. How SATISFIED/dissatisfied are you with your current sleep pattern? 
Very Satisfied Very Dissatisfied 
0 1 2 3 4 

3. To what extent do you consider your sleep problem to INTERFERE with your daily 
functioning (e.g. daytime fatigue, ability to function at work/daily chores, 
concentration, memory, mood, etc). 
Not at all 
Interfering 
A Little Somewhat Much Very Much 
Interfering 
0 1 2 3 4 

4. How NOTICEABLE to others do you think your sleeping problem is in terms of 
impairing the quality of your life? 
Not at all 
Noticeable 
Barely Somewhat Much Very Much 
Noticeable 
0 1 2 3 4 

5. How WORRIED/distressed are you about your current sleep problem? 
Not at all A Little Somewhat Much Very Much 
0 1 2 3 4 

Guidelines for Scoring/Interpretation: 

Add scores for all seven items (1a+1b+1c+2+3+4+5) = ______ 
Total score ranges from 0-28 
0-7 = No clinically significant insomnia 
8-14 =Subthreshold insomnia 
15-21 =Clinical insomnia (moderate severity) 
22-28 =Clinical insomnia (severe) 
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Treatments for Primary Insomnia 

It is important to discern the actual cause of insomnia, since, as with all disorders in medicine, 
treatment should address the underlying pathological process. If one were to simply treat all 
complaints of insomnia reflexively with symptomatic treatment (hypnotic medication), not only 
would the treatment mask the underlying pathological process, but also in doing so, it would 
cause increased morbidity. Thus, if a CHF exacerbation causing nocturnal dyspnea is the cause 
of insomnia, the treatment should include management of the CHF. The insomnia will 
subsequently resolve once the CHF is controlled. Medical, pharmacologic, psychiatric, and 
environmental causes of sleeplessness need to be deduced and addressed before prescribing 
sleeping pills to insomniacs. If, after a thorough history and physical exam the cause of the 
insomnia remains unapparent, then symptomatic treatment via a combined behavioral 
modification and pharmacologic approach is warranted. 

Behavioral Therapy 

Because psychological entrainment worsens and perpetuates insomnia, one arm of treatment for 
persistent primary insomnia should include behavioral therapy. There are many different 
techniques available that address different aspects of the maladaptive psychological pattern 
insomniacs develop. All that are discussed here have been found effective when used alone or in 
combination.41 The most efficient behavioral approaches are those that include teaching good 
sleep hygiene. Just like you brush your teeth and wash your face each night, there are good sleep 
habits that help you fall asleep; and there are bad sleep habits which perpetuate insomnia. The 
bad sleep habits include: 

Spending too much time in bed 
Irregular sleep schedule 
Excessive napping 

Caffeine, alcohol, nicotine, exercise or mental stimulation near bedtime Negative sleep 
associations (reading or watching TV while in bed) 
 
Good sleep hygiene would therefore include: 

1. Not spending too much time in bed. The longer we are in bed, the more disturbed and 
fragmented our sleep becomes. For example, sleeping 8 hours out of 8.5 hours in bed, 
is more efficient than sleeping 8 hours out of 9-10 hours in bed. 

2. Get up at the same time EVERY day. Your circadian rhythm needs one stable point 
around which it can fluctuate. Since you can’t control what time you fall asleep, the 
only time you can control is what time you wake up. In addition, sleeping in, in the 
morning, makes it harder to fall asleep the next night. 

3. Avoid naps. Napping is OK IF you have no difficulty falling asleep at night. But if 
you do have difficulty with sleep onset, then naps must be avoided. Sleep is a 
homeostatic process. You have to be awake for a certain amount of time before you 
will be sleepy enough to fall asleep. A long nap in the afternoon assures that you will 
not be sleepy by the time it is time to go to bed. If you absolutely refuse to give up 
your nap, restrict it to 30 minutes in the early afternoon. 

4. We already discussed the hazards of alcohol at bedtime. Caffeine should be avoided 
after lunch. 



 
 

71

5. Exercise is very beneficial to good sleep, but not right at bedtime. The best time to 
exercise is about six hours before bedtime and this allows body temperature to drop 
just as you are going to bed. 

6. Do only relaxing things right before bed. If you tend to do your worrying when you 
first get into bed at night, set aside a worry time earlier in the day (don’t laugh – it 
works!). 

7. What is the first thing you do when you wake up at night? If you said, “Go to the 
bathroom,” you are…..wrong! The first thing you do is look at the clock. Well, it 
doesn’t really matter if it is 1:05 or 3:12 since either way, you want to be asleep! So, 
the best solution is to turn the clock around or hide it in drawer so you are not 
tempted to look at it (This really works well too).  Stimulus control is a technique that 
reinforces the idea that the bed is for sleep and sex only (and sex only if it is 
satisfying and relaxing). No other activities (reading, watching television, eating, 
typing on a personal computer) should take place in the bed, as these will weaken the 
entrained response. 

 
If the patient cannot fall asleep within about 15-20 minutes, he must get out of bed, leave the 
bedroom and do something relaxing and quiet until he feels his eyes closing. Only then is he 
allowed to return to bed. If suddenly, he still can’t fall asleep, he gets out of bed again. This 
pattern is repeated until the patient can get into bed and fall asleep. With that, he must get up at 
the same time every day and no napping allowed. Within about 3 weeks, the insomnia is 
generally resolved and the patient can get into bed and fall asleep. 
 
Relaxation therapy (RT) targets the psychological and corporeal activation from which 
insomniacs suffer. Muscle relaxation techniques aim to neutralize the physical arousal that can 
perpetuate insomnia, while visualization and thought stopping techniques 106 dampen the 
psychological arousal. RT is an excellent way to minimize the effects of hypervigilance and 
anxiety on sleep. Cognitive Behavioral therapy (CBT) challenges the misconceptions that 
insomniacs develop about sleep and imparts healthier thinking. The cataclysmic thinking of an 
insomniac causes anxiety and thereby disrupts sleep. By neutralizing these activating thoughts, 
much of the rumination that perpetuates insomnia vanishes.  
 
Finally, sleep restriction is a behavioral technique that helps to break the insomnia cycle (see 
Sleep Restriction Therapy Rules below). By limiting the time in bed to 4-5 hours per night, sleep 
debt accumulates. Over time, the need for sleep overcomes the activating forces that perpetuate 
insomnia and thereby induces sleep. Sleep restriction is the basis for why medical students as a 
whole do not develop chronic insomnia. In essence, because of their enormous sleep debt, they 
are not allowed the “luxury” of sleeplessness! A recent prospective study by Edinger et al. 
showed that CBT when combined with sleep restriction was more effective than RT alone in 
treating insomnia. This study also demonstrated the long lasting effects that persist for up to six 
months after discontinuation of behavioral therapy. These persisting effects distinguish 
behavioral therapy from pharmacotherapy and form the basis of why both treatments are needed 
for the long-term management of insomnia. 
 
Sleep Restriction Therapy Rules: 
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Establish a bedtime and wake-up time based upon the amount of time that the patient reports 
sleeping. The total time allowed for sleep should not be less than 4 hours/night.  Prohibit sleep 
outside of these hours (except in the elderly—see below) 
 
Have patient report the amount of sleep they obtained on a daily basis.  Compute sleep efficiency 
(estimated time asleep/total time in bed); based on a moving average of 5 nights. When SE>85%, 
reset bedtime for 15 minutes earlier. 
 
With the elderly, SE cutoff is 80%. Allow a 30 minute nap in the early afternoon. 
 

Pharmacologic Therapy 

In the days of managed care and 15-minute patient interactions, a hypnotic drug prescription is 
unfortunately easier to implement for the treatment of insomnia than behavioral therapy. While 
hypnotic agents, especially the more current ones, have their place in the management of 
insomnia (see Table 1), their use should be instigated with a proper understanding of their 
contra-indications and they should be used in combination with good sleep hygiene. 
Not all patients should receive hypnotic therapy for their insomnia. Specifically, hypnotic use in 
individuals who suffer from abnormal chemical ventilatory responses (OSA, asthma, and COPD 
patients) is contraindicated. The use of hypnotics in this cohort will further blunt the respiratory 
drive and lead to asphyxiation.  
 
Likewise, hypnotic use in the elderly should take place with particular caution. Altered drug 
metabolism in the elderly makes them susceptible to prolongation of a hypnotic’s effects and 
increased drug levels, particularly with the older, longer-acting hypnotics. Both cause profound 
sedation that predispose the elderly to falling and having worse outcomes during hospitalization. 
 
Lastly, the long-term use of most hypnotic agents is not a viable option for the treatment of 
chronic insomnia. Long-term benzodiazepine use, for example, is limited because of tolerance 
development, altered sleep architecture (decreased slow wave sleep), and withdrawal insomnia.  
 
For this reason, hypnotic agents are generally used in the setting of an acute self-limiting episode 
of insomnia or as a temporizing intervention used to facilitate sleep until behavioral techniques 
have been learned and implemented. With the above limitations in mind, let me introduce you to 
the armament of hypnotic agents used to combat insomnia.  Benzodiazepine agonists are the 
mainstay of treatment for primary insomnia. 
 
These include the benzodiazepines and the non-benzodiazepines (zolpidem and zaleplon). 
Both agents affect the affinity and opening frequency of the GABAA receptor. Clinically, both 
help individuals fall asleep faster than usual and maintain sleep. The newer agents, however, 
have been found to be particularly useful because of their limited side effect profiles. 
Both zolpidem and zaleplon do not alter sleep architecture, thus they are felt to induce a natural 
state of sleep as deemed by EEG criteria. Additionally, over long-term use, tolerance to these 
non-benzodiazepines does not appear. There is no withdrawal insomnia phenomenon when they 
are stopped, even after longterm use. 
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 Finally, similar to the short acting benzodiazepines, these agents have no residual morning after 
hangover. They can be used for the short or the long term without  
1) changes in their efficacy,  
2) withdrawal insomnia, or  
3) morning hangovers. 
 
 Both agents have a fast onset (you will get sleepy within about 15 minutes) and both are short-
acting. The main difference between the two agents is that zolpidem has a half-life of about 3 
hours while zaleplon has a half-life of one hour. It is not recommended that zolpidem be taken 
when one wakes up in the middle of the night since this might cause some daytime sedation. 
Zolpidem is particularly good however, for those with difficulty falling asleep and remaining 
asleep in the first half of the night. Zaleplon on the other hand, is also good for sleep onset, but 
additionally, it can be taken in the middle of the night with no fear of morning sedation. The only 
downfall of these agents is that once they are stopped, there are no persistent beneficial effects 
upon sleep. Thus, unless a patient wants to take sleep medication for the rest of their life, a 
behavioral component to therapy must be implemented for proper treatment of chronic insomnia.   
 
Before the development of these non-benzodiazepine agents, the benzodiazepines were 
considered the mainstay of treatment for primary insomnia. They are relatively safe and very 
effective at inducing sleep. Additionally, a nice aspect of the benzodiazepines is the range of 
half-lives that exists. This allows individuation of therapy. If a person suffers from early morning 
awakenings, a longer acting benzo could be taken at bedtime to cause early morning sedation. Of 
course, a longer acting agent will also cause persistent sedation throughout the next day 
manifesting as a morning hangover. This persistent psychomotor impairment is especially 
profound in the elderly and accounts for why longer acting agents predispose to falls in this 
cohort.  
 
The sleep architecture of patients taking either short or long acting benzodiazepines is altered. 
Slow-wave sleep is decreased suggesting that these agents do not induce a natural state of sleep.  
Additionally, over long-term usage, tolerance develops and these agents become less efficacious 
at inducing sleep. When the short-acting benzodiazepines are discontinued, profound rebound 
insomnia occurs. Additionally, there is a possibility of psychological and physiologic addiction 
formation with long-term benzodiazepine use. So, besides the lower cost (about half that of the 
newer agents) and the flexibility of dosing agents with different half-lives, benzodiazepines seem 
to be antiquated therapy for treatment of insomnia, especially when compared with the newer 
non-benzo agents.   
 
Other pharmacologic treatments for insomnia include agents that are not specifically designed 
for hypnotic use, but are highly sedating. These are the centrally acting anti-histamines 
(diphenhydramine) and the atypical antidepressants (trazodone).  One limitation of 
diphenhydramine is altered sleep architecture—decreased slow-wave and REM sleep—
suggesting induction of an unnatural sleep. Diphenhydramine also causes persistent daytime 
sedation and anticholinergic effects. The anticholinergic properties can be particularly 
devastating for the elderly, causing urinary retention and delirium. While trazodone has been 
shown to increase slow wave sleep, it has no effects on sleep duration or sleep latency. 
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Trazadone also induces a withdrawal insomnia.  Because these agents are not FDA approved for 
use as hypnotics, no long-term safety trials have been completed. All of this information 
emphasizes that these agents are less than ideal for use as hypnotics. 
 
For the sake of completeness, I need to mention that barbiturates were used as hypnotics before 
the discovery of benzodiazepines. Despite their popularity, this class of drugs was less than ideal 
for use as hypnotic agents because of their side effect profile. They caused significant daytime 
hangover, altered sleep architecture, tolerance with prolonged use, and significant withdrawal 
insomnia on discontinuance.  Additionally, these agents were highly addictive and were lethal if 
taken in overdose. Given the efficacy, safety and diversity of the modern day agents, there is no 
reason to employ barbiturates as hypnotics. 
 
The bottom line in using hypnotics successfully, is choose the right hypnotic that matches the 
patient’s symptoms. If the patient has difficulty falling asleep, choose a hypnotic with a quick 
onset time. If the patient has difficulty staying asleep, pick a hypnotic that will help them stay 
asleep. If you, as a physician, always give the same hypnotic to all patients complaining of 
insomnia, you will fail in their treatment. But, if you choose the one that best fits their 
complaints, combined with appropriate sleep hygiene practices, you will succeed. 
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Table 1: Pharmokinetic Profiles of Common Hypnotic Agents 
 
 
 
Now that we have reviewed the basics, mechanics, and processes of Sleep, we 
are going to present you with a recent study of the status of American’s sleep 
behavior and habits: 
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National Sleep Foundation:  

Sleep in America Report 2005 

 

Objectives 

The primary objectives of this research were to answer the following questions:  
1.What are the sleep habits and bedtime routines of adults?  
2.How many adults experience various types of sleep problems/disorders?  
3.How often do adults experience sleep problems/disorders?  
4.How do sleep disorders among partners affect their and their significant other’s sleep?  
5.What types of sleep aids or medications do adults use to treat their sleep problems/disorders?  
6.How does daytime sleepiness affect adult lifestyles?  
7.What are adults’ attitudes concerning sleep related issues?  
8.What are adults’ experiences with driving drowsy?  
9.How do health and medical conditions affect adult sleep habits? 

 

Methodology  

In order to collect the information, a total of 1,506 telephone interviews were conducted among a 
random sample of adults between September 20 and November 7, 2004. The survey averaged 20 
minutes in length. In order to qualify for this study, participants had to be:  
 
At least 18 years of age; and  
Living within the continental United States.  
 
A random sample of telephone numbers was purchased from Affordable Samples and quotas 
were established by region, based on U.S. Census household data. A similar number of males 
and females were interviewed. Professional interviewers called from WB&A’s telephone 
interviewing facility located near Annapolis, Maryland. Approximately 80% of the interviewing 
was conducted on weekdays between5:00 p.m. and 9:00 p.m., Saturdays between 10:00 a.m. and 
2:00 p.m., and Sundays between 4:00 p.m. and 8:00 p.m. The remaining interviews were 
conducted on weekdays between 9:00 a.m. and 5:00 p.m.  
 
In survey research, the entire population is typically not interviewed, but rather a sample of that 
population is polled. Therefore, the data are subject to sampling error. The maximum sampling 
error of the data for the total sample of 1,506 interviews is ±2.5 percentage points at the 95% 
confidence level. However, the sampling error will vary depending on the sample size and the 
percentages being examined in the sample. Sampling errors are shown below for the Total 
Sample.  
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Notes on reading this report:  
 
1. Comparing Data: Some charts show previous years of data where applicable. However, in 
2003, only adults ages 55 to 84 were surveyed and, in 2004, only adults with children under the 
age of 11 living in their households were surveyed. Because data from these two years are not 
comparable to data from surveys of all adults ages 18 and older, they are not included in these 
charts.  
 
2. BMI Scoring: Body Mass Index or BMI is a tool for indicating weight status in adults. It is a 
measure of an adult’s weight in relation to his or her height. A BMI Score is determined by the 
following formula:  
BMI = Weight in pounds X 705  
 
 
 
 
(Height in inches) x (Height in inches)  
 
Respondents whose BMI is below 18.5 are considered underweight. Those who fall into a BMI 
range of 18.5 to 24.9 are classified as average. Those who have a BMI score of 25.0 to 29.9 are 
classified as being overweight, and those who have a score of 30 or more are considered obese.  
 
3. Berlin Assessment Questionnaire: The Berlin Assessment Questionnaire is a series of 
questions asked of respondents to determine if they are at risk for sleep apnea. There are eleven 
questions regarding a person’s sleep habits that are broken into three sections. These questions 
are then scored depending on how respondents answer. If a person scores high on at least two out 
of the three sections, they are classified as at risk for sleep apnea. (See the Appendix for a copy 
of the Questionnaire.)  
 
4. Insomnia: Respondents were asked the following questions to determine if they are at risk for 
insomnia: How often do you have difficulty falling asleep? How often do you wake a lot during 
the night? How often do you wake too early and are not able to go back to bed? How often do 
you wake up feeling unrefreshed? They were also asked how much of a high impact their sleep 
problems have on their daily activities. Those who report at least one of the four symptoms at 
least a few nights a week and say it impacts their daily activities (a rating of 4 or 5 on a scale 
where 1 means “no impact” and 5 means “severe impact”) are classified as at risk for insomnia.  
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5.Restless Legs Syndrome: Respondents were asked the following questions to determine if 
they are at risk for restless legs syndrome (RLS): How often do you have unpleasant feelings in 
your legs like creepy, crawly, or tingly feelings at night with an urge to move when you lie down 
to sleep? Are these feelings worse, the same, or better at night? Those who have unpleasant 
feelings in their legs at least a few nights a week and say they are worse at night are classified as 
at risk for RLS.  
 
6. Changing Scales: The scales used in Q19 and Q21 of the 2005 survey were changed from the 
previous years to incorporate the Berlin Assessment Questionnaire. These scales changed from 
every night or almost every night, a few nights a week, a few nights a month, rarely or never to 
every night or almost every night, 3 to 4 nights a week, 1 to 2nights a week, 1 to 2 nights a 
month, or never. Even though the scales were changed, they are still comparable to those used in 
the previous years.  
 

7. Reading Tables and Charts: When reading tables and charts, letters are used to show 
statistically significant differences between groups at the 95% confidence level. For example, in 
the table below (left), 24% of the respondents in the 2005 survey report that they get 6.0 to 6.9 
hours of sleep on weekdays during one night. The letter “C” next to this percentage indicates that 
24% is significantly higher than 18% in the 2001 column (column C).  

This means that respondents in 2005 are more likely than those in 2001 to report that they sleep 
6.0 to 6.9 hours a night on weekdays (24% vs. 18%). In the graph below (right), the up arrows 
mean that the percentage is significantly higher than the percentage for the comparison group. 
For example, the up arrow on the 26% in this graph means that 26% (of females) is significantly 
higher than the 20% (of males) who say they sleep less than they need to function at their best. 
Thus, female respondents are more likely than male respondents to report that they get less sleep 
than they need to function at their best (26% vs. 20%).  
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Sleep Habits 
 
The 2005 Sleep in America poll indicates that, on average, adults in America are sleeping 6.8 
hours a night on weekdays and 7.4 hours a night on weekends. Overall, adults in America report 
sleeping an average of 6.9 hours a night when considering both weekday and weekend sleep.  

 A significant proportion of the respondents (40%) report getting less than seven hours of 
sleep a night on weekdays. About seven in ten adults (71%) are getting less than eight hours 
of sleep a night on weekdays.  
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 Over the past several years, there has been a downward trend in the proportion of 
respondents who report sleeping eight or more hours a night on weekdays (from 38% in 2001 
to 30% in 2002 and 26% in 2005).  

 Some of the respondents are increasing the amount of sleep they get on the weekends, as 
about one-half (49%) are getting eight or more hours of sleep on the weekends, compared to 
26% who sleep that much on weekdays.  

 However, since 2001, there also appears to be a downward trend in the proportion of 
respondents who say they sleep for eight or more hours on weekend nights (from 61% in 
2001 to 52% in 2002and 49% in 2005).  

 Most of the respondents claim that, on weekdays within the past two weeks, they have gone 
to bed between 10:00 p.m. and Midnight (71%), and awakened between 5:00 a.m. and 7:59 
a.m. (72%).  

 Similarly, most of the respondents claim that on the weekends within the past two weeks, 
they have gone to bed between 10:00 p.m. and Midnight (73%). However, they tend to sleep 
later on the weekends, when most wake up after 7:00 a.m. (73%).  

 
 
 
 
 
 

Sleep Habits Number of Hours Slept per Night on Weekdays (past two weeks)  

 
 

About one-half of the respondents (49%) report having “a good night’s sleep” every night or 
almost every night. In contrast, 26% say they had “a good night’s sleep” only a few nights a 
month or less. Another 24% report having “a good night’s sleep ”a few nights a week.  

 Older respondents are more likely to report getting a good night’s sleep every night or almost 
every night (38% of 18-29 year olds vs. 44% of 30-49 year olds vs. 52% of 50-64 year olds 
vs. 60% of 65 and older).  

 Sleep problems are more prevalent among those who report getting “a good night’s sleep” 
only a few nights a week or less.  
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 Those who report getting “a good night’s sleep” a few nights a month or less are more likely 
than those who report getting “a good night’s sleep” every night or almost every night to:  

 Get less than six hours of sleep on weekdays (31% of those who “get a good night’s sleep” a 
few nights a month or less vs. 8% of those who “get a good night’s sleep” every night or 
almost every night);  

 Experience at least one symptom of insomnia (88% vs. 29%) and/ora sleep disorder (94% vs. 
57%) at least a few nights a week;  

 Be at risk for restless legs syndrome (21% vs. 4%), insomnia (25% vs. 3%) and/or sleep 
apnea (48% vs. 13%);  

 Think they have a sleep problem (51% vs. 4%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(37% vs. 10%);  
 Consider themselves to be an evening person (50% vs. 34%);  
 Take 30 minutes or more to fall asleep (39% vs. 12%);  
 Experience daytime sleepiness at least three days a week (62% vs. 11%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(46% vs. 15%);  
 Have their intimate relationship affected because of being too sleepy (34% vs. 8%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (53% vs. 

20%).  
 

Base = Total sample (n=1,506)  

Don’t know/Refused = <1%  

Q28  

Number of Nights Respondent Can Say “I Had a Good Night’s Sleep”  

 

 

The 2005 Sleep in America poll indicates that, on average, respondents report that they need a 
minimum of 6.5 hours of sleep a night to function at their best during the day. In general, men 
report needing less sleep (6.2 hours) than women (6.8 hours) to function at their best.  
 
 Specifically, male respondents are more likely than female respondents to report needing less 

than seven hours of sleep to function at their best during the day (58% vs. 43%). One-third of 
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female respondents (34%) report needing eight or more hours of sleep, compared to 18% of 
male respondents.  

 The minimum number of hours of sleep respondents report needing to function at their best 
during the day was compared to the number of hours they sleep a night on weekdays to 
determine whether each respondent is getting less sleep, the same amount of sleep, or more 
sleep than they say they need.  

 About three-fourths of respondents (72%) report that they get the same amount or more sleep 
than they need on a typical weeknight, while 22% report getting less than they need.  

 Male respondents are more likely than female respondents to say that they get more sleep 
than they need (49% vs. 37%), while females are more likely than males to say that they get 
the same or less sleep than they need (63% vs. 51%).  

 Those who report getting less sleep than they say they need to function at their best are more 
likely than those who get more sleep than they need to:  

 Get less than six hours of sleep on weekdays (38% of those who get less sleep than they need 
vs. 6% of those who get more sleep than they need);  

 Have at least one symptom of insomnia (76% vs. 41%) and/or a sleep disorder (87% vs. 
67%) at least a few nights a week;  

 Be at risk for insomnia (17% vs. 6%) and/or sleep apnea (35% vs. 21%);  
 Think they have a sleep problem (37% vs. 11%);  
 Report that they get “a good night’s sleep” a few nights a month or less (46% vs. 19%);  
 Consider themselves to be an evening person (51% vs. 38%);  
 Take 30 minutes or more to fall asleep (32% vs. 14%);  
 Experience daytime sleepiness at least three days a week (53% vs. 16%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(45% vs. 24%);  
 Have their intimate relationship affected because of being too sleepy (31% vs. 14%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (48% vs. 

28%).  
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When asked if they feel they are more alert, productive and energetic in the morning or in the 
evening, more than one-half of the respondents (55%) report that they are morning people 
(larks), while 41% consider themselves evening people (owls).  
 
Evening people are more likely than morning people to:  
 Experience at least one symptom of insomnia (62% of evening people vs. 48%) and/or a 

sleep disorder (80% of morning people vs. 71%) at least a few nights a week;  
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 Be at risk for insomnia (13% vs. 7%) and/or sleep apnea (31% vs. 22%);  
 Think they have a sleep problem (27% vs. 16%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(27% vs. 18%);  
 Report that they get “a good night’s sleep” a few nights a month or less (33% vs. 22%);  
 Take 30 minutes or more to fall asleep (28% vs. 17%);  
 Experience daytime sleepiness at least three days a week (36% vs. 24%); and  
 Have missed work or events or made errors at work at least one day in the past three months 

(39% vs. 21%).  
 

 

 
 

.• More than one-half of the respondents (55%) take, on average, at least one nap during the 
week, with one-third (35%) reporting that they take two or more naps 

.• Those who report taking two or more naps per week say that their naps last an average of 
50 minutes, with 30% of these adults usually taking naps of one hour or more 

.• Those who report taking two or more naps are more likely than those who do not nap to: 

–Experience at least one symptom of insomnia at least a few nights a week (62% of those 
who take two or more naps per week vs. 48% of those who do not nap); 

–Be at risk for insomnia (12% vs. 8%) and/or sleep apnea (34% vs. 21%); 

–Think they have a sleep problem (25% vs. 19%); 

–Report that they get less sleep than the minimum they say they need to function at their best 
(25% vs. 19%); 

–Consider themselves to be an evening person (44% vs. 38%); 

–Take 30 minutes or more to fall asleep (26% vs. 21%); 

–Experience daytime sleepiness at least three days a week (38% vs. 22%); and 

–Have missed work or events or made errors at work at least one day in the past three months 
(31% vs. 24%).  
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Evening Behavior 
 

About one-half of the respondents (47%) report that, on weeknights, they stay up later than 
they planned or wanted to at least a few nights a week. Three in ten adults (30%) say that 
they rarely or never stay up later than anticipated.  

 Those respondents who report that they stay up later than they planned or wanted to on 
weeknights a few nights a week or more are more likely than those who rarely or never do so 
to:  

 Get less than six hours of sleep on weekdays (20% of those who stay up later than they 
planned or wanted to on weeknights a few nights a week or more vs. 12% of those who 
rarely or never stay up later than they planned or wanted to on weeknights);  

 Have at least one symptom of insomnia (65% vs. 49%) and/or a sleep disorder (82% vs. 
73%) at least a few nights a week;  

 Be at risk for insomnia (12% vs. 7%) and/or sleep apnea (31% vs. 24%);  
 Think they have a sleep problem (26% vs. 19%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(29% vs. 17%);  
 Report that they get “a good night’s sleep” a few nights a month or less (34% vs. 21%);  
 Consider themselves to be an evening person (53% vs. 26%);  
 Take 30 minutes or more to fall asleep (26% vs. 20%);  
 Experience daytime sleepiness at least three days a week (37% vs. 24%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(38% vs. 16%);  
 Have their intimate relationship affected because of being too sleepy (26% vs. 9%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (39% vs. 

22%).  
 Those who stay up later than they planned at least a few nights a week are about twice as 

likely than those who rarely or never do so to be on the Internet (34% vs. 19%) and/or doing 
work related to their job (23% vs. 11%).  
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Evening Behavior Frequency of Staying Up Later Than Planned or Wanted to on Week 
nights  

 
Base = Total sample (n=1,502)  
Q6b  

 

Respondents were asked about their evening activities within the past month. Specifically, they 
were asked how frequently, within an hour of going to bed, they watched TV, spent time with 
family or friends, read, took a hot bath or shower, went on the Internet, had sex, listened to the 
radio or music, did work related to their job, drank an alcoholic beverage and/or exercised.  
 
 The majority of respondents report that, within the last month, they watched TV (87%) 

and/or spent time with family or friends (68%) within an hour of going to bed at least a few 
nights a week.  

 About one-half of the respondents report having read (51%) and/or taken a hot bath or 
shower (46%) within an hour of going to bed at least a few nights a week.  

 Smaller proportions of the respondents surveyed report doing other activities at least a few 
nights a week, including going on the Internet (28%), having sex (27%), listening to the radio 
or music (24%), doing work related to their job (18%), drinking an alcoholic beverage 
(13%), and/or exercising (11%).  
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The 2005 Sleep in America poll indicates that, on average, it takes respondents about 23 minutes 
to fall asleep on most nights.  
 
 About one-half of the respondents (53%) report that it takes less than 15 minutes for them to 

fall asleep on most nights. About one-fourth report that it takes 15 to 29 minutes (24%) and a 
similar proportion (22%) report that it takes 30 minutes or more to fall asleep on most nights.  

 Male respondents (61% vs. 45%), respondents who are partnered (55% vs. 48%), and 
Caucasian respondents (54% vs. 43%) are more likely than their counterparts to report falling 
asleep in less than 15 minutes on most nights.  

 Those who take 30 minutes or more to fall asleep on most nights are more likely than those 
who take less than 15 minutes to fall asleep  

–Sleep less than six hours on weekdays (28% of those who take 30 minutes or more to fall asleep 
on most nights vs. 11% of those who take less than 15 minutes to fall asleep on most nights); 
–Experience at least one symptom of insomnia (82% vs. 43%) and/or a sleep disorder (91% vs. 
69%) at least a few nights a week; 
–Be at risk for restless legs syndrome (21% vs. 5%), insomnia (18% vs. 6%) and/or sleep apnea 
(35% vs. 24%); 
–Think they have a sleep problem (44% vs. 12%); 
–Report that they get less sleep than the minimum they say they need to function at their best 
(32% vs. 18%); 
–Report that they get “a good night’s sleep” a few nights a month or less (48% vs. 19%); 
–Consider themselves to be an evening person (52% vs. 34%); 
–Experience daytime sleepiness at least three days a week (44% vs. 24%); 
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–Have their intimate relationship affected because of being too sleepy (26% vs. 15%); and 
–Have problems in their relationship due to their or their partner’s sleep disorders (44% vs. 
27%).  
 

 

Sleep Problems/Disorders  

For the purposes of the Sleep in America poll, symptoms of a sleep problem were defined as: 
having difficulty falling asleep, waking a lot during the night, waking up too early and not 
being able to get back to sleep, waking up feeling unrefreshed, snoring, unpleasant feelings 
in the legs (RLS), and/or experiencing pauses in breathing.  

Results from the 2005 survey indicate that more adults are experiencing sleep problems on a 
regular basis. A large majority (75%) report having had at least one symptom of a sleep problem 
a few nights a week or more within the past year. This continues an upward trend in the 
prevalence of sleep problems since 1999 (from 62% who experienced a sleep problem a few 
nights a week or more in 1999 and 2000 to 69% in 2001, 74% in 2002, and 75% in 2005).  
When asked if they think they have a sleep problem, however, about three-fourths of the 
respondents (76%) say they do not believe they do.  
 
 Those who report that they think they have a sleep problem are more likely than those who 

do not to:  
 Get less than six hours of sleep on weekdays (32% of those who think they have a sleep 

problem vs. 11% of those who do not think they have a sleep problem);  
 Have at least one symptom of insomnia (91% vs. 43%) and/or a sleep disorder (96% vs. 

68%) at least a few nights a week;  
 Be at risk for restless legs syndrome (24% vs. 6%), insomnia (32% vs. 3%) and/or sleep 

apnea (54% vs. 17%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(39% vs. 17%);  
 Report that they get “a good night’s sleep” a few nights a month or less (67% vs. 15%);  
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 Consider them selves to be an evening person (54% vs. 37%);  
 Take 30 minutes or more to fall asleep (46% vs. 15%);  
 Experience daytime sleepiness at least three days a week (61% vs. 19%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(49% vs. 22%);  
 Have their intimate relationship affected because of being too sleepy (30% vs. 15%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (55% vs. 

27%).  
 When asked what they would do if they thought they had a sleep problem, 45% of the 

respondents surveyed report that they would talk to a doctor. About two in ten respondents 
(18%) say they would assume the problem would go away or they would do nothing.  

 

 
Base = Total sample (n=1,506)  
Don’t know/Refused = <1 to 1%  
Q14a-d  

 

In this survey, the adults interviewed were asked if they had ever experienced any of the 
following symptoms of insomnia: difficulty falling asleep, waking a lot during the night, 
waking up too early and not being able to get back to sleep, and waking up feeling 
unrefreshed. To measure the prevalence of insomnia, respondents were also asked how often 
they have experienced each of these symptoms within the past year.  

 About one-half of the respondents surveyed (54%) report that, within the past year, they have 
experienced at least one symptom of insomnia at least a few nights a week, with one-third 
(33%) saying they have experienced at least one symptom every night or almost every night.  

 The more common symptoms of insomnia, experienced at least a few nights a week in the 
past year include waking up feeling unrefreshed (38%)and waking up a lot during the night 
(32%). Less common symptoms are difficulty falling asleep (21%) and waking up too early 
and not being able to get back to sleep (21%).  
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 About eight in ten respondents (83%) report waking during the night because something 
wakes them up, most often a noise (42%), the need to go to the bathroom (21%) and/or 
someone else (18%).  
One-third of the respondents (33%) report that they find it very or somewhat difficult to fall 

back asleep if awakened during the night.  
 

 
Respondents were also asked if they had ever experienced any of the following symptoms 
of a sleep disorder within the past year:  

Snoring –Frequent or loud snoring can be a symptom of sleep apnea.  
 
 About six in ten respondents (59%) report that, according to their own experiences or what 

others tell them, they snore.  
 About one-third of all respondents (32%) report that they snore at least three nights a week, 

with one-fourth (24%) saying they snore every night or almost every night. About one-half of 
the respondents (47%) report that they snore one to two nights a month or less often.  

 Among those who snore, 64% say that their snoring is as loud as talking, or slightly louder 
than breathing. One in six (17%) would say that their snoring is very loud and can be heard 
in adjacent rooms.  

 More than one-half of those who snore (57%) report that their snoring has bothered others.  
 Unpleasant, tingling feelings in legs –A common report of those with restless legs syndrome.  
 While a three-fourths of the respondents surveyed (76%) report that they experience restless 

legs symptoms one to two nights a month or less often, 15% report that they experience these 
symptoms at least three nights a week, with 8% saying that they have these symptoms every 
night or almost every night.  

 Among those who say that they have unpleasant feelings in their legs at night at least a few 
nights a week, about two-thirds (65%) report that these feelings are worse at night than 
during the day.  

 
Pauses in breathing –Observed or experienced pauses in breathing during sleep can b ea 
symptom of sleep apnea.  

 The vast majority of the respondents (82%) report that they experience pauses in breathing 
one to two nights a month, less often or never. About one twenty respondents (6%) say that 
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they experience pauses in breathing at least 3 nights a week, with 5% saying they experience 
this every night or almost every night.  

 
Base = Total sample (n=1,506)  

*Note: Scale is based off of every night or almost every night, a few nights a week, a few 
nights a month, rarely, or never.  

 

  

 

 

Almost four in ten respondents (38%) report that, within the past year, they had twitches or 
moved their body frequently during the night at least a few nights a week, with about three in ten 
(29%) saying they experienced this every night or almost every night.  
 
 Almost one-half of the respondents (47%) rarely or never experienced twitches or moving 

their body frequently during the night within the past year.  

 
The 2005 Sleep in America poll indicates that about one-third of the respondents (34%) are at 
risk for insomnia, restless legs syndrome and/or sleep apnea, with 2% of the respondents at risk 
for all three.  
 The Berlin Assessment Questionnaire is a three-section survey (see the Appendix) used to 

determine if a respondent has sleep apnea. Respondents who score high on at least two of the 
three sections of the questionnaire are considered at risk for sleep apnea. The 2005 Sleep in 
America poll indicates that about one-fourth of America’s adults (26%) are at risk for sleep 
apnea.  
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 Respondents who experience restless legs symptoms at least a few nights a week and whose 
symptoms are worse at night are considered at risk for restless legs syndrome (RLS). The 
2005 Sleep in America poll indicates that one in ten of America’s adults (10%) are at risk for 
RLS.  

 Respondents who experience at least one symptom of insomnia at least a few nights a week 
and who say their sleep problems have a high impact on their daily activities (a rating of 4 or 
5 on a scale where 1 means “no impact” and 5 means “severe impact”) are considered at risk 
for insomnia. The 2005 Sleep in America poll indicates that about one in ten of America’s 
adults (9%) are at risk for insomnia.  

 Those who are at risk for insomnia, restless legs syndrome, and/or sleep apnea are more 
likely than those who are not at risk for a sleep disorder to:  

 Get less than six hours of sleep on weekdays (35% at risk for insomnia, 27% at risk for 
restless legs syndrome and 23% at risk for sleep apnea vs. 12% not at risk for any sleep 
disorder);  

 Think that they have a sleep problem (70%, 52% and 44% vs. 9%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(40%, 32% and 30% vs. 18%);  
 Report that they get “a good night’s sleep” a few nights a month or less (70%, 57% and 50% 

vs. 16%);  
 Take 30 minutes or more to fall asleep (42%, 47% and 30% vs. 16%);  
 Experience daytime sleepiness at least three days a week (78%, 57% and 66% vs. 13%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(59%, 46% and 42% vs. 21%);  
 Have their intimate relationship affected because of being too sleepy (39%, 38% and 28% vs. 

13%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (65%, 49% 

and 50% vs. 24%).  
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All respondents were asked to rate how severe the impact of their sleep problems is on their daily 
lives, using a scale of 1 to 5, where a 1 means no impact and a 5 means severe impact.  
 About three-fourths (73%) report that their sleep problems have little or no impact on their 

daily lives, giving a rating of 1 or 2.  
 However, about one-fourth of the respondents (24%) say that their sleep problems have some 

impact on their daily lives, giving a rating of 3, 4, or 5. One in ten respondents (11%) gave a 
rating of 4 or 5.  

 

 
One-half of all respondents (50%) report feeling tired, fatigued or not up to par during wake 
time at least one day a week, with 17%saying this happens every day or almost every day.  

 Those who feel tired, fatigued or not up to par during wake time at least one day a week are 
more likely than those who rarely or never feel this way to:  

 Get less than six hours of sleep on weekdays (20% of those who feel tired, fatigued or not up 
to par during wake time at least once day a week vs. 11% of those who rarely or never feel 
tired, fatigued or not up to par during wake time);  

 Have at least one symptom of insomnia (77% vs. 31%) and/or a sleep disorder (89% vs. 
60%) at least a few nights a week;  

 Be at risk for restless legs syndrome (15% vs. 4%), insomnia (17% vs. 1%), and/or sleep 
apnea (41% vs. 11%);  

 Think that they have a sleep problem (34% vs. 8%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(32% vs. 11%);  
 Report that they get “a good night’s sleep” a few nights a month or less (45% vs. 9%);  
 Consider themselves to be an evening person (50% vs. 32%);  
 Take 30 minutes or more to fall asleep (29% vs. 14%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(43% vs. 14%);  
 Have their intimate relationship affected because of being too sleepy (29% vs. 8%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (47% vs. 

20%).  
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Sleep Problems/Disorders and Relationship  
 
On most nights, 61% of the respondents sleep with a significant other (61%), while 12% sleep 
most nights with their pet, and 5% sleep with their child(ren). Six in ten respondents (62%) 
report that they prefer to sleep with their significant other.  
 
About three-fourths of those respondents who are married or living with someone (76%) report 
that their partner has had at least one symptom of insomnia within the past year.  
 About one-half report that their partner woke up feeling unrefreshed (56%)and/or woke up 

too early and could not get back to sleep (46%) within the past year.  
 About four in ten report that, within the past year, their partner woke up a lot during the night 

(38%) and/or had difficulty falling asleep (37%).  
 Those whose partner has symptoms of insomnia are more likely than those whose partner 

does not to:  
 Experience at least one symptom of insomnia themselves (56% of those whose partner has 

insomnia vs. 42% of those whose partner does not have insomnia) and/or a sleep disorder 
(81% vs. 64%) at least a few nights a week;  

 Be at risk for restless legs syndrome (10% vs. 6%) and/or sleep apnea (28% vs. 15%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(23% vs. 16%);  
 Report that they get “a good night’s sleep” a few nights a month or less (26% vs. 20%);  
 Consider themselves to be an evening person (42% vs. 33%);  
 Experience daytime sleepiness at least three days a week (31% vs. 17%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(30% vs. 18%);  
 Have their intimate relationship affected because of being too sleepy (27% vs. 12%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (38% vs. 

18%).  
 Likewise, 77% of those who are married or living with someone report that their partner has 

experienced at least one symptom of a sleep problem or disorder within the past year.  
 Most commonly, respondents who are married or living with someone report that their 

partner snores (67%).  
 About one-third (34%) say that their partner moves their body frequently or has twitches 

during the night.  
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 Less than two in ten say that their partner experiences pauses in breathing (19%) and/or has 
unpleasant feelings in their legs at night with an urge to move when they lie down to sleep 
(15%).  

 Those respondents with a partner who has any type of sleep problem/disorder are more likely 
than those whose partner does not have any sleep problem/disorder to:  

 Experience at least one symptom of insomnia themselves (55% of those whose partner has 
any sleep problems vs. 47% of those whose partner does not have any sleep problems) and/or 
a sleep disorder (78% vs. 69%) at least a few nights a week;  

 Be at risk for restless legs syndrome (10% vs. 5%) and/or sleep apnea (27% vs.19%);  
 Report that they get “a good night’s sleep” a few nights a month or less (26% vs. 19%);  
 Take 30 minutes or more to fall asleep (21% vs. 12%);  
 Experience daytime sleepiness at least three days a week (30% vs. 19%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(28% vs. 21%);  
 Have their intimate relationship affected because of being too sleepy (24% vs. 9%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (35% vs. 

9%).  
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About three-fourths of the respondents who are married or living with someone (74%) report that 
they do not lose any sleep as a result of their partner’s sleep problems/disorders.  
 However, about one-fourth (26%) say that they do lose some sleep because of their partner’s 

sleep problems, with these respondents reporting that they lose, on average, 49 minutes of 
sleep on a typical night.  

 About three in ten respondents who are married or living with someone (31%) report that, as 
a result of a sleep problem, they or their partner sleeps in a separate bed, bedroom, or on the 
couch; alter their sleep schedules; and/or sleep with earplugs or an eye mask to ensure that 
they both get a good night’s sleep.  

 Most often, these respondents sleep in a separate bed, bedroom, or on the couch (23%), while 
some alter their sleep schedules (8%) and/or sleep with earplugs or an eye mask (7%).  

 
Base = Total sample (n=1,506; Partnered=1,008; Not Partnered=495)  

Note: Up arrows mean the percentage is significantly higher than the percentage for the 
comparison group.  

  
Two-thirds of those respondents who are married or living with someone (67%) report that their 
partner’s sleep disorders do not cause problems in their relationship. However, 33% say that their 
partner’s sleep disorders do cause some problems in their relationship, with 25% saying they 
cause little problems in their relationship.  
 
 About one-fourth of the respondents who are partnered (23%) report that their intimate or 

sexual relationship has been affected because they have been too sleepy. That is, they had sex 
less often or lost interest in having sex because they were too sleepy.  
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Medical Conditions and Lifestyle  

 
Base = Those answering (n=1,458-1,503)  
Q32a-e  

Respondents were asked if they use any of the following sleep aids specifically to help them 
sleep: over-the-counter or store-bought sleep aids (OTC); sleep medication prescribed by a 
doctor (Rx); alcohol, beer or wine, an eye mask or earplugs; and/or melatonin.  
The vast majority of the respondents (76%) report that they never use any of these aids. 
However, some do use the following aids at least a few nights a week to help them sleep:  
 
 11% report using alcohol, beer or wine.  
 9% report using over-the-counter sleep aids.  
 7% report using prescription medications.  
 3% report using an eye mask or earplugs.  
 2% report using melatonin.  
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Base = Total sample (n=1,506)  
Don’t know = 1%  
Q29  

 
Seven in ten respondents (70%) report that their doctor has never asked them about their sleep, 
while 29% report that their doctor has.  
 
 Most of the respondents completely or mostly agree that doctors should discuss sleep issues 

with their patients (89%) and/or that insufficient or poor sleep is associated with health 
problems (83%).  

 

 
About eight in ten respondents (78%) report that they drink at least one cup/can of a 
caffeinated beverage daily, including soda, soft drinks, coffee and tea, with 25% saying that 
they drink four or more cups/cans a day.  

 Those whose drink four or more cups/cans of caffeinated beverages daily are more likely 
than those who drink zero to one cups/cans to:  

 Sleep less than six hours on weekdays (21% of those who drink four or more cups/cans of 
caffeinated beverages daily vs. 14% of those who drink zero to one cups/cans of caffeinated 
beverages daily);  

 Experience at least one symptom of a insomnia (59% vs. 52%) and/or a sleep disorder (82% 
vs. 69%) at least a few nights a week;  

 Be at risk for sleep apnea (33% vs. 21%);  
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 Think that they have a sleep problem (25% vs. 19%);  
 Report that they get “a good night’s sleep” a few nights a month or less (35% vs. 25%);  
 Consider themselves to be an evening person (46% vs. 38%);  
 Experience daytime sleepiness at least three days a week (33% vs. 26%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(32% vs. 26%);  
 Have their intimate relationship affected because of being too sleepy (23% vs. 15%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (38% vs. 

29%).  
 

 
 

About six in ten (58%) respondents say that they do not drink any or they drink less than one 
alcoholic beverage weekly, including beer, wine, liquor, or mixed drinks. However, 42% 
drink one or more alcoholic drinks per week, with 22% saying they drink four or more per 
week.  

 Those who drink four or more alcoholic beverages weekly are more likely than those who 
drink zero to one to:  

 Report that they get more sleep than the minimum they say they need to function at their best 
(50% of those who drink four or more alcoholic beverages weekly vs. 37% of those who 
drink zero to one alcoholic beverages weekly);  

 Take less than 15 minutes to fall asleep (60% vs. 50%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (39% vs. 

31%).  
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Respondents were asked if they have you ever been told by a doctor that they have any of the 
following medical conditions: high blood pressure, arthritis, heartburn/GERD, depression, an 
anxiety disorder, diabetes, heart disease, and/or lung disease. About six in ten respondents (61%) 
report that they have been diagnosed with at least one of these conditions.  
 
 About three in ten report that they have been diagnosed with high blood pressure (29%) 

and/or arthritis (28%).  
 About two in ten report that they have heartburn or GERD (19%) and/or depression (18%).  
 About one in ten respondents report that they have been diagnosed with an anxiety disorder 

(12%), diabetes (11%), and/or heart disease (10%).  
 One in twenty respondents (5%) have lung disease.  
 Those who have been diagnosed with at least one of these medical conditions are more likely 

than those who have not to:  
 Sleep less than six hours per night on weekdays (18% of those who have been diagnosed 

with at least one medical condition vs. 12% of those who have not been diagnosed with a 
medical condition);  

 Experience at least one symptom of insomnia (59% vs. 46%) and/or a sleep disorder (79% 
vs. 69%) at least a few nights a week;  

 Be at risk for restless legs syndrome (13% vs. 4%), insomnia (12% vs. 5%), and/or sleep 
apnea (35% vs. 11%);  

 Think that they have a sleep problem (27% vs. 11%);  
 Report that they get “a good night’s sleep” a few nights a month or less (31% vs. 20%);  
 Take more than 30 minutes to fall asleep (27% vs. 14%);  
 Experience daytime sleepiness at least three days a week (35% vs. 19%);  
 Have made errors at work (24% vs. 17%) or missed events (18% vs. 13%) at least one day in 

the past; and  
 Have problems in their relationship due to their or their partner’s sleep disorders  
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Respondents were asked to report their height and weight, without shoes. Using this 
information, the Body Mass Index (BMI) for all respondents was calculated using the 
following formula:  

BMI = Weight in pounds X 705  
(Height in inches) x (Height in inches)  

Respondents whose BMI is below 18.5 are considered underweight. Those who fall into a 
BMI range of 18.5 to 24.9 are classified as average. Those who have a BMI score of 25.0 to 
29.9 are classified as being overweight, and those who have a score of 30 or more are 
considered obese.  

The 2005 Sleep in America poll indicates that about two-thirds of the respondents (64%) are 
overweight or obese, while 35% are of average weight.  
 Those who are considered obese are more likely than those who are under or of average 

weight to:  
 Sleep less than six hours per night on weekdays (18% of those who are considered obese vs. 

11% of those who are considered under or of average weight);  
 Experience at least one symptom of insomnia (61% vs. 53%) and/or a sleep disorder (85% 

vs. 67%) at least a few nights a week;  
 Be at risk for sleep apnea (57% vs. 10%);  
 Think that they have a sleep problem (30% vs. 17%);  
 Experience daytime sleepiness at least three days a week (37% vs. 26%); and  
 Have problems in their relationship due to their or their partner’s sleep disorders (37% vs. 

29%).  
 

 
 

About three in ten respondents (28%) report that they have missed work, events/activities, or 
made errors at work within the past three months because of being too sleepy or having a 
sleep problem 

• Specifically, 6% of working adults report that, within the past three months, they have 
missed work because they were too tired or have a sleep problem 

.• Almost two in ten working adults (17%) report that, within the past three months, they 
have missed family events, leisure activities, work functions, or other activities because they 
were too tired or have a sleep problem. 

• About two in ten working adults (21%) say that, within the past three months, they have 
made errors at work because of being too tired or having a sleep problem. 
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• Those  who have missed work or events or made errors at work at least one day in the past 
three months are more likely than those who have not missed work or events or made errors 
on any days to: 

–Experience at least one symptom of insomnia (72% missed work/events or made errors at 
work at least one day in the past three months vs. 46% have not missed work/events or made 
errors any days) and/or a sleep disorder (88% vs. 69%) at least a few nights a week; 

–Be at risk for restless legs syndrome (16% vs. 7%), insomnia (20% vs. 5%), and/or sleep 
apnea (39% vs. 20%); 

–Think that they have a sleep problem (36% vs. 14%); 

–Report that they get less sleep than the minimum they say they need to function at their best 
(35% vs. 17%); 

–Report that they get “a good night’s sleep” a few nights a month or less (44% vs. 20%); 

–Consider them selves to be an evening person (56% vs. 35%); 

–Take 30 minutes or more to fall asleep (28% vs. 20%); 

–Experience daytime sleepiness at least three days a week (50% vs. 20%); 

–Have their intimate relationship affected because of being too sleepy (38% vs. 11%); and 

–Have problems in their relationship due to their or their partner’s sleep disorders (56% vs. 
24%).  

Among those working adults surveyed, 53% report that they have been late or tardy to work 
at some time.  

 Most often, these respondents report being late for work because of some sleep issue(s) 
(22%), including sleeping too late (11%), being too sleepy when they woke up (7%), going to 
bed too late (6%) and/or having a sleep problem (2%).  

 In addition, traffic/transportation problems (17%) and/or needing to take care of others (15%) 
are reasons they report for having arrived late to work.  

 Those who are late to work because they have sleep issues are more likely than those who are 
never late or tardy to work to:  

 Have at least one symptom of insomnia (68% of those who are late to work because they 
have sleep issues vs. 54% of those who are never late or tardy to work) and/or a sleep 
disorder (82% vs. 75%) at least a few nights a week;  

 Be at risk for insomnia (15% vs. 9%) and/or sleep apnea (36% vs. 26%);  
 Think that they have a sleep problem (29% vs. 20%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(30% vs. 20%);  
 Report that they get “a good night’s sleep” a few nights a month or less (42% vs. 26%);  
 Consider themselves to be an evening person (62% vs. 33%);  
 Experience daytime sleepiness at least three days a week (42% vs. 26%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(57% vs. 24%);  
 Have their intimate relationship affected because of being too sleepy (34% vs. 16%); and  
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 Have problems in their relationship due to their or their partner’s sleep disorders (49% vs. 
31%).  

 
Results from the 2005 Sleep in America poll indicate that 60% of America’s adults who drive 
or have a license report that, within the past year, they have driven a car or motor vehicle 
when feeling drowsy. This is a significant increase compared to results from recent years 
(51% in 2000, 53% in 2001, and 51% in 2002).  

 

Driving Drowsy  
 
Four percent of the respondents who drive or have a license have had an accident or near 
accident in the past year because of dozing off or being too tired while driving.  
 Among these respondents, 29% report having had an accident or near accident at least once a 

month in the past year.  

 
 

About one-third of the respondents who drive or have a license (37%) report that they have ever 
nodded off or fallen asleep while driving a vehicle, even just for a brief moment. Among these 
respondents, 13% say they have done so at least once a month.  
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Characteristics of Respondents  

 
Key characteristics of the adults surveyed in the 2005 Sleep in America Poll include the 
following:  
 Equal proportions of male (49%) and female (51%) respondents were surveyed;  
 62% are married, while 18% are divorced, separated, or widowed, 15% are single, and 5% 

are living with someone;  
 As per the U.S. Census, 36% live in the South, while 24% live in the Midwest, 21% in the 

West, and 19% in the Northeast;  
 42% live in suburban neighborhoods, while 39% live in rural neighborhoods and 18% live in 

urban neighborhoods;  
 84% are Caucasian/White, and 16% are minorities;  
 The mean age of the respondents is 49.0 years;  
 52% are employed full-time;  
 80% of those who are employed work regular day shifts;  
 Those employed work, on average, 42.3 hours per week; and  
 The most common professions of the respondents surveyed include technical (27%), service 

(21%), government (18%) and professional/managerial positions (15%).  
Differences in responses were analyzed by these demographic characteristics. The most notable 
differences are seen by gender.  
 Specifically, females are more likely than males to:  
 Sleep eight hours or more on weekdays (30% female vs. 22% male);  
 Experience at least one symptom of insomnia at least a few nights a week (57% vs. 51%);  
 Not be at risk for restless legs syndrome, insomnia, or sleep apnea (69% vs. 63%);  
 Report that they get less sleep than the minimum they say they need to function at their best 

(24% vs. 19%);  
 Consider themselves to be an evening person (44% vs. 37%);  
 Take 30 minutes or more to fall asleep (28% vs. 16%); and  
 Experience daytime sleepiness at least one day a week (53% vs. 47%).  
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Region 

 
There do not appear to be any key differences in responses by region.  
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Profile  

Differences in responses were also analyzed by age.  
 Older respondents tend to be more likely than younger respondents to:  
 Be able to say they “had a good night’s sleep” every night or almost every night (38% age 

18-29 vs. 44% age 30-49 vs. 52% age 50-64 vs. 60% age 65+);  
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 Consider themselves to be a morning person (37% vs. 51% vs. 61% vs. 64%); and  
 Not have missed work or events or made errors at work at least one day in the past three 

months (55% vs. 64% vs. 71% vs. 89%).  
 However, younger respondents tend to be more likely than older respondents to:  
 Wake up feeling unrefreshed (46% age 18-29 vs. 44% age 30-49 vs. 36% age 50-64 vs. 22% 

age 65+);  
 Consider themselves to be an evening person (59% vs. 44% vs. 36%vs. 29%);  
 Have missed work or events or made errors at work at least one day in the past three months 

(44% vs. 36% vs. 26% vs. 5%);  
 Have their intimate relationship affected because of being too sleepy (27% vs. 26% vs. 15% 

vs. 4%); and  
 Notably, those who are age 50-64 tend to be the most likely to report experiencing snoring at 

least a few nights a week (40% vs. 28% age 18-39, 33% age 30-49 and 29% age 65+). And, 
these respondents are more likely than their counter parts to be likely to have RLS, insomnia 
and/or sleep apnea (40% vs. 28%, 33% and 29%).  
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Berlin Assessment Questionnaire  

1. Do you snore? Yes (1) No (0) Don’t Know/Refused (0)  

2. If you snore - your Snoring is: Slightly louder than breathing (0) As loud as talking (0) 
Louder than talking (0) Very loud. Can be heard in adjacent rooms (1) Don’t 
know/Refused (0)  
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3. How often do you snore? Nearly every day (1) 3-4 times a week (1) 1-2 times a week (0) 
1-2 times a month (0) Never or nearly never/Don’t know (0)  

4. Has your snoring ever bothered other people? Yes (1) No/Don’t know/Refused (0) 5. Has 
anyone noticed that you quit breathing during your sleep? Nearly every day (2) 3-4 times 
a week (2) 1-2 times a week (0) 1-2 times a month (0) Never or nearly never/Don’t 
know/Refused (0) ADD SCORES FROM QUESTIONS 1-5: ________ IF ¡Ý2, 
CHECK BOX  

5. How often do you feel tired or fatigued after your sleep? Nearly every day (1) 3-4 times a 
week (1) 1-2 times a week (0) 1-2 times a month (0) Never or nearly never/Don’t 
know/Refused (0)  

6. During your wake time, do you feel tired, fatigued or not 3-4 times a week (1) 1-2 times a 
week (0) 1-2 times a month (0) Never or nearly never/Don’t know/Refused (0) 

7. Have you ever nodded off or fallen asleep while driving a Yes (1) No/Don’t 
know/Refused (0)  

9. If yes, how often does it occur? Nearly every day (1) 3-4 times a week (1) 1-2 times a 
week (0) 1-2 times a month (0) Never or nearly never/Don’t know/Refused (0) ADD 
SCORES FROM QUESTIONS 6-9: ________ IF ¡Ý2, CHECK BOX up to par? Nearly 
every day (1) vehicle?  

10.Do you have high blood pressure? Yes (1) No (0) Don’t know/Refused (0)  

11.What is your height? ______  

12.What is your weight? ______  

13.How old are you? ______ 

14.Are you: Male Female  

15.Calculate Body Mass Index using the following formula: BMI = Weight in pounds X 705 
(Height in inches) x (Height in inches) Is BMI >30kg/m2? Yes (1) No (0)  

ADD SCORES FROM QUESTIONS 10 and 15: ________ IF ¡Ý1, CHECK BOX IF ¡Ý2 
SECTION BOXES ARE CHECKED, SUBJECT IS AT RISK FOR SLEEP APNEA. 
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Glossary of Sleep Medicine Terminology 
 

Abdominal Movement - In diagnostic sleep studies, abdominal movement is recorded. This is 
one of the measures of respiratory effort, reflecting movement of the diaphragm.  

Advanced Sleep Phase Syndrome (ASPS) - Phases of the daily sleep/wake cycle are advanced 
with respect to clock time.  This is classified as a circadian rhythm disorder.   The sleep phase 
occurs well ahead of the conventional bedtime and the tendency is to wake up too early.  

Alpha rhythm - EEG oscillations, prominent over the occipital cortex, with a frequency of 8-13 
Hz in adults;  indicative of the awake state; present in most, but not all, normal individuals;  most 
consistent and predominant during relaxed wakefulness.  

Alpha intrusion - brief occurrence of alpha activity during a stage of sleep.  

Ambulatory Monitor - Portable system used to record (continuously) multiple physiological 
variables during sleep.  

Apnea - Literally means "no breath";  the cessation of airflow at the nostrils and mouth for at 
least 10 seconds.  

Apnea index (AI) - A measure of the severity of sleep apnea;  the number of apnea events per 
hour.  

Apnea/Hypopnea index (AHI) - the number of apneas and hypopneas per hour. 5-20=mild, 21-
50=moderate, above 51 severe  

Arousal - abrupt change from sleep to wakefulness, or from a "deeper" stage of non-REM sleep 
to a "lighter" stage  

Arousal Disorder - parasomnia disorder presumed to be due to an abnormal arousal function.  
Classical arousal disorders:  sleepwalking, sleep terrors and confusional arousals.  

Arousal Threshold - ease that a sleeping person is awakened.  

Arrhythmia - irregularity or absence of the heart rhythm caused by disturbances in transmission 
of electrical impulses through cardiac tissue.  

Auto Adjusting Continuous Positive Airway Pressure Device (SmartPAP) (Auto-PAP) - A 
type of CPAP machine monitoring changes in breathing and compensates automatically by 
making appropriate adjustments in pressure.  
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Automatism - automatic action--especially any action performed apparently without intention or 
awareness.  

Basic Sleep Cycle - progression through orderly succession of sleep states and stages. For the 
healthy adult, the first cycle is begins by going from wakefulness to non-REM sleep. The first 
REM period follows the first period of non-REM sleep, and the two sleep states continue to 
alternate throughout the night with an average period of about 90 minutes. A night of normal 
human sleep usually consists of 4-6 non-REM/REM sleep cycles.  

Benzodiazepines - developed in the 1950's, this class of compounds tranquilize and sedates.  

Beta Activity - brain waves with a frequency of greater than 13 Hz (Hertz).  

Bi-Level - Bi-level pressure device used to treat sleep apnea.  The "bi" refers to two pressures:  a 
lower pressure for exhalation and a higher pressure for inhalation.  Bi-Level machines are more 
expensive than a standard CPAP, but some patients tolerate it better because they can exhale 
comfortably against the constant inhalation pressure. (Sometimes called Bi-PAP, but that is a 
trademark name of one system) 

Biological Clock - term for the brain process causing us to have 24-hour fluctuations in body 
temperature, hormone secretion, and other bodily activities. The most important function fosters 
the daily alternation of sleep and wakefulness. The biological clock is found in a pair of tiny 
bilateral brain areas called the suprachiasmatic nuclei.  

Body Position - four positions are identified which a patient may be sleeping; back, left side, 
right side or abdomen. The time spent sleeping in each position and the number of respiratory 
events in a particular position are tabulated.  

Bradycardia - heart rhythm with a rate lower than 60 beats per minute in an adult.  

Brain Waves – the brain’s spontaneous electrical activity studied by electroencephalography 
(EEG).  

Bruxism – teeth grinding during sleep  

Cardiac Arrest - sudden cessation of the heart beat.  

Cardiovascular - Pertaining to blood vessels  and the heart  

Cataplexy - sudden, dramatic decrement in muscle tone and loss of deep reflexes that leads to 
muscle weakness, paralysis, or postural collapse.  Usually caused by outburst of emotion:  
laughter, startle, or sudden physical exercise; one of the tetrad of symptoms of narcolepsy.  

Central apnea - absence of airflow and inspiratory effort;  apnea caused by irregularity in the 
brain's control of breathing.  
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Central Nervous System (CNS) - brain and spinal cord.  

Cheyne-Stokes respiration - breathing pattern typified by regular "crescendo-decrescendo" or 
waxing and waning fluctuations in respiratory rate and tidal volume.  

Chronotherapy - treatment for circadian rhythm sleep disorder by systemically changing 
sleeping and waking times to reset the biological clock.  

Circadian rhythm - innate, daily, fluctuation of behavioral and physiological functions, 
including sleep waking, generally tied to the 24 hour day-night cycle but sometimes to a different 
(e.g., 23 or 25 hour) periodicity when light/dark and other time cues are removed.   

Compliance - adhering to or conforming with a regimen of treatment such as CPAP  

CPAP - Continuous Positive Airway Pressure;  the device used to treat sleep apnea by sending 
positive airway pressure at a constant, continuous pressure to help keep an open airway, allowing 
the patient to breathe normally through his/her nose and airway  

CPAP Pressure - pressure needed to maintain an open airway in a sleep apnea patient treated 
with CPAP, expressed in centimeters of water (cm H20). The positive pressure can range from 5 
- 20 cm H20. Different patients require different pressures. The value is determined in a CPAP 
titration study.  

Deep Sleep - refers to combined non-REM sleep stages 3 and 4 in sleep studies  

Delayed sleep phase - A condition occurring when the clock hour at which sleep normally 
occurs is moved back in time in a given, 24 hour sleep-wake cycle. The result is a temporarily 
displaced (delayed) occurrence of sleep within the 24 hour cycle.  

Delta sleep - stage(s) of sleep in which EEG delta waves are prevalent or predominant (sleep 
stages 3 and 4, respectively).  

Delta waves - EEG activity with a frequency less than 4 Hz.  In human sleep stage scoring, 
conventionally the minimum criteria for scoring delta waves is 75 uV (peak-to-peak) amplitude, 
and 0.5 second duration (2 Hz).  

Diagnostic Sleep Study - monitoring of several physiological activities in a sleeping individual. 
Usually performed to determine the absence or presence of a specific sleep disorder. The sleep 
study can occur in a sleep disorders center or in a patient's home with portable recording 
equipment.  

Diaphragm - large, concave muscle attached to the rib cage at bottom of the chest (top of the 
abdomen). Inhalation occurs when diaphragm contracts. Exhalation is passive as the muscle 
relaxes.  

Diurnal - active and wakeful in the daytime versus active in the nighttime  
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DME - Durable Medical Equipment. Equipment such as wheelchairs and walkers which are 
prescribed for use by or on the order of a physician, also includes CPAP and BI-Level machines.  

Drowsiness, Drowsy - quiet wakefulness occurring prior to sleep onset.  

Dyssomnia - a disorder of sleep or wakefulness; not a parasomnia  

Electrocardiography (EKG) – a method of measuring the electrical activity of the heart.  

Electrodes - small devices transmitting biological electrical activity from subject to polygraph  

Electroencephalogram (EEG) - recording through the scalp of electrical potentials from the 
brain and the changes in these potentials. The EEG is one of the three basic variables (along with 
the EOG & EMG) used to score sleep stages and waking. Surface electrodes are used to record 
sleep in humans, recording potential differences between brain regions and a neutral reference 
point, or between brain regions.  

Electromyogram (EMG) - recording of electrical activity from the muscular system; in sleep 
recording, synonymous with resting muscle activity or potential. The chin EMG, along with EEG 
and EOG, is one of the three basic variables used to score sleep stages and waking. Surface 
electrodes are used to record sleep in humans, measuring activity from the submental or masseter 
muscles. These reflect the changes in resting muscle activity.  During REM sleep the chin/cheek 
EMG is tonically inhibited.  

Electro-oculogram (EOG) - recording of voltage changes resulting from shifts in position of the 
eyeball-possible because each globe is a positive (anterior) and negative (posterior) dipole; along 
with the EEG and the EMG, one of the three basic variables used to score sleep stages and 
waking. Human sleep recordings utilize surface electrodes placed near the eyes to record the 
movement of the eyeballs. Rapid eye movements in sleep indicate a certain stage of sleep ( 
usually REM sleep).  

ENT - Ear, Nose and Throat.  A doctor specializing in diseases of the Ear, Nose and Throat.  
These specialists often do surgery as well, and may be referred to as an ENT surgeon.  

EPAP - Expiratory Positive Airway Pressure. Pressure prescribed for the expiratory (breathing 
out) phase of an individual on Bi-level CPAP therapy for OSA (obstructive sleep apnea).  

Epidemiology - Scientific discipline studying the incidence, distribution, and control of disease 
in a population. Includes the study of factors affecting the progress of an illness, and, in the case 
of many chronic diseases, their natural history.  

Epoch - A standard 30 second duration of the sleep recording that is assigned a sleep stage 
designation; for special purposes, occasionally longer or shorter epochs are scored.  

Epworth Sleepiness Scale - index of sleep propensity during the day as perceived by patients, 
and derived from the answers to 8 questions.  
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Esophageal Pressure - measurement used to determine respiratory effort and by inference, 
airway resistance. Considered an invasive measure, generally used only in polysomnographic 
testing, conducted in sleep disorders centers.  

Excessive daytime sleepiness or somnolence (EDS) -  subjective report of difficulty in staying 
awake, accompanied by a ready entrance into sleep when the individual is sedentary  

Expiratory Phase - air is expelled during this phase of the breathing cycle  

Fatigue - feeling of tiredness or weariness usually associated with performance decrements  

Fiberoptic Nasopharyngoscope - flexible fiberoptic scope used in the examination of nasal 
passages, pharynx, hypopharynx and larynx. 

Fibromyalgia - a disease syndrome whose primary symptoms are muscle pain and fatigue. 

Flattening Index - number indicating the amount of airflow limitation caused by partial closure 
of the upper airway. 0.3 indicates an open airway, 0.15 is mildly obstructed, 0.1 is severely 
limited airflow, and 0.0 reflects a totally closed airway.  Flattening Index is used to identify the 
condition known as Upper Airway Resistance Syndrome (UARS), and is continuously recorded 
in both diagnostic sleep studies and CPAP titrations.  

Flow Limitation – the partial closure of the upper airway impeding the flow of air into the 
lungs.  

Forbidden Zone – the period of strongest clock-dependent alerting, usually in the evening. 
Prevents falling asleep.  

Fragmentation (pertaining to Sleep Architecture) - interruption of a sleep stage as a result of 
the appearance of a lighter stage, or to the occurrence of wakefulness, which leads to disrupted 
non-REM-REM sleep cycles.  

GABA (Gamma-Amniobutyric Acid) - major neurotransmitter in the brain, which is 
considered to be involved in muscle relaxation, sleep, diminished emotional reaction and 
sedation.  

Gastroesphageal Reflux Disease (GERD) - flow of stomach acid upwards into the esophagus 
that can cause arousals and disrupt sleep.  

Genioglossus tongue advancement – a possible surgical treatment used for sleep apnea and/or 
snoring, improving the airway behind the base of the tongue. The genioglossus, the main tongue 
muscle, relaxes during sleep, often allowing the tongue to fall into the airway. The muscle 
attaches to the middle of the lower jaw.  A segment of bone containing this muscle is pulled 
forward and stabilized, opening the airway space behind the tongue.   

Habitual Snorers - those who snore nearly every night  
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Heart Rate or beats per minute (bpm) – pace/speed of the heart measured in beats per minute. 
60-80 is considered normal in adults.  

Hertz (Hz) - unit of frequency; equal to cycles per second (cps).  

Histogram (sleep) - graph indicating sleep stages thoughout the night.  

Humidification - moisture is added to the airflow as an adjunct to CPAP (Continuous Positive 
Airway Pressure) therapy in treating obstructive sleep apnea (OSA). Humidification can be 
added to the CPAP by diverting the airflow over or through a cool or heated water reservoir 
(humidifier) to prevent the upper airway from drying out.  

Hyoid Suspension – a possible surgical procedure sometimes used in the treatment of sleep 
apnea and/or snoring, designed to improve the airway behind the base of the tongue. The hyoid 
bone is located in the neck where some tongue muscles attach. The hyoid bone is pulled forward 
in front of the voice box and can open the airway space behind the tongue. 

Hyperactivity – typical behavior in a child with a sleep disorder which is causing lack of quality 
sleep 

Hypercapnia – excessive or elevated carbon dioxide in the blood  

Hyperirritability - Extreme irritability; seen in sleep deprived subjects.  

Hypersomnia – excessive, prolonged sleep  

Hypertension -High blood pressure.  

Hypnagogic imagery (-hallucinations) - Vivid sensory images occurring at sleep onset but 
particularly vivid with sleep-onset REM periods;  feature of narcoleptic REM naps.  

Hypnagogic startle - "sleep start" or sudden body jerk, observed normally just at sleep onset, 
resulting in at least momentary awakening  

Hypnophobia - Morbid fear of falling asleep.  

Hypnotics - Sleep-inducing drugs.  

Hypopharynx - lowermost portion of the pharynx leading to the larynx and esophagus.  

Hypopnea - shallow breathing in which the air flow in and out of the airway is less than half of 
normal--usually associated with oxygen desaturation.  

Hypoventilation - reduced rate and depth of breathing.  

Hypoxemia - abnormal lack of oxygen in the blood in the arteries.  
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Hypoxia - deficiency of oxygen reaching the tissues of the body.  

Imidazopyridines - New class of compounds inducing sleepiness. (Zolpidem, trade name 
Ambien, is in this class).  

Inappropriate Sleep Episodes – unplanned sleep periods often occuring in an unsafe situation 
(i.e., while driving). These episodes are always due to sleep deprivation.  

Insomnia – complaint describing difficulty in sleeping  

Inspiratory Phase - part of the breathing cycle in which air is inhaled.  

Invasive – referring to a medical procedure in which a bodily orifice or the skin must be 
penetrated for the purpose of collecting data, or for diagnosing or treating a disorder  

IPAP - Inspiratory Positive Airway Pressure.  Physician prescribed pressure for the inspiratory 
phase on a Bi-level CPAP device, used in the treatment of OSA.  

Jet Lag - disturbance induced by a major rapid shift in environmental time during travel to a 
new time zone  

K-Alpha - type of microarousal;  K complex followed by several seconds of alpha rhythm.  

K complex - sharp, negative, high-voltage EEG wave, followed by a slower, positive 
component. K complex, occurring spontaneously during NREM sleep, beginning in (and 
defining) stage 2.  K complexes can be elicited during sleep by external (particularly auditory) 
stimuli as well.  

Laser assisted uvulopalatoplasty (LAUP) - can eliminate or decrease snoring but has not been 
shown to be effective in the treatment of sleep apnea.  

Leg Movement - Leg movements are recorded in both diagnostic sleep studies and titration 
studies.  

Letter of Medical Necessity (LMN) - certification by a physician that the prescribed item(s) 
is/are medically indicated, reasonable and necessary with reference to the standards of medical 
practice and treatment of a patient's condition  

Light-Dark Cycle - periodic pattern of light (artificial or natural) alternating with darkness  

Light Sleep - term used to describe non-REM sleep stage 1, and sometimes, stage 2.  

Light Therapy - used in the treatment of SAD (Seasonal Affective Disorder) and other 
conditions. Exposes the eyes to light of appropriate intensity and duration and at the appropriate 
time of day to effect the timing, duration and quality of sleep.  
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Limit-Setting Sleep Disorder – disorder due to child’s difficulty in falling asleep by delaying 
and refusing to go to bed  

Linear Sleepiness Rating Scale - measure of subjective sleepiness.  The scale contains a 
horizontal line, 100 mm in length --the right extreme is labeled "Very Sleepy" and the left 
extreme is labeled "Very Wide Awake."  

Macroglossia - large tongue; usually a congenital disorder (present at birth)  

Maxillofacial - pertaining to the jaws and face.  

Mandibular Maxillary Osteotomy and Advancement (MMOA) - procedure developed for 
patients with retrolingual obstruction, patients with retropalatal and retrolingual obstruction who 
have not responded to CPAP and uvulopalatopharyngoplasty (UPPP).  

Melatonin - hormone secreted by the brain’s pineal gland  

Micro-arousal - partial awakening from sleep  

Micro-sleep - period lasting up to a few seconds during which the polysomnogram suddenly 
shifts from waking characteristics to sleep.  

Mixed (sleep) apnea - interruption in breathing during sleep beginning as a central apnea then 
becoming an obstructive apnea.  

Monocyclic - a single major sleep period and a single major wake period in a 24-hour day.  

Motor Activity in Sleep - any muscular movement during sleep  

Motor Atonia – the absence of muscle activity during sleep  

Movement arousal - body movement associated with arousal or awakening; a sleep scoring 
variable.  

Movement time - term used in sleep record scoring to denote when EEG and EOG tracings are 
obscured for more than 15 seconds due to movement.  

Multiple sleep latency test (MSLT) - a series “nap tests” utilized in the assessment of excessive 
daytime sleepiness.  

Muscle Tone – amount of tension in a muscle.  

Myoclonus - muscle contractions in the form of "jerks" or twitches.  

Nap - short period of planned sleep generally obtained at a time separate from the major sleep 
period.  
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Narcolepsy - sleep disorder characterized by excessive sleepiness, cataplexy, sleep paralysis, 
hypnogogic hallucinations, and an abnormal tendency to pass directly from wakefulness into 
REM sleep  

Nasal Airflow/Nasal Ventilation - recording of the complete respiratory cycle by measuring 
inspiratory and expiratory airflow  

National Commission on Sleep Disorders Research (NCSDR) - the commission (created by 
the U.S. Congress in 1990) conducted a comprehensive study of the social and economic impact 
of sleep disorders in America and made recommendations based on its findings to the Congress 
in January 1993  

Neurology - branch of medicine that referring to the nervous system and its diseases  

Neurotransmitters - endogenuous chemical components that are released from axon terminals 
of one neuron and transmit the signal to the next neuron by combining with its receptor 
molecules.  Neurotransmitters important in the control of sleep and wakefulness include: 
norepinephrine, serotonin, acetylcholine, dopamine, adrenaline and histamine.   

Nightmare - unpleasant and/or frightening dream occurring in REM sleep (different from a 
night terror)  

Night Terrors - also known as sleep terrors, or pavor nocturnus.  Night terrors are characterized 
by an incomplete arousal from slow wave sleep.  If, the individual is awakened during a night 
terror, he/she is usually confused and does not remember details of the event.  Night terrors are 
different from nightmares; if an individual is awakened during a nightmare, he/she functions well 
and may have some recall of the nightmare.  

Nocturia - excessive, often frequent, urination during the night  

Nocturnal - "Of the night;" pertaining to events happening during sleep or the hours of darkness.  

Nocturnal Confusion - episodes of delirium and/or disorientation near or during nighttime 
sleep; often seen in victims of Alzheimers Disease and more common in the elderly  

Nocturnal sleep-related eating disorder (NS-RED)- Getting up during the night and eating 
while sleepwalking. No recall in the morning. 

Nocturnal Enuresis (Bedwetting) - urinating while asleep  

Non-Invasive - Medical procedure not penetrating the skin or a body cavity.  

NREM or non-REM sleep - characterized by slower and larger brain waves and little or no 
dream behavior;  quiet sleep, slow-wave sleep;  approximately 80% of sleep  
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NREM Sleep Intrusion - brief period of NREM sleep patterns appearing in REM sleep;  a 
portion of NREM sleep not appearing in its usual sleep cycle position  

Obesity-Hypoventilation Syndrome - term applied to obese individuals hypoventilating during 
wakefulness.  

Obstructive apnea - cessation of airflow (at least 10 seconds) in the presence of continued 
inspiratory effort;  cessation of breathing during sleep, due to a mechanical obstruction, such as a 
semi-collapsed trachea, tongue relaxed to back of the throat, or a large among of tissue in the 
uvula area.  

Obstructive Hypopnea - periodic and partial closure of the throat during sleep resulting in 
reduced air exchange at the level of the mouth and/or nostril.  

Ondine's Curse - the respiratory center in the brain is unable to stimulate breathing in response 
to an increased amount of carbon dioxide in the blood.  Ondine's Curse or central alveolar 
hypoventilation typically worsens during sleep.  

Optimum Sleep - average amount of sleep needed every night by an individual.  

Oxygen Desaturation - less than normal amount of oxygen carried by hemoglobin in the blood;  
values below 90% are considered abnormal  

Oxygen Saturation - measure of oxygen carried by hemoglobin in the blood. Normal values 
90% - 100%.  

Oximeter (Pulse) - gives estimates of arterial oxyhemoglobin saturation (SaO2) by utilizing 
selected wavelengths of light to non invasively determine the saturation of oxyhemoglobin 
(SpO2)  

Oximetry (Pulse) - continuous monitoring of oxygen saturation of arterial blood from a pulse 
oximeter;  the sensor is usually attached to the finger.  

O2 - Chemical symbol for oxygen. Criterion lowest percent O2 saturation: Greater than 
85%=mild, 80% to 85%=moderate, less than 80%=severe  

Parasomnia - an event happening during sleep, or induced or exacerbated by sleep, such as 
sleepwalking or asthma; not a dyssomnia.  

Paroxysmal nocturnal dyspnea (PND) - respiratory distress and shortness of breath due to 
pulmonary edema, appearing suddenly and often awakening the sleeping individual.  

Pathological Sleep - abnormal sleep patterns.  

Pavor Nocturnus (Night Terrors) - See Night Terrors.  
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Perceptual Disengagement - change in consciousness at the onset of sleep when environmental 
stimuli are no longer perceived, and there is no longer any conscious, meaningful interaction 
with the environment.  

Periodic Breathing - repetitive apneic pauses, common in premature infants.  

Periodic Limb Movement Disorder - also known as periodic leg movements and nocturnal 
myoclonus. Characterized by periodic episodes of repetitive and highly stereotyped limb 
movements occuring during sleep. The movements are often associated with a partial arousal or 
awakening; however, the patient is usually unaware of the limb movements or frequent sleep 
disruption.  Between the episodes, the legs are still. There can be marked night-to-night 
variability in the number of movements or in the existence of movements.  

Persistent Insomnia - continuing insomnia responding poorly to treatment.  

Pharynx - area posterior to the nares and the oral cavity;  passageway for air from the nasal 
cavity and/or the mouth to the lungs via the larynx and the trachea, for food and liquids from the 
mouth to the esophagus  

Phase advance - movement to a position earlier in the 24 hour sleep - wake cycle of a period of 
sleep or wake; for example, a shift of the sleep phase from 11 p.m. - 7 a.m. to 8 p.m. - 4 a.m.  

Phase delay - Phase delay is exactly the opposite of phase advance, i.e., a shift later in time.  

Phasic (Event/Activity) - brain, muscle, or autonomic related event of a brief and episodic 
nature occurring in sleep. Usually  occur during REM sleep, such as eye movements and/or 
muscle twitches  

Photoperiod - duration of light in a light/dark cycle.  

Pickwickian Syndrome - obesity accompanied by somnolence, lethargy, chronic 
hypoventilation, hypoxia, and secondary polycythemia (a condition marked by an abnormal 
increase in the number of circulating red blood cells);  usually has severe obstructive sleep apnea  

Pineal Gland - gland in the brain secreting the hormone melatonin.  

PLMD-Arousal Index - number of sleep-related periodic leg movements per hour of sleep that 
are associated with an EEG arousal  

Polycyclic - multiple sleep periods and wake periods in a 24-hour day.  

PO2 - partial pressure of oxygen (O2) in the blood. A value above 60 is usually considered a 
safe level:  lower than 60 indicated hypoxemia and potential danger for the patient.  
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Polysomnogram (PSG) - continuous and simultaneous recording of physiological variables 
during sleep, i.e., EEG, EOG, EMG (the three basic stage scoring parameters), EKG, respiratory 
air flow, respiratory excursion, lower limb movement, and other electrophysiological variables.  

Polysomnograph - biomedical instrument for the measurement of multiple physiological 
variables of sleep  

Polysomnographic Technologist - health care professional trained in performing diagnostic 
sleep studies  

Post-Prandial Drowsiness - sleepiness that occurs after a meal, usually lunch  

Post-Traumatic Stress Disorder - re-experiencing of a traumatic event in the form of repetitive 
dreams, recurrent and intrusive daytime recollections, and/or dissociative flashback episodes.  

Premature morning awakening - early termination of the sleep period in a sleep maintenance 
DIMS due to inability to return to sleep after the last of several awakenings  

Prescribed CPAP Pressure - pressure(s) or settings determined by a CPAP titration sleep study, 
which a physician prescribes for a patient's CPAP therapy machine  

Pulse Oximetry - non-invasive measure of oxygen saturation; that is the amount of oxygen 
saturated in the hemoglobin in terms of percentage;  not as accurate as the values obtained from 
an arterial blood gases (ABG) test and should only be used as a gauge of oxygenation.  Normal 
ranges are between 95-100%.   

Quiet Sleep - The term frequently used instead of NREM sleep to describe the sleep of infants.  

Radiofrequency (RF) - Electromagnetic radiation in the frequency range 3 kilohertz (kHz) to 
300 gigahertz (GHz); considered to include microwaves and radio waves.  Microwaves occupy 
the spectral region between 300 GHz and 300 MHz, while RF or radio waves include 300 MHz 
to 3 kHz.  

Radiofrequency (RF) Procedure (also known as Somnoplasty) - procedure for treating nasal 
obstruction, snoring and in some cases, sleep apnea. The procedure uses radiowave energy to 
reduce snoring and the size of the soft palate.  

RDI - Respiratory Disturbance Index, includes all respiratory events per hour.  

REM sleep, rapid eye movement sleep - sleep characterized by the active brain waves, flitting 
motions of the eyes, and weakness of the muscles; most dreaming occurs in this stage, which 
accounts for about 20% of sleep in adults.  

REM Density - A function that expresses the frequency of eye movements per unit of time 
during REM sleep.  
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REM-Associated Disorders - Sleep disturbances that occur in REM sleep.    

REMS latency - The period of time in the sleep period from sleep onset to the first appearance 
of stage REMS.  

REM Motor Atonia - The active suppression of activity in the antigravity and voluntary 
muscles during REM sleep. The muscles are completely flaccid and limp.  

REM onset - designation for commencement of a REM period;  used also as a shorthand term 
for a sleep-onset REM period  

REM period - REM portion of a NREM-REM cycle; early in the night it may be as short as a 
half-minute, whereas in later cycles longer than an hour.  

REM rebound or recovery - lengthening and increase in frequency and density of REM 
periods, which results in an increase in REM percent above base line. REM rebound follows 
REM deprivation once the inhibitory influence is removed  

REM Sleep Behavior Disorder (RBD)- disorder in which REM motor atonia is partially or 
completely absent and the individual acts out the ongoing dream. The behavior in REM behavior 
disorder is often correlates with the ongoing, hallucinatory REM dream episode.  

REM Sleep Episode - REM sleep portion of a NREM-REM sleep cycle. Early in the first sleep 
period, episodes may be only several minutes in duration. Later REM episodes almost are always 
longer, 20 to 30 minutes up to an hour.  

REM Sleep Intrusion - brief interval of REM sleep appearing out of its usual positioning in the 
NREM-REM sleep cycle.  

REM Sleep Latency - interval from sleep onset to the first appearance of REM sleep  

REM Sleep Onset - designation for the first epoch of a REM sleep episode  

REM Sleep Percent - proportion of total sleep time occupied by REM sleep  

REM Sleep Rebound - compensatory increase in REM sleep following experimental reduction. 
Extension of time in, and an increase in frequency and density of REM sleep episodes;  usually 
an increase in REM sleep percent of total sleep time above baseline values  

Respiratory Care Practitioner (RCP) - licensed health care professional specifically trained in 
cardiopulmonary assessment, diagnostics, therapy administration, and patient education, 
including the identification and treatment of sleep disorders  

Restless Legs Syndrome (RLS) - sleep disorder characterized by a deep creeping, or crawling 
sensation in the legs that tends to occur when an individual is not moving. There is an almost 
irresistible urge to move the legs;  the sensations are relieved by movement.  
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Restlessness (Referring to Quality of Sleep) - Persistent or recurrent body movements, 
arousals, and/or brief awakenings in the course of sleep  

Sedatives - compounds tending to calm, and reduce nervousness or excitement and foster sleep  

Sedentary Situation - not requiring physical activity, e.g. working at a desk, sitting in a meeting 
or in a theater, watching television.  

Septoplasty - surgery on the nasal septum (dividing the nasal passage)  

Serotonin - neurotransmitter in the brain that modulates mood, appetite, sexual activity, 
aggression, body temperature and sleep  

Shiftwork - working hours outside of the conventional daytime hours of 9:00 a.m. to 5:00 p.m.  

Sleep - a state marked by lessened consciousness, lessened movement of the skeletal muscles, 
and slowed-down metabolism  

Sleep Apnea - cessation of breathing for 10 or more seconds during sleep  

Sleep architecture - NREM/REM stage and cycle infrastructure of sleep understood from the 
vantage point of the quantitative relationship of these components to each other  

Sleep cycle - synonymous with NREM-REM cycle  

Sleep Debt - result of recurrent sleep deprivation which occurs over time when an individual 
does not experience a sufficient amount of the restorative daily sleep that is required to maintain 
a sense of feeling rested and refreshed.  .  

Sleep Deprivation - acute or chronic lack of sufficient sleep.  

Sleep Disorders - broad range of illnesses arising from many causes, including, dysfunctional 
sleep mechanisms, abnormalities in physiological functions during sleep, abnormalities of the 
biological clock, and sleep disturbances that are induced by factors extrinsic to the sleep process  

Sleep efficiency (SE) - proportion of sleep in the period potentially filled by sleep--ratio of total 
sleep time to time in bed  

Sleep Episode - interval of sleep that may be voluntary or involuntary  

Sleep Extension - extending sleep time by increasing the time in bed  

Sleep Fragmentation - brief arousals occurring throughout the night, reducing the total amount 
of time spent in the deeper levels of sleep.  
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Sleep hygiene - conditions and practices that promote continuous and effective sleep, including 
regularity of bedtime and arise time; conforming time spent in bed to the time necessary for 
sustained and individually adequate sleep (i.e., the total sleep time sufficient to avoid sleepiness 
when awake);  restriction of alcohol and caffeine beverages in the period prior to bedtime;  
employment of exercise, nutrition, and environmental factors so that they enhance, not disturb, 
restful sleep  

Sleep Hyperhydrosis - excessive sweating during sleep.  

Sleep Inertia - feelings of grogginess and/or sleepiness that persist longer than 10 to 20 minutes 
after waking up  

Sleep interruption - breaks in the sleep architecture resulting in arousal and wakefulness  

Sleep latency - time period measured from "lights out," or bedtime, to the beginning of sleep  

Sleep log (-diary) - daily, written record of an individual's sleep-wake pattern containing such 
information as time of retiring and arising, time in bed, estimated total sleep period, number and 
duration of sleep interruptions, quality of sleep, daytime naps, use of medications or caffeine 
beverages, nature of waking activities, and other data  

Sleep-maintenance DIMS or insomnia - disturbance in maintaining sleep once achieved;  
persistently interrupted sleep without difficulty falling asleep  

Sleep Mentation - thoughts, feelings, images, perceptions, hallucinations, and active dreams 
taking place during sleep  

Sleep onset - transition from wake to sleep, normally into NREM stage 1 (but in certain 
conditions, such as infancy and narcolepsy, into stage REMS)  

Sleep Onset Imagery - images and experiences during the moments following the transition 
from wake to sleep  

Sleep-onset REM period - atypical beginning of sleep by entrance directly into stage REM  

Sleep paralysis - waking and not being able to move for a short period of time, usually occurs 
out of REM (dream) sleep.  

Sleep pattern (24 hour sleep-wake pattern) - individual's clock hour schedule of bedtimes and 
rise times as well as nap behavior: may also include time and duration of sleep interruptions  

Sleeping Pills - compounds that have a sedative effect,  used to produce sleepiness  

Sleep Related Accidents - accidents caused by individuals who were sleep deprived and who, as 
a result, had impaired judgment  
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Sleep Restriction - limitation of the number of hours in bed  

Sleep spindle - episodically appearing, spindle-shaped aggregate of 12-14 Hz waves with a 
duration of 0.5-1.5 seconds, one of the identifying EEG phenomena of NREM stage 2 sleep  

Sleep Stage Demarcation - significant polysomnographic characteristics that distinguish the 
boundaries of the sleep stages.  

Sleep stage NREM -  major sleep state apart from REMS; comprises sleep stages 1-4  

Sleep stage 1 - a stage of NREM sleep occurring after wake. Its criteria consist of a low-voltage 
EEG with slowing to theta frequencies, alpha activity less than 50%, EEG vertex spikes, and 
slow rolling eye movements; no sleep spindles, K-complexes, or REMS.  Stage 1 normally 
assumes 4-5% of total sleep.  

Sleep stage 2 - a stage of NREM sleep characterized by sleep spindles and K complexes against 
a relatively low-voltage, mixed-frequency EEG background; high-voltage delta waves may 
comprise up to 20% of stage 2 epochs; usually accounts for 45-55% of total sleep time.  

Sleep stage 3 - a stage of NREM sleep defined by at least 20 and not more than 50% of the 
period (30 second epoch) consisting of EEG waves less than 2 Hz and more than 75 uV (high -
amplitude delta waves); a "delta" sleep stage; with stage 4, it constitutes "deep "NREM sleep;  
appears usually only in the first third of the sleep period; usually comprises 4-6% of total sleep 
time.  

Sleep stage 4  - all statements concerning NREM stage 3 apply to stage 4 except that high-
voltage, slow EEG waves, cover 50% or more of the record;  NREM stage 4 usually takes up 12-
15% of total sleep time.  Somnambulism, sleep terror, and sleep-related enuresis episodes 
generally start in stage 4 or during arousals from this stage  

Sleep stage REM - the stage of sleep found in all mammal studies, including man, in which 
brain activity is extensive, brain metabolism is increased, and vivid hallucinatory imagery, or 
dreaming occurs (in humans).  Also called "paradoxical sleep" because, in the face of this intense 
excitation of the CNS and presence of spontaneous rapid eye movements, resting muscle activity 
is suppressed.  The EEG is a low-voltage, fast-frequency, non alpha record.  Stage REMS is 
usually 20-25% of total sleep time.  

Sleep structure - similar to sleep architecture.  Sleep structure, in addition to encompassing 
sleep stage and cycle relationships, assesses the within-stage qualities of the EEG and other 
physiological attributes.  

Sleepiness (somnolence, drowsiness) - difficulty in maintaining the wakeful state so that the 
individual falls asleep if not actively kept aroused;  not simply a feeling of physical tiredness or 
listlessness  
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Sleep talking - talking in sleep takes place during stage REMS, representing a motor 
breakthrough of dream speech, or in the course of transitory arousals from NREMS and other 
stages.  Full consciousness is not achieved and no memory of the event remains.  

Sleepwalker or Sleepwalking - individual subject to somnambulism (one who walks while 
sleeping).  Sleepwalking typically occurs in the first third of the night during deep NREM sleep 
(stages 3 and 4).  

Sleep-wake, 24 hour cycle - the clock hour relationships of the major sleep and wake phases in 
the 24 hour cycle: similar to sleep pattern.  

Sleep-wake shift (-change, -reversal) – sleep wholly or partially moved to a time of customary 
waking activity, and the latter is moved to the habitual sleep period; common in jet lag and shift 
work.  

Sleep-Wake Transition Disorder - disorder occuring during the transition from wakefulness to 
sleep or from one sleep stage to another;  a form of parasomnia  

Slow wave sleep (SWS) - sleep stages 3 and 4  

SmartPAP (Smart CPAP) - (Smart [Continuous] Positive Airway Pressure) Medical device 
used in the treatment of obstructive sleep apnea providing preset levels of continuous airflow, 
and automatically adjusting to keep the breathing passages open by sensing changes in airway 
integrity. The air flows from the device through a tube that connects to a nose or face mask.  

Snoring - noise produced primarily with inspiratory respiration during sleep owing to vibration 
of the soft palate and the pillars of the oropharyngeal inlet.  Many snorers have incomplete 
obstruction of the upper airway, and may develop obstructive sleep apnea.  

Soft Palate - membranous and muscular fold suspended from the posterior margin of the hard 
palate and partially separating the oral cavity from the pharynx  

Somatic Complaints - awareness of pain or problems in the body  

Somnambulism - walking while asleep  

Somnifacient - inducing sleep; hypnotic, as in a drug  

Somnolence - prolonged drowsiness or sleepiness.  

Somnoplasty - commercial name for radiofrequency treatment of certain sleep disorders  

Soporific - causing or tending to cause sleep  

Spindle REMS - condition in which sleep spindles persist atypically in REMS; seen in chronic 
DIMS conditions  
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Stanford Sleepiness Scale (SSS) - 7-point rating scale consisting of seven numbered statements 
describing subjective levels of sleepiness/alertness  

Subjective Sleepiness - feelings of sleepiness  

Substance Abuse - excessive use of alcohol or drug;  substances can cause sleep disturbances  

Subwakefulness syndrome - syndrome defined as a defect in the CNS support system for 
waking.  The few individuals reported with subwakefulness syndrome have daytime drowsiness 
and daytime sleep episodes that are always composed of NREMS stages 1 or 2.  The naps occur 
repetitively  

Sudden Infant Death Syndrome (SIDS) -  sudden and unexpected death of an apparently 
healthy infant, whose death remains unexplained after the performance of an adequate 
postmortem investigation.  Death usually occurs during sleep.  SIDS is a classification that is 
used to describe a deceased infant. It is not a disease, nor can it be a diagnosis for a living baby.  

Synchronization - chronobiological term used to indicate that two or more rhythms recur with 
the same phase relationship.  In an EEG tracing, the term is used to indicate an increased 
amplitude with an occasional decreased frequency of the dominant activities.  

Synchrony - scheduling sleep to synchronize with the biological clock  

Tachycardia - rapid heart rate, usually defined by a pulse rate of over 100 beats per minute 
(bpm).  

Thermocouples - small devices placed near the nostrils or mouth to measure air flow by sensing 
temperature changes; expired air is warmer than inspired air.  

Thermoregulation - regulation of body temperature in mammals.  

Theta waves - EEG activity with a frequency of 4-8 Hz  

Thoracic Excursion - thoracic (chest) movement, indicating respiratory effort.  Usually 
measured by the placement of a sensor band, which includes a strain gauge around the chest.  
The sensor band records chest wall movement associated with respirations..  

Tidal Volume -  amount of air that passes in and out of the lungs in an ordinary breath;  usually 
expressed in liters  

Titration - progressive, stepwise increase in CPAP pressure applied during a polysomnogram to 
establish the optimal treatment pressure  

Tolerance - in pharmacology, refers to the reduced responsiveness to a drug's action as the result 
of previous continued and/or multiple exposure  
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Tonic (Event/Activity) - brain, muscle, or autonomic events, which are continuous.  Usually 
refers to continuous activity (e.g. muscle atonia) during REM sleep.  

Tonsils - pair of prominent masses of lymphoid tissue that are located opposite each other in the 
throat between the anterior and posterior pillars of the fauces (the narrow passage from the 
mouth to the pharynx situated between the soft palate and the base of the tongue). Composed of 
lymph follicles grouped around one or more deep crypts.  

Tonsillectomy - surgical removal of the tonsils  

Total Recording Time - duration of time from sleep onset to final awakening. I n addition to 
total sleep time, it is comprised of the time taken up by wake periods and movement time until 
wake-up.  

Total sleep period - period of time measured from sleep onset to final awakening. In addition to 
total sleep time, it is comprised of the time taken up by arousals and movement time until wake-
up  

Total sleep time (TST) - amount of actual sleep time in a sleep period; equal to total sleep 
period less movement and awake time.  Total sleep time is the total of all REMS and NREMS in 
a sleep period.  

Tracheotomy - surgical procedure to create an opening in the trachea (windpipe) so that one can 
breathe  

Tracheostomy - refers to the opening in the trachea. As a treatment for severe obstructive sleep 
apnea, a tube to assist oxygenation and ventilation and/or to overcome an obstruction in the 
airway located superiorly.  

Transducer - device designed to convert energy from one form to another  

Transient Arousals - brief awakenings from sleep  

Transient Insomnia - difficulty sleeping for only a few nights  

Tricyclic Antidepressants - medication for depression.  Most tricyclic antidepressants also 
reduce REM sleep;  also used to control cataplectic attacks, hypnogogic hallucinations, and sleep 
paralysis.  

Tumescence (penile) - hardening and expansion of the penis: penile erection. Commonly 
referred to as nocturnal penile tumescence (NPT) in sleep recordings.  

Turbinate - small, shelf-like, cartilaginous structures covered by mucous membranes, which 
protrude into the nasal airway to help warm, humidify, and cleanse inhaled air on its way to the 
lungs.  
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Twilight Zone - slang popular term to describe the waking state of individuals whose MSLT 
scores are 5 minutes or less. Such individuals are usually sleep deprived or suffer from a sleep 
disorder.  

Twitch (Body Twitch) - very small body movement such as a local foot or finger jerk which is 
not usually associated with an arousal.  

Unattended CPAP Titration Study - sleep study that is usually performed in the home, after 
determining that a patient has a sleep related breathing disorder such as OSA or Upper Airway 
Resistance Syndrome, and is likely to benefit from CPAP therapy.   

Unintended Sleep Episode - sleep episode that is not planned and may happen during an 
activity in which such an episode is hazardous, such as when driving a car or working with 
machinery  

Upper Airway - part of the respiratory anatomy that includes the nose, nostrils, sinus passages, 
septum, turbinates;  the tongue, jaws, hard and soft palate, muscles of the tongue and throat, etc.  

Upper Airway Resistance Syndrome (UARS) - part of the spectrum of obstructive sleep-
related breathing disorders in which repetitive increases in resistance to airflow in the upper 
airway lead to brief arousals and daytime fatigue.  Apneas and hypopneas (see RDI) may be 
totally absent.  Blood oxygen levels can be in the normal range.  

Uvula - small soft structure hanging from the bottom of the soft palate in the midline above the 
back of the tongue.   

Uvulopalatopharyngoplasty (UPPP) - also abbreviated as UPP or UP3 this operation is 
performed on the throat to treat snoring and sleep apnea.  UPPP is an accepted means of surgical 
treatment has a curative rate of less than 50%.  Scientific evidence suggests that UPPP works 
best in retropalatal and combination retropalatal and retrolingual obstruction  

Wake time  - total time that is scored awake in a polysomnogram occurring between sleep onset 
and final wake-up  

White Noise - mixture of sound waves extending over a wide frequency range that may be used 
to mask unwanted noise that may interfere with sleep  

Wilkinson Addition Test - performance test;  numbers added for one hour. Often included in a 
battery of tests to measure the impact of acute or chronic sleep loss.  

Withdrawal - effects experienced when a patient stops taking sleeping pills  

Zeitgeber - environmental time cue that entrains biological rhythms to a specific periodicity.  
Known Zeitgebers are light, melatonin and physical activity.  To be effective, these signals must 
occur when the biological clock is in a responsive phase.  
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Post-Test 

 
Select the best answer to each of the following items. Mark your responses on the Answer Form.  
 
1. It is well documented that treatment of OSA with continuous positive airway pressure (CPAP) 
can improve patients’ diurnal and nocturnal_______. 
 
a. EEG 
b. HTN 
c. REM 
d. All of the above 
 
   
2. In patients who have severe coronary disease or pre-existing conduction abnormalities apneas 
causing oxyhemoglobin saturations below  ____% can trigger ventricular arrhythmias. 
 
a. 20 
b. 30 
c. 80 
d. 95 
 
   
3. When a sympathetic surge causes all the determinants of MVO2 to increase, and the supply of 
oxygen is limited by an apnea, the result is ischemia. 
 
a. True 
b. False 
 
   
4. _______is heart failure caused by a primary lung pathology. 
 
a. Myocardial infarction 
b. Arrhythmia 
c. Cor pulmonale 
d. None of the above 
 
   
5. Blunted responses to hypoxia and pH changes lead to the development of _______in the OSA 
patient. 
 
a. hypoventilation 
b. cardiac arrest 
c. cataplexy 
d. None of the above 
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6. A decreased ventilatory drive combined with frequent nocturnal apneic episodes leads to 
persistent nocturnal hypoxemia. 
 
a. True 
b. False 
 
   
7. At the most basic level, OSA is caused by a _______obstruction occurring somewhere in the 
upper airway that makes a person unable to breathe during sleep despite ventilatory efforts. 
 
a. mechanical 
b. chemical 
c. biological 
d. None of the above 
 
   
8. The most successful and least invasive treatment for OSA is _______. 
 
a. EPAP 
b. Chronotherapy 
c. CPAP (continuous positive airway pressure). 
d. Hypnotics 
 
   
9. The concept behind CPAP is relatively simple: air pressure is employed to splint open the 
airway. In fact, the CPAP machine has been likened to a Hoover vacuum cleaner 
running in reverse. 
 
a. True  
b. False 
 
   
10. Central Sleep Apnea (CSA) is a condition characterized by apneas in the absence of_______.   
 
a. OSA 
b. CPAP 
c. ventilatory effort 
d. Hypoxia 
 
11. The prevalence of sleep disordered breathing in the elderly (____%) is substantially higher 
than in younger adults. 
 
a. 15 
b. 24 
c. 33 
d. 42 
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12. _______ are defined as a fifty to ninety percent decrease in ventilation for ten or more. 
 
a. Hypercapnias 
b. Hypoxemias 
c. Tachycardias 
d. Hypopneas 
 
   
13. Hypoxic pulmonary vasoconstriction results in an effort to minimize V/Q mismatching. The 
right heart consequently has to push against elevated pulmonary vascular pressures, which over 
time leads to hypertrophy then to failure. These two effects of OSA—global hypoventilation and 
frequent nocturnal apneas—are the main mechanisms for de novo development of heart failure. 
 
a. True 
b. False 
 
 
   
14. Every living creature’s physiology is regulated by internal biological rhythms called 
circadian rhythms. Examples of known circadian rhythms include _______. 
 
a. hormone secretion 
b. sleep schedules 
c. hepatic metabolism 
d. All of the above 
 
   
15. The alignment of physiology with environmental time is possible because circadian rhythms 
are dynamic and constantly influenced by time indicators, or cues, called _______. 
 
a. K-Alphas 
b. zeitgebers 
c. suprachiasmatic nuclei 
d. neurotransmitters 
 
   
 
16. The retino-hypothalamic track (RHT) receives input from the retina and projects to the SCN. 
It is felt that 24-hour light/dark cycles are determined via this network. 
 
a. True 
b. False 
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17. William Dement explains that all of accumulate a sleep debt anytime we are awake. When 
we reach a certain level of debt, we should go to bed. There is a constant balance between clock 
alerting and sleep debt. 
 
a. True 
b. False 
   
 
18. Treatments for jet lag involve some knowledge of chronobiology and lots of common sense. 
The use of _______ to aid entrainment has resulted in varying success.   
 
a. white noise 
b. hypnotics 
c. zeitgebers 
d. None of the above 
 
   
19. Right now over 20% of the US workforce consists of shift workers. The morbidity of shift 
workers includes _______.   
 
a. cardiovascular problems 
b. female reproductive problems 
c. chronobiological sleep disorders 
d. All of the above 
 
   
20. In jet lag, once an individual walks off the plane, the new environment presents a unified 
notion of time to which the SCN should entrain. Thus in jet lag, an individual uses zeitgebers to 
aid in the _______. 
 
a. entrainment process 
b. Zeitgeber process 
c. dyssomnia process 
d. None of the above 
 
   
21. Glucose tolerance and thyrotropin levels are lower in the sleep-deprived state compared to 
the fully rested state. Conversely, evening cortisol concentrations and sympathetic activity are 
increased during sleep deprivation. 
 
a. True 
b. False 
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22. One note of caution on bright lights—in addition to phase shifting, light exposure has been 
used in the treatment of affective disorders. Too much exposure can have the side effect of 
pushing one towards _______. 
 
a. withdrawal 
b. mania 
c. tumescence 
d. none of the above 
 
   
23. The risk of cardiovascular death in shift 
work is directly correlated with the length of time on a shift work schedule. 
 
a. True 
b. False 
 
 
 
24. There is an anatomical basis for circadian rhythm control and entrainment. Based on studies 
of selective cerebral ablation in rats and human stroke victims, the control center for circadian 
rhythms has been localized to a nucleus of the hypothalamus termed the _____. 
 
a. pineal gland 
b. suprachiasmatic nucleus (SCN). 
c. somnifacient 
d. None of the above 
 
   
25. The more coffee you drink towards the end of your shift, the harder it will be to fall asleep 
when you get home. Remember, the half-life of caffeine is between _____ hours.   
 
a. 1 and 2 
b. 2 and 6 
c. 3 and 7 
d. None of the above 
 
   
 
 
26. Humans require between 6-9 hours of sleep for every 24 hours. Most require approximately 8 
hours daily. If one’s personal sleep requirement is not fulfilled, sleep debt accumulates. 
 
a. True 
b. False 
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27. Of truck drivers surveyed, most did not consider common symptoms of sleepiness such as a 
subjective feeling of tiredness, clouded cognition, or heavy eyes as heralds for impending onset 
of sleep. In fact, ___% of truck drivers stated that they would only pull off the road to take a nap 
if they had experienced an episode of falling asleep at the wheel. 
 
a. 55 
b. 70 
c. 82 
d.  90 
 
   
 
28. It has been well documented that eastward travel results in more severe and longer lasting jet 
lag than westward travel. Circadian rhythms can phase delay 1.5 hours per day after westward 
travel, while they can only phase advance 1.0 hours per day after eastward travel. 
 
a. True 
b. False 
 
 
29. Exposure to altitude causes a myriad of pathophysiological states from _______. 
 
a. hypoxia 
b. dehydration 
c. ultra violet burns 
d. All of the above 
 
 
30. Circadian desynchronosis appears to be the limiting factor of shift worker’s sleep. Thus even 
though shift workers have incredible sleep debt, they are physiologically unable to repay the debt 
with additional sleep.   
 
a. True 
b. False 
   
 
31. The decreased barometric pressure at altitude causes a concurrent decrease in the amount of 
oxygen in the air. Acclimatization comprises a series of physiological changes that allow for 
adaptation to this oxygen-depleted environment. 
 
a. True 
b. False 
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32. Insomnia is a highly prevalent disorder that causes significant morbidity. It affects 
approximately one third of the adult population intermittently and ____% on a chronic basis. 
 
a.  5 
b.10 
c. 15 
d. 27 
 
   
33. Periodic Limb Movements in sleep (PLMS) is a condition that causes complaints 
of insomnia, and sometimes complaints of daytime sleepiness. In PLMS, the leg or legs jerk 
every _______ seconds, and these kicks are clustered in repetitive episodes. 
 
a. 15-25 
b. 20-40 
c. 30-55 
d. None of the above 
 
 
34. Relaxation therapy (RT), which targets the psychological and corporeal activation from 
which insomniacs suffer, is an excellent way to minimize the effects of hypervigilance and 
anxiety on sleep. 
 
a. True 
b. False 
 
 
 
35. The sleep architecture of patients taking either short or long acting benzodiazepines is 
altered. Slow-wave sleep is decreased suggesting that these agents do not induce a natural state 
of sleep.   
 
a. True 
b. False 
 
36. In order to qualify for this study, participants had to be at least 18 years of age; 
and living within the continental United States. 
 
a. True 
b. False 
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37. In survey research, the entire population is typically not interviewed, but rather _______. 
 
a. they are polled 
b. a sample of that population is polled 
c. 50% of the population is polled 
d. None of the above 
 
 
   
38.  _______ is a tool for indicating weight status in adults. 
 
a. BMI 
b. ACI 
c. ICE 
d. None of the above 
 
 
   
39. The Berlin Assessment Questionnaire is a series of questions asked of respondents to 
determine if they are at risk for_______. 
 
a. narcolepsy 
b. OSD 
c. sleep apnea 
d. All of the above 
 
 
 
  
40. The 2005 Sleep in America poll indicates that, on average, adults in America are sleeping 6.8 
hours a night on weekdays and 7.4 hours a night on weekends. 
 
a. True 
b. False 
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41. Over the past several years, there has been a downward trend in the proportion of 
respondents who report sleeping eight or more hours a night on weekdays 
 
a. True  
b. False 
 
   
42. Older respondents are less likely to report getting a good night’s sleep every night or almost 
every night. 
 
a. True 
b. False 
   
43. In general, men report needing less sleep (6.2 hours) than women (6.8 hours) to function at 
their best. 
 
a. True 
b. False 
 
   
44. Evening people are more likely than morning people to: 
 
a. Experience at least one symptom of insomnia 
b. Be at risk for insomnia 
c. Take 30 minutes or more to fall asleep 
d. All of the above 
 
   
45. About one-half of the respondents (47%) report that, on weeknights, they stay up later than 
they planned or wanted to at least a few nights a week. Three in ten adults (30%) say that they 
rarely or never stay up later than anticipated. 
 
a. True 
b. False 
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46. The 2005 Sleep in America poll indicates that, on average, it takes respondents about 43 
minutes to fall asleep on most nights.  
 
a. True 
b. False 

 

 

47. For the purposes of the Sleep in America poll, symptoms of a sleep problem were defined as:  

a. having difficulty falling asleep 
b. waking up feeling unrefreshed 
c. waking a lot during the night 
d. All of the above 
 
   
48. The 2005 Sleep in America poll indicates that about one-third of the respondents (34%) are at 
risk for insomnia, restless legs syndrome and/or sleep apnea, with 2% of the respondents at risk 
for all three. 
 
a. True 
b. False 
 
   
49. About three-fourths of those respondents who are married or living with someone (76%) 
report that their partner has had at least one symptom of insomnia within the past year. 
 
a. True 
b. False 
 
   
50. About three in ten respondents who are married or living with someone (31%) report that, as 
a result of a sleep problem, they or their partner sleeps in a separate bed, bedroom, or on the 
couch; alter their sleep schedules; and/or sleep with earplugs or an eye mask to ensure that they 
both get a good night’s sleep. 
 
a. True 
b. False 
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