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To our families,

Who are the reasons for any of our accomplishments,
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In much of what we know and do!



Preface

Had you looked up “quality of life” (QOL) in Index Medicus
prior to 1975, your search would have been fruitless. Although
the term was most likely first introduced by Karnofsky in 1949
within the realm of chemotherapy for cancer patients (1), it
was not used as a key word in Index Medicus for another 26
years. Since that time, there has been an exponential growth in
the number of articles about QOL. Figure 1 shows the number
of unique articles cited each year in Medline and PsycInfo: 7
in 1970, 331 in 1980, not quite 1800 in 1990, slightly over
6000 in 2000, and nearly 11,000 in 2005. Once the domain of
mainly medicine and psychology, QOL has found its way into
every aspect of health care, including physiotherapy, occu-
pational therapy, social work, nursing, and others. Conse-
quently, if anything, these are likely underestimates of the
actual number of relevant articles.

There are many factors that can account for this growth
of interest in QOL. The first is probably the changing nature
of the types of disorders seen by physicians. Although there
have been occasional outbreaks of deadly infectious diseases
(e.g., SARS and avian flu), the reality is that, for the past
half century, an increasing share of interventions are aimed at
improving the quality of patients’ lives rather than preventing
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FIGURE 1. Number of articles in Medicine and PsycLit using
“quality of life” as a keyword.

premature deaths. Procedures ranging from joint replacement
and coronary bypass surgery to treatments for arthritis and
sleep disturbances do little to increase longevity; rather, they
make it easier for the person to function in his or her daily
life. A cynical perspective would say that clinicians are now
interested in QOL to justify their existence, as interventions
such as hip replacement cannot be rationalized on the basis
of preserving lives. However, as people live longer, they do
in fact become more susceptible to disorders and conditions
that interfere with activities of daily living and consequently
decrease their QOL.

A second factor is the realization that QOL is not synony-
mous with the absence of symptoms: patients with serious
chronic disorders may experience great satisfaction with life,
and conversely, amelioration of patients’ symptoms does not
automatically translate into improved QOL. Albrecht and
Devlieger (2) refer to the former phenomenon as the paradox
of “high quality of life against all odds.” They found that
over half of the patients they interviewed with moderate to
serious disabilities reported having excellent or good QOL; a
finding that parallels ours with adolescents who had serious
neurodevelopmental problems secondary to extremely low
birth weight (i.e., under 1000 g) (3). Conversely, we have also
found that pharmacological control of epileptic seizures in
children did not necessarily result in an improvement in their
QOL (4). Thus, understanding the effects of a disorder from
the patient’s perspective requires us to go beyond a simple
enumeration of their symptoms and determine how they see
their lives as a whole. This is reflected in the World Health
Organization’s International Classification of Functioning,
Disability and Health (5), which differentiates between struc-
tural changes to the body, as opposed to what a person is able
to do, given his or her circumstances. That is, it recognizes
the fact that two people, with objectively similar degrees of
disease, may function at very high levels because of a host of
other factors including, for example, social support, intellec-
tual capacity, and structural changes in the environment (e.g.,
ramps for mobility-impaired individuals).

At the same time, a third factor is that patients are
requesting, if not demanding, treatments that can better their
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QOL. Looming large in Canada, for example, is pressure from
the public to reduce the wait times for cataract surgery, joint
replacement surgery, and other such procedures. Although
few people die from these conditions, patients are increasingly
unwilling to live with them. Commissions have been struck
to investigate the issue, and various provincial governments
have poured millions of dollars into the health care system to
reduce wait times. Again, the issue is not quantity of life but
rather its quality.

Related to this, a fourth factor fueling interest in QOL is
the fact that the practice of medicine has progressed beyond
the days of paternalistic care predicated on the judgment of
the physician regarding what is best for the patient. The public
has become more assertive and sophisticated regarding their
health care, demanding a shared role in decision-making. For
example, although surgery leads to greater life expectancy
following laryngeal cancer, patients are less satisfied with it
than other forms of treatment that lead to shorter survival
times but better preserve speech and eating (6). Thus, there is
concern on the part of both clinicians and patients in docu-
menting the effects of interventions on QOL.

Consequently, this book is a welcome addition and neces-
sary reference for anyone interested in sleep and its effects
on individuals. The first chapter, Quality of Life in Clin-
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ical Medicine, sets the stage in defining what is meant by
QOL. The next two chapters are guides to helping the prac-
titioner and researcher evaluate QOL instruments and by
whom they should be completed. This is followed by chap-
ters about sleep and sleep disorders in general and their
effects on QOL. The bulk of the remaining chapters are
devoted to detailed reviews of what is known about QOL in
various medical and psychiatric disorders, including cancer,
Parkinson’s disease, pregnancy, schizophrenia, cardiovascular
disease, and so forth.

Today, physicians and scientists have an impressive array
of powerful tools and techniques for assessing and obtaining
qualitative and quantitative health status. It is the editors’
belief that the choice and effective use of such QOL instru-
ments, which require an understanding of the fundamental
principles upon which modern healthcare status are measured,
are constructed. It is our hope that we have succeeded in
producing a useful book. As usual, we welcome communica-
tions from our readers concerning our volume.

Joris C. Verster
S. R. Pandi-Perumal
David L. Streiner
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Quality of Life in Clinical Medicine

Kathleen W. Wyrwich and Cynthia R. Gross

Summary Defining and measuring quality of life (QOL) is challenging and interdisciplinary, but nearly all can agree on
the import role of health. The term health-related quality of life (HRQL) distinguishes the elements of health, function, and
well-being that are experienced by people in the context of their health conditions and treatments from general QOL. HRQL
measures usually incorporate at least three core domains of physical health, mental/emotional health, and social health in
accordance with the 1947 World Health Organizations broadened definition of health. Many theoretical models attempt to
describe how health affect QOL, but fall short, especially for describing sleep/wake symptoms or energy/fatigue because these
facets of health have both a strong physical and mental health component. Wilson and Cleary’s conceptual model of patient
outcomes (1995) proposes a testable dynamic model of causal relationships, bridging the gap between biomedical models
and psychosocial models of health. Explicit conceptual frameworks are needed for the use of any HRQL measure, which
range from generic measures that can be used across a broad spectrum of the population to disease-specific measures that are
tailored to a particular health condition. The family of HRQL measures also include clinimetric measures that rely on expert-
driven disease attributes or indicators that “make sense” to the clinician, profile measures that provide an outline of several
aspects of HRQL, indexes, and utility measures that represent a preference or value between 0 (death) and 1 (complete health),
which can be useful in economic evaluations of health conditions and treatment. Recognizing how patients assess their HRQL
when responding to HRQL items by use of the Rapkin—Schwartz Appraisal Model (2004) is useful for understanding HRQL
responses, especially in longitudinal studies.

Keywords Quality of life - health-related quality of life - well-being - generic measures - disease-specific measures -
clinimetric measures - utility measures - health status - Wilson—Cleary model - Rapkin—Schwartz Appraisal Model -
WHOQOL - PROMIS

: oo Introduction
Learning objectives:

e Distinguish among the prominent definitions of
quality of life (QOL) and assess the implications of

In 1993, The World Health Organization Quality of Life
Group defined quality of life (QOL) as an “individual’s

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine

using subjective and objective indicators to represent
QOL.

Contrast definitions of health-related quality of life
(HRQL) and QOL and explain the rationale for
addressing each concept in sleep/wake research.
Compare major models of HRQL and the implica-
tions of each model for research.

Classify HRQL measures according to target popu-
lation, developmental perspective, and scoring and
indicate the applications they are most suitable
to address (e.g., economic analysis, clinical trials,
epidemiological surveys).

© 2008 Humana Press, Totowa, NJ

perceptions of their position in life in the context of culture
and value systems in which they live, and in relation to their
goals, expectations, standards, and concerns” (1). Still others,
like Professor Sam Salek of University of Wales, Cardiff, have
taken a simpler approach and defined “quality of life” as the
degree to which a person enjoys the important possibilities of
his/her life (2).

Wikipedia, the collaboratively written global online ency-
clopedia, characterizes the complexity of “quality of life” with
the following 2006 updated entry:

The well-being or quality of life of a population is an impor-
tant concern in economics and political science. There are many



components to well-being. A large part is standard of living,
the amount of money and access to goods and services that a
person has; these numbers are fairly easily measured. Others
like freedom, happiness, art, environmental health, and innovation
are far harder to measure. This has created an inevitable imbal-
ance as programs and policies are created to fit the easily avail-
able economic numbers while ignoring the other measures that
are very difficult to plan for or assess.

Debate on quality of life is millennia-old, with Aristotle giving
it much thought in his Nicomachean Ethics and eventually settling
on the notion of eudaimonia, a Greek term often translated as
happiness, as central. The neologism liveability (or livability),
from the adjective liv(e)able, is an abstract noun now often
applied to the built environment or a town or city, meaning its
overall contribution to the quality of life of inhabitants.

Understanding quality of life is today particularly important
in health care, where monetary measures do not readily apply.
Decisions on what research or treatments to invest the most in are
closely related to their effect or a patient’s quality of life (3).

Clearly, these broad definitions for QOL are indica-
tive of the many challenges in measuring this construct.
First, QOL is multifaceted, encompassing culture, value
systems, location, goals, expectations, standards of living,
concerns, freedom, happiness, art, environment, innovation,
spirituality, health, and more. Second, the study of QOL is
interdisciplinary in nature and encompasses the disciplines
of sociology, psychology, communications, political science,
hospitality, housing, marketing, management, economics,
education, public administration, health care, environmental
sciences, medical sciences, and others (4). Third, although
QOL is a universal concept and has a large influence on local,
national, and regional agendas, it can have different meanings
across the globe and from person to person.

Despite these challenges, most composite QOL indicators
usually include in their scales at least some measurement
of economic well-being, health, education, freedom, social
participation, and self perceived well-being or satisfaction
(5). Moreover, many composite QOL indicators, as well as
specific aspects of QOL, are in tandem with each other. To
illustrate this phenomenon, Shackman, Lui, and Wang (6)
compared several international QOL indicators. They used
public domain data sources of international QOL or well-
being measured in the years 2000-2002 that included Estes
World Indicator of Social Progress (WISP), Prescott-Allen’s
Human Well-being Index (HWI), and the United Nations’
Development Program Human Development Index (HDI).

The WISP (7) was developed by Estes in the 1990s and
yields a single score for each country based on 40 social
indicators within ten categories: education, health, national
economy, demography, natural environment, gender equality,
social chaos, cultural diversity, military expenditures, and
traditions of general welfare. The seven health indicators in
the WISP’s weighted QOL construct include life expecta-
tion at 1 year, infant mortality rate per 1000 liveborn, under
5 years of age child mortality rate, population in thousands
per physician, per capita daily calorie supply as percent
of requirement, percent children fully immunized (DPT) at
age 1, and percent children fully immunized (measles) at
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TABLE 1.1. Correlations among global quality of life

indices (6).

WISP HWI
HWI 0.95
HDI 0.93 0.90

WISP, Estes World Indicator of Social Progress; HWI,
Prescott-Allen’s Human Well-being Index; and HDI, United
Nation’s Development Program—Human Development Index.

age 1. Prescott-Allen’s HWI (8) measures the sustainability
of 180 countries by distilling 36 indicators of socioeconomic
conditions that measure aspects of human well-being, such
as longevity, stability of family size, wealth, knowledge,
culture, community, and equity. HDI, developed by the United
Nations Development Program (9) is perhaps the best-known
composite index of well-being (10). First published in 1990,
the HDI is based on three weighted indicators: (i) longevity,
as measured by life expectancy at birth; (ii) educational attain-
ment, as measured by a combination of adult literacy rate and
combined gross (school) enrollment ratio; and (iii) standard
of living, as measured by real gross domestic product (GDP)
per capita in purchasing power parity (PPP) terms. Health has
clearly been identified as a fundamental component of QOL,
present in each global indicator. Health is incorporated into
the WISP index through seven detailed nation-level indica-
tors, while in the HDI and WHI, health is represented by life
expectancy.

In data collected from over 100 countries across the globe,
all three measures are highly correlated with each other and
can explain over 80% the variation in any one of these
indices using any one of the other measures—much more
than one might expect given the limited overlap in content
(Table 1.1). However, not all measured aspects of QOL are
equally as correlated. Shackman et al. further examined some
of the QOL indicators used to calculate these global indices
(6) and found that several QOL indicators (in bold face in
Table 1.2) did not achieve a moderate level of correlation or
[r]|>0.5.

Table 1.2 demonstrates two additional issues in the
measurement of QOL. First, we see that these specific QOL
indicators include objective measures, such as infant mortality
rates and GDP, as well as subjective measures, like percep-
tions of voting fairness and life satisfaction. Second, it is the
subjective measurements that display the lowest correlations
with the global QOL indices (HDI, WISP, and HWI). Hence,
although developed nations may have lower infant mortality
rates and higher GDP, which are significant predictors of
improved life quality as measured by the global indices, life
satisfaction scores are less predictable for these countries.
Indeed, mean life satisfaction scores on a 1- to 10-point scale
are greater in Colombia and Iceland than in either the US or
Great Britain (11).
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TaBLE 1.2. Correlations between global quality of life indices and
specific quality of life indicators (6).

HDI WISP HWI
Infant mortality rate -0.89 -0.85 —0.80
Phone lines per capita 0.80 0.85 0.86
Literacy rate 0.83 0.84 0.72
Gross domestic product per capita 0.73 0.77 0.80
Internet users per 1000 0.72 0.75 0.82
Under nutrition -0.72 -0.68 —0.69
Freedom (political rights and civil liberties) -0.50 -0.65 —0.72
Contestation (voting fairness rating) 0.34 0.51 0.56
Life Satisfaction* 0.50 0.41 0.54

*All things considered, how satisfied are you with your life-as-a-whole these
days? (1-10).

Definitions of QOL and Health

There is general consensus that patients’ QOL should be an
important consideration in treatment decisions, health policy,
and research (1), but less consensus on what QOL is. The term
QOL is often used to denote all aspects of life and health when
judged from the patient’s and caregiver/family’s perspectives.
The lack of a distinct and unique meaning has lead to incon-
sistency and confusion in the literature (12). Therefore, when
selecting measures or interpreting the literature, it is essen-
tial to reflect upon the conceptual framework posed by the
work and distinguish among measures that all purport to
assess QOL but are based on different frameworks and defi-
nitions. As demonstrated above, QOL is often perceived to
be very abstract and universal, and definitions include happi-
ness, satisfaction with life, and an imagined “gap between
aspiration and achievement” (13). Even with these abstract
definitions, QOL may be assessed from a societal perspec-
tive relative to cultural values and societal norms about what
is important in life (1, 14, 15) or from a highly individual-
ized “what does quality of life mean for you?” perspective
(16). Thus, some definitions lead to measures that consist of
a standard list of important areas of life (e.g., health, income,
and neighborhood safety) to be rated as being satisfactory
or not, whereas other definitions lead to open-ended inter-
views that elicit evaluations of a highly personal list of what
is important (e.g., ability to go fishing and relationship with
pets). There is growing consensus that in either case, the
resulting data should not be derived from factors objectively
weighed or counted by clinicians or external raters but be
subjective judgments made by the respondent. Thus, QOL
measures are considered to be patient-reported outcomes
(PROs) (1, 17). Indeed, QOL measurement perspectives that
reflect only objective physical “disease burden” and impair-
ment, oblivious to social contributions and life satisfactions,
have been harshly criticized as ignoring the essence of life’s
value in valuing QOL (18).

Moreover, for individuals, these objective societal health
indicators may not be personally relevant measures of QOL
and, in fact, can flow in opposition. Consider the real trade-off

that can exist between length of life and QOL for patients with
human immunodeficiency virus (HIV) infection being treated
with anti-viral agents (19). Early 1990s trials of zidovu-
dine for mildly symptomatic HIV infection showed that the
drug increased progression-free survival by an average of 0.9
months. Yet, when trialists examined the survival data using
the “Quality-Adjusted: Time Without Symptoms or Toxicity”
(Q-TWIST) process that incorporates disease progression and
severe adverse events, patients treated with zidovudine faired
poorly (20). Hence, longevity and HRQL results contradicted
one another, making such treatment decisions more complex
for both patients and their clinicians.

Health-Related Quality of Life

Several decades ago, the term health-related quality of life
(HRQL) was introduced to further distinguish between QOL
as used in general conversation and those elements of health,
function, and well-being that are experienced by people, in
the context of their health conditions and treatments (21, 22).
Models of HRQL are typically descriptions of key compo-
nents or domains, usually along the lines of the original
WHO definition of health as “a state of complete physical,
mental and social well-being and not merely the absence of
disease or infirmity” (23). Such models regularly include at
least three core domains: physical health, mental/emotional
health, and social health. These core domains are typically
defined in terms of function, well-being, and satisfaction, and
then subdivided into dimensions or facets. For example, the
mental/emotion health domain typically has a diverse range of
facets, such as depression, cognition and self esteem. A recent
US National Institute of Health (NIH) HRQL model along
these lines was proposed by the Patient Reported Outcomes
Measurement Information System (PROMIS) network (24),
an NIH-funded collaborative whose goals are to develop and
disseminate item banks, short forms, and computerized adap-
tive testing software for NIH researchers and others to eval-
uate patient-reported outcomes (Figure 1.1).

The WHOQOL group, an international collaborative estab-
lished to define and develop QOL measures for cross-
cultural comparisons, came to consensual agreement on six
core domains, including the three domains listed above—
physical, psychological and social relationships—plus three
additional domains—Ievel of independence, environment, and
spirituality/religion/personal belief (1). While the latter three
domains are generally beyond the purview of health care
treatment plans, their content reflects the breadth of factors
that impact an individual’s QOL and could be influenced by
major public health initiatives. For example, in the environ-
ment domain, the WHOQOL group includes facets such as
freedom and physical safety, access and quality of health
care and social care, opportunities for recreation and environ-
mental pollution. Notable features of the WHOQOL Group’s
conceptualization of QOL are a strong emphasis on subjective
evaluations (e.g., perceptions of subjective conditions, such as
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FiGure 1.1. Patient Reported Outcomes Measurement Information System (PROMIS) domains of health-related quality of life (HRQL)

(reprinted with permission of the PROMIS Cooperative Group).

satisfaction with sleep) that are distinct from perceptions of
more objective conditions or functioning (e.g., ability to walk
a specified distance) and inclusion of positive dimensions of
well-being. The WHOQOL domains evolved from a health
perspective where “consideration of the patients’ viewpoint is
paramount” and the resulting measures are intended for use
by health professionals and researchers, so it is reasonable to
include the WHOQOL along with models of HRQL. If one
envisions a continuum from the most broadly defined to the
most narrowly defined HRQL models, the WHOQOL model
would definitely be placed on the broadly defined end.

There are at least two shortcomings of component models
of HRQL, such as that proposed by the PROMIS network.
First, by adopting a strict hierarchical structure, facets like
sleep/wake symptoms or energy/fatigue, that have both phys-
ical and mental components, cannot be included in a single
location. Second, and perhaps most importantly, compo-

nent models do not lend themselves to hypothesis gener-
ation or suggest interventions to enhance HRQL or QOL.
In contrast, the dynamic and inclusive model of HRQL
proposed by Wilson and Cleary (25) (Figure 1.2) was devel-
oped specifically to propose a series of testable causal rela-
tionships to inform clinical interventions aimed at improving
health outcomes. The Wilson and Cleary model explicitly
depicts aspects of HRQL inter-related and linked in a causal
chain of increasing complexity from biologic measures to
health perceptions and overall QOL. It attempts to bridge
the gap between biomedical models of disease causation and
psychosocial QOL models that emphasize perception, func-
tion, and well-being. The model is simplified, with arrows
depicting what the authors propose are the dominant causal
associations, and they provide examples of the evidence
to support these associations. Counter examples, such as
the weak or absent associations between some biologic or
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FiGURE 1.2. Wilson and Cleary model (reprinted with permission of Journal of American Medical Association).

physiologic abnormalities and symptoms (e.g., asymptomatic
conditions), and evidence of reciprocal or bi-directional
causal pathways are also noted. The authors define symptoms
as “patient’s perception of an abnormal physical, emotional
or cognitive state”, function as “the ability of an individual
to perform particular defined tasks” and health perceptions
as “the integration of all the health concepts” (implying
symptoms, function, and mental health), which is impor-
tant because health perceptions predict use of health care
services, morbidity, and mortality. While the authors distin-
guish among these HRQL concepts, they found that they were
unable to fully show how emotional or psychological factors
interact with the other HRQL concepts and outcomes. Using
depression as an example, the authors find no clear demar-
cation between physiology/function/perception and relation-
ships that are generally bi-directional (e.g., chronic pain
leads to depression, depression can worsen pain). Noting that
overall QOL, variously defined as happiness or satisfaction, is
often not closely related to either objective life circumstances
or aspects of HRQL, the authors comment that expectations
and aspirations change as individuals adapt to their circum-
stances (issues considered later in the this chapter under
HRQL appraisals) and posit that researchers will find ques-
tions about satisfaction with specific aspects of health to be
more responsive to therapeutic interventions.

While component models, like PROMIS and WHOQOL,
are useful frameworks for developing measures, dynamic
models like that of Wilson and Cleary are important for
framing hypotheses for research. Therefore, it is advisable
to keep both types of models in mind when evaluating the
domains and facets of HRQL to measure, and it is strongly
recommended that researchers be explicit about the concep-
tual framework that underlies their choice of measures, as
advocated in a recent guidance issued by the US Food and
Drug Administration for PROs (17).

Measures of HRQL

Generic Measures

There are literally hundreds of HRQL measures, so it is
helpful to classify them into types. Perhaps the most basic
distinction is between measures that are generic and those that
are specific. A generic measure is valid and useful across a
broad segment of the population, regardless of their current
state of health, gender, race, or other personal characteristics.
Consequently, generic measures can be used in epidemiologic
population surveys where respondents may be healthy adults
or persons with extremely compromised health states. Generic
measures can also be used to longitudinally track changes in
health states where the respondents may be severely ill at one
point in time, but in average or even optimal states of health at
another time. The Short Form-36 (SF-36) is the most widely
used generic measure of HRQL (26).

Specific Measures

A prime disadvantage of generic measures is, in fact, their
essential commonness. There is no “hook™ or particularly
important and interesting set of items that pique the interest of
the respondents and motivate them to answer the questions. In
contrast, specific HRQL measures are tailored to a particular
health condition or segment of the population, and there-
fore the questions are innately more interesting and important
to the respondents, having direct relevance to the respon-
dents’ current condition or personal characteristics. Content
of specific HRQL measures may include symptoms or side
effects of therapy that are otherwise exceedingly rare in the
population (e.g., uncontrollable vomiting, loss of pigmenta-
tion, and facial swelling) but of prime importance to the target
group. The PedsQOL is an example of a specific measure,



designed for just children (27), while the Functional Assess-
ment of Cancer Therapy—General version (FACT-G) is an
example of a measure developed exclusively for persons with
cancer (28). There are also HRQL measures specific to a
particular facet of health, such as fatigue, for persons in a
particular location or living situation, such as the nursing
home or ICU, and those undertaking a specific role, like care-
giving. While specific measures are often viewed as inappro-
priate for the general population, common symptoms, like
depression or fatigue, are so ubiquitous that specific HRQL
measures for these facets of health can be completed by the
general population and provide a meaningfully broad range of
responses.

Profiles

Another way to classify HRQL measures is to distinguish
between those that are scored to provide a profile and those
scored to create an index. A HRQL profile covers several
domains or multiple facets of health and for each, provides
a score, all scaled to the same metric. Thus, the profile is
like a school report card and can be used to substantively
identify particular facets where an individual has the best
health and functioning and where they have limitations or
impairments to health. The SF-36 is a profile, providing eight
multi-item subscales measuring physical functioning, role
limitation due to physical health problems, bodily pain, social
functioning, general mental health (psychological distress
and psychological well-being), role limitations because of
emotional problems, vitality (energy/fatigue), and general
health perceptions. In addition, the SF-36 provides two
summary scores, one for physical health and one for mental
health. Table 1.3 shows what subscales scores reflect (26,29).

Another well-known profile is the Sickness Impact Profile
or SIP (30). The SIP covers 12 facets of health and well-being:
ambulation, movement and mobility, body care, social inter-
action, communication, alertness, emotional behavior, sleep,
eating, work, household management, recreation, and also
provides overall summary scores for physical (ambulation,
body care, and movement and mobility) and psychosocial
(emotional behavior, social interaction, alertness, and commu-
nication) functioning (30). The SIP may also be reported as a
total score (all facets), giving it attributes of an index. Both the
SF-36 and SIP have been translated into multiple languages
and have extensive implementation manuals with directions
for their proper use and interpretation.

Indices

An index is a single number, akin to class rank for academic
accomplishment, and like a class rank, it lacks the details to
distinguish among persons based on areas of poor or optimal
function. A HRQL index may be obtained from a single ques-
tion (“how would you rate your health overall?”’) or derived
from many items that cover a wide array of health facets.
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However, in contrast to a profile, regardless of the number of
questions, a HRQL index is scored to provide a single value,
generally scaled from O to 1 or from O to 100. While an index
measure alone does not provide HRQL results that identify
clinical problems or targets for therapy, the single number
index can be a useful summary for comparing groups, and
a particular type of index, termed a utility (described further
below), is essential for economic analyses for comparing ther-
apies to support policy and health care decision making.

Psychometric Measures

HRQL measures may also be classified according to the
approach or discipline that guided their development. Types
of development approaches include psychometric, clinimetric,
and utility. The psychometric approach commonly begins
with an in-depth exploration of the experiences of the target
population, often using qualitative techniques such as inter-
views and focus groups and by obtaining expert opinions and
literature reviews. For example, hundreds of patients were
interviewed in the process of item creation for the SIP (30).
This provides a reasonable pool of candidate items that are
judged to provide ample coverage of the designated health
domains or facets. The final stages of development invariably
include pilot testing and, in optimal circumstances, multiple
investigations in a variety of populations and using several
administration modalities.

The psychometric approach is the dominant methodology
for HRQL measurement development, and it is based on a
rich history of scale construction for measures of person-
ality and attitudes based on self-reports. Classical test theory
(31), heavily dependent on statistical methods such as corre-
lation and factor analysis and statistics, such as Cronbach’s
alpha coefficient for assessing internal consistency, guided
test construction throughout the latter part of the twentieth
century. At the present time, these methods are increasingly
augmented by newer approaches, such as Rasch scaling and
item response theory (32) to order items by their level of
difficulty or severity on a single “ruler” to optimally assess
a unidimensional domain or facet of HRQL. Both the classic
and newer techniques are computationally intensive, and rely
heavily on statistical considerations for forming the final
scale. The psychometric approach is also the main source of
criteria for evaluating scales.

Clinimetric Measures

The clinimetric approach, a term coined by Alvin Feinstein,
is a form of scale creation that relies on expert-defined crit-
ical attributes and causal indicators (33). Thus, the final clini-
metric scale is expected to be congruent with the prevailing
theory of disease etiology and progression, be sensitive to
clinically meaningful improvements or worsenings, and most
of all, “make sense” to clinicians (34). It would not be appro-
priate to use statistics like Cronbach’s alpha to eliminate
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TaBLE 1.3. SF-36, number of items and interpretation of the eight subscales.

Score interpretation

Concepts No. of items ~ Low scores

High scores

Physical functioning (PF) 10

Limited a lot in physical activities

Performs all types of physical activities without
limitations due to health

Role physical (RP) 4 Problems with work/daily activities due to physical No problems with work/daily activities due to physical
health health

Social function (SF) 2 Extreme/frequent interference with normal social Performs normal social activities without interference
activities due to physical/emotional problems due to physical/emotional problems

Bodily pain 2 Problems associated with body pain interfering No interference with daily activities from body pain.
with daily activities

Mental health (MH) 5 Feelings of nervousness and depression all of the Feels peaceful, happy, and calm all of the time
time

Role emotional (RE) 3 Problems with work/daily activities due to No problems with work/daily activities due to
emotional problems emotional problems

Vitality (VT) 4 Feels tired and worn out all of the time Feels full of energy and pep all of the time

General health (GH) 5 Believes personal health is poor and likely to Believes personal health is excellent
worsen

Adapted from (29).

any of the expert-selected indicators, even if the correla-
tion between that indicator and other attributes is low. While
many clinimetric scales are observer-rated examinations (e.g.,
APGAR, Glasgow Coma Scale), others, like those that opera-
tionalize assessment of symptoms and conditions using inter-
views based on DSM-IV criteria (35), are self-reports and
can be grouped with HRQL measures as PROs (17). The
evaluation of the quality of scales developed from the clini-
metric perspective may rely on factors outside the standard
psychometric criteria for scale evaluation (described below)
and often hinge on issues such as the ability to screen for
a particular condition with high sensitivity and specificity
against a criterion (e.g., pathology report, imaging study, and
diagnostic work-up) or to predict future morbidity or mortality
with a useful level of accuracy.

Utility Measurements

Economics, specifically utility theory, provides the third
framework for HRQL measure development. Health utilities
are a particular type of HRQL index, notable because they are
obtained through a process consistent with economic theory
of decision making under risk. Each utility represents a prefer-
ence or value placed on a state of health, ranging from 0 equals
death to 1 equals complete health. Utility values are used to
adjust duration of survival by quality of survival, so that living
1 year in full health is equivalent to living 2 years in a state
valued as half of complete health (36). The gold standard
method of assessing utilities is called the standard gamble,
but other techniques that do not invoke risk are often used to
obtain HRQL preferences for economic analysis. Alternatives
are needed because the standard gamble can be a challenging
cognitive task, difficult for anyone who is uncomfortable with
numbers, percentages or the concept of risk. One alternative
is to use statistical approaches to convert profiles like the SF-
36 into a pseudo-utility (37, 38) although these approaches

can give divergent results (39). Another alternative is to use
multi-attribute utility systems. In these systems, respondents
can complete straight-forward, relative simple questions about
their health, and the “system” links their response choices to
results from prior population studies to map the responses
on to the 0 to 1 utility metric. The EQ-5D is a particularly
appealing multi-attribute utility measure, consisting of five
self-report questions and that can be easily completed through
mail or Internet survey (40). Moreover, the EQ-5D is freely
available to researchers working at academic centers or non-
profit trusts, has US and UK norms, and has been translated
into several languages.

HRQL Appraisals

Equally important to understanding types of HRQL instru-
ments is an appreciation of how an individual discerns and
reports aspects of HRQL. Consideration of the appraisal
process is rooted in an often-speculated phenomenon of
response shift that arises in longitudinal HRQL assessments.
A response shift occurs when patients change their internal
standards, values, and/or the conceptualization of HRQL
during the disease trajectory and treatment (41). Shifting
internal criteria, values, or conceptualization of QOL may
make assessments over time incomparable. Moreover, differ-
ences in HRQL across treatment arms may be jeopardized
when response shift affects the treatment groups differently
and is more likely to occur as a result of adaptation to deteri-
orating or improving health.

Consider a woman who has just been diagnosed with breast
cancer. Her HRQL may be quite low at this time (baseline) if
mastectomy is considered her best survival option. However,
after reflecting with her family and supportive husband on
the treatment outcomes, her HRQL may greatly improve by
the time of her next clinical encounter. Her internal criteria



on the importance of her physical image or her value of that
image or the way she conceptualizes what is most impor-
tant to her may change as she adapts to her diagnosis. There-
fore, her HRQL assessment at the second clinical encounter
is not directly comparable to the baseline measurement due to
response shift.

Although response shift is difficult to empirically detect,
consideration of this phenomenon requires an understanding
how HRQL assessments are made. In response to this need,
Bruce Rapkin and Carolyn Schwartz developed a model
to address the “broader QOL assessment paradigm of self
appraisal and meaning” (42, p. 5). Their model contains four
components applied in consecutive order when patients report
their HRQL: frame of reference, sampling strategy, standards
of comparison, and combinatory algorithm. First, consider the
common self-rated health item: “In general, how would you
rate your health—excellent, very good, good, fair or poor?”
To reply, respondents must first select their frame of refer-
ence or the experiences they deem important to consider. This
frame of reference could be the intensity or duration of phys-
ical activities over the past day or week, or they may focus on
recent periods of mental or emotional frailties. Once a frame
of reference is selected, specific experiences are pulled from
memory determining the sampling strategy. It is not possible
to recall all events within the frame of reference, but certain
relevant events are entered into the sampling frame. Once
selected, each event is then judged against some standard(s)
of comparison, whether it is the activities that were accom-
plished at a younger age or by another person, or observed
coping behaviors seen in others deemed worthy to serve as
a standard of comparison. Finally, after this comparison is
made, a combinatory algorithm is applied to summarize the
comparison, as well as internal values placed on possible
options (i.e., excellent, very good, good, fair or poor), to yield
an item response.

The Rapkin—-Schwartz HRQL Appraisal Model provides
a means to identify and organize the underlying HRQL
response process. By knowing the components used by
respondents, as well as change over time in any compo-
nents, identification of response shift is somewhat simplified.
More importantly, understanding the model allows clini-
cians the opportunity to structure one-to-one interviews to
elicit descriptions of the patient’s specific model compo-
nents (frame of reference, sampling scheme, standards of
comparison, and combinatory algorithms) when patient-
perceived HRQL assessments are not congruent with health-
care providers’ perceptions (43).

Issues that need to be addressed by future research:

e Theoretical models of health-related quality of life
and appraisals need empirical testing to assess their
value

Wyrwich and Gross

o Existing health-related quality of life measures need
to be fully evaluated to assure that important patient
needs are expressed and measured, not just those of
clinician experts

e Existing health-related quality of life measures need
to be fully evaluated to assure that each reflect a valid
conceptual framework
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Patient Versus Proxy Ratings of Quality of Life

Naresh M. Punjabi

Summary Over the past few decades, the concept of health-related quality of life has evolved as a multi-dimensional and
subjective construct that includes a person’s physical, psychological, social, and spiritual well-being. With the increasing
availability of new and aggressive treatments that can lengthen survival, health-related quality of life is being recognized as an
essential outcome in clinical practice and research. Great strides have been made in the development of several generic and
disease-specific quality of life measures. While it is generally accepted that health-related quality of life should be directly
ascertained from the patient, there are situations where self-report is not a viable option. Population subsets such as very
young children, the elderly, patients with severe underlying disease, or those with cognitive disability may not be able to
provide information regarding their health status. In such situations, proxiess which include close family members or health
care professionals can provide the necessary information on behalf of the patient. The subject of patient—proxy agreement
is reviewed in this chapter with a brief consideration of various factors that can influence the level of inter-rater agreement.
Specific issues related to the use of proxies are presented for pediatric and adult samples. Finally, the application of proxy

assessments of health status in sleep disorders medicine is discussed.

Keywords

Learning objectives:

e Assessment of health status or health-related quality
of life through proxy reports is an alternative means
of characterizing patient’s health status when self-
reports are not practical or feasible.

e Proxies can provide reasonably accurate assessments
of patients’ health status.

e Patient—proxy discrepancies are due to proxies
reporting more functional limitations than patients
themselves

e Patient—proxy agreement is greatest for ratings on
directly observable domains of health status (e.g.,
physical functioning).

e The level of patient—proxy agreement is influenced
by the degree of patient impairment, the proximity of
the patient—proxy relationship, and the proxy’s own
health status.

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine
© 2008 Humana Press, Totowa, NJ

Proxy assessments - patient—proxy differences - inter-rater agreement.

Introduction

The patient interview constitutes a central component of the
day-to-day practice in clinical medicine. The medical history
is the cornerstone for establishing clinical diagnoses and is
an invaluable component in guiding the physical examination
and selecting diagnostic tests (1). It also provides the means
by which a therapeutic bond is formed between the patient
and physician. Effective physician—patient communication is
essential in fostering health promotion and is directly corre-
lated with improved patient outcomes (2). For the most part,
health care delivery is largely focused on a specific problem
with the primary goal of cure and restoration of normal func-
tion. However, over the past two decades there is a growing
recognition that a patient’s subjective assessment of health is
equally important as objective physiologic outcomes. A major
factor driving the increased interest is the awareness that tradi-
tional measures such as disease-free survival are inadequate
in assessing the overall impact of a disease and its treatment
on the patient’s daily life. Furthermore, the need to estimate
the public health burden associated with a disease and the
need to compare different diseases have also contributed to
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the growing significance of quality of life. In fact, interest in
assessing quality of life has continued to increase in recent
years with the acknowledgement by clinicians and researchers
alike that such indicators are essential not only for diag-
nostic or therapeutic decisions but also for assessing health
care quality, allocating health care resources, and capturing a
holistic view of health status.

Although there is still much debate in the literature
regarding the definition of quality of life, there is a general
agreement that it is a subjective concept that refers to how
an individual perceives his or her level of daily functioning
(3,4). Quality of life is a multi-dimensional construct that
represents a sum of a person’s physical, emotional, psycho-
logical, and social well-being. The term health-related quality
of life is a subset of the overall concept of quality of life and
is used as a means for characterizing the patient’s subjective
experience of health and disease. The science of measuring
health-related quality of life has advanced sufficiently and
new instruments are constantly added to the already existing
armamentarium of available measures. Health status instru-
ments can be classified either generic or disease-specific
(5). Generic health-related quality of life instruments are
designed to quantify the impairments in various dimensions
of health status imposed by a disease process. Advantages of
such instruments include their broad scope, the availability
of normative data, and the ability to compare different condi-
tions. Potential disadvantages include the lack of items that
are of clinical relevance for a specific disease and the insensi-
tivity to treatment-related change. In contrast, disease-specific
instruments are designed to characterize the impairments
associated with a particular disease and thus arguably are
more responsive to therapeutic interventions. Potential disad-
vantages of disease specific instruments include the inability
to compare across disease groups and limited number of
assessments on reliability and validity. Irrespective of the
type of approach used, the prevailing ethos with any health
status instrument is that the assessments provide an unbiased
estimate of the patient’s rating of their health. However, there
are many situations in which it is impossible or impractical to
directly acquire the information from the respondents because
they are unavailable or incapable. Patients who are illiterate,
very young or old, cognitively impaired, or severely ill cannot
be expected to reliably provide health-related information.
In such circumstances, other informants or proxies can be
used as alternative sources of information on the patient’s
behalf (6). Examples of proxies include family members,
caregivers, or health care professionals. Using proxies as a
substitute for the patient avoids the systematic exclusion of
patient subgroups that can lead to biased estimates of disease
burden. Because proxy judgments of health status can have
implications for the type of care selected and associated
benefits experienced, it is essential to know whether proxy
responses accurately reflect the experiences and desires of
the patient. Thus, the purpose of this chapter is to provide a
brief overview of available literature on the use of proxies as
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surrogate raters for patients’ health status. Within the context
of this non-exhaustive review, topics such as the concordance
between patient and proxy responses on health status and
the influence of patient—proxy characteristics on response
patterns will be highlighted.

Patient—Proxy Ratings in Pediatric
Populations

Assessing health status in children poses a number of unique
challenges that are not encountered with adult samples. Above
and beyond the controversy of selecting a specific health
status measure, children may lack the necessary language
skills or the cognitive development to comprehend the abstract
concepts embedded within questions on health status. More-
over, the inherent heterogeneity of pediatric samples due to
varying age gives rise to the additional dilemma that health
status changes with increasing age. For example, Cadman and
Goldsmith have shown that a health status index that is useful
for 3-year-old children cannot be applied to 5 year olds (7).
Such findings are not surprising given the rapid biological and
psychological changes that occur throughout childhood and
adolescence. These changes make it particularly challenging
to determine whether longitudinal improvements (or decre-
ments) in health status are related to the underlying disease,
the associated treatment, or the developmental changes that
are inevitable over time. Despite these difficulties, it is imper-
ative that health status be examined in children of all ages
to further our understanding of the effects of illnesses. Thus,
when possible, children should be allowed to assess their
health status, especially if reliable and age-appropriate instru-
ments are available. Collecting self-reported data is highly
relevant particularly in older children (e.g., adolescents) given
their cognitive competencies and ability to reflect on topics
such as school performance, relationships with peers and
family, and social aspects of life (8). However, parental or
caregiver assessments can complement or substitute for the
child’s own assessment when self-reported data are limited or
unavailable.

A fundamental issue here and throughout this chapter is
whether proxies are able to provide an accurate appraisal
of a person’s health status. Certainly, given the crucial role
that parents, family members, and other caregivers have
in a child’s life, understanding the proxy-perspective is of
significant value irrespective of any potential discrepancies.
Evidence on the level of inter-rater agreement in pediatric
samples comes from numerous studies with parallel parent
and child assessments of the child’s health status. A consis-
tent observation across some of these studies is the low to
modest degree of correlation between concurrent inquiries
on various health issues ranging from psychiatric symptoms
to health status (9-15). However, not all of the available
data point to a poor concordance between parent and child
assessments. Several studies have reported a modest to high
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level of agreement (16, 17) that is determined, in part, by the
specific health-related domain under investigation (18). For
example, parents and their children tend to agree more on the
overt physical attributes of the child’s health (10, 14, 15, 18)
compared to social or emotional attributes (19). In addition,
there is also evidence to suggest that inter-rater agreement
is less if the child is chronically ill with the parent often
underestimating the child’s health status (i.e., reporting poorer
health compared to the child’s own assessment) (11,18). Inter-
estingly, the opposite has been observed in healthy children
with the parents often overestimating the child’s health status
(11,20,21). Other characteristics such as age, gender, tempo-
rary illness, and socioeconomic and demographic factors can
also contribute to the degree of parent—child agreement (16).
In fact, Waters et al. have shown that mothers with poor self-
reported health status are likely to report lower health status
scores for their children (22). Finally, it should also be recog-
nized that the child’s condition itself can have a negative
impact on the proxy and thus influence the proxy ratings of the
child (23). Although such problems would argue against the
use of proxies, understanding the response of family members
to an illness is critical as it can alter the child’s own perspec-
tive of the disease. Future research will undoubtedly have to
address existing gaps in the use of proxy ratings in pediatric
medicine including other determinants of validity and utility
of such measures. Furthermore, it will be critical to determine
whether acquiring a family perspective of the child’s health
can favorably impact long-term clinical outcomes.

Patient—Proxy Ratings in Adult Populations

As with pediatric samples, inquires of health status in select
adult patient samples also may not be feasible. Individuals
with limited cognitive or communicative ability, severe phys-
ical or emotional distress, or subjects who are unable or
unwilling to comply pose a challenge in the assessments
of their health status. Patients with dementia (24), stroke
(25), and elderly subjects (26) fall into this category where
reliable ascertainment of health-related experiences may be
burdensome, logistically difficult, or fraught with incomplete-
ness. Even in the presence of relatively mild deficits, some
patients may find it difficult to distinguish between different
responses despite full comprehension of individual question-
naire items. Thus, investigations on the population prevalence
of impaired health status in adults with varying degrees of
cognitive dysfunction or a serious illness are likely to produce
biased results as the least affected are apt to provide the most
informative data. Similarly, in the context of clinical prac-
tice, a severe physical or cognitive disability can seriously
hamper the use of self-reported health status measures which
increasingly are being utilized to monitor treatment-related
changes, identify or uncover issues previously overlooked,
and improve patient—physician communication. Thus, the use
of a proxy respondent (e.g., a family member or a caregiver)
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provides an alternative source of information and can partially
resolve the problem of excluding patients with limited self-
reporting capabilities. However, as in pediatric patients, an
implicit assumption with the use of a proxy-rater in adults is
that the respondent possesses sufficient knowledge about the
patient to provide a meaningful assessment on various dimen-
sions of their health.

Considerable research has been undertaken to evaluate the
level of patient—proxy agreement on health status in adults.
A comprehensive exposition of this topic and its associated
determinants in different patient sub-groups is beyond the
scope of this chapter but has been thoroughly reviewed by
others (27-30). A consistent finding across these reviews
is that despite moderate to good patient—proxy agreement
(correlations ranging from 0.42 to 0.78) (28), proxies tend
to rate patients’ health status lower than the patients them-
selves (27). Such underestimation by proxies has been found
across diverse study samples, including the elderly (31-34)
and patients with disabilities (35-37), chronic medical condi-
tions (27, 28), dementia (38-42), stroke (25, 43-45), and
cancer (46-48). Systematic differences between the patient
and proxy have been attributed to number of factors including
patient and proxy demographics, the patient—proxy relation-
ship, the degree of patient impairment, and caregiver burden
(29). In addition, the complexity of the questionnaire, the
context of the assessment, and the period which the assess-
ment encompasses are also important determinants (29).

Currently, the data are sparse on whether specific patient
or proxy characteristics (e.g., age, gender, race, or education)
have any bearing on the patient—proxy agreement. Indirect
evidence from studies related to perception of pain suggests
that age and gender may influence the degree of patient—proxy
agreement (49, 50). However, other studies on the effects of
demographic factors on proxies’ ratings of patients’ health
status have yielded conflicting results (32, 51-53). Thus,
definitive conclusions on whether patient or proxy character-
istics modify the extent of inter-rater agreement will have to
wait until future studies are able to provide empirical evidence
on such associations.

Selection of the most appropriate person as a proxy respon-
dent has also been the topic of much debate. In one of the
earliest studies, it was noted that the level of agreement
between patients and health care providers was poor (54).
While it would seem reasonable to speculate that patient
reports would be more congruent with those obtained from
a family member, this may not necessarily be the case.
Laden with methodological limitations, most studies have
had included small sample sizes and often have not simul-
taneously compared agreement statistics derived from family
members and health care providers. When direct three-way
comparisons (i.e., between the patient, family member, and
health care provider) have been made, the level of agreement
between patients and physicians approximates or is slightly
lower than the agreement between patients and their family
members (55-57). It can be easily argued, however, that due
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to the infrequency of encounters, health care providers are
not as aware of the patients’ functional impairments as family
members. In fact, Wilson et al. (47) have shown that patients
are more concordant with their relatives than with physicians.
Not surprisingly, the frequency of interactions between the
two raters is an important factor with the highest level of
agreement occurring in those patient—proxy pairs that cohabi-
tate (51,52). Collectively, the body of available data suggests
that, while a health care provider may be able to reasonably
estimate a patient’s health status, every effort should be made
to select a proxy who has the most contact with the patient but
is not responsible for the patient’s daily care.

There is also evidence to indicate that the severity of
illness and the associated burden imposed on the caregiver can
further temper the level of patient—proxy agreement. Several
studies (45, 46) have shown that differences between patient
and proxy ratings become larger as disease-related impair-
ment increases. Although others have been unable to replicate
those findings (32, 53), there is now an evolving notion that
perhaps the most divergent patient—proxy ratings are in those
with moderate degrees of functional impairment (57, 58).
Specifically, proxies are able to more accurately estimate the
patient’s subjective level of impairment when the patient’s
functional status is either very good or very poor. Thus,
proxies and patients are more congruent in answering ques-
tions of health when disease-associated symptomatology is
greatest or nonexistent. Finally, caregiver burden and proxies’
own health status have also been shown to be important deter-
minants of the level of patient—proxy agreement (35, 58,59).

Another recurrent finding across most, if not all studies,
is that discrepancies between patient and proxy vary as a
function of the health status dimension under investigation
(27-30). For example, agreement is better on those aspects
that are concrete and directly observable such as physical
functioning. In contrast, agreement is somewhat limited when
more subjective aspects such as social and emotional health
are assessed (27). Furthermore, it should not be surprising that
the content of the health status assessment itself can also affect
the validity of proxy reports. Measures that are comprised of
questions on aspects of health status that are readily visible to
the proxy will lead to greater degrees of patient—proxy agree-
ment compared to measures that require reporting of patients’
subjective experience.

A central issue that has not been discussed thus far is
that, by definition, analyses of patient and proxy ratings
agreement require that both respondents complete the same
assessments. However, concurrent ratings may always not be
possible because those patients for whom the proxy ratings
are most relevant cannot complete the assessments due to their
functional disability. Thus, determination of the patient—proxy
agreement in situations where it is most needed has to be
based on sufficiently large study samples that allow for infer-
ences from mild and moderate disease. Unfortunately, there
is a dearth of studies with large enough sample sizes to allow
for such projections. Future research is clearly warranted
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to address such methodological weaknesses and understand
when and how to utilize proxies to gain insight into the impact
of chronic diseases and associated treatments on the daily
lives of patients when self-reported data are unavailable.

Patient—Proxy Ratings in Sleep Medicine

Sleep medicine is a relatively new subspecialty that has
rapidly evolved over the last two decades. The National
Commission on Sleep Disorders Research in 1993 estimated
that approximately 40 million people in the USA suffer from
chronic disorders of sleep (60). Serial polls by the National
Sleep Foundation have shown that since 2001 there has
been a downward trend in the percentage of adults reporting
eight or more hours of sleep from 61% in 2001 to 52%
in 2002 and 49% in 2005 (61). Furthermore, approximately
one-third of the respondents surveyed in 2005 were found
to be at risk for insomnia, sleep apnea, and restless legs
syndrome. The consequences of sleep-related disorders are
enormous and include decreased daytime alertness, exces-
sive sleepiness, depressed mood, automobile and work-related
accidents, impaired quality of life, obesity, hypertension,
glucose intolerance, type 2 diabetes mellitus, and cardiovas-
cular disease (62).

As with other chronic diseases, assessment of health status
in sleep medicine honors the primacy of the patient as the
“gold-standard.” However, independent observer reports are
of considerable importance in sleep medicine because many
of the signs and symptoms associated with sleep disor-
ders, such as fatigue, inadvertent dozing, loud snoring, and
witnessed apneas often are not apparent to the patient or
are considered socially undesirable. Thus, patients may either
deny or disown those aspects that may, in fact, help estab-
lish the clinical diagnosis and disease-related impairment.
While major cognitive impairments are not a typical finding
in a majority of sleep disorders, measuring only the patients’
view of their own health status may be suboptimal. Clin-
ical experience suggests that an independent observer (e.g., a
family member or spouse) can often provide crucial informa-
tion on nocturnal sleep behavior and daytime sleep tendency
that is invaluable in the diagnostic evaluation. In fact, patient
and proxy interviews on symptoms of snoring and sleepi-
ness show that while there is a modest degree of agreement,
there is added value in questioning a proxy (63). Despite
the obvious concern that patients with sleep disorders may
not provide accurate information on health status, character-
izing differences in patient and proxy reports in sleep disor-
ders has not been an area of active investigation. In the only
report available, Breugelmans et al. interviewed a sample of
patients with sleep apnea and their bed partners on health
status (64). Consistent with the literature from other chronic
diseases, bed partners of patients with sleep apnea have a
tendency to report lower functional status on behalf of the
patient than the patients themselves. Patient’s age and severity
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of sleep apnea in that study did not correlate with magni-
tude of the patient—proxy disagreement. Interestingly, patient
gender was an important determinant of the directionality of
patient—proxy agreement. Male patients with sleep apnea had
higher self-reported vitality and social functioning scores on
the Medial Outcomes Study Short Form-36 (65) compared
with their female proxies. In contrast, female patients had
lower self-reported scores in those domains compared with
their male proxies.

Given the above findings, it would be reasonable to spec-
ulate that symptoms of sleepiness, fatigue, and irritability in
sleep disorders may impose a certain amount of burden on
family members who may then unknowingly exaggerate the
impairment in reporting the patient’s health. At least for sleep
apnea, one of the most common conditions in sleep medicine,
bed partners have been observed to have diminished objec-
tive sleep quality (66) and are more likely to report insomnia,
morning headaches, excessive sleepiness, and fatigue (67).
With appropriate treatment, these bed partners experience
improvements in sleep quality, daytime alertness, mood, and
quality of life. However, caregiver burden does not appear
to influence the level of patient—proxy disagreement in sleep
apnea (64). Without doubt, the topic of patient—proxy agree-
ment on health status is a relatively unexplored area in sleep
medicine and deserves close scrutiny. Empirical studies aimed
at evaluating patient and proxy perspectives are greatly needed
in sleep medicine to determine whether proxies provide infor-
mation that assists in the diagnosis and management of
patients with sleep disorders.

Conclusions

Patient—proxy agreement on the patient’” health status is deter-
mined by a broad array of factors such as patient and proxy
demographics, the nature of the patient—proxy relationship,
type and severity of medical condition, amount of caregiver
burden, and the content of the assessments. Despite the fact
that health status is a subjective construct, for some patients
the proxy, at times, may be the only source of informa-
tion and may actually provide data that is more reliable and
valid. Proxy-derived information is invaluable in quantifying
disease-related impairment if the disease process is associated
with disabilities making inquiries of health from some patients
difficult. Furthermore, disorders associated with progressive
decline in cognitive function would significantly benefit from
incorporation of proxy ratings to prevent potential loss of
information on health status over time. The obvious chal-
lenge that lies ahead is to collect the empirical evidence that
will allow for a better understanding of the different contexts
where proxy reports are acceptable and, more importantly,
the degree to which proxy reports are able to have a positive
impact on clinical outcomes. These questions are worthy of
further investigation especially in relation disorders of sleep
where misperception or denial of symptoms is pervasive and
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proxies familiar with the patient provide a possible source of
supplemental data.
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Issues that need to be addressed by future research:

e Determine the level of agreement between self-
reported and proxy-reported health status in sleep
disorders such as insomnia, narcolepsy, and restless
legs syndrome.

e Establish how patient—proxy discrepancies vary with
the overall health of the patient, socioeconomic and
demographic factors, type of health status assess-
ment, and caregiver burden.

e Develop standardized health status questionnaires
that are specific to the proxy perspective.

e Examine changes in patient—proxy agreement on
health status over time in sleep disorders and other
medical conditions.

e Investigate whether the proxy perspective can direct
clinical decisions to improve quality of care and
patient outcomes.
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Criteria for Evaluating Quality
of Life Measurement Tools

Cynthia R. Gross and Kathleen W. Wyrwich

Summary Selecting the best health-related quality of life (HRQL) measures for sleep/wake research requires evaluation of
congruity between each measure’s conceptual framework and the proposed research study’s hypotheses, design, and sample.
As a first step, the study team works to identify the most salient HRQL concepts, often with the help of focus groups and patient
interviews. Next, a brief review of anthologies and electronic resources may be sufficient to find candidate measures addressing
the relevant concepts. Judging the relative merits of the candidate HRQL measures requires careful analysis. A comprehen-
sive and systematic approach for comparing the quality and suitability of candidate HRQL measures based on literature is
recommended. Considerations and criteria for assessing the psychometric evidence of measurement quality, including validity,
reliability, responsiveness to change, and sensitivity to group differences, are presented. Also discussed are useful attributes
such as population norms and precedents for determining the minimally important difference (MID). To insure successful
implementation, pilot testing of the chosen measures with the target population is encouraged. This chapter also provides an
overview of a new and exciting methodology, item response theory (IRT), that is leading to the refinement of HRQL measures.
IRT also enables computer-adaptive testing (CAT), where concept indicators (e.g., individual questions about a concept such
as daytime sleepiness) are successively selected from an item bank and shown to each patient in an order tailored to that of
patient’s previous response choices. The results rapidly and accurately estimate that patient’s true score while yielding scores
that can be grouped across patients or followed over time. This chapter ends with a list of practical issues like the patient
burden, costs, and copyright that impact the choice of HRQL tools, along with a list of resources for locating measures.

Keywords Quality of life - health-related quality of life - validity - reliability - item response theory - compute-adaptive
testing - sensitivity to change - minimal important difference - measurement - patient burden - patient-reported outcomes
measurement information system.

Learning objectives: e Explain how item response theory provides for
improving static HRQL measure and paves the way

e Distinguish among psychometric attributes of . .
for computer-adaptive testing of HRQL constructs.

content, criterion and construct validity, and evaluate
the strength of the evidence for validity when studies
of these attributes are presented in the literature.

e Explain reliability, responsiveness to change, sensi-

tivity to differences, and minimally important differ- Introduction

ences and apply standard criteria for judging these

properties when selecting health-related quality of Sleep/wake disorders have been linked to serious and

life (HRQL) measures. distressful health consequences including reduced quality of
e Identify a comprehensive list of practical consider- life (QOL) (1,2) and have major economic consequences

ations (e.g., administration costs and reading level) (3-5). For many researchers, the evaluation of the impact of

tailored to a specific research context and articulate therapy on patients’ QOL has become a standard component

a strategy for balancing these considerations with of treatment efficacy and cost effectiveness analyses, while in

psychometric quality. clinical practice, there is increasing interest in QOL assess-

ment as it may improve communication, increase adherence,

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine 19
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and optimize real-world treatment effectiveness (6). While
sleep researchers and clinicians are often eager to evaluate
the impact of their therapies on patients’ QOL, there are a
multitude of such measures and relatively few guidelines for
selecting the best measures for sleep patients (7). The purpose
of this chapter is to provide recommendations for evaluating
the content and quality of QOL measures to provide guid-
ance in selecting measures and interpreting QOL results in
the literature. This chapter describes the criteria for evalu-
ating QOL measures and offers suggestions for finding and
selecting QOL measures for sleep research.

Criteria for Evaluating HRQL Measures

There are many issues to consider when evaluating the HRQL
literature or selecting measures for research or practice.
The most fundamental issue is the match between intention
and execution. Congruity between the conceptual frame-
work, study design, sample, hypotheses, and the measures is
essential. For example, a measure that asks about symptom
frequency (e.g., How often is the symptom experienced?—
every day, 4-6 days a week, etc.) will provide quite different
information than a measure that asks about symptom impact
(e.g., How much does the symptom interfere with your day-
to-day functioning?—not at all, a little, etc.), and while both
are symptom scales, data from these two measures may
exhibit strikingly different relationships with other outcomes.
A determination of the appropriateness of a HRQL measure
rests on congruity and on the quality of measurement. What
constitutes high-quality measurement properties is discussed
below.

Psychometric Properties

There are several key principles and rules of thumb that
provide practical guidance for those without specialized
training in the science of measurement, a field known
as psychometrics. For those desiring more than the brief
summary presented here, we recommend chapters 1 and 2 in
McDowell’s anthology of HRQL measures (8) and the text
on measurement by Streiner and Norman (9). A comprehen-
sive reference is the text by Nunnally and Bernstein (10). With
the disclaimer that what follows is not comprehensive, we
begin this section with an overview of the psychometric prop-
erties of validity and reliability, the essential underpinnings of
measurement. The end of the section describes two additional
aspects of measurement, responsiveness to change and sensi-
tivity to group differences.

Validity

Validity refers to the appropriateness and meaningfulness of
the information that is derived from a measure and the useful-
ness of this information to address questions in research and

Gross and Wyrwich

practice. The validity of a HRQL measure is context specific,
as what is meaningful and useful in one context may have little
or no usefulness in another. Utilities are a classic example of
HRQL measures that can be valid, but only for a very specific
purpose. The process of validation for a HRQL measure
is not a simple or finite task but is instead a building of
evidence based on a series of investigations to assess meaning
and usefulness. These investigations are sometimes classi-
fied as demonstrations of specific aspects of validity, such
as coverage of relevant content (content validation) or ability
to predict a particular criterion (criterion validation). Validity
is not proven but should be supported by the weight of the
evidence across a series of validation studies.

Content Validation

To be valid, a HRQL measure should be supported by a
consensus or at least a convincing rationale, that the measure
reflects the full range of elements (attitudes, symptoms,
behaviors, etc.) that constitute the domain of interest and does
not have items that are irrelevant to the domain. Patient inter-
views or focus groups, supplemented by expert opinion, are
typically used to generate relevant content to cover the domain
of interest. Later in the development process, expert review
and pilot studies with the target population are conducted to
evaluate the completeness and relevance of the final or near-
final version(s) of the measure. Procedures have been devised
to enhance the rigor of content validation procedures (11).
Supplemental support for the content validation process can
be inferred from statistical evaluation using factor analysis
and measures of internal consistency.

An aspect of validity closely related to a measure’s content
is its general appearance, an attribute commonly referred to as
face validity. Face validity is the impression a HRQL measure
makes, primarily as judged by members of the target popu-
lation (i.e., respondents). Respondents may be unwilling to
devote time to completing assessments that do not look mean-
ingful or appropriate to their stated purpose. While conveying
a valid first impression to respondents does not insure a
measure’s accuracy, it can influence the completeness of data
collection and therefore be instrumental to obtaining high-
quality results.

Criterion Validation

A criterion is a benchmark or standard for comparison. Crite-
rion validation is the process of evaluating the pattern and
strength of the relationship between a new measure and
a known benchmark. Criterion validation studies may be
concurrent or predictive. When a new HRQL measure and
the relevant criterion are measured at the same time, concur-
rence provides evidence of validity. When the new measure is
shown to accurately predict the value of a criterion assessed
at a future point in time, prediction is convincing evidence
of validity. For most HRQL domains, there are no concrete
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standards (i.e., no scale to weigh symptoms of fatigue and
no ruler for self-esteem). Therefore, new HRQL measures
are often compared to older HRQL measures for the same
domain that already have an established base of evidence
for validity. As factors like positive mood and social desir-
ability can bias responses to HRQL measures assessed at the
same point in time and make the resulting data more highly
correlated than the underlying phenomena might truly be, the
most compelling evidence from a criterion validation study
is prediction of a performance-based outcome (e.g., 6-min
walk), expert evaluation, clinical diagnosis, or other criterion
that is not a patient-reported outcome (PRO).

Construct Validity

Construct validity is an over-arching expectation that valid
measures will provide appropriate and meaningful results.
Many hold the view that all forms of validity, in their
essence, are aspects of construct validity. Building the case
for construct validity is process of devising and testing
hypotheses about how a valid measure should relate to other
valid measures, where there is prior knowledge to predict the
form of these relationships. For example, a measure of depres-
sion symptoms that purports to deliver higher scores for those
with more depression symptoms should find significant mean
differences among samples of the general population, patients
with schizophrenia, and patients diagnosed with major depres-
sion, termed a test of extreme groups (9). Furthermore, the
depression measure should yield symptom scores that are
positively related to measures of insomnia or anxiety symp-
toms (convergent validation), negatively related to measures
of optimism and positive affect, and not be particularly related
to height or bone density (divergent or discriminant vali-
dation). Criterion validation studies are similarly predicated
upon a priori expectations of what results constitute evidence
of validity. Thus, construct validity is dependent on the exis-
tence of a relevant theoretical framework or model of disease
etiology and progression to establish what is, and is not,
meaningful, appropriate, and useful (12). Because validity is
context specific, prior validation studies in a different popula-
tion (e.g., college students) do not assure that a measure will
be valid in the target sample (e.g., elderly). Clearly, construct
validation in the patient population in which the final measure
will be employed is the most convincing evidence.

Reliability

A measure that is valid is not useful unless it is also reli-
able. While validity is akin to accuracy, reliability is consis-
tency. On repeated assessment, a reliable measure will give
the same result, except for random errors of measurement,
as long as the respondent’s true state is unchanged. The
classic manner in which reliability is assessed is to admin-
ister a HRQL measure on two occasions, over a time period
sufficiently short to support the assumption that the health
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status of the respondents has not changed. For generally stable
health states, a week or two may be an appropriate interval.
Data from the repeated assessments are then correlated (using
Pearson’s correlation) or tested for agreement (using an intra-
class correlation coefficient or chance-corrected agreement
statistic, kappa) to obtain a reliability coefficient (9). The reli-
ability coefficient is an estimate of the proportion of observed
variance that is due to true differences among respondents
on the HRQL domain. While the observed variance includes
measurement error, the variance due to true differences does
not. If there were no measurement error, the reliability coef-
ficient would be 1.0. In practice, a high correlation (.8 or
above) or high kappa (.7 or above) is interpreted as evidence
of reliability.

When a multi-item HRQL measure that is scaled to assess
a unidimensional domain or facet is administered only once,
an indication of the reliability of that measure can be gleaned
from the consistency of the responses to the items that
comprise the measure. If the items are internally consistent,
assessed by a statistic called Cronbach’s alpha coefficient that
quantifies the extent of inter-correlations among the items,
there is evidence that the measure is reliable. A rule of thumb
is that a reliable HRQL measure should produce alpha values
between .7 and .9 if the measure is intended to compare
groups, such as arms in a clinical trial (10, 13). If a HRQL
profile covers several domains or facets, each subscale should
demonstrate this same level of internal consistency. Alpha
is sensitive to the length (number of items) of a measure.
Values of alpha over .9 suggest that a shortened version of
the measure could be developed. Experts caution that inves-
tigators should never trade increased reliability for reduced
validity and emphasize that reliabilities around .8 may provide
optimal balance between respondent burden and reliability for
research (10).

In clinical practice, where decisions are to be made for a
patient, informed by that patient’s observed score on a HRQL
measure, it is important that the measure used is very precise.
The precision of a single HRQL score is represented by the
width of its 95% confidence interval. The confidence interval
around the patient’s observed score is expected to contain the
patient’s true score 95% of the time. The width of this confi-
dence interval is a function of the reliability of the HRQL
measure and the standard deviation of the measure (obtained
from normative samples). Unless the reliability is high (alpha
values of .9 or above), this confidence interval will be too wide
relative to the score and not sufficiently precise to be useful.

Responsiveness to Change

Responsiveness is the ability of a HRQL measure to detect
change, when the underlying domain or facet has been
changed, as by an effective treatment. While several estab-
lished valid and reliable HRQL measures may exist for a
particular domain, they may not be equally responsive to
change. Measures that have few items to distinguish among
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persons at the highest (or lowest) levels of health may lack
responsiveness and be unable to detect further improvement
(or worsening), issues termed floor and ceiling effects.

Responsiveness is important because randomized clinical
trials with responsive outcome measures will require smaller
sample sizes to detect change than trials with less responsive
outcomes. When several HRQL measures are assessed before
and after an intervention, the responsiveness of competing
measures, quantified as effect sizes, can be compared. An
effect size for responsiveness can be formed in several ways,
including mean change divided by the standard deviation at
baseline and as mean change divided by the standard devia-
tion of change, a ratio called the standardized response mean
(13,14).

What constitutes a clinically meaningful change or mini-
mally important difference (MID) in response to treatment
will differ from measure to measure. For some measures, such
as the St. George Respiratory Questionnaire, the developer
has established criteria for meaningful change (15). Where
such guidance is not available, many researchers will rely on
the rule of thumb proposed by Cohen for effect sizes in the
context of power: .2-.5, small; .5-.8, medium; and >.8, large
(16). The work by Norman et al. (17) suggests that a .5-effect
size is a reasonable criterion for meaningful change in HRQL
measures of persons with chronic disease conditions when
a HRQL measure lacks a pre-specified MID for comparing
groups. In practice, what constitutes a meaningful response
for a single patient may be based on a diagnostic cut off, with
a meaningful response considered a change from a baseline
score in the poor functioning range to a follow-up score in the
normal range. Methods for using this approach and accounting
for measurement error have been proposed (9).

Sensitivity to Differences

Sensitivity is closely related to responsiveness but emphasizes
cross-sectional discrimination not longitudinal change. Sensi-
tivity to differences is the ability of a HRQL measure to distin-
guish among groups that differ with respect to the measured
domain or facet. One way to compare the sensitivity of a set
of two or more HRQL measures is to administer all measures
at the same time to a sample containing several subsamples
or patient groups known to differ on the domain of interest.
Analysis of variance is then used to compare the group means
for every measure in the set. The statistic for evaluating sensi-
tivity is the relative validity, RV, the ratio of the F-statistics for
two measures (13). By convention, the smallest F-statistic is
placed on the bottom for all comparisons. The HRQL measure
with the largest F-statistic will have the biggest RV and be the
most sensitive measure in the set.

Some measures can be sensitive but lack responsiveness.
For example, a measure of sleep-related breathing problems
might include items like “need to sleep with extra pillows.”
While this item might be useful to distinguish between patient
groups with and without breathing problems (sensitivity), it
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would not capture worsening (responsiveness) for those who
needed extra pillows at baseline.

Classical test theory (CTT) is central to the methods
described earlier in the chapter for evaluating the validity and
reliability of a HRQL measure. However, increasingly HRQL
researchers are turning to item response theory (IRT) to assist
HRQL measurement creation, refinement, and evaluation. IRT
is also key to linking HRQL measures, determining whether
different groups interpret and/or respond to an item differ-
ently (differential item functioning), and the development of
item banks to support computer-adaptive testing (CAT). CAT
administration of HRQL measures is a process of tailoring the
sequence of questions presented to each participant based on
their prior responses and thereby giving each participant the
most appropriate and least number of items to accurately and
precisely estimate their true score in a HRQL domain.

What is Item Response Theory?

CTT is built from the model of x = ¢ + ¢, where x is an indi-
vidual’s response to an item in the domain y, ¢ is the true score
for the individual on that item, and e is the error that gets
added (or subtracted) to # when producing x. Moreover, when
summing responses from scale items, under CTT all items are
assumed to be equally strong representatives of the domain y.

In comparison, IRT centers on the likelihood of a particular
response, given an individual’s ability level, named theta (6),
for the underlying construct. In very simple terms, consider
the following four participants in a pain study (Table 3.1).
Each is asked four questions (items 1-4) about activities that
may cause pain, and the dichotomous response choices are
simply “Yes, I have pain when I do that” or “No pain when I
do that,” which are coded 1 and 0, respectively.

There are several things that we immediately learn about
the items and the participants in this study: Dan has the most
instances of pain and Amy the least; item 1 is an activity that
rarely causes pain, whereas item 4 is likely to cause almost
everyone to hurt. Rough item characteristic curves (ICCs) can
be constructed for each of these items. An ICC uses the prob-
ability of an item being endorsed for the y-axis’s scale and
the underlying latent construct, 6, for the x-axis. The resulting
curve reflects the increasing likelihood of endorsing an item
as 0 grows larger (Figure 3.1). We can also derive a more judi-
cious scoring mechanism for these participants that reflects
the difficulty in responding.

TABLE 3.1. Visualizing item response theory’s
item characteristic curves.

Amy Bert Carol Dan
Item 1 0 0 0 1
Item 2 0 0 1 1
Item 3 0 1 1 1
Item 4 1 1 1 1
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FiGURrE 3.1. Item characteristic curves (ICCs).

As the shape of the ICCs in Figure 3.1 implies, the trace
lines employ a logistic model expressed as

(0—b)
1
PO = oy
where b; denotes the difficulty parameter of item i.

The difficulty parameter in this model, b;, indicated the 6
level where the probability of endorsement is exactly 50% and
is also called the item’s threshold. Difficult to endorse items
like “Do you have pain when you blink?” has very high diffi-
culty parameters, and in the case of our data, only Dan would
have endorsed this item if it was item 1 (Table 3.1). However,
items that are easily endorsed, such as “Do you have pain
when struck by a boulder?,” has a very low threshold in that
most, if not all, participants would respond “yes” to this ques-
tion (item 4).

The equation above represents the one-parameter logistic
model and is the basis of Rasch IRT models. A two-parameter
model incorporating both difficulty (b;) and each item’s
discrimination (d;) has also been developed and is desig-
nated as

d(@—b;)
1
P©) = W,
where b; denotes the difficulty parameter of item i and d;
denotes the discrimination parameter of item i.

The advantage of the two-parameter model over
the previous model is that the slope of the ICC can also
be modeled. That is, two items may have the same or nearly
the same difficulty but one of those items may steeply increase
near the difficulty level indicating that responders within a
narrow 6 range quickly distinguish themselves as endorsers
or not of the item (Figure 3.2). This property identifies that
the steeper sloped item (item A) is generally more desirable

.
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FIGURE 3.2. Two-parameter item characteristic curves (ICCs) with
the same difficulty but differing discriminations.

than item B for measurement in the specific 6 range (middle)
that corresponds with the item’s difficulty threshold.

These IRT models for one and two parameter dichoto-
mous items can also be extended for use with polytomous
response data. Although various polytomous IRT models exist
(18), the simplest of these to describe is the one parameter
Graded Response Model. Consider the self-rated health items
“In general, how would you rate your health—excellent, very
good, good, fair or poor?” If we number these five ordered
response choices as k = 5, 4, 3, 2, and 1, respectively, the
logic behind this model starts with ICCs for the likelihood of
responding with 1 (poor) or higher, P(k > 1). This probability
is obviously 1 for all values of 8 because all responses are only
1 or higher and yields an initial ICC trace that looks like a
horizontal line at y = 1. Similarly, we can create dichotomous
ICC:s for the likelihood of endorsing this item at the level of 2
or higher, P(k >2), with a response of poor being considered
a non-response (0) and all other responses an endorsement
(1). This process of developing initial dichotomous ICC traces
can continue for 3 or higher (vs. 1 = poor or 2 = fair), 4 or
higher (vs. 1, 2, or 3), and finally, the likelihood of responding
with a 5 (excellent) compared to all other choices. These
initial traces would look similar to the four ICCs depicted in
Figure 3.1.

The initial ICCs can now be subtracted from each other
in succession to produce response-specific ICC traces for
this item. For example, when the ICC for the probability of
responding with 2 or higher, P(k > 2) is subtracted from the
probability of 1 or higher, P(k > 1) at each level of 9, the
resulting ICC represents the probability of giving a response
of 1 or poor to the self-rated item, k = 1. Similarly, when each
subsequent adjacent ICC is subtracted from the next lower
level, that is, P(k > 2) — P(k > 3) yields P(k = 2), P(k > 3) —
P(k>4)=P(k=3), P(k>4)— P(k > 5) = P(k=4), these four
traces yield ICCs for the specific response levels. Finally, the
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0 = pain tolerance

FiGURE 3.3. Item characteristic curves (ICCs) for a polytomous item.

initial P(k > 5) is the ICC for P(k = 5) given that there are no
other responses greater than 5 (Figure 3.3).

The astonishing power of IRT to specify these ICCs does
come with a significant, but not insurmountable, set of limi-
tations. First, there are several model assumptions to be met,
including monotonicity, unidimensionality, and local inde-
pendence of each construct. Monotonicity implies that, apart
from sampling fluctuation, the proportion of people passing
each step on the response scale should be larger for those
with a higher scale score (correcting for item overlap with
the scale score). A violation of monotonicity occurs if the
predicted order is reversed (19). Unidimensionality indicates
that the scale items measure a single common construct. We
cannot apply IRT models to latent construct data if the scales
are not unidimensional enough to allow for the unbiased
scaling of respondents on a common latent trait (20). Tests of
local independence indicate whether proposed construct items
are uncorrelated (weak local independence) or completely
independent (strong local independence) after the common
latent trait or traits have been controlled for. Violations of
the local independence assumption arise primarily from two
or more items that share variance even after extracting a
common dimension (21). For example, items like “I gener-
ally feel that my life is out of my control” and “My life
is generally out of my control” can cause a local depen-
dency problem for a fatalism measure because these two
items are correlated greater than what the common trait
predicts.

Beyond these modeling assumptions, IRT software can be
challenging to execute and comprehend given the multiple
aspects of model fit examined. Moreover, the needed sample
sizes to carry out two-parameter modeling for operational
use can be staggering (n > 1000), yet Rasch models
can confidently be run with smaller samples (n < 150)
(22). A listing of free and for cost software options to
run Rasch or two-parameter models can be accessed at
http://www.winsteps.com/rasch.htm.

IRT Use for Evaluating and Improving
HRQL Measures

Despite the challenges above, knowing the parameters of
an item’s ICCs can assist researchers creating and evalu-
ating HRQL measures in several important ways. First, static
surveys given with all of the same items in the same order at
each administration can be reduced in length if some items
appear to have the very similar difficulty (and discrimination if
using the two-parameter model). The reduced measure saves
time, as well as respondent and data entry burden without
decreasing measurement quality. Better yet, CAT from a bank
of items known to tap a latent construct, like sleep quality
or pain, uses an initial item’s response to give a general
range of the respondent’s ability (9). By administering subse-
quent items that measure well and more precisely in that
initial range, each subsequent question can further narrow in
on the respondent’s € range to a desired level of accuracy
before halting the testing process. Hence, precise measure-
ment occurs with the administration of few items that are
selected in real time based on initial responses, known diffi-
culties and discriminations of banked items, and the added
information learned from subsequent item responses (18).

Currently, The patient-reported outcomes measurement
information system (PROMIS) initiative, funded by the US
National Institutes of Health (NIH), has established a collab-
orative relationship between NIH and individual research
teams to

e Develop and test a large bank of items measuring PROs.

o Create a CAT system that allows for efficient, psycho-
metrically robust assessment of PROs in clinical research
involving a wide range of chronic diseases.

e Create a publicly available system that can be added to and
modified periodically and that allows clinical researchers
to access a common repository of items and computerized
adaptive tests (23).
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The network will collaborate on the collection of self-
reported data from diverse populations of individuals with
a variety of chronic diseases, using agreed-upon methods,
modes, and questionnaires. Specifically, under the leader-
ship of Paul Pilkonis, MD, at University of Pittsburgh, a
sleep/wake functioning item bank is being developed and
tested for future use to help standardize assessments of
sleep/wake functioning across research studies and clinical
care (24).

In addition, IRT has also been used to handle missing data
by constructing informed missing data responses. If other item
responses in a domain or construct of interest are known, these
answered items can be mapped back to the most like 6 level
of the responder. This 6 level can then be directly linked to
the most likely response on the unanswered item to provide an
informed datum. The linkage of specific responses to a most
likely ability level can also flag unlikely response patterns that
may indicate inconsistency by a respondent or data entry prob-
lems (25). Likewise, alternative forms that measure the same
construct can be linked to “translate” the scores from one
measure into scores from a second measure using the same 6
yardstick for the construct (26).

When the probabilities of responding in different categories
to a specific item differ by population for the same under-
lying level of the attribute, this item displays differential item
functioning (DIF). That is, if an item intended to measure
functional ability in older adults, like “Do you prepare your
own meals?,” is endorsed less often by men than women with
the same overall functional ability, this item is not measuring
the underlying ability () as much as it is differentiating that
women in the household are more likely to prepare meals
than men. DIF is an undesirable characteristic limiting the
validity and the generalizability of an item and a measure.
IRT methods allow for the evaluation of DIF by contrasting
a model’s difficulty and slope (discrimination) parameters
between two or more groups to elucidate item(s) that bias
resulting measurements and better inform the HRQL eval-
uation process (27). Within the field, however, there is still
debate on how much DIF is clinically meaningful and impor-
tant to recognize over detectable DIF that may be an artifact
of differences found given the very large samples needed to
run these analyses (28,29).

Tips for Selecting HRQL Measures

There is no simple answer to what are the best HRQL
measures for a study, but a systematic approach to identi-
fying and defining the relevant conceptual domains and facets
of HRQL is the best starting point. Often prior work, meta
analyses, and other reviews will be adequate to elucidate
what the relevant concepts are. Where such information is
lacking, pilot studies such as focus groups with patients and
providers, surveys, consensus panels of experts, or combi-
nations of these approaches may be needed to establish the
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set of relevant domains and facets. Once the relevant HRQL
concepts are identified, it can be useful to list each domain
and facet along with its study definition and to circulate
the list among the co-investigators to confirm that there is
consensus on meaning and to facilitate the process of identi-
fying potentially appropriate HRQL measures. The books and
websites listed at the end of this chapter may help investiga-
tors compile an initial list of potential HRQL measures for
each concept. When a preliminary review identifies two or
more HRQL measures that match the investigator’s concept
definition and initial evaluation suggests they are of high
quality, a systematic and in-depth comparison should follow.
A table format is useful for this comparison. For each domain
or facet, an evaluation table constructed with a column for
each competing measure and rows for the developer’s defi-
nition, key details of the evidence of psychometric merit in
the areas of validity, reliability and responsiveness, and prag-
matic considerations (e.g., respondent burden, reading level,
ease of administration and scoring, availability of published
norms, clinical cutoffs, and recommended MIDs and costs).
Depending on the study scope, additional rows may address
issues such as availability of validated translations and adap-
tations for disabled respondents. A recommended list of ques-
tions to address is given in Table 3.2. Once the relative merits
of the candidate HRQL measures have been documented, a
strong rationale for selecting the final measures can usually
be made, both to the study team and in grant proposals to
potential funders. This systematic approach does not obviate
the need for pilot testing, however, as each study may
have unique aspects that can impact the quality of the data
collection.

While a study may have targeted a small set of HRQL
domains or facets in the study primary and secondary
hypotheses, a common technique is to insert these measures in
a battery consisting of a generic core with a profile such as the
SF-36 (30) and a utility measure such as the EQ-5D (31). The
addition of these generic measures will insure that the study
sample(s) can be compared to norms and results are amenable
to economic analyses. Furthermore, if unanticipated positive
or negative impacts on HRQL exist, these generic measures
are likely to detect them.

This chapter has not addressed how to proceed when
investigators are unable to locate valid and reliable HRQL
measures for relevant concepts. That is the time when it is
essential to obtain expert consultation, as construction of high-
quality HRQL measures is a complex, time-consuming, and
challenging process.

Below is a list of sources for locating HRQL measures:

Books

1. McDowell I. Measuring Health: A Guide to Rating Scales
and Questionnaires, 3rd ed. New York: Oxford University
Press, 2006.
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TABLE 3.2. Questions to guide selection of HRQL measures.

Gross and Wyrwich

Psychometrics . Does the developer’s definition match the investigator’s definition?

. What is the quality of the evidence for validity?

. Has validity been investigated in a population similar to the proposed study sample?

. What is the quality of the evidence for responsiveness and sensitivity?
Analysis . What form do the results take? Are results likely to be skewed or have major floor or ceiling effects?
considerations . Are there relevant norms, clinical cutoffs, MIDs?

Participant burden

Costs and practical
considerations

1
2
3
4. What is the quality of the evidence for reliability? Is there a short form that is sufficiently reliable for the study purpose?
5
1
2
3

. Is there a single score or a series of subcale scores? Can you use the subscales individually (i.e., are they reliable?)
4. What response rates have been obtained using the instrument?
5. What level of responsiveness is likely to occur and would that be statistically significant in this study, with the sample size

planned?

W N = N

dexterity, intellect, vision, etc.?

A~

. Is the cognitive task challenging? Frustrating?

. Does the manual (or prior publications) address handling missing data?

. What is the respondent burden? How long does it take to complete?

. Is the measure culturally appropriate? Age appropriate?

. Can the measure be used by those with limitations due to education (e.g., reading level and knowledge of numbers),

5. Are the questions very personal, intrusive? (e.g., Are some items or questions frequently skipped? Do subjects find the
scale annoying or demeaning?—these issues may be revealed in pilot testing)
6. Are there valid versions in each language needed?

—_

requirements?

. Must forms be purchased? Do you need permission for use of the instrument? What are the copyright and licensing

2. Is special training or certification needed for administering the instrument, to score, or interpret the results?

(98]

. How long does it take to score?

4. Is a manual available to explain the procedures for administration and scoring? Is it clearly written? Is software or

programming code included?

5. Can it be (or has it been) mailed, self-administered, used over the phone, or via the Internet? Dillman (2007) encourages
the use of “unimode” development, so measures can be used in a variety of administration formats, such as mail, phone,

and Internet, with the results merged for analysis.

6. Can the assessment be repeated? How often—every day, week, month, etc.?
7. Is this version the current version, or will there be an updated and improved version soon to be published? (an email to the

developer may answer this question)

. Lorig K et al. Outcome Measures for Health Education and

Other Health Care Interviews. Sage Publications Thou-
sand Oaks, CA, 1996.

. Streiner DL and Norman GR. Health Measurement Scales:

A Practical Guide to their Development and Use. 3rd ed.
Oxford: Oxford University Press, 2003 (Appendix B).

. Frank-Stromberg M and Olson SJ. Instruments for Clinical

Health-Care Research, 3rd ed. Sudbury, MA: Jones and
Bartlett, 2004.

. Salek S. Compendium of Quality of Life Instruments, 5

volumes. John Wiley & Sons, 1999.

. Fayers PM and Machin D. Quality of Life Assessment,

Analysis and Interpretation of Patient Reported Outcomes.
2nd ed. West Sussex, UK: John Wiley & Sons, 2007.

. Bowling A. Measuring Health: A Review of Quality of

Life Measurement Scales, 2 ed. Buckingham, UK: Open
University Press, 1997.

. Bowling A. Measuring Disease: A Review of Disease-

Specific Quality of Life Measurement Scales, 2nd ed.
Philadelphia, PA: Open University Press, 2001.

Websites

1.

http://www.euroqol.org: The homepage for the EQ-5D,
multi-attribute utility system consisting of a five-item

descriptive profile that generates a single index value for
health status. The developers indicate that they have not
current plans to revise the three-level, five-dimensional
format of the EQ-5D.

. http://www.bath.ac.uk: This is the homepage for the Bath

Field Center of the World Health Organization Quality
of Life (WHOQOL) Group. The WHOQOL-100 is a
100-item measure of perceived QOL that emphasizes
the effects of disease and treatment interventions on
QOL. There is also a shorter measure called the WHO
Quality of Life-BREF (WHOQOL-BREF) that addresses
the same domains. The WHOQOL-Bref has 26 items that
measure the following domains: physical health, psycho-
logical health, social relationships, and environment. These
measures were developed collaboratively by 15 diverse
sites around the globe to be international cross-culturally
comparable. These are now available in over 40 language
versions.

. http://www.outcomes-trust.org: The Medical Outcomes

Trust is a not for profit organization that supports QOL
research and facilitates distribution of HRQL measures
including the SIP, St. George’s Respiratory Questionnaire,
and SF-36. Their site lists the measures, copyright require-
ments, and fees along with the materials (manuals, soft-
ware, etc.) that come with the instruments. The SF-36 and
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related measures can also be accessed through their home-
page http://www.SF-36.org.

http://mapi-research.fr: The homepage of the Mapi
Research Institute and Mapi Research Trust. The Trust
makes instruments available, including the PedsQL and
Minnesota Living with Heart Failure Questionnaire, and
the site lists the conditions for use, fees, and so on.

. http://www.ISOQOL.org: The homepage of the Interna-

tional Society for Quality of Life Research contains a
variety of resources for health researchers including an
annotated bibliography and recommendations for best
practices. The journal for this society is Quality of Life
Research.

http://www.ISQOLS.org: The homepage of the Interna-
tional Society for Quality of Life Studies has a variety
of resources for QOL researchers. This society has links
to several journals, including Social Indicators Research,
Journal of Happiness Studies, and Applied Research in

Quality of Life.

Issues that need to be addressed by future research:

e Software for use of item response theory needs to be
simplified and streamlined for use by more investi-
gators.

e Standards for determining differential item func-
tioning need clearer guidance.

e Standards for identifying when the IRT model “fits
well” for a HRQL measure need clarification for
increased acceptance.
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Human Sleep

An Overview

Jaime M. Monti and Daniel Monti

Summary The Rechtschaffen and Kales system for scoring sleep states distinguishes a waking state, nonrapid eye movement
(NREM) sleep, and rapid eye movement (REM) sleep. From the polysomnographic point of view, four stages are conventionally
distinguished during NREM sleep. The young adult spends 20-28% of a night’s sleep in REM sleep, 4-5% in stage 1, 46—
50% in stage 2, 6-8% in stage 3, and 10-16% in stage 4. A range of differences in average sleep length has been established
in young adults. In this respect, subjects have been characterized who sleep significantly less (short sleepers) or more (long
sleepers) relative to a group norm. Short sleepers spend less time in stages 1, 2, and 3 sleep, whereas long sleepers spend
more time in stage 2 sleep and REM sleep. On the basis of behavioral and polysomnographic aspects, three sleep states have
been defined in the newborn infant: quiet sleep (the precursor of adult NREM sleep), active-REM sleep (the precursor of adult
REM sleep), and indeterminate sleep. Total sleep time attains its highest levels in neonates and young infants (16—17 h). The
fastest decrease in sleep length is observed in the 6-month-old infant (13—14 h) and is mainly related to the diminution of REM
sleep during daytime. Compared to the infancy, changes of sleep duration during early childhood occur at a slower pace. The
total amount of sleep decreases to 12 h by 4 years and to 8—10 h by 10 years. A series of neural structures involved in the
occurrence of waking, NREM sleep, and REM sleep have been characterized in the central nervous system (CNS). In addition,
a number of neurotransmitters have been described that function to promote waking (acetylcholine, noradrenaline, dopamine,
serotonin, histamine, glutamate, and orexin), NREM sleep (y-aminobutyric acid, gallanin, and adenosine), and REM sleep
(acetylcholine).

Keywords Human sleep - young adults - short and long sleepers - newborn infants - regulation of sleep.

The introduction of a number of new techniques during
the past few decades, including polysomnographic surface
measurements of central nervous system (CNS) activity, eye
movements, and muscle activity, has allowed sleep to be
described in electrophysiological terms (1). In addition, func-
tional neuroimaging studies have revealed changes in CNS
cortical and subcortical areas during sleep and waking (2).

Learning objectives:

e The young adult spends 20—28% of a night’s sleep in
REM sleep and 72-80% in NREM sleep.

e Subjects have been characterized who sleep signif-
icantly less (short sleepers) or more (long sleepers)
relative to a group norm.

e In addition to sleep duration, two other variables—
slow wave sleep and REM sleep—undergo profound
changes from infancy to maturity and old age.

Sleep in the Young Adult

Sleep in the normal adult is accomplished when a number of
changes in the CNS bring about a set of behavioral, physi-
ological, and psychological changes. The sleep—wakefulness

Introduction

Sleep is closely related to every facet of daily life. In this
respect, disturbed sleep affects not only our health and well-
being but also our quality of life.

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine
© 2008 Humana Press, Totowa, NJ

cycle can be characterized by the polysomnographic recording
of three basic parameters: the electroencephalogram (EEG),
electro-oculogram (EOG), and electromyogram (EMG). The
Dement and Kleitman system for scoring sleep stages (3)
modified by Rechtschaffen and Kales (4) distinguishes a
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FIGURE 4.1. Patterns of electroencephalogram (EEG) activity during quiet waking in the young adult. A1-Fpl, frontal cortex; A1-C3, central
cortex; A1-O1, occipital cortex; A1-El, right electro-oculogram; A1-E2, left electro-oculogram; EMGm, chin electromyogram. Time in

seconds.

waking state, nonrapid eye movement (NREM) sleep, and
rapid eye movement (REM) sleep.

Relaxed wakefulness is characterized by an EEG with sinu-
soidal waves (alpha activity, 8—12 Hz) intermixed with lower
amplitude irregular beta waves (13-35 Hz), slow or rapid
EOG activity (recorded as out-of-phase or in-phase deflec-
tions), eyelid blinks, a relatively high tonic EMG, and move-
ment artifacts (Figure 4.1).

During NREM sleep, the subject is lying down motion-
less, their eyes are closed, and a given sensory input (light
and noise) no longer induces a behavioral response. From
the polysomnographic point of view, four stages are conven-
tionally distinguished: (i) stage 1: as the subject falls asleep,
his antigravitation muscles markedly relax and EOG leads
record slow and predominantly horizontal eye movements.
At the EEG level, alpha activity is substituted by relatively
low-voltage waves (50-70 V) with a prominence of activity
in the theta range (4—7 Hz). Vertex spike-like waves of up
to 200 nV in amplitude occur sporadically during this stage
(Figure 4.2). When the subject is left undisturbed, stage 1
sleep lasts only a few minutes during a night’s sleep. However,
it can reappear following sensory stimulation. (ii) Stage 2:
this stage is defined by the presence of sleep spindles and K-
complexes. Sleep spindles show as brief bursts of rhythmic
waves (spindle shaped) with a frequency of 12-14 Hz and a
duration of at least 0.5 s. They can be recorded as isolated
events or in close temporal relation to a K-complex. K-
complexes are relatively high-amplitude potentials with a
negative sharp wave immediately followed by a positive
component and a total duration exceeding 0.5 s (Figure 4.3).

They usually occur spontaneously but can also be elicited
by external stimuli of all sensory modalities. Sporadic slow
waves can be recorded during stage 2 as well. (iii) Stages 3 and
4 are characterized by the presence of slow high-amplitude
waves (delta waves with a frequency of 1-2 Hz or slower and
an amplitude of 75 'V or greater). When at least 20% but no
more than 50% of the scoring epoch consists of delta wave
activity, it is classified as stage 3 (Figure 4.4). If more than
50% of the epoch contains delta waves, sleep is classified as
stage 4. Stages 3 and 4 are also referred as slow wave sleep
(Figure 4.5).

During REM sleep, the subject is flaccid and even more
unresponsive than during NREM sleep. Periodically, his eyes
move rapidly under closed lids. If the subject is waken up,
he might actually say that he was dreaming. The polysomno-
gram is characterized by the presence of low voltage mixed
frequency EEG activity that closely resembles that of stage
1. On this background, saw-tooth waves (theta activity, 4—7
Hz) are often observed in conjunction with bursts of REMs.
In contrast, muscles are completely relaxed. However, the flat
EMG tracing is periodically interrupted by muscle twitches
(Figure 4.6). Discontinuous events such as muscle twitches
and REMs that occur in REM sleep are known as phasic
events, whereas continuous processes such as desynchronized
EEG and muscle hypotonia are tonic events.

The young adult spends 20-28% of a night’s sleep (7-8 h)
in REM sleep, 4-5% in stage 1, 46-50% in stage 2, 6-8% in
stage 3, and 10-16% in stage 4 (5-7). Sleep stage amounts for
males and females within the same age range are not signifi-
cantly different (8).
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FIGURE 4.2. Patterns of electroencephalogram (EEG) activity during stage 1 sleep in the young adult.
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FIGURE 4.3. Patterns of electroencephalogram (EEG) activity during stage 2 sleep in the young adult.

Temporal Aspects of the S]eep Cycle in the subject spends in a given sleep stage and the number of sleep
Youne Adult stage changes vary widely among individuals. Williams et al.

g (9, 10) and Agnew et al. (11) studied the sequence in which
one sleep stage appeared after another during NREM sleep.
When NREM sleep started deepening, a progression of only
one stage at a time (from stage 1 to 4) was usually observed.

The sleep of the young adult shows a highly consistent pattern
from night to night. However, the percentage of time each
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FIGURE 4.4. Patterns of electroencephalogram (EEG) activity during stage 3 sleep in the young adult.
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FIGURE 4.5. Patterns of electroencephalogram (EEG) activity during stage 4 sleep in the young adult.
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FIGURE 4.6. Patterns of electroencephalogram (EEG) activity during stage REM sleep in the young adult.

When sleep was moving out of stage 4, stage by stage changes
were also observed. However, comparatively higher amounts
of abrupt shifts were evident.

REM sleep follows a course independent of the NREM
sleep stages (5). The first REM period appears about 90 min
after falling asleep. NREM sleep preceding the first dream
period distinctively shows large amounts of slow wave sleep.
During a typical 8-h sleeping night, five to six REM periods
occur at intervals of 80-100 min, with the duration of each
period generally increasing over the night. They are usually
preceded and followed by stage 2 sleep. Stage 4 and REM
sleep are differently distributed during the night. Stage 4
predominates during the early part of the night and REM sleep
in the latter part (8, 12). The interval from the beginning of
one REM period to the beginning of the next is conventionally
defined as a sleep cycle.

Stages of Sleep and EEG Spectra

As was mentioned previously, the sleep EEG consists of
an irregular pattern of both slow and rapid waves. In this
respect, it has been shown that spectral analysis of the night’s
EEG provides data on the predominance of low- or high-
frequency waves at any given moment (13). As expected,
spectral patterns corresponding to the alpha rhythm (8—12 Hz)
of relaxed wakefulness are present before the onset of NREM
sleep. On the other hand, EEG activity in the low-frequency
bands (1-4 Hz—stages 3 and 4) predominates during the
first 2-h interval of NREMS, whereas EEG activity in the
12-16 Hz bands (sleep spindles) shows high levels during
stage 2 sleep (Figure 4.7).

Short and Long Sleepers

Several reports have established a range of differences in
average sleep length of young adults. On the basis of physio-
logical and psychological studies, subjects have been charac-
terized as who sleep significantly less (short sleepers) or more
(long sleepers) relative to a group norm (14). Compared with
an age-matched control group, short sleepers are persons who
sleep 6 h or less but have no complaint. They spend less time
in light sleep (stage 1) and stages 2 and 3 and as much time in
stage 4 and REM sleep as the control group (15). Concerning
the kind of person, daytime activity and style that is associated
with that differing sleep need, it has been proposed that short
sleepers are efficient, hardworking, and somewhat hypomanic
(15,16). On the other hand, long sleepers spend more than 9 h
sleeping every night. Their sleep pattern is characterized by a
marked increase in stage 2 sleep and REM sleep. However, it
does not differ from either the control group or the short sleep
group in stage 4 sleep (15). Long sleepers tend to be anxious,
depressed, and withdrawn (16, 17).

Sleep in Newborn Infants

During the newborn period, the polysomnographic recording
of the EEG, EOG, and EMG does not readily allow to
define NREM sleep and REM sleep. Four patterns of EEG
activity have been described during the full-term neonate’s
sleep (18). They comprise (i) a low voltage and predominantly
fast activity pattern; (ii) a tracé alternant pattern character-
ized by bursts of high-voltage slow waves with the occasional
occurrence of both rapid low-voltage and sharp waves; (iii) a
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high-voltage slow pattern; and (iv) a mixed pattern
that includes both high-voltage slow and low-voltage
polyrhythmic components. On the basis of behavioral and
polysomnographic aspects, Anders et al. (18) have defined
three sleep states: quiet sleep, active-REM sleep, and indeter-
minate sleep.

Quiet sleep, the precursor of adult NREM sleep, is charac-
terized by behavioral quiescence and closed eyes. Although
any of the sleep patterns described above can be seen during
quiet sleep, only the tracé alternant is exclusive of this sleep
state. At term, quiet sleep occupies 35-45% of total sleep
time. By 2 months of age, the tracé alternant is progressively
replaced by an EEG pattern that resembles NREM sleep.

Active-REM sleep, the precursor of adult REM sleep,
is distinguished by considerable behavioral activity. In this
respect, facial (fine twitches, tremors, grimaces, and smiles)
or limb movements are interspersed with gross body writhing.
REMs, either singly or in bursts, are usually recorded together
with a low-amplitude EMG. The EEG shows a low-voltage
irregular or mixed pattern. At term, active-REM sleep occu-
pies 45-50% of total sleep time.

At times, the polysomnogram of young, term infants do not
meet the above quiet sleep and active-REM sleep criteria. It
has been proposed that these epochs correspond to a state of
poorly organized sleep and should be scored as indeterminate
sleep (19, 20).

Wakefulness in the neonate is best characterized by behav-
ioral observation. During waking, the infant shows either
gross body movements, vocalizations, and grunting or is rela-
tively inactive and with eyes open.

Total sleep time attains its highest levels in neonates and
infants. Moreover, the fastest decrease in sleep length is
observed during this period (from 16-17 h in the newborn to
13-14 h in the 6-month-old infant) and is mainly related to
the diminution of REM sleep during daytime. In addition, the
number of sleep onset REM periods is significantly reduced
(21). By 3 months of age, quiet sleep EEG patterns can begin
to be subclassified into NREM sleep stages (22).

Sleep and wakefulness are evenly distributed between day
and night in the newborn (23). As the infant grows, the
polyphasic pattern tends to be substituted by periods of
consolidated sleep and wakefulness. By 3 months of age, sleep
is predominantly observed during the nocturnal hours (24).

Compared to the infancy, changes of sleep variables during
early childhood occur at a slower pace. The total amount of
sleep decreases to 12 h by 4 years, and NREM sleep is seen
in most sleep onsets. In addition, slow wave sleep onset tends
to predominate during the first third of the night. At 5 years
of age, REM sleep percentage of total sleep time tends to
approach values observed in the young adult and to predomi-
nate during the last part of the night.

At 10 years of age (school-aged children), total sleep time
amounts to 8—10 h.

It should be stressed that in addition to sleep duration,
two other variables, slow wave sleep (mainly stage 4 sleep)
and REM sleep, undergo profound changes during develop-
ment. REM sleep (expressed in minutes) decreases steadily
during early childhood. The decline tends to ease during late
childhood and then after a plateau during adolescence and
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young adult years continues to diminish through maturity and
old age.

Stage 4 sleep amounts to 17% of total sleep time at age 2.6
years. This sleep stage decreases continuously throughout the
life span, amounting to 4.5% of total sleep time at mean age
80 (25).

Neural Structures and Neurotransmitters
Involved in the Regulation of Sleep and
Waking

The neural structures involved in the promotion of waking are
located in (i) the brain stem [dorsal raphe and median raphe
nuclei (DRN, MRN), locus coeruleus (LC), laterodorsal and
pedunculopontine tegmental nuclei (LDT/PPT), and medi-
alpontine reticular formation (mPRF)], (ii) the hypothalamus
[tuberomammillary nucleus (TMN) and lateral hypothalamus
(LH)], (iii) the basal forebrain (BFB) (medial septal area and
nucleus basalis of Maynert), and (iv) the midbrain ventral
tegmental area (VTA) and substantia nigra zona compacta
(SNc) (26).

The following neurotransmitters function to promote
waking: (i) acetylcholine (ACh—LDT/PPT, BFB),
(i) noradrenaline (NA—LC), (iii) serotonin (5-HT—
DRN, MRN), (iv) histamine (HA—TMN), (v) glutamate
(GLU—mPRF), (vi) orexin (LH), and (vii) dopamine (DA—
VTA, SNc) (27). The NA-, 5-HT-, and HA-containing neurons
send long ascending projections to the forebrain including
the cerebral cortex and subcortical structures. Moreover, the
DA-containing cells project into the basal ganglia and frontal
cortex. Cholinergic neurons from the midbrain tegmentum
(wake/REM-on) project to the thalamus (ventro-medial,
intralaminar, and midline nuclei) and BFB, whereas cholin-
ergic BFB neurons have widespread rostral projections to the
cerebral cortex and hippocampus. Orexin-containing neurons
from the LH project to the entire forebrain and brainstem
arousal systems. Glutamatergic neurons comprise the projec-
tion neurons of the mPRF, thalamus, and cerebral cortex (28).

The ascending projections into the forebrain follow a dorsal
and a ventral route (29). The dorsal route terminates in the
nonspecific thalamic nuclei, which in turn project to the cere-
bral cortex. Glutamate is involved in this step. The ventral
route passes through the hypothalamus and continues into
the basal forebrain where cells in turn project to the cerebral
cortex and hippocampus. Acetylcholine participates in this
step. In addition, many of the neural structures so far described
send descending projections to the spinal cord that modulates
muscle tone.

Neurons in the BFB, preoptic area, and anterior hypotha-
lamus constitute a sleep-inducing system. Electrical stim-
ulation of the preoptic area, including the horizontal limb
of the diagonal band of Broca, leads to sleep with electro-
cortical synchronization (30). In contrast, lesions involving
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these structures disrupt slow wave sleep and REM sleep
(31). Recording of single-cell activity in the preoptic/anterior
hypothalamic area of several species allowed the identification
of neurons that increase their discharge rates during slow wave
sleep (32). All these neurons contain y-aminobutyric acid
(GABA) and gallanin, two inhibitory neurotransmitters, and
project to brainstem and hypothalamic areas involved in the
promotion of waking. Thus, the GABA/gallanin-containing
cells in the preoptic/anterior hypothalamic area could in part
promote sleep by inhibiting 5-HT, NA, HA, and ACh neurons.

Adenosine has been proposed to induce sleep by inhibiting
cholinergic neurons on the BFB and brainstem. In this respect,
adenosine and the adenosine transport inhibitor NBTI [s-
(p-nitrobenzyl)-6-thioinosine] decreases the discharge rate
of BFB neurons during waking, whereas the adeno-
sine A receptor antagonist CPDX (8-cyclopentyl-1-1,3-
dimethylxantine) induces the opposite effect (33, 34).

Cholinergic neurons in the LDT and the PPT act to promote
REM sleep. The predominantly glutamatergic neurons of the
REMS-induction region of the mPRF are in turn activated by
cholinergic cells that results in the occurrence of tonic and
phasic components of REM sleep. All these neurons are inhib-
ited by serotonergic (DRN), noradrenergic (LC), histamin-
ergic (HA), and dopaminergic (VTA) cells. Two types of
neurons have been characterized in the LDT and PPT. One
type of neuron has higher firing rates during waking and REM
sleep (wake/REM-on cells) than during NREM sleep, whereas
the other type of cell increases its firing rate from waking
to NREM sleep and still more during REM sleep (REM-on
neurons). The release of 5-HT, NA, HA, and ACh in areas
relevant for REM sleep is high during waking, whereas during
REM sleep only ACh is released at a significant rate. The
release of all neurotransmitters is reduced during slow wave
sleep (29, 35).

Issues that need to be addressed by future research:

e New methods are needed to study in more detail the
dynamic structure of sleep

e Additional research is needed to examine the cellular
mechanisms underlying the involvement of central
nervous system structures in sleep occurrence

e Additional studies are warranted to identify the brain
circuitry that controls sleep—wake transitions
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Sleep Disorders

An Overview

Genevieve St-Jean and Célyne H. Bastien

Summary This chapter introduces the reader to the different classifications of sleep disorders. This chapter comprises nine
general sections of main sleep disorders encountered in the general population: insomnia, sleep apnea, narcolepsy, hypersom-
nias, periodic limb movement disorder, restless leg syndrome, REM-related parasomnias, non-REM-related parasomnias, and
circadian rhythm disorders. Each section provides a general definition/description of the disorder, diagnosis pointers, main
consequences associated with the disorder as well as some treatment options. When available, prevalence and incidence data
are provided. Two short clinical vignettes illustrate main complaints of insomnia and apnea. These vignettes also report some
daily consequences of the unrefreshing and disturbed sleep experienced by the sleepers. Although most sleep disorders are
diagnosed and treated, the present chapter also highlights that some of them nonetheless may go unnoticed to the suffering
individuals but not to his/her bed partner/significant other. Furthermore, daily consequences associated with sleep disorders are
various, and a thorough examination of all side effects shall be taken into consideration during evaluation and when treatment
is initiated. Sleep medicine is a growing field and the common goal of all clinicians and researchers is by far to alleviate sleep
disorders’ sometimes disastrous consequences and increase the quality of life of suffering individuals.
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also encountered in general practice, reported by a significant

Learning objectives: other.

General definition of major sleep disorders.
An overview of consequences associated with sleep

disorders. Classification and Diagnosis
e One or two treatment options for each defined g
disorder.
We have created a new clinical specialty, sleep disorders
medicine, whose task is to watch over all of us while we are
asleep. —William Dement (1985)
Introduction In recent years, the American Sleep Disorders Associa-

tion and the different tasks forces devoted to the study and

It is today widely recognized that at least 15% of the
general population suffer from a sleep disorder. All age
groups, from early years through middle and late years of
life, can be afflicted. Furthermore, this percentage can be
tripled in psychiatric settings. Primary or secondary to either
a psychopathology, medical illness, medication intake, or
another sleep disorder, when one does not sleep or perceives
not to sleep adequately; his/her quality of life is undeniably
affected. This chapter is devoted to a general overview of the
different sleep disorders either reported by an individual or, as
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diagnosis of sleep disorders (such as NIMH and associated
professional associations) have made genuine progresses in
the recognizance of sleep disorders in the general popu-
lation as well as in clinical settings. In sleep disorders
medicine practice, the International Classification of Sleep
Disorders (ICSD; 1) now proposes four general sections of
sleep disorders: dysosmias, parasomnias, sleep disorders asso-
ciated with medical/psychiatric disorders, and other proposed
sleep disorders. In addition, the diagnostic classification of
sleep and arousal disorders are grouped under four different
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coding: DIMS (disorders of initiating and maintaining sleep—
insomnias); DOES (disorders of excessive somnolence);
disorders of the sleep wake schedule, and dysfunctions asso-
ciated with sleep, sleep stages or partial arousals (parasom-
nias). On the other hand, 18 different disorders associated with
insomnia or hypersomnia can be found in The Diagnostic and
Statistical Manual of Mental Disorders (4th ed., 2).

Examples of Sleep Disorders

The venue of sophisticated technologies, such as polysomnog-
raphy, has enhanced our understanding of sleep disorders. In
addition, the development and validation of questionnaires
now provide good insights and pointers of the impact of sleep
disorders on one’s well-being and daily functioning. Although
we have learned through sleep deprivation studies that sleep
loss diminishes daytime performance, increases sleepiness,
and affects mood, these same observations are also the result
of various sleep disorders. If you are not convinced, consider
the following two case illustrations:

1. After tossing around for what seemed an eternity, Geral-
dine turns to the bedside. Three a.m. says the red light
on the alarm clock. “Oh no, not tonight again...I can’t
sleep...” Geraldine thinks: “I have that big meeting
tomorrow. ... How am I going to be able to deliver that talk
effectively if I don’t have a good night’s sleep. .. ?”

2. “Leon, we have to do something about this gasping and
snoring at night. Don’t you hear yourself? I can’t take this
anymore! I will make an appointment with Doctor Zacks
right this morning. There must be something we can do
about this. At the same time, maybe you can discuss with
him the fact that you are falling asleep everywhere, even
behind the wheel?”

There is no doubt that the most prevalent sleep disorder
is insomnia as depicted in case 1. Although not always
confirmed by objective measures, it remains nonetheless a
puzzling disorder that heavily burdens the suffering indi-
vidual as well as society, as billions of dollars derive from
its consequences everyday, albeit be in work absenteeism,
loss of performance, or health care systems use. On the other
hand, and not less psychologically/cognitively costly for the
individual, sleep apnea, as depicted in case 2, if left undiag-
nosed, can lead to serious consequences such as cardiovas-
cular diseases and even death.

Major Sleep Disorders
Insomnia

As approximately 30% of the general population experience
insomnia symptoms, 10% suffer from insomnia syndrome
(3,4). Insomnia, as a symptom, is a diagnosis criterion of other
mental disorders (e.g., depression) and as a syndrome, may
be secondary or comorbide to another disease. DSM-IV (2)
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qualifies chronic primary insomnia as a complaint of difficulty
initiating or maintaining sleep or of a sleep of poor quality
for a period of at least a month. In addition, daytime func-
tioning must be impaired or distress must be presented. More-
over, sleep difficulties should not be due to another health or
mental disorder or to substance consumption. According to
the International Classification of Diseases (ICD-10, 5) and
the ICSD, insomnia should last at least 6 months to be qual-
ified as chronic. Female gender, as well as increasing in age
are a risk factor associated with the disorder (3,4).

ICSD adds sub-classifications to the diagnosis of insomnia.
In some cases, complaints of sleep difficulties are objectively
observable, in other cases, they are not. In other words, a
patient may complain of sleep difficulties while objective
polysomnographic recordings are normal, or there may be
constant and important gap between objective and subjec-
tive measures of sleep (6). In fact, depending on the diag-
nosis criteria used, as much as 50% of individuals suffering
from primary insomnia could be poor estimators of their
sleep length and, consequently, classified as suffering from
paradoxical insomnia, sleep state misperception or subjec-
tive insomnia (7). All three terms are found in the scien-
tific literature to qualify this condition. While paradoxical
insomnia sufferers and good sleepers seem to be equivalent on
measures of sleep macroarchitecture, there may be subtle and
finer differences in the microarchitecture characterizing both
groups (8).

Among insomnia sufferers estimating their sleep accu-
rately, and therefore presenting real deficits in the initia-
tion or continuity of sleep, are found patients suffering from
psychophysiological insomnia. The patients are assumed to be
conditioned by sleep-related stimuli of the environment (e.g.,
bedroom) or bedtime routine, which are then associated in the
patient’s mind with the anxiety, fear, or frustration of having
trouble to sleep (9—11). Consequently, their level of arousal
is increased, preventing them from a good night sleep. More-
over, when awake in bed, they report rumination, excessive
worrying, and catastrophic thinking on consequences of sleep
loss.

A third form of primary insomnia, less common but still
acknowledged, is idiopathic or childhood-onset insomnia. In
this case, insomnia is reported since early childhood, typically
before the age of 10 if not since birth and has always been
relentless. A genetic disposition may explain a proportion of
the idiopathic insomnia cases but not all. Also, a higher rate
of difficult and premature deliveries is found in the idiopathic
insomnia population compared to the general population
(12,13).

Consequences related to insomnia are multiple: fatigue,
sleepiness, mood disruption (14), and reported impaired
attention and memorization are frequent complaints (15).
In addition, falling asleep in inappropriate places (i.e., at
work, theater, reading, or driving an automobile) is problem-
atic. Moreover, irritability and avoidance of certain activities
may be isolating. Sleep aids, increased medical visits, and
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absenteeism from work imply important costs for the patient
as well as society (16, 17). There are evidence of the efficacy
of several psychological treatments for insomnia such as
stimulus control therapy, relaxation, paradoxical intention,
sleep restriction, and cognitive behavior therapy (18). In addi-
tion, effective pharmacologic therapies, including benzodi-
azepine and newer non-benzodiazepine hypnotics, improve
sleep maintenance although side effects are possible (19).

Sleep Apnea

Obstructive, central, and mixed sleep apneas are conditions
where the breathing is repeatedly disrupted during sleep.
Obstructive apnea, which affects 4% of men and 2% of
women in the middle age (20), causes the soft tissues of
the rear of the throat to collapse, consequently blocking
the airway. This disorder may be the result of an airway
malformation, such as maxillomandibular malformation or
adenotonsillar enlargement, an excess of fatty tissues in the
airway, or the relaxation and collapsing of the muscles during
sleep; therefore, it is most common in middle-aged and over-
weight men. Typically, obstructive apnea creates loud snoring
followed by 20-30 s of silence. Central apnea appears in cases
of neuromuscular pathologies or brain stem lesions where
the brain fails to signal the breathing. Accordingly, breathing
efforts as well as airflow are interrupted. Mixed sleep apnea
refers to both obstructive and central problems.

Consequences of sleep apnea are found during sleep and
daytime as well (20). As the patient inhales after a breathing
failure, microarousals and body movements occur and affect
sleep quality which causes daytime sleepiness. Sometimes,
arousals following obstructive events are associated with chest
discomfort, suffocation, choking, or intense anxiety. Cardiac
arrhythmias associated with apnea events are at the origin
of the increase risk of sudden death during sleep. Typically,
patients report severe dryness of the mouth along with the
feeling of being unrefreshed in the morning. Concentration
and memory problems generally result from oxygen desatura-
tion as well as from sleepiness associated with the disturbed
sleep. About 20% of patients complain of morning headache
although it is not specific to sleep apnea. A decrease of testos-
terone attributable to the reduced oxygen saturation may also
decrease libido. Complaints of excessive sleepiness are usual
but can vary amongst sleep apnea sufferers. Sleepiness is
most evident in relaxing situations although in active ones,
sleepiness can result in accidents, job loss, or family prob-
lems. Secondary depression, anxiety, irritability, and despair
are common. Therefore, the treatment of sleep apnea should
address daytime sleepiness, the suppression of apneas, and the
restoration of normal oxygenation during sleep (21). Weight
loss may be indicated in some cases. Nasal continuous posi-
tive air pressure (N-CPAP) is actually the most prescribed
treatment for obstructive sleep apnea (22).
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Narcolepsy

The diagnosis of narcolepsy affects 20-60 persons per
100,000 and has a peak incidence between the ages of 15
and 35 years (23). The excessive sleepiness that character-
izes narcolepsy is usually illustrated by multiple refreshing
naps during the day, of about 10-20 min, after what sleepiness
increases again until another nap is needed 2-3 h later. Sleep
may occur during calm activities such as traveling, listening
to music, watching television, and reading, but it can also
happen in sleep-incompatible situations: eating, talking, or
even driving. Sleepiness can be tolerated with much effort,
but eventually, sleep attacks are inevitable. In fact, signs
of drowsiness are found on electroencephalographic daytime
recordings. Multiple sleep latency test (MSLT) sleep onset
measures are often below 5 min and contain two or more
REM periods (24). Night PSG reveals an increased number of
awakenings as well as an increased amount of stage 1 (25).
Sometimes, hypnagogic hallucinations or sleep paralysis are
reported. Over the years, sleepiness can improve due to coping
strategies of the patient or worsen and be associated with
the development of periodic limb movement or sleep apnea.
Naps or amphetamine-like drugs may help to reduce daytime
sleepiness (26).

Cataplexy is the second characteristic symptom of
narcolepsy for which onset occurs either simultaneously
or after the onset of sleepiness symptoms. It is defined
by a sudden loss of muscular tone for a few seconds or
minutes caused by a strong, pleasant, or exciting emotion.
While consciousness, memory, and respiration remain intact,
selected bilateral muscles or all skeletal-muscle groups are
affected by the loss of tone. The intensity of cataplectic
episodes may vary, for example, when the intensity is mild, the
weakness may not be discernible to others. The frequency of
cataplectic events varies from one individual to another: one
may suffer from several episodes during a day as another may
only have a few per year. In patients with severe and frequent
cataplectic episodes, tricyclic antidepressant medications are
indicated to reduce the symptoms (27) and patients may learn
how to avoid attacks in the long run. However, the frequency
of events generally decreases over time.

Because of sleepiness and cataplexy, individuals suffering
from narcolepsy are at higher risk of having accidents in home
and work environments as well as on the road. In addition,
education, occupation, and social relations may be affected by
the disorder and therefore affect the patient’s quality of life.

Hypersomnia

ICSD distinguishes recurrent hypersomnia, idiopathic hyper-
somnia, and post-traumatic hypersomnia. All forms are char-
acterized by a complaint of excessive daytime sleepiness
and/or a prolonged nocturnal sleep period and daily sleep
periods.
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Recurrent Hypersomnia

Prevalence data for recurrent hypersomnia are still unknown.
The onset is most frequent in adolescence although it also
occurs through adulthood. It is believed to affect more men
than women although the true sex ratio has not yet been iden-
tified. Recurrent hypersomnia consists of episodes of severe
sleepiness often precipitated by acute febrile episodes and
severe somatic stress. Somnolence must last at least 18 h a
day during a period of 3 days to 3 weeks. These periods
must also occur at least one to two times a year. In Klein—
Levin syndrome (28), the best known form of recurrent hyper-
somnia, patients may sleep for up to 18-20 h a day, waking
only to rapidly consume large amount of food and void.
A monosymptomatic type of the disorder is also described
without the binge eating but includes possible disorienta-
tion, forgetfulness, depression, depersonalization, and occa-
sional hallucinations as well as behavior changes (irritability,
aggression, and impulsive behaviors). Following somnolence
episodes, transient dysphoria, insomnia, elation, restlessness,
or sexual hyperactivity may be observed. All presented symp-
toms severely affect the patient’s social and occupational life;
yet, in between episodes of hypersomnia, sleep returns to
normal and patients seem medically and mentally healthy.
Lithium is a good prophylactic choice when the frequency of
hypersomnia episodes is high (29).

Idiopathic Hypersomnia

The complaint of a constant or recurrent sleepiness during
the day, daytime sleep episodes, or prolonged night sleep
occurring before the age of 25 refers to idiopathic hyper-
somnia. Complaints of difficulty waking up, disorientation
after awakening, sleep attacks preceded by drowsiness, and
unrefreshing short naps may also be present. The prevalence
of this rare disorder is still unknown. The course of the
disorder is progressive but stabilizes and lasts lifelong. Stimu-
lant drugs are the most prescribed treatment although morning
sleep drunkenness is difficult to treat (30).

Post-Traumatic Hypersomnia

Post-traumatic hypersomnia implies the complaint of exces-
sive sleepiness and the occurrence of frequent daily sleep
episodes for which the onset is associated with a head trauma.
Therefore, the patient’s sleep pattern differs from pre-trauma
to post-trauma. Headache, fatigue, difficulty to concentrate,
and impaired memory can be associated with the disorder.
Typically, the sleepiness resolves itself over weeks or months.

Periodic Limb Movement Disorder

Periodic limb movement disorder (PLMD) affects 4-11%
of the general population (31). Up to 17% of patients with
insomnia may be affected with PLMD (32), and it is most
common in patients with narcolepsy (33) and obstructive sleep
apnea (34) than in the general population. It can be induced
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or aggravated by the use of monoamine oxydase inhibitors
and tricyclic antidepressants or the withdrawal of anticon-
vulsivants, benzodiazepines, barbiturates, and others. PLMD
consists of periodic episodes of limb movements which can
appear from the onset of stage 1 sleep. Movements are
frequent in stage 2 sleep, decrease in stages 3 and 4, and
are usually absent during REM sleep. The movement is char-
acterized by an extension of the big toe with partial flexion
of the ankle, knee, and sometimes hip, followed by a period
where the legs are still. Upper limb movements are also prob-
able. Movements can be observed on one or both legs but not
necessarily simultaneously or symmetrically. PSG recordings
showing a minimum of four repetitive contractions of 0.5-5
s at the anterior tibialis electromyogram (EMG) separated by
a 20- to 40-s interval constitute an episode for the calcula-
tion of the periodic limb movement index (PLM index) which
represents the number of episodes per hour of total sleep time.
Movements can be present for few minutes, few hours, or
can occur throughout the entire night. In severe cases, move-
ments during wake can also occur. A K-complex, arousal, or
awakening is generally associated with the movement. While
a PLM index of at least five occurrences associated with an
EEG arousal or awakening is considered as mild, a severe
diagnosis would exceed an index of 20. Thus, PLMD is asso-
ciated with fragmented sleep, restless sleep, complaints of
insomnia, and/or excessive daytime sleepiness. Anxiety and
depression may be correlated to the chronicity of the disorder.
In some cases, the bed partners’ sleep may also be disrupted
by the PLM of the patient, without the patient being aware
himself/herself of the limb movements. L-dopa and dopamine
agonists are actual pharmacologic treatments used for PLMD
although there is still a need for controlled randomized studies
assessing both PLMD and subjective sleep parameter (31).

Restless Legs Syndrome

Restless legs syndrome (RLS) is most common amongst
women (35). About 11% of the general population suffer from
RLS (35) and it has been identified in 26% of pregnant women
(36) and 18% of uremic patients (37). Symptoms consist of
unpleasant sensations, ache and discomfort, pulling, or itching
in the legs at night that cause an urge to move the legs. RLS is
also characterized by the partial or complete relief when legs
are moving and the recurrence of the sensations as movements
stop. The symptoms are usually felt between the ankle and the
knee but may also include the thighs, feet, and, more rarely,
arms. Rest or long seated periods may cause symptoms lasting
from a few minutes to several hours. Most RLS patients also
show PLMD during sleep, and when both syndromes are
diagnosed, involuntary limb movements during wake may
occur. The disorder may last several years with periods of
increasing and declining symptoms. RLS typically interferes
with sleep onset. Severe insomnia may be a consequence to
RLS. Moreover, patients may present symptoms of anxiety or
depression as well as psychosocial dysfunction. Various treat-
ments are now offered for RLS (38). Behavioral and counter
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stimuli interventions—such as mental and physical activities,
massages, or hot bath—and the avoidance of RLS possible
exacerbators (caffeine, alcohol, nicotine, and some medica-
tions) can ameliorate symptoms. As iron deficiency is thought
to play a role in RLS, iron replacement is a potential cure.
Pharmacotherapies for RLS include dopaminergic agents,
opiates, benzodiazepine receptor agonists, and antiepileptics.

REM-Related Parasomnias

Sleep disorders occurring specifically in REM sleep include
a total of six different pathologies. As the objective of this
section is to briefly present REM-sleep parasomnias, only
nightmares, sleep paralysis, and REM-sleep behavior disorder
will be discussed. Note that REM-related parasomnias also
include other disorders: impaired sleep-related penile erec-
tions, which is defined by a weakened penile tumescence
during sleep that would not be sufficient to engage in sexual
intercourse, sleep-related painful erections, a condition where
penile erections are painful only during sleep and may cause
awakenings from REM sleep, and REM-sleep-related sinus
arrest, a cardiac rhythm disorder in otherwise healthy persons.

Nightmares

The nightmare is defined by a long and complicated dream
with structured sequences of images and a content that
becomes increasingly threatening to the dreamer. It occurs
during REM sleep on the second half of the night and is
followed by an awakening that can be delayed, but even
so, there is a recall of a frightening dream. Upon awak-
ening, full alertness occurs immediately with a little confusion
or disorientation and the return to sleep is delayed. Night-
mares affect 10-50% of children between the age of 3 and
6. Less common in adults, 50% of the population report
having occasional nightmares and approximately 1% have
at least one per week (39). In various personality disorders,
namely schizotypal personality, borderline personality and
schizoid personality, and in schizophrenia, the presence of
frequent nightmares is increased as it is the case for individ-
uals presenting some features of these disorders. Stressful life
periods or traumatic events tend to increase the frequency and
severity of nightmares. Desensitization techniques might be
helpful in adults to overcome nightmares (40).

Sleep Paralysis

Patients who experience or suffer from sleep paralysis report
an inability to execute voluntary movements, usually for
periods of time lasting from 1-7 min, at sleep onset or
upon awakening. While ocular and respiratory movements
are possible, limb, trunk, and head are typically immobile. A
sensation of difficulty breathing may be present and contribute
to the frightening character of the situation. Threatening hypn-
agogic imagery or dreamlike mentation may also be present.
Sleep paralysis ceases spontaneously by mean of touch and
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movement induced by another person, by repeated efforts
to move, or by vigorous eye movements. Appearing in an
isolated or a familial form, sleep paralysis may also be a
symptom of narcolepsy. The latter two forms tend to be
more chronic while the former is associates with predisposing
factors. Such factors often include irregular sleep habits, sleep
deprivation, shift work, or jet lag. Other factors that might also
induce sleep paralysis are mental stress, overtiredness, and
sleeping in the supine position. The cause of sleep paralysis
is thought to be a microstructural change, a neurochemical
or neuroimmunologic dysfunction in the mechanism control-
ling the normal motor paralysis of the REM sleep stage. Six
percent of the general population report a chronic complaint
of sleep paralysis while another 6% experience at least one
episode in their lifetime (41). In some cases, episodes may
cause chronic anxiety or depression, but the disorder is usually
without complications.

REM Sleep Behavior Disorder

REM sleep behavior disorder (RBD) is characterized by elab-
orate movements correlated with dream mentation during
REM sleep. This condition contrasts with the electromyo-
graphic atonia normally found in this sleep stage. Punching,
kicking, leaping, and diving out of bed occurring without an
awakening are examples of reported movements associated
with the content of dreams (42). RBD usually appears after a
minimum of 90 min of sleep, and the frequency of episodes
is variable, for instance, violent ones may occur from once
a week to several times a night. PSG confirms a persistent
muscle tone in REM sleep, excessive limb or body jerking and
complex, vigorous or violent behaviors. Strong movements
may harm the patient or the bed partner and cause significant
social consequences. RBD is rare and affects more men than
women. It usually begins progressively after the age of 50 but
may start at any time (43, 44). At the onset of the disorder,
dreams may become more vivid, unpleasant, violent, or active.
Clonazepam reduces the number and intensity of behaviors
during REM sleep (45).

Non-REM-Related Parasomnias: Arousal Disorders,
Sleep—Wake Transition Disorders, and Other
Parasomnias

Non-REM-related parasomnias comprise a variety of sleep
disorders which, by nature, are undesirable physical
phenomena associated with sleep. Some of them usually
affect children, such as sleep enuresis, infant sleep apnea,
congenital central hypoventilation syndrome, sudden infant
death syndrome, and benign neonatal sleep myoclonus. Other
non-REM sleep parasomnias are relatively rare like sleep-
related abnormal swallowing, nocturnal paroxysmal dystonia,
and sudden unexplained nocturnal death syndrome. As sleep
bruxism (8.1), primary snoring, confusional arousals, sleep-
walking, and sleep terrors are widespread, explicit definitions
are given below.
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Sleep Bruxism

Teeth-grinding or teeth-clenching occurring in sleep char-
acterizes sleep bruxism. Such sleep disorder may be very
unpleasant due to loud sound created by teeth-grinding
and teeth-clenching as well as to jaw muscle discomfort it
produces. It may also cause abnormal teeth ware or peri-
odontal tissue damage (46), atypical facial pain, or headache.
PSG recordings demonstrate that events of bruxism can
be coupled with short arousals and are most frequent in
stage 2 sleep; nonetheless, they can take place in all sleep
stages (47). Predisposing factors of bruxism are minor dental,
mandibular or maxillary pathologies, anxiety, cerebral palsy,
and mental retardation in children. Lifetime prevalence of
teeth-grinding is as high as 85-90% in the general popu-
lation. However, it is severe enough to represent a clinical
condition in only 15-22% of them (47). Generally, beginning
between 10 and 20 years of age, the course of sleep bruxism
may vary according to perceived stress or otherwise may be
chronic. Possible treatments include occlusal adjustment and
splints, psychotherapy, medications, physical therapy, muscle
relaxants (such as diazepam), and suggestive hypnotherapy
(47,48).

Primary Snoring

Most prevalent in the middle age and overweight men,
primary snoring lasting half of the night affects 22% of indi-
viduals (mostly men) between 40 and 65 years old (49). It is
diagnosed by an observer noticing a loud sound produced by
the vibration of pharyngeal tissues during inspiration or expi-
ration, without evidence of apnea, hypoventilation, complaint
of insomnia, or excessive daytime sleepiness. Typically, the
snoring is continuous and occurs while the sleeper is in a
supine position. The patient is not always aware of the snoring
but may experience dry mouth which might force him to wake
up to drink water. The use of central nervous system depres-
sants, nasal congestion or obstruction, and obesity are main
factors predisposing to primary snoring. Furthermore, primary
snoring predisposes to obstructive sleep apnea. Hyperten-
sion, ischemic heart disease, and cerebrovascular disease are
possible medical complications of snoring.

Confusional Arousals

Before the age of 5 years, almost every child will have expe-
rienced confusional arousals. This condition affecting only
4% of adults (50) is described as a state of confusion during
and following an awakening generally from deep sleep, in the
first third of the night. More precisely, the patient experiences
disorientation in time and in space, inappropriate behavior
and slow speech, mentation, and response to questions during
several minutes to several hours. Predisposing factors are
young age, recovery from sleep deprivation, circadian rhythm
sleep disorders, the use of central nervous system depres-
sants, hypersomnia, sleep apnea syndrome, sleep terrors,
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sleepwalking, and sometimes excessive exercises. Episodes of
confusional arousals can be induced by forced awakenings.
There are risks of personal injuries, and patients may become
aggressive if they are restrained as they awake.

Sleepwalking

Sleepwalking is diagnosed by ambulation occurring in sleep,
difficult arousal of the patient, and amnesia of the episode.
PSG recordings indicate that it occurs in sleep stages 3 or 4
and mostly at the end of the first or second episode of slow
wave sleep. Sleepwalking episodes can occur several times
a week or only in presence of precipitating factors such as
obstructive sleep apnea or other sleep disorders disrupting
slow wave sleep, as well as internal or external stimuli.
Most prevalent between 4 and 8 years of age, it generally
disappears in adolescence and is rare in adults (50). In folk
wisdom, sleepwalking has often been associated with inappro-
priate and dangerous behaviors. In fact, physical injuries, falls,
and attempts to escape are possible risks associated with the
disorder. Violent behaviors are more common in males expe-
riencing stressors and abusing of caffeinated beverages and
drugs (51). In children particularly, this condition can result in
embarrassment or social isolation associated with the avoid-
ance of sleeping elsewhere. Providing a safe sleep environ-
ment, closing doors and windows is appropriate for children.
In severe adult cases of sleepwalking, benzodiazepines may
be indicated (52).

Sleep Terrors

Sleep terrors are another disorder inducing awakening from
slow wave sleep. Complaining of a sudden episode of
intense terror during sleep, usually in the first third of
the night, patients also experience partial or total amnesia
of the event. During an episode of sleep terror, an auto-
nomic discharge occurs including, for example, tachycardia,
tachypnea, blushing of the skin, and diaphoresis. If patients
awake before the end of the autonomic discharge, they may be
conscious of this activation and report vague, brief and vivid
dream images, or hallucinations. Sometimes, they may also
try to escape from bed, fight, cry, or scream. It may be precip-
itated by fever, sleep deprivation, or the use of central nervous
system depressant medications. Affecting 3% of children (53)
and 4-5% of adults (54), sleep terrors are most often observed
in children between 4 and 12 years of age and usually resolves
itself during adolescence. In adults, psychopathologies may
be associated with the disorder. However, such association
should not be supposed in the case where children suffer
from sleep terrors nor do children have a higher incidence
of psychopathology than the general population. Sleep terrors
may have negative consequences such as potential harm of
patient or others and social embarrassment in relation to the
disorder.
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Circadian Rhythm Disorders

Circadian rhythm disorders refer to a desynchronization of
the sleep during the 24-h day due to a problem of eliciting
sleep when needed, desired, or expected. Other sleep disor-
ders such as insomnia or narcolepsy may affect sleep timing,
but in those cases, the primary diagnosis would be retained.
A circadian rhythm disorder diagnosis should be made only
when sleep timing is the primary cause of the sleep problem
and when it does not encounter societal norms in that matter.
Environmental factors dependent of the individual may induce
some circadian rhythm disorders. For instance, in time zone
change syndrome, the rapid travel across time zones causes
difficulties of initiation and maintenance of sleep at the
new time zone hour, excessive sleepiness during daytime,
diminished subjective alertness and performance, and somatic
symptoms. In shift work sleep disorder, transient symptoms
of insomnia and sleepiness appear as the worker changes
his work schedule including in it his habitual sleep period.
Other circadian sleep disorders may have a more intrinsic or
extrinsic nature, as the ones described below.

Irregular Sleep—Wake Pattern

Often presented as a complaint of difficulties initiating or
maintaining sleep, irregular sleep—wake pattern is defined by
at least three fragmented sleep periods during the 24-h day.
Although the sum of the sleep periods corresponds to the
norms according to the age of the patient, no sleep period
is of normal length and sleep patterns are unpredictable as
reported in the sleep logs (55). This condition is most common
in patients with severe congenital or developmental brain
dysfunction, in the elderly suffering from degenerative brain
dysfunction, but may also occur in otherwise healthy patients.
Other predisposing factors are a lack of regular daily routine,
frequent naps, spending excessive time in bed, or bed rest for
medical reasons and chronic depression. This rare condition
predisposes patients to drug dependency, subjective cogni-
tive impairment, and sleepiness. Daytime functioning and
consolidation of sleep cycles can be improved by increasing
exposure to bright light and structured social and physical
activities (55).

Delayed Sleep-Phase Syndrome

Presented as a complaint of an inability to fall asleep and
wake at the desired times, or of excessive sleepiness, delayed
sleep-phase syndrome (DSPS) corresponds to a phase delay
of the major sleep episode compared with the desired time
for sleep (56). In patients with DSPS, as well as in normal
individuals, night-shift work, late-night studying, or mental
illness may induce a transient phase delay. However, patients
with DSPS are thought to have weaknesses in the ability to
synchronize their circadian systems with environmental time
cues and therefore postpone their sleep phase (57). When
there are no obligations to follow a normal schedule, patients
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have a sleep period of normal quality and duration, awake
spontaneously, and keep a regular 24-h pattern of delayed
sleep. The prevalence in the general population is unknown
but could affect 5-10% of patients complaining of insomnia
in sleep clinics (58). The onset of DSPS usually happens in
adolescence (59); nevertheless, it can occur in children but
is rare in adults over the age of 30. Complications such as
absenteeism, chronic tardiness, or judgments by others (of
laziness, for example) may occur at school, work, or in social
activities. Chronotherapy, consisting in a supplementary sleep
onset delay of 3 h a day until the desired time for sleep is
reached, may help if the patient keeps a stable routine after-
ward. Phototherapy advances sleep time by the exposition in
the morning to a 2500 lux light (60). Melatonine and vitamin
B12 have also suggested interesting results in the treatment of
DSPS (61,62).

Advance Sleep-Phase Syndrome

Contrary to DSPS, advance sleep-phase syndrome is
described by an advance of the sleep episode in comparison to
the desired clock time. Complaints of terminal insomnia and
inability to stay awake in the evening while having a suffi-
cient amount of sleep may be reported. Sleep onset occurs
typically between 6 p.m. and 8 p.m.; consequently, the last
awakening happens between 1 a.m. and 3 a.m. An explana-
tion of the disorder mentions a possible oversensitive phase
advance capability or an altered ability of phase delay in the
patient (55). This rare condition is theoretically most asso-
ciated with elderly than other age groups. Negative conse-
quences of advance sleep-phase disorder may be evening
somnolence or sleep onset occurrence while attending social
activities or driving. Chronic sleep deprivation and daytime
sleepiness may also occur if obligations in the evening repeat-
edly postpone the sleep onset period. Preferred treatment
options for advance sleep-phase syndrome are chronotherapy,
timed bright light exposure in the evening, and hypnotics to
maintain sleep until morning (55).

Non-24-h Sleep—Wake Syndrome

In individuals suffering from non-24-h sleep—wake syndrome,
the sleep—wake rhythm has a 1- to 2-h delay in sleep onset
and awakening each day despite the environmental and social
cues. As a result, sleep onset and offset are progressively
delayed, until at some point, the delay reaches 24 h and
the sleep schedule returns to normal. Therefore, at times
patients are “in phase” with the conventional social hours for
sleep period, feeling alert and not complaining of sleeping
difficulties. At other times, when there is a phase delay,
patients complain of difficulties to fall asleep and to stay
awake in the daytime. Consequently, scheduling activities or
work becomes difficult and psychosocial functioning may be
impaired. This rare disorder seems to be most prevalent in
blind individuals (63). It is also seen, although less frequently,
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in patients suffering from severe schizoid or avoidant person-
ality disorder. Sometimes, behavioral intervention consisting
of a strict sleep—wake schedule including strong social time
cues may work. Hypnotic drugs do not seem to help but mela-
tonin and vitamin B12 have shown some interesting effects in
the treatment of the non-24-h sleep—wake syndrome (61, 64).

Conclusion

Sleep disorders are very prevalent in the general population.
Although their presence may sometimes remain unnoticed for
a fair period of time (e.g., apnea or PLMD), the repercussions
on daily functioning are often noticeable, for the individual
and his/her family and colleagues. Quality of life is so dimin-
ished and impaired in some sufferers that it translates in loss of
work and even, at worst, family disintegration (e.g., divorce).
The risk factors and the extent of side effects of sleep disorders
are still understudied, and the routine use of questionnaires
offering a closer look at the individual’s global functioning are
more than needed. Fortunately, research in sleep medicine is
very active, and everyday, new and better treatments are devel-
oped and applied to relieve sufferers and consequently, offer
better daily living.

Issues that need to be addressed by future research:

e Routine use of quality of life and global functioning
questionnaires for diagnosis and treatment of sleep
disorders.

e Additional epidemiological studies including risk
factors.

e Consensus on questionnaires used in epidemiolog-
ical studies.
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Sleep and Quality of Life in Insomnia

Damien Leger

Summary Purpose: Insomnia is highly prevalent in the general population, and most of the insomniacs complain of daily
consequences the day following a poor night. However, it is very difficult to assess objectively this daytime impact. Quality of
life (QOL) may be the most accurate way to understand the consequences of insomnia on the daily lives of patients. Subjects
and Methods: Based on two keywords, insomnia and quality of life in Medline Pubmed, we reviewed articles on the subject
from 1989 to 2006 and we retained those specifically focussed on QOL of insomniacs and some devoted to the impact of poor
sleep on the QOL of subjects with other chronic illness. Results: We found very few studies focussed on the QOL of insomniacs.
Many surveys were oriented on the QOL and sleep of patients with cancer or other chronic diseases. Conclusion: Insomnia is
commonly linked to a worse quality of life status. QOL instruments may be powerful in showing the impact of poor sleep on
the daily lives of patients by itself or during other associated chronic diseases. Specific QOL focussed on insomnia has to be
developed to better assess the impact of insomnia on daytime functioning and to appreciate the efficacy of sleep treatments.

Keywords Insomnia - quality of life

memory troubles, or lack of concentration.” When clini-
cians or psychologists interview severe insomniacs, they often
received very large witnesses about the impact of insomnia
on domestic life, professional behavior, leisure and holidays,

Learning objectives:

e Quality of life is constantly impaired in chronic

insomnia. .. . . . .
e The more severe the insomnia, the worse the quality firlvmg, 'soqal a}nd familial relatlonshlp (3). However, 'there
of life is no objective instruments to assess this impact. Quality of

life (QOL) may be the way to better reflect the feeling of
patients and to help sleep professionals in the objective eval-
uation of the impact of insomnia. QOL is a complex and
multidimensional term that has been defined as “a concept
encompassing a broad range of physical and psychological
characteristics and limitations which describe an individual’s
ability to function and to derive satisfaction from doing so”

e Sleep quality is a major issue in the quality of life of
patients with chronic diseases.

Introduction

Insomnia is a complaint characterized by difficulty initiating
or maintaining sleep, or non-restorative sleep, for at least
1 month with consequences on daytime functioning. These
consequences are, however, difficult to define. The Interna-
tional Classification of Sleep disorders (ICSD) classification
(1) only evoke “decrease functioning during wakefulness”.
The Diagnostic and statistical manual of mental disorders-
4th edition (DSM-IV) (2) is more precise, “insomnia is
serious enough to induce severe fatigue or signs attributable
to insomnia and marked by symptoms such as irritability or
disability in daytime functioning” or “is frequently accom-
panied by non-specific symptoms such as mood disorders,

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine
© 2008 Humana Press, Totowa, NJ

(4). QOL has been widely studied in the last decades in evalu-
ating the impact of chronic diseases. There are now confident
instruments like the Sf36 (5) performed in many pathologies,
and it is more easy than before to compare one group of
patients to another one.

Recognition and Diagnosis of Insomnia

In terms of clinical practice and of epidemiology, chronic
insomnia is usually defined based on the criteria of the DSM-
IV (2) or of the ICSD (1) which are as follows:
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e A difficulty in falling asleep (sleep initiating insomnia),
the occurrence of nocturnal awakenings with difficulties
getting back to sleep (sleep maintenance insomnia), an
early morning awakening (sleep offset insomnia), or a non-
refreshing or non-restorative sleep, and often some of a
combination thereof.

At least three times a week for at least 1 month.

Insomnia produces clinically significant distress or impair-
ment in social, occupational, or other important areas of
daytime functioning.

Insomnia may be primary or secondary to a variety of
disorders, environmental factors and/or co-morbidities. Iden-
tifying and treating potential underlying conditions are priori-
ties in the management of insomnia. Otherwise, insomnia will
remain unresolved.

Primary Insomnia

Primary insomnia is an intrinsic sleep disorder that is charac-
terized by the presence of insomnia that:

e Does not occur exclusively during the course of another
sleep disorder: sleep disordered breathing, periodic limb
movements, restless leg syndrome, or circadian rhythm
disorder.

e Does not occur exclusively in the course of another mental
disorder.

e Is not due to the direct physiological effect of a general
medical condition, a substance or treatment, or a physical
environmental factor.

A common mechanism of persistency of insomnia is condi-
tioned (learned or psychophysiological) insomnia. It begins
usually by an episode of acute situational insomnia, secondary
to a stress, jet-lag, pain, illness, medication,... (insomnia
precipitating factors). Then, the patient associates bed and
non-sleeping and becomes hyperaroused at night and develops
strategy of coping that perpetuates insomnia (insomnia perpet-
uating factors) (6). Individual differences in the vulnerability
to sleep disturbances may constitute a continuum from vulner-
ability to transient or episodic insomnia through overt chronic
primary insomnia (7). Ruminating about not being able to
sleep plays a major role.

Secondary Insomnia

Insomnia is frequently associated with numerous other
conditions: sleep disorders, mental or physical disorders,
toxicological or environmental factors, and this is the role of
the practitioner to carefully check all these conditions before
considering insomnia as a primary disorder.

Almost all other sleep disorders are disturbing sleep seri-
ously enough to induce a complaint of insomnia or poor
sleep. Sleep apnea affects 5-10% of the general population.
It increases with age and with the body mass index (BMI).

Leger

It causes arousals and awakenings during all stages of sleep.
Patients usually complain of non-restorative sleep rather than
of real insomnia. Restless leg syndrome may affect sleep
initiating and sleep maintaining, it concerns between 5—10%
of the general population and may be associated to apnea.
Circadian rhythms disorders are linked to a dysfunction of
the biological clock due to an internal condition (delayed
or advanced phase syndromes) or secondary to the under-
exposure of the retina to light (blind people) or misaligne-
ment between external and endogenous rhythms (shift
workers and jet-lag). They may induce sleep onset insomnia,
early morning awakening, frequent arousals, and daytime
sleepiness.

Mental disorders or co-morbidities are commonly
associated with insomnia. In a survey made in the general
population, it was found that prior consultations for anxiety
symptoms were reported by 30.1% of the insomniacs and
prior consultations for depression by 23% (8). Similarly in
primary care patients with severe insomnia, a high prevalence
of psychiatric diagnoses was found: 21.7% of severe insom-
niacs had depression, 7.2% neurosis/personality disorders,
10.2% acute psychological distress, 4.6% alcohol or drug
abuse, 5.6% psychosomatic disorders, and 1% psychosis (9).

A variety of medical disorders may impact on sleep and
awaken patients: central nervous system disorders, cardiores-
piratory troubles, musculoskeletal disorders, and pain. Studies
of specific populations reveal strong correlation between
pain and complaints of sleep disturbances (10). Several
endocrine and gastrointestinal disorders are also associ-
ated with sleep disruption, for example, nocturnal gastroin-
testinal reflux episodes may arise during sleep and induce
abrupt arousals (11). A large number of medications and
toxics (alcohol and drugs) also have an impact of sleep
continuity.

Environmental factors may also induce sleep disruption
and fragmentation even in good sleepers. Noise is one of the
most common. Recently, the WHO office of environment and
health has considered insomnia as one of the major health
effects of noise exposure (12). Low or high temperature, alti-
tude, and light also have an influence on sleep continuity.

Transient or Chronic

The duration of a patient’s complaint has important impli-
cations. The ICSD defines acute or transient insomnia as
persisting for no longer than 1 week and sub-acute or short
term insomnia as lasting from 1 week to 3 months (1). Both
are considered as adjustment sleep disorders, which are asso-
ciated with a reaction to an identifiable stressor. Transient
insomnia usually disappears with the reduction or the adap-
tation to the stressor. However, it may also be the founda-
tion of a long-term condition. The individual’s emotional and
behavioral response to the first episodes of transient insomnia
seems to play an important role in the course of the disease
(6,7, 13). Therefore, early identification and management of
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insomnia may play a role in the prevention of long-term
insomnia. Insomnia is considered as chronic if it lasts for more
than 1-3 months (1, 2). In our experience, we believe that
1 month is a reasonable period to begin to talk of “chronic
insomnia.” Retrospective studies indicate that about 80% of
severe insomniacs have had the problem for longer than 1 year
with approximately 40% reporting longer than 5-year dura-
tion (8, 14). Longitudinal studies suggest that 30-80% of
moderate to severe insomniacs show no significant remission
over time (14, 15).

Severity

There is no clear consensus on the definition of severe
insomnia. It seems insufficient to find it on the witnesses of
patients. Many studies have observed that a large number of
the so-called severe insomniacs did not consult any practi-
tioner for years about their sleep problem. Chronic duration
or nightly frequency may be criteria of severity. The magni-
tude of the impaired daytime functioning is also a good argu-
ment to assess severe insomnia. In several studies focussed on
the daytime consequences of insomnia, we have considered
severe insomniacs as subjects reporting at least two symptoms
of poor sleep according to the DSM-IV definition of insomnia
(3,15).

Epidemiology

Many studies in the past decade have used the clinical criteria
of insomnia to assess the prevalence of insomnia in the general
population and in some subgroups of adults (8, 16, 17).They
found a median prevalence for all insomnia of about 15%
with a range of 10-25%. Prevalence increases with age, and
insomnia is usually more common in women than in men.
These studies, with few exceptions, do not attempt to identify
etiologies of insomnia.

Method of Research

The selection of data began with a Medline PubMed search for
articles published from 1990 to the present. Using keywords
“Insomnia” and “Quality of life,” we obtained 185 articles.
Based on abstract content, we selected the 117 more relevant
and up-to-date studies. We eliminated articles relating ther-
apeutic trials in non-insomniacs patients. We also discarded
non-original studies on insomnia (review articles).

There were very few articles specifically designed to assess
the impact of insomnia on QOL. Most of the articles were
devoted to the impact of sleep disorders on the quality of
life of patients suffering from cancer. Some were exploring
QOL in relation to sleep in diabetes, depression, Parkinson,
chronic renal diseases with hemodialysis, patients with HIV,
or chronic psychiatric diseases. QOL is also sometimes used
to evaluate pharmacological and non-pharmacological treat-
ments of insomnia.
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Results

Using Quality of Life in the Assessment of the
Daytime Consequences of Insomnia

The World Health Consensus report on sleep and health
heavily recommends more studies on the QOL of insomniacs
(4). Surprisingly, we found relatively few works specifically
devoted to the subject (18-22). Four of them used the Short
Form-36 (SF-36) (18,19,21,22), a very widely used scale in
QOL (23).

e The SF-36 was first used in insomnia in a survey designed
to document the prevalence of insomnia and its impact on
QOL (17). They showed that individuals with insomnia
reported lower QOL scores. This association remained
significant after controlling for demographic variables and
comorbid conditions.

e Zamitt et al. (22) used several instruments to evaluate the
impact of insomnia on QOL in a sample of 261 insom-
niacs compared to a control group of 101 good sleepers.
Insomniacs were recruited by advertisements and fulfilled
the DSM criteria for insomnia. Individuals with criteria of
irregular sleep patterns, sleep apnea, restless leg syndrome,
periodic limb movement disorders, history of psychiatric
illness, alcohol or substance abuse, epilepsy, and HIV posi-
tive were excluded from the study. They used the SF-36
and the QOL inventory, a 31-item questionnaire specifi-
cally designed for the study and including aspects related
to sleep, cognitive function, daytime performance, social
and family relationships, and health. The authors showed
a significant difference between the two groups (p <
0.0001, MANOVA) on all eight SF-36 subscales. Insom-
niacs reported more health concerns that limit physical
activity, greater interference by physical or emotional prob-
lems with normal social activities, more bodily pain, poorer
general health, less vitality, more emotional difficulties,
and more mental health problems than the good sleepers’
group. Using the QOL inventory, they also found a signif-
icant impact on the QOL of insomniacs. The authors
suggested that the SF-36 can be used to assess differences
between subject with insomnia and healthy controls and
that the SF-36 may have clinical utility as a measure of
impairment associated with insomnia.

o Leger et al. (3) so used the SF-36 to evaluate the quality
of life of three matched groups of 240 severe insomniacs,
422 mild insomniacs and 391 good sleepers selected from
the general population. They eliminated from the orig-
inal group those with DSM-IV criteria for anxiety and
depression. They found that severe insomniacs had lower
scores in eight dimensions of the SF-36 than mild insom-
niacs and good sleepers. Mild insomniacs also had lower
scores in the same eight dimensions than good sleepers.
No dimension was more altered than the other. However,
the mental health status and the emotional state were worse
in severe and mild insomniacs than in good sleepers. This
result demonstrates a clear interrelation between insomnia
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and emotional state despite the fact that we had elimi-
nated the subjects with DSM-IV criteria of anxiety. The
authors concluded that SF-36 was sensitive to the severity
of insomnia and seemed to be a reliable instrument to
assess the impact of insomnia on QOL.

e Shubert et al. (5) have found the same kind of relation-
ship between the severity of insomnia and the decreased
quality of life in a group of 2800 elderly (aged from 53
to 97 years). It was a telephone interview, part of a 5-year
follow-up examination of the Epidemiology of Hearing
Loss Study. Participants were asked about symptoms of
poor sleep. A response of “often” or “almost always” was
coded as positive for an insomnia trait. The SF-36 was
administrated to assess QOL of these subjects. Twenty six
percent of the population reported one insomnia trait, 13%
reported two, and 10% reported three. The eight domains
of the SF-36 were significantly decreased as the number
of insomnia traits increased. The authors concluded that
insomnia is common among older adults and is associated
with a decreased QOL.

e Idzikowski (18) discussed the concept of QOL applied to
sleep and introduced the fact that short sleep is not neces-
sarily deleterious but that abnormally shortened or frag-
mented sleep can reduce an individual’s QOL. Smith and
Shneerson (19) have used the SF-36 in a sample of 223
subjects explored for snoring or daytime somnolence. They
showed that the SF-36 score is sensitive to sleep disruption.

e Katz and McHorney (24) finally demonstrated that
insomnia acts by itself on the quality of life of patients
suffering from chronic illness. Insomnia was severe in 16%
and mild in 34% of these patients. Differences between
patients with mild insomnia versus no insomnia showed
small to medium decrements across SF-36 subscales
ranging from 4.1 to 9.3 points (on a scale of 100) and
for severe insomnia from 12.0 to 23.9 points. Insomnia
appeared in this study as an independent factor of a wors-
ened QOL to almost the same extent as chronic conditions
such as congestive heart failure and clinical depression.

Poor Sleep Affect Quality of Life in Other
Co-Morbid Patients

As it has been demonstrated in the previous study (24), there is
a close relationship between insomnia and chronic illness, and
it is therefore difficult to understand which is acting first on the
QOL of patients. Leger et al. (20) found that the general health
status was worse in severe and mild insomniacs than in good
sleepers. However, they could conclude only that insomnia
was related to a worse health status and not whether it was
a cause or a consequence of the worse health status. One
interesting finding of the study was illustrated by the relation-
ship between insomnia and bodily pain. Bodily pain, caused
by various illnesses, may also result in insomnia and poorer
QOL; however, it is also possible that poor sleep increases the
sensitivity of subjects to pain.

Leger

In patients suffering from cancer, the quality of sleep has
been recognized as a powerful factor acting on the QOL (10).
In a sample of 263 cancer patients undergoing chemotherapy,
it was found that insomnia was negatively correlated to the
QOL, probably by the way of depression. Insomnia explained
only 4% of the variance of QOL and depression 47%. Stark
et al. (25) also reported in 178 cancer subjects that insomnia
was significantly and independently associated with a deficit
of QOL. They recommended to interview the subjects with
cancer about sleep to better discriminate subjects with anxiety.
Lindley et al. (26) considered insomnia as a good reflect of
QOL in the following adjuvant therapy for early-stage breast
cancer.

In other chronic illness, several studies have shown that
insomnia influences the QOL of patients, in Parkinson (27),
in Hemodialysis patients (19) or in patients with anxiety and
depression (28). In HIV disease, Nokes and Kendrew (29)
also found that there was a correlation between sleep quality
(assessed by the Pittsburgh Sleep Quality Index) and positive
general well-being.

QOL in the Treatment of Insomnia

We found four studies evaluating the impact of treatments of
insomnia on QOL. Goldenberg et al. (30) and Leger et al.
(20) have shown the effect of Zopiclone in improving the
quality of life of insomniacs explored by questionnaires (on
professional, relational, sentimental, domestic, leisure, and
safety aspects) that appear to be not significantly different
from the good sleepers’ one. Baca et al. (31) also showed
that zolpidem improved patients QOL assessed by a ques-
tionnaire including four factors: social support, general satis-
faction, physical and psychological well-being, and absence
of work overload/free time. However, there is in our knowl-
edge no extensive survey comparing the effects of several
hypnotics with well-validated QOL instruments regarding
non-pharmacologic. Quesnel et al. (32) have shown the
efficacy of cognitive-behavioral therapy in insomnia in 10
women treated for non-metastatic breast cancer. They found
an improvement of sleep assessed by polysomnography and
at the global and cognitive subscales of the QLQ-C30.

Conclusion

Insomnia affects the daily lives of patients. However, it is
often difficult to evaluate this impact and the efficacy of treat-
ments on it. QOL seems to be a good means to better under-
stand the complaints of insomniacs regarding their day to
day functioning. Several studies have shown the sensitivity
of the SF-326 in evaluating the impact of insomnia by itself
or in relation with other associated chronic diseases. We also
recommend the development of more accurate QOL tools
specifically designed for insomnia.
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Issues that need to be addressed by future research:

Quality of life in sleep maintenance insomnia.
Specific instruments are needed to assess impaired
quality of life due to insomnia.

e There is a need for data regarding the effects of
hypnotics on the quality of life of insomniacs.
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Effects of Hypnotics on Sleep and Quality
of Life in Insomnia

Chris Alford and Sue Wilson

Summary This chapter provides an overview of the effects of hypnotics on sleep and quality of life (QOL). In the 1970s it
was accepted that a consequence of taking longer acting benzodiazepine hypnotics was a residual hangover next day, producing
feelings of sedation and impaired performance. The realization during the 1980s that insomnia was not just a subjective
complaint of poor sleep, but in itself resulted in impaired functioning with increased accident risk, led to studies evaluating the
effects of sleep medication on both sleep and waking function including QOL. The potentially impairing effects of hypnotic
treatment therefore need to be weighed up against the costs and consequences of untreated insomnia. The emergence of the
newer benzodiazepine receptor agonists (BzRAs) zopiclone, zolpidem and zaleplon (Z drugs) with their shorter half-lives and
reduced levels of residual impairment, tolerance and dependency, particularly for zolpidem and zaleplon, shift the balance in
favour of safer hypnotic treatment, so that insomnia should no longer go unrecognized and untreated in so many. Guidelines for
limiting hypnotic prescriptions to a few weeks resulted from the association of long-term benzodiazepine use with tolerance
and therefore lack of treatment benefit, as well as the associated risks of dependence occurring with some compounds. These
guidelines are at odds with the significant number of chronic insomniacs, often elderly patients, who require long-term treat-
ments. There is now limited evidence that newer formulations and different treatment schedules, including intermittent use,
can sustain hypnotic efficacy with the Z drugs over longer periods, enhancing QOL and waking function, and without rebound
insomnia following withdrawal. Similarly, behavioural and psychological approaches may be beneficial in the long term for
some, though possible treatment limitations amongst different types of patients have still to be defined.

Keywords Benzodiazepines - residual effects - accidents - newer benzodiazepine receptor agonist (Z-drugs) - improved
waking function - behavioural and psychological treatments

Learning objectives: e Behavioural and psychological treatments are useful
for the treatment of chronic insomnia and withdrawal

e Benzodiazepine hypnotics, particularly the longer

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine

acting ones, are associated with residual impairments
of waking function next day.

The elderly, in whom insomnia is more prevalent, are
more vulnerable to the impairing effects of benzodi-
azepines and are at greater risk of accidents and falls
as a result.

Withdrawal of benzodiazepine and Z-drug hypnotics
can produce rebound insomnia.

Benzodiazepine use can be associated with depen-
dency.

Withdrawal from chronic benzodiazepine hypnotic
use can be associated with improved waking function
and quality of life.

© 2008 Humana Press, Totowa, NJ

from long-term benzodiazepine use.

The newer benzodiazepine receptor agonists or ‘Z-
drugs’ have shorter half-lives and are associated with
reduced residual effects, particularly zaleplon and
zolpidem which are the shortest acting. However,
they may not be so effective for sleep maintenance
problems.

Newer formulations of the Z-drugs (eszopiclone
and zolpidem-MR) may be effective for both sleep
initiation and maintenance problems, as well as
having reduced residual effects.

The Z-drugs are associated with improved waking
function and quality of life in patients with insomnia.

53



54

Introduction

Looking back over the last 30 years to when the authors first
began in sleep research provides an interesting perspective
with which to evaluate the use and effectiveness of hypnotics
in the treatment of insomnia and their impact on quality of
life (QOL). Whilst earlier studies dating from the 1950s had
focussed on effects of these drugs on sleep, studies from the
1970s began to include assessment of residual effects next
day (1).

Research from the beginning of this period included assess-
ments of the then newer benzodiazepines, perhaps comparing
them to the older barbiturates. Studies typically involved
normally sleeping participants with sleep assessment largely
based on subjective measures and a variety of daytime perfor-
mance tests borrowed from the psychology laboratory to see
whether the sedative drugs were still impairing performance
next day (1-4). The view at this time was that residual impair-
ment may be a necessary result of effective hypnotic treat-
ment (2). Whilst benzodiazepines replaced the barbiturates
for safety reasons, shorter acting benzodiazepines such as
triazolam were then introduced in an attempt to limit the
morning ‘hangover’. Concerns over dependency, tolerance
and the search for shorter acting drugs producing less or
no residual impairments next day have resulted in the emer-
gence of the ‘Z’ drugs also described as the newer benzo-
diazepine receptor agonists (BzRAs). The first was zopi-
clone, followed by zolpidem and then zaleplon, each with
a shorter half-life. With zaleplon, a half-life of around 1 h
means that this drug can be taken during the night, up to
4 h before waking, without detectable residual impairments
(5,6). This provides the opportunity for responsive treatment
as required rather than prophylactic administration ‘in case’
of a bad night. We have also seen the arrival of the first ‘non-
scheduled’ hypnotic in the USA, ramelteon, which is a mela-
tonin receptor agonist for use in sleep onset insomnia, and
developments continue with other GABAergic drugs which do
not act through the benzodiazepine receptor such as gabox-
adol (7) and tiagabine (8).

Has this evolution in hypnotic drugs met the needs of
insomniacs and the needs of physicians treating their patients?
If sleep can be improved has this solved any QOL problems
that may ensue as a result of poor sleep? Recent publications
indicate that the antidepressant trazodone is the most widely
prescribed drug used for the treatment of insomnia in the USA
and that hypnotic prescriptions have been falling over the last
decade (9, 10). This evidence alone suggests that the needs
of patients and physicians have not yet been met with the
‘perfect’ hypnotic as outlined by Bartholini nearly 20 years
ago (11).

This chapter provides an overview of the current situa-
tion regarding hypnotic treatment for insomnia, focusing on
health-related QOL aspects. A brief comparative review of
selected papers that look at the effect of hypnotics on the sleep
and waking performance in insomniacs is included. The final
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sections look at the treatment of insomnia with hypnotics and
emerging alternative treatments, with a view to optimizing
QOL.

Who are the Patients?

Whilst most studies of hypnotics have employed ‘normal’
male volunteers, as is frequently the case in central
nervous system (CNS) drug development, insomniac patients
complain of problems sleeping, or poor sleep quality and
unrefreshing sleep, together with fatigue and tiredness and
impaired functioning during the day. In fact, impairment of
daytime function and impairment of related QOL aspects has
been used to aid assessment of severity and the decision to
treat this essentially ‘subjective’ complaint (12). Similarly, the
majority of insomniacs are women (13-15) with the preva-
lence increasing with advancing age (16-18), with up to a
quarter or a half of those aged 65 and older having insomnia
(18-20) although normative data indicate a median sleep dura-
tion of 7 h in the elderly (21). It is also worth noting that
the elderly are more affected by sleep maintenance problems
whilst the young suffer more from sleep initiation difficul-
ties (19) and this too has implications for hypnotic treat-
ment. Regrettably, the focus of hypnotic studies has not been
on the elderly or women rather than men. Epidemiological
studies suggest that somewhere around 10-15% of the popu-
lation have persistent or chronic insomnia (22-24). Figures
for insomnia and related sleep problems often suggest higher
figures of 30-40% (25-27) but may well reflect variability in
the criteria used to assess this condition where even a chronic
insomniac may not have problems sleeping every night. This
lack of a standardized definition has had a negative impact
when trying to compare studies of both pharmacological and
non-pharmacological treatment approaches though standard-
ized criteria have now been proposed and this should benefit
future research (28, 29).

What we do know is that hypnotic use reflects the greater
prevalence of insomnia in women rather than men and in
older rather than young adults (19, 30-38). Frighetto et al.
(17) reported that a third of patients, who were mostly in
their eighth decade, admitted to hospital had received antide-
pressants or hypnotics prior to hospital admission in their
Canadian study. Further, the elderly may have a greater need
for long-term treatment and may well be more vulnerable to
the impairing effects of sedative hypnotics drugs (16,39, 40).
Whilst clinical guidelines generally indicate limited periods
for prescriptions (e.g. 2—4 weeks depending on the country),
14-35% of patients may have used them nightly over the
previous year (41).

It is also important to recognize that nearly everyone will
experience some sleep disturbance in the course of a year and
some will continue to have sleeping difficulties for months
or years afterwards. When we carried out a local survey of
university employees with sleep problems, it indicated that
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approximately half of these respondents had their problem for
up to 6 months whilst the rest had a lasting problem, some up
to 20 years. The Europe-wide SOFRES study found a median
duration of 2—6 years (42). The long durations reported for
insomnia led Epstein and Bootzin (43) to proclaim that these
long suffering patients were ‘in dire need of treatment’. This
raises further questions of why should insomnia persist so
long in those who develop chronic insomnia and are hypnotics
of any use for long-term treatment?

Several authors have pointed out that patients, including
the elderly, may not report their insomnia to their health-
care providers, and consequently the condition may not be
recognized and will go untreated (18,31, 44,45). Sateia et al.
(46) reported that between 30 and 80% of patients show no
significant remission over time and that 70% of patients do
not discuss their problem, a finding supported by Kageyama
et al. (31), who suggested that 80% of Japanese insomniacs
were untreated. Having witnessed the concern over benzodi-
azepine dependency in the 1980s, including public demonstra-
tions in Europe, it was hardly surprising to see that hypnotic
prescriptions fell from 1970 to 1989 reflecting these concerns
and those of the prescribing physicians (47) although higher
rates may be seen in some countries. Byles and colleagues
report that in Australia half of their sample of older women
with sleeping problems were receiving medication in the
last month (30). These concerns and the resulting limitations
imposed on treatment duration may partially explain why
prescription hypnotics are not the most used or prescribed
treatments for insomnia and why the antidepressant trazodone
is the most widely prescribed ‘hypnotic’ in the USA (9)
despite a relative lack of appropriate studies demonstrating
efficacy (9,10,40). This in itself is remarkable given the seda-
tive nature of this drug and its impairing effects on perfor-
mance and impairment of sexual function (48,49).

The association between insomnia and depression may in
part help to account for the widespread use of trazodone
although the use of sub-therapeutic doses of antidepressants
as hypnotics may also result from the reluctance to use benzo-
diazepines long term although studies of their efficacy are
more limited (10, 24, 40, 50-52). Thase (10) points out that
ideally monotherapy would be used to treat both insomnia
and depression, although at present no suitable drug exists.
The close links between mental disorders such as anxiety
and depression and insomnia emphasizes the need for appro-
priate treatment; half of patients with chronic insomnia have
a primary psychiatric disorder such as anxiety or depres-
sion (10, 53). Insomnia has been considered as a possible
prodromal phase for depression and although authors stop
short of claiming that insomnia causes depression, the fact
that untreated insomnia increases the likelihood of developing
clinical depression is clearly established (54-57). Similarly,
improvement in depression may parallel improvements in
insomnia (10,58-60) though this may reflect a negative cogni-
tive bias associated with depression itself (61, 62). Subjec-
tive sleep improvement has also been linked to phase-shifts in
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sleep for these patients (63). However, these links should be
considered when evaluating the effects of hypnotics on QOL
and the relative merits of hypnotic treatment.

Before looking at the specific effects of hypnotics on rele-
vant QOL aspects including mood and performance, it is
useful to briefly consider the effects of insomnia itself on
QOL, though fully described elsewhere in this volume, to
provide a comparison. If hypnotics have negative effects, then
is it worth using them or would it be better to leave insomnia
untreated? Following on are the questions of whether all
hypnotics are the same and how do they compare to other
treatments?

What are the Costs and Consequences
of Insomnia?

Whilst early studies of benzodiazepines focussed on their
potential to improve sleep and possibly their effects on waking
performance next day, there was a shift in research during the
last decade recognizing the importance of health-related QOL
and its relevance when considering insomnia and disturbed
sleep (64, 65). The wake up call probably came in 1988 when
Damien Leger published figures suggesting that of the US
accident costs for 1988 ($50 billion) around a third may
be sleep related (66). This helped to focus attention on the
wider significance of sleep disorders as well as their treatment.
There have been a range of estimates for the annual costs of
insomnia including $14 billion direct costs and $80 billion
for indirect costs (67, 68), and $30-35 billion by Chilcott
and Shapiro (69) comprising direct costs (health care provi-
sion) and indirect costs such as absenteeism and accidents
(70,71). Consequently, there is now the realization that there is
a critical duration of sleep needed to ensure health and safety
(72,73).

These figures alone show that it is important to treat
insomnia as the cost to both patients and society will in turn
affect QOL through reducing available resources. Further,
the finding that falls in the elderly are related to insomnia
and tiredness is important to bear in mind when consid-
ering the relative merits of hypnotic treatment (74). General
costs and consequences include increased daytime sleepiness
and fatigue leading to cognitive impairment and poor work
performance and absenteeism in addition to increased acci-
dent risk including driving, increased risk of new or recur-
rent psychiatric disorder and increased substance use, poorer
prognosis, increased healthcare-related financial burden and
poorer social functioning at work and at home (10, 13,22,24,
55,66,68,70,75-77).

Apart from the more drastic consequences of insomnia with
daytime sleepiness and fatigue resulting in impaired perfor-
mance and accidents, recent research has indicated the role
of sleep in memory consolidation (78), and this may partially
explain the association of disturbed and insufficient sleep with
poorer academic performance (79, 80). Recently, two groups
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have shown a relative impairment in memory consolidation
for insomniacs in comparison to normal sleepers (81, 82).

The ‘SF-36’ is perhaps the most well-known questionnaire-
based QOL measure used in insomnia research though
several exist including a specific ‘quality of life in insomnia’
(QOLI) scale (83). However, Buysse and colleagues recently
described the use of the SF36 as ‘essential’ for insomnia
research (28). The SF36 comprises eight dimensions: physical
functioning, social functioning, role physical, role emotional,
mental health, energy/fatigue, pain, general health percep-
tions. The authors were involved in evaluating the findings
of the Europe-wide SOFRES study (42, 84), which indicated
reductions for role physical, energy, vitality and mental health.
These reductions fell outside the normal ranges established for
the SF36 (85). These findings were supported by the signif-
icant reductions in emotional, social and physical domains
found by Zammit et al. (86). Several studies have found reduc-
tions in QOL dimensions associated with insomnia, including
greater reductions in SF36 with increased severity of insomnia
for physical and social functioning, energy/vitality, mental
health and general health perceptions (24, 87). This increased
reduction in QOL with increased severity of sleep prob-
lems has also been observed for older women insomniacs
(30), the patient group in whom insomnia is most prevalent.
Research with other instruments has indicated increased func-
tional impairment and healthcare costs in insomnia (88) and
associated reductions in QOL (25,45). A reduced QOL in the
elderly with insomnia has also been reported (34, 36).

Taken together, these findings show that insomniacs are not
just troubled by inadequate or un-refreshing sleep, with conse-
quent feelings of tiredness and fatigue during the day, but that
this in turn translates into significant health risks and costs,
with poorer life performance affecting both work and home.
Further, there is a significant financial burden attached as well
as increased injury and mortality as a result of accidents. It is
then remarkable that insomnia frequently goes unreported or
untreated.

Do Hypnotics Improve Waking Function?

Given the above, there is a clear imperative to treat insom-
niac patients, whether they are primary insomniacs or whether
their insomnia is related to another illness or associated with
a mental health problem.

The earlier studies investigating benzodiazepines
clearly established the residual effects associated with
benzodiazepine use, particularly for the longer acting
compounds or those with long-acting metabolites. Not only
did the morning ‘hangover’ affect mood and subjective feel-
ings of alertness but aspects of performance including speed
of psychomotor response as well as memory were impaired
(89-94). These findings, presented in numerous publica-
tions, together with concerns over dependency and tolerance
associated with some chronic benzodiazepine usage and the
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realization that their continuous use did not improve the
sleep of insomniacs and that withdrawal may itself produce
insomnia and related adverse effects (95-103) led to the
development of the newer benzodiazepine receptor agonists
or BzRAs, zopiclone, zolpidem and zaleplon by the pharma-
ceutical industry (104-107). In comparison to the traditional
benzodiazepines, these compounds are associated with a more
natural sleep profile, e.g. without the reductions in slow wave
sleep seen with benzodiazepines (50) and generally associ-
ated with a lower abuse potential and less residual effects,
particularly zolpidem and zaleplon (23,44, 108-111), leading
to improvements in insomnia management (112).

Accidents and Car Driving

Laboratory performance assessments provide useful direct
comparisons and models of every day life with which to
compare a therapeutic class of compounds such as hypnotics.
However, possible real life dangers associated with hypnotic
consumption may be reflected in accident figures and driving
assessment. Increased traffic accident risks have been associ-
ated with benzodiazepine use and an increased risk has also
been found with zopiclone. Similarly, increased falls and asso-
ciated injuries as well as increased traffic accidents have been
linked to benzodiazepine use in the elderly (113-122).

The increasingly shorter half-lives for zopiclone (over 4 h),
zolpidem (2 h) and zaleplon (1 h) have been reflected in their
relative degree of residual impairment. The traditional benzo-
diazepines, particularly those with longer half-lives and longer
acting metabolites are associated with greater impairment and
sustained residual effects (23, 123—-125). However, reviews
also indicate that some of the shorter acting compounds
are not associated with the same degree of impairment. For
example, Puca et al. (126) reported improved sleep and QOL
and no residual effects with triazolam given to shift-work
syndrome patients.

The elderly are more vulnerable to the impairing effects
of sedative drugs, particularly the longer acting ones, yet
they receive more benzodiazepines and with more chronic use
(35, 36-38, 39), and this is also reflected in falls and related
injuries. Stein and Barrett-Connor (127) reported a reduc-
tion in QOL in the elderly associated with the use of medi-
cation including hypnotics that went beyond the impact of
the comorbid illness. On the other hand, Ring (18) reviewed
chronic insomnia in the elderly and noted that early recogni-
tion and treatment of insomnia would increase QOL, particu-
larly as the condition is under-recognized in these patients.

When compared with the lower incidence of side effects
in general for the Z-drugs and substantial lack of residual
effects for zaleplon and zolpidem in particular, then a clear
distinction can be made (23, 128-130). Recent reviews of
driving studies have shown that both zaleplon and zolpidem
lack residual effects when assessed with both simulated and
on the road driving (131, 132). Given the clear association
between insomnia, increased tiredness, sleep loss and driving
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accidents (75, 77, 133), the lack of residual impairments in
driving performance next day is an important indicator of
the potential benefits of zaleplon and zolpidem on functional
aspects of QOL.

The introduction of the newer BzRAs or Z-drugs has
therefore provided something of a watershed in relation to
pharmacotherapy for insomnia. The older benzodiazepines
were frequently associated with residual impairments next
day, which had a negative impact on QOL affecting waking
mood, work performance and accident risks. The elderly in
whom insomnia and benzodiazepine use is increased are most
vulnerable here, with reduced hepatic clearance and other age-
related impairments potentially exacerbating residual effects.

Studies of the effects of the Z-drugs on sleep, daytime alert-
ness and performance, or related QOL aspects in insomniacs
show that they are not associated with the degree of impair-
ment seen with the benzodiazepines. Goldenberg et al. (134)
reported significantly improved QOL in insomniacs after 2
weeks zopiclone in comparison to placebo. Leger, Quera-
Salva and Philip (135) looked at both short- and long-term
administration of zopiclone in insomniacs. Both sleep and
QOL were improved at 8 weeks against placebo. No signifi-
cant differences were found for patients who had been taking
zopiclone for 12 months when compared to controls without
sleep problems on nearly all QOL measures, suggesting that
QOL can be normalized in insomniacs given appropriate
hypnotics.

An investigation of eszopiclone, the (S)-isomer of racemic
zopiclone, in elderly insomniacs revealed improved sleep,
increased daytime alertness, physical well-being and other
QOL variables, in addition to reduced napping (136). This
contrasts with reductions in QOL found in insomniacs with
increased daytime sleepiness and napping (25), demonstrating
the ability of Z-drugs to promote a functional increase in
daytime alertness when given to insomniacs. Soares et al.
(137) found that eszopiclone improved both subjective sleep
and QOL in women insomniacs. These brief examples demon-
strate the ability of Z-drugs to both improve sleep and improve
waking function when given to insomniac patients, including
both short and long-term administration.

The results of systematic reviews of sleep, performance
and related QOL measures with strict inclusion criteria,
contrasting traditional benzodiazepines and the newer Z-drugs
in carefully controlled patient trials have not been able to
make firm conclusions due to the limited number of studies
compared (138).

Studies of daytime function using psychomotor
performance tests in healthy volunteers after hypnotic drug
administration have been very useful in indicating behavioural
toxicity, as seen above, and impairments have been seen after
single doses of even short-acting agents. However, similar
measures in insomniac patients have been less conclusive.
Table 7.1 summarizes controlled studies of hypnotic drug
effects on performance in patients. This includes some tradi-
tional benzodiazepines, the newer Z-drug hypnotics, as well
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as single examples for the GABA agonist tiagabine and mela-
tonin agonist ramelteon. The studies in the table reflect the
general findings from past research where the benzodiazepine
flurazepam was deliberately chosen as a comparator for
newer compounds as it is has the longest half-life (up to 250
h) and can serve as a positive control. Flurazepam reliably
impairs performance next day whilst the Z-drugs or short-
acting benzodiazepines may not although simulated driving
performance was impaired by zopiclone as mentioned earlier.
Whilst reliable deficits were seen with flurazepam other find-
ings are less consistent than those in healthy volunteers. One
explanation may be that these patients differ markedly from
controls at baseline, in that they complain of fatigue, dimin-
ished motivation, cognitive dysfunction including reduced
vigilance, memory and concentration, low mood and various
physical complaints so that impairing effects of drugs may be
less obvious. It may be that as these patients had been taking
the treatment for some days or weeks, early impairment may
have worn off by the time of testing.

Though limited in number, these studies endorse the
conclusions made above that the newer Z-drugs are less
impairing than older long-acting compounds, favouring their
use over the older benzodiazepines with their related depen-
dency, tolerance and withdrawal problems. To date, studies
with the newer agonists tiagabine and ramelteon have been too
few to draw specific conclusions.

Sleep Initiation and Maintenance

Given the variability in both the frequency of occurrence
of disturbed sleep, as well as patient differences relating to
problems in initiating sleep, maintaining sleep or waking
early, it is important to consider which hypnotics are most
suited to aiding sleep onset and which can also maintain
sleep. With the benzodiazepines, longer acting compounds
produced consistent residual impairment leading to the search
for shorter acting but less impairing compounds on waking
performance next day (139). This has been reflected in the
development of the Z-drugs with even shorter half-lives.
Whilst they produce less residual impairment, there is a trade-
off resulting in reduced efficacy of the shorter acting zale-
plon (1 h half-life) and zolpidem (2 h half-life) with regard
to sleep maintenance. On the other hand, zopiclone (>4 h
half-life) may produce significant waking impairment but is
more appropriate for sleep maintenance problems (10, 40).
The newer derivatives may be a response to this. Eszopiclone
may promote sleep maintenance but with reduced potential for
impairment, whereas modified release zolpidem (zolpidem-
MR) may also increase sleep duration though studies are
currently limited (136,140-142). The limitation of the shortest
acting Z-drugs zaleplon and zolpidem in treating sleep main-
tenance problems is a potentially significant drawback to their
use. It is also worth reflecting that more sleep onset insomnia
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is seen in younger insomniacs whilst sleep maintenance prob-
lems are more prevalent in the elderly who in turn are more
vulnerable to the effects of impairing drugs (19).

Treatment Regimens

Concerns over dependency and loss of efficacy after contin-
uous treatment with benzodiazepines led regulatory authori-
ties to impose clinical guidelines limiting prescriptions. Given
the epidemiological data indicating that 10-15% of the popu-
lation suffer from chronic insomnia and the need of some,
including elderly patients for prolonged treatment, treatment
guidelines are clearly at odds with patient needs. The develop-
ment of the newer BzZRAs, with a more favourable side effects
profile, including reduced dependency potential for some
compounds, suggests that guidelines predicated on the benzo-
diazepines may now be out of date and that longer treatment
periods should be considered (14,24, 143). Sadly, the dura-
tion of most controlled studies is relatively short, one meta
analysis found a median treatment duration of just 7 days,
whereas chronic insomniac patients sometimes use hypnotics
for months to years (144, 145). Although few in number, some
longer term treatment studies have been undertaken. Patient
studies with zolpidem have revealed overall improvements
(146-149). In a 17-week study of zopiclone, Fleming, Bour-
gouin and Hamilton (150) failed to find evidence of tolerance,
whereas a study of eszopiclone in chronic insomniacs (141)
revealed both sustained sleep improvements as well increased
alertness and functioning during the day, but without adverse
side effects or tolerance over the 6-month study period. A 12-
month extension of the study showed comparable efficacy and
safety (151). A shorter 5-week assessment of zaleplon (152)
found that sleep latency was reduced across treatment weeks,
although consistent increases in total sleep time were not seen.
There was no evidence of tolerance or rebound insomnia seen
on initial withdrawal.

Intermittent treatment has also shown promising results.
Intermittent treatment with the benzodiazepine triazolam
found reduced self-administration when compared to nightly
or as needed treatment regimens (153). Although an 8-week
comparison of zolpidem against placebo found improved
sleep but failed to reveal significant differences for QOL,
a multi-centre 2-week comparison of nightly against 5 out
of 7 nights dosing revealed marked QOL improvements
in both chronic insomniac treatment groups (154, 155). A
more recent review of six patient studies with intermittent
zolpidem administration found that sleep improved without
adverse effects and hypnotic consumption was not increased.
Some studies recorded improvements in QOL measures (44).
Studies with zaleplon have indicated the lack of impairment
next day with zaleplon when administered during the night,
and this might also offer a new treatment regimen where
patients can use the drug not only intermittently but on a
symptomatic rather than prophylactic basis, waiting to see

Alford and Wilson

whether they can fall asleep naturally before taking a hypnotic
(5,6,23).

Taken together, these studies of long-term and intermit-
tent treatment regimens with the newer BZRAs or Z-drugs
suggest that not only can the sleep of chronic insomniacs
be improved for sustained periods but waking function and
related QOL measures may also be improved. The lack of
evidence for dependency or tolerance in these studies implies
clinical guidelines might be updated supporting longer admin-
istration with associated benefits in QOL. This would help
meet the needs of patients who require long-term treatment
(10,40).

Other Treatments for Insomnia

Prescription hypnotics are in a minority when compared to
the range of treatments used by insomniacs. The widespread
use of trazodone and antidepressants as ‘hypnotics’ has been
mentioned. Other popular pharmacologically based treat-
ments include over-the-counter (OTC) antihistamines, herbal
remedies, L-tryptophan, melatonin and aromatherapy (9, 10,
40, 108) although alcohol is also popularly self-administered
in the West despite cost, tolerance and toxicity (156). There
are also a wide variety of other methods employed including
psychological and behavioural therapies, bright light and
relaxation therapy as examples. Whilst a fuller evalua-
tion of these cannot be included here, a brief mention is
appropriate.

There is limited evidence that OTC antihistamines work
although recently some benefits have been reported for
diphenhydramine (157). More profound effects on sleep
have been reported for both promethazine and hydroxyzine
although neither are available as OTC hypnotics (158-160).
A recent review of melatonin shows promise for its use for
circadian and sleep-phase disorders including shift work (161)
although evidence for its use in insomnia is less positive (162).

Several herbal remedies have been investigated, and interest
in these compounds is growing though published studies are
few (163). Valerian or valerian and hops are popular in some
herbal OTC remedies but findings are varied with Morin
et al. (157) observing benefits in mild insomnia with vale-
rian and hops whilst Diaper and Hindmarch (164) failed to
find significant effect on sleep and performance with vale-
rian alone. A recent review of 16 studies suggested that vale-
rian might improve sleep quality without concomitant side
effects (165). Similarly, there is some evidence emerging that
aromatherapy may be useful, for example a study by Goel
et al. (166) found that lavender not only improved sleep but
also increased slow wave sleep which may be of particular
benefit to the elderly whose slow wave sleep is reduced.
Lewith et al. (167) have found that lavender oil reduced mild
insomnia, and Komori et al. (168) found mixed fragrance
assisted withdrawal from long-term benzodiazepine use in
insomniacs.
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Whilst more controlled studies are required for these alter-
native or complementary remedies, if efficacious, they may
offer some advantages. Unlike many prescription medica-
tions, they may have reduced side effects and residual impair-
ments next day. This is of particular importance for the elderly
who may require longer treatment and who frequently suffer
from other illnesses that may require medicines. Therapies
that are free from adverse side effects, and possible drug inter-
actions, may be of particular benefit and significantly improve
not only sleep but resulting QOL.

Cognitive and behavioural therapies (CBT) are worth
particular mention as there benefits are being increasingly
recognized although they may not be suitable for all insom-
niac patients (10, 40). The negative effects of long-term
benzodiazepine treatment, particularly in the elderly, has been
outlined. Withdrawing patients can therefore provide benefits.
In a study of elderly long-term benzodiazepine users in whom
over 60% had continuously used their hypnotics for over 10
years, 80% were successfully withdrawn from their treatment
at 6 months after tapering their dose. The withdrawers showed
improved waking performance in comparison to the contin-
uers but showed little by way of sleep differences or with-
drawal problems (95).

Studies using CBT have also been successful in helping
withdraw long-term benzodiazepine users from treatment and
in maintaining improved sleep. Dixon, Morgan and colleagues
noted decreased QOL at baseline in long-term hypnotic users,
although the decrement reduced with advancing age (169,
170). At 3 and 6 months, sleep and QOL were improved, with
sleep improvements and reduced hypnotic use maintained
at 12 months follow-up. Reviews by Morin and colleagues
have emphasized the reliable and durable effects that can
result from behavioural treatments (171, 172), with Epstein
and Bootzin (43) emphasizing that non-pharmacological treat-
ments can make a substantial contribution to QOL for insom-
niacs. Authors have pointed out that the psychological and
behavioural treatment approach takes time, as well as signif-
icant resources which may balance over long-term treatment,
so that efficacy is delayed in comparison to drugs that may
be more appropriate for short-term treatments. Further, not
all patients may be suitable for CBT approaches, Morgan
and colleagues found that patients with higher levels of
distress at onset had poorer outcomes (10, 16, 40, 170, 173).
Similarly, McCrae et al. (174) found that sleep hygiene
practices did not differ between good and poor elderly
sleepers suggesting this approach may have limitations in the
elderly.

Conclusion

The current interest in medicinal treatments and QOL reflects
developments in psychopharmacology. Where as past treat-
ments were focussed on reducing deficits, present research
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looks more toward optimizing function and even enhancing
performance. Thirty years ago, it may have been sufficient to
treat disturbed sleep and insomnia with a sedative hypnotic
compound and accept residual impairments next day as a
consequence of improving sleep. Newer hypnotic compounds
including the Z-drugs provide us with important treatment
options when weighing up the cost benefit ratio for a partic-
ular patient. We know that prolonged and untreated insomnia
is associated with impaired QOL as well as substantial costs
to society as a result of direct health costs and indirect costs
through accidents and absenteeism. Although the shortest
acting of the Z-drugs may not be suitable for treating sleep
maintenance problems, they show significantly reduced side
effects and residual impairments, with improved QOL, and
should be promoted over the older benzodiazepines as appro-
priate drug treatments for insomnia (113). The emerging
hypnotics and newer formulations for the Z-drugs (eszopi-
clone and zolpidem-MR) hold promise for treating both sleep
onset and sleep maintenance problems without compromising
QOL, and prolonged treatment may now be acceptable.

Where possible, long-term drug treatment for insomnia
should be avoided, with cognitive and behavioural thera-
pies providing useful alternatives and aiding withdrawal from
long-term benzodiazepine use resulting in improved sleep and
QOL. However, the range of application and possible treat-
ment limitations of these treatment approaches needs to be
further explored. Similarly, studies of alternative and comple-
mentary therapies need progressing to establish the efficacy
and range of application for treatments such as herbals and
aromatherapy.

With the current range of hypnotic treatments, there is no
longer an excuse for insomnia to go unreported and unrec-
ognized and untreated in so many patients including the
elderly. Further, shorter-term insomnia should be treated to
help prevent the transition to chronic insomnia with its asso-
ciated marked impairments in quality of life.

Issues that need to be addressed by future research:

e Further studies are required to assess the impact of
long-term administration of the Z-drug hypnotics on
sleep and waking function in chronic insomniacs,
including the elderly.

e The range of patients and types of insomniacs that
are effectively treated with behavioural and psycho-
logical therapies needs to be established.

o The effectiveness of alternative therapies including
aromatherapy and herbal remedies needs to be
established but may provide useful alternatives to
prescribed hypnotics.
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Melatonin and Quality of Life
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Summary There is substantial evidence that fragmented sleep, delayed sleep phase syndrome (DSPS), insomnia, and
impaired daytime alertness are the result of disorders in brain functioning that are closely linked to disruptions in the regulation
of circadian rhythms. In children suffering from neurodevelopmental disabilities, such as attention deficit hyperactivity disorder
(ADHD) and epilepsy, sleep disturbance and behavioral problems are significant correlated symptoms. There is also evidence
that by addressing these problems directly, significant improvements can be made in the quality of life (QOL) experienced by
the affected individuals. Children with ADHD exhibit impairments in the circadian pacemaker as shown by studies confirming
an associated delay in the peak melatonin output under dim light conditions. Therapy involving melatonin administration to
these children not only improves their sleep onset and efficiency but also improves their health status and QOL. The QOL of
young adults who suffer from DSPS is significantly impaired by the resulting symptoms of insomnia and tiredness. Treatment
of DSPS patients with melatonin has been reported to improve QOL dimensions such as physical functioning, mental health,
and emotional well-being, as well as social functioning and general health. In patients suffering from chronic fatigue syndrome,
melatonin improved QOL by enhancing vitality and energy and by reducing pain perception and fatigue. Melatonin has also
been demonstrated to improve the quality of sleep of elderly insomniacs. Strategically timed administration of melatonin is
useful for reducing the symptoms of jet-lag in intercontinental travelers. Additionally, melatonin has been found to enhance the
nighttime alertness of shift workers and to improve their sleep during the daytime. Melatonin has a promising role in cancer
patients not only as an oncostatic drug but also in promoting their general physical health and well-being. Meditation, besides
improving QOL, coincidentally enhances the secretion of melatonin from the pineal gland, thus suggesting that melatonin may
be an important physical mediator of the meditation experience.

Keywords Melatonin - attention deficit hyperactivity disorder - chronic fatigue syndrome - epilepsy - jet-lag - shift work -
quality of life - cancer - meditation

only increased day to day comfort but have also created a
number of health problems for modern man. For example,
physical activity no longer needs to coincide with daylight
hours and extends to the whole 24-h period (i.e. the “24-
hour/7 days Society”). From an evolutionary perspective, this
is an abrupt “environmental mutation.” In such conditions,
the brain loses its capability to sense internal and external
rhythms, as reflected by the increased incidence of sleep/wake
cycle disorders. As a result, people around the world often
suffer from sleep problems, tension, and anxiety and mood
disorders.

The technological impact of modern life has increased

Learning objectives:

e To understand how melatonin is linked to quality of
life in normal physiology.

e To examine the association of melatonin dysregula-
tion to various medical and mental disorders.

e To assess the potential application of melatonin to
improve quality of life in various clinical conditions.

Introduction

Technological advancements such as rapid forms of trans-
portation and the use of a 24-h lighting system have not

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine
© 2008 Humana Press, Totowa, NJ

mean life expectancy, which in turn has increased the size
of the elderly population (over the age of 60). The increased
number of elderly persons has also resulted in increased inci-
dence of persons suffering from chronic insomnia, age-related
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neurodegenerative disorders, such as Alzheimer’s disease
(AD) or Parkinsonism, cancer, and cardiovascular disecase
(1-4). There is thus an urgent need to develop therapeutic
agents that improve the quality of life (QOL) not only in
young individuals who are forced to work both night and day
or who undertake rapid travel across different time zones, but
also in elderly persons who suffer from sleep disturbances,
neurodegenerative disorders, or cancer. Inasmuch as mela-
tonin is a neurohormone that is critically involved in the regu-
lation of sleep and circadian rhythms generally, it has been
suggested that this biological agent can make a significant
contribution to public health (5-11).

In recent years, it has been increasingly recognized that
children with neurodevelopmental disorders such as atten-
tion deficit hyperactivity disorder (ADHD) and epilepsy also
suffer from behavioral problems and sleep disorders and
that these difficulties may be due to disruptions in circa-
dian rhythms. Several clinical studies have now shown that
melatonin significantly improves the QOL in those children
(12-18).

Melatonin Biosynthesis and its Regulation

Melatonin is primarily secreted by the pineal gland of
all mammals, including humans. In addition, melatonin
synthesis occurs in other organs and tissues such as the
eye (19), the gastrointestinal tract (20), lymphocytes (21),
and skin (22). Melatonin biosynthesis starts by the conver-
sion of tryptophan to 5-hydroxytryptophan and then to 5-
hydroxytryptamine (5-HT, serotonin). 5-HT is acetylated to
form N-acetylserotonin by the rate-limiting enzyme aryl
alkylamine N-acetyltransferase. N-acetylserotonin is then
converted into melatonin by the enzyme hydroxyindole-O-
methyl transferase (HIOMT) (23).

Pineal melatonin synthesis has a circadian rhythm with a
peak synthesis occurring during the night and followed by
lower output levels during the day. This circadian rhythm in
the secretion of pineal melatonin is generated by the central
circadian pacemaker located in the suprachiasmatic nuclei
(SCN) of the hypothalamus and is synchronized to a 24-h
day—night cycle by environmental light acting through the
retinohypothalamic tract (24). Special retinal ganglion cells
containing melanopsin are involved as the photoreceptive
elements in this pathway (25).

The melatonin rhythm normally develops in humans during
the third to fourth month of life and reaches its highest ampli-
tude at around 4-7 years of age (26,27). Inasmuch as elderly
individuals have lower melatonin levels than young individ-
uals, the decline in melatonin production during old age may
be a primary reason for the associated decline in sleep quality
and changes of sleep/wake rhythm. Additionally, as evidence
cited below suggests, reduced melatonin output may possibly
be a contributing factor to the increased incidence of neurode-
generative diseases seen in the elderly (9, 28).
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Circulating melatonin is metabolized mainly in the liver
where it is first hydroxylated in the C6 position by cytochrome
P450 monooxygenases (isoenzymes CYP1A2, and CYP1A1)
and thereafter conjugated with sulfate to be excreted as
6-sulfatoxymelatonin (aMT6s) (29). Its clearance from the
peripheral circulation is biphasic with half lives of about
3 and 45 min (30). Melatonin is also metabolized non-
enzymatically in many cells and also extracellularly by free
radicals and by few oxidants. For example, through this
pathway, it is converted into cyclic 3-hydroxymelatonin by a
direct scavenging of two hydroxyl radicals (24). In addition,
melatonin is metabolized in the brain to form N'-acetyl-
N?-formyl-5-methoxykynuramine (AFMK) and N'-acetyl-
5-methoxykynuramine (AMK) (25), two compounds with
important antoxidant properties (29).

Melatonin Receptors

Inasmuch as melatonin easily diffuses through biological
membranes, it can influence processes in almost every cell
in the body. Some of its effects are receptor-mediated while
others are receptor-independent. Melatonin is involved in
various physiological functions such as sleep propensity (31,
32), control of sleep/wake rhythm (33), blood pressure regu-
lation (34, 35), immune function (36-38), circadian rhythm
regulation (6, 39), retinal functions (19, 40), detoxification of
free radicals (29,41), control of tumor growth (42,43), bone
protection (44), and the regulation of bicarbonate secretion in
the gastrointestinal tract (20).

Melatonin action involves interaction with specific recep-
tors in the cell membrane (45), with nuclear receptors (46) and
with intracellular proteins such as calmodulin (47), dihydron-
icotinamide riboside : quinone reductase 2 (48), or tubulin-
associated proteins (49). In addition, melatonin is a potent
antioxidant acting as a free radical scavenger as well as
thorugh induction of antioxidant enzymes, down-regulation
of pro-oxidant enzymes, or stabilization of mitochondrial
membranes (29,41, 50).

Several major actions of melatonin are mediated by the
membrane receptors MT; and MT, (45). They belong to
the superfamily of G-protein-coupled receptors containing the
typical seven transmembrane domains. These receptors are
responsible for chronobiological effects at the SCN, the circa-
dian pacemaker. M T> mainly acts by inducing phase shifts
and M T} by suppressing neuronal firing activity in the SCN.
MT; and MT, are also expressed in peripheral organs and
cells and contribute, for example to several immunological
actions or to vasomotor control (45).

A third binding site, initially described as M T3, has
now been characterized as the enzyme quinone reductase 2
(51). Quinone reductases participate in the protection against
oxidative stress by preventing electron transfer reactions of
quinones (52). Melatonin also binds to nuclear receptors of
the retinoic acid receptor family, RORa 1, ROR«2, and RZRf3
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(46). RORa1 and RORa2 seem to be involved in some aspects
of immune modulation, whereas RZR[3 is expressed in the
central nervous system, including the pineal gland. Direct
inhibition of the mitochondrial permeability transition pore by
melatonin (53) indicates that another mitochondrial binding
site is involved.

Melatonin and Age-Associated Sleep
Disorders in the Elderly

Sleep disturbances are common complaints among the
elderly. It has been estimated that nearly 40-70% of older
people suffer from an inability to fall asleep, frequent
nocturnal awakenings, and/or early awakenings (54). Persis-
tent insomnia is estimated to occur in 10-25% of the elderly
(55). As aresult of this, elderly individuals suffer from deteri-
oration of general physical health, which in turn is associated
with decline in mental health. This leads to poor cognitive,
psychological, and social functioning, and thereby results in a
reduced QOL (56).

That the core problem in all of these difficulties may be
the reduction in melatonin output that occurs in advancing
age has been suggested by an investigation of the correla-
tion between sleep disturbance and urinary aMT6s concentra-
tions. In a study undertaken on 517 subjects aged 55 years and
above, a significant reduction was found in the excretion of
aMT6s in the urine of insomniac patients (9.0 ng of aMT6s
excreted per night as compared to 18 g in normal subjects of
the same age group, 57).

Disturbed sleep, poor sleep quality, and trouble in falling
asleep were all reported in postmenopausal women, the sleep
complaints being associated with low mood (58). Abnormal
melatonin secretion in postmenopausal women reporting
sleep complaints has been described (59), and a diminished
nighttime melatonin secretion was suggested as a cause for
the deterioration in sleep maintenance in elderly females (60).
Moreover, low-melatonin levels have been linked to bone loss
(amajor problem in perimenopausal women) at least in exper-
imental animals (44).

These findings have been a major impetus to efforts for
using melatonin to improve QOL in elderly insomniacs (7,61,
62). In most studies, early nighttime administration of mela-
tonin, in doses ranging from 0.3 to 5.0 mg, was found to
improve both the subjective and objective sleep parameters of
sleep quality in patients suffering from insomnia (33,63, 64).
Melatonin in doses of 3 mg administered for a period of
6 months to insomnia patients as an add-on to a hypnotic
(benzodiazepine) not only improved sleep quality, duration,
and sleep latency but also significantly enhanced day time
functioning, thus supporting the conclusion that melatonin
improves physical well-being and hence the QOL (61). It is
significant that even physiological doses of melatonin (0.3
mg) that raised the plasma melatonin levels to the normal
range (60-200 pg/ml) improved sleep in subjects suffering
from age-related insomnia (65). Collectively, these studies
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support the conclusion that melatonin is of significant value
for the treatment of age-associated sleep disorders.

Melatonin Use and QOL in Children
with Neurological Disabilities

The critical importance of exogenous melatonin treatment
for children suffering from neurological disabilities such as
ADHD, Smith-Magenis syndrome, epilepsy, and other pedi-
atric disorders has become increasingly recognized inasmuch
as these disorders cause not only sleep disturbances but also
a number of behavioral problems resulting in impairments
in cognitive and social skills. Children with ADHD have a
delayed endogenous pacemaker as manifested by a delay in
sleep onset, in dim light melatonin onset (DLMO), and in
the time of awakening (12, 14, 16, 18). In several studies, the
administration of melatonin was found to reduce sleep onset
latency and to improve overall sleep quality, thus resulting in
an enhancement of health status and QOL (14, 16, 66, 67). In
one study (14), FS-II questionnaire and RAND-GHRI scales
(scales that measure general functional, physical, physiolog-
ical and social behaviors, and illness-specific scores) were
administered to 79 children who were suffering from chronic
sleep onset insomnia. Four weeks of melatonin treatment (5
mg/day) was effective in reducing sleep disturbances and
improving the health status of the affected children when
compared to placebo (14).

The mechanisms by which melatonin improves health
status in children with ADHD are not completely under-
stood. Although exogenous melatonin therapy was found to
normalize the delays in the sleep—wake rhythm often seen in
ADHD, with a resulting enhancement of the children’s overall
health status, in one study improvements in sleep quality
following melatonin administration were associated with very
few effects on QOL in ADHD children (68).

In epileptic children, many cognitive and social skills are
affected. As antiepileptic drugs have been shown to affect the
QOL due to their important side effects, melatonin was tried
as an adjuvant to improve QOL in epileptic children subjected
to valproate monotherapy (15). A questionnaire assessing the
physical function, emotional well-being, cognitive function,
social function, behavior, and general health was adminis-
tered to those children. Significant improvements in QOL with
melatonin use were seen in these children when compared to
those receiving placebo (15).

Melatonin and QOL in Patients with
Delayed Sleep Onset and Related Disorders

Delayed sleep phase syndrome (DSPS) is defined as the
persistent inability to fall asleep at conventional bedtimes
and marked difficulty in arising in the morning despite the
occurrence of normal sleep architecture, quality, and duration
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(69). It is seen mainly in young individuals. DSPS is often
associated with severely disrupted work or social functioning
and is more resistant to treatment than other sleep disorders
(70). In a study of the impact of DSPS on QOL, 43 patients (15
men, 28 women, with a mean age of 34 years), all suffering
from DSPS, were given the Medical Outcomes Study ques-
tionnaire (Short Form-36, MOS SF-36) for measuring phys-
ical, mental, and social health (71). A higher aggregate score
on this instrument is associated with a greater quality of
overall health (72). The findings confirmed that the QOL of
DSPS patients is very much impaired (71). The principal
complaints of DSPS patients in the study were insomnia and
tiredness, both associated with a decrease in QOL dimensions
“vitality” and “social functioning” (73). Taken together, these
findings support the conclusion that DSPS is a sleep disorder
that can severely impair the QOL of affected individuals.

Efforts to treat DSPS have emphasized the efficacy of mela-
tonin treatment (74,75). In the above-mentioned study of QOL
in DSPS patients (71), the participants received melatonin at
a dose of 5 mg/day for 2-9 months, with the effects on QOL
inferred from responses on the MOS SF-36 questionnaire that
was administered just before and after melatonin treatment.
Melatonin therapy was associated with improvements in all
QOL dimensions including physical functioning, social func-
tioning, emotional well-being, mental health, general health
and bodily pain. The effect of melatonin on “role-physical,”
“vitality,” and “health change” was noteworthy (71). Scores
before and after melatonin treatment (mean + SD) were 37.8
4 22.7 and 66.9 £ 24.2 (“health change”), 38.1 £ 17.7 and
51.5 £ 18.9 (“vitality”), and 27.3 & 40.8 and 51.7 & 42.4
(“role-physical”). After melatonin administration, a signifi-
cant improvement in physical functioning was found (p =
0.001). On social functioning, the score before and after mela-
tonin treatment was 54.9 £ 26.2 and 67.2 £ 19.9 (p = 0.003).
Whether the effects of melatonin were attributed to a direct
action or to changes in some other substance(s) altered by
melatonin treatment remains to be determined (71).

Another group of patients suffering from chronic fatigue
syndrome and treated with melatonin was evaluated (13). A
total of 38 patients (27 women and 11 men) completed the
study. In these patients, QOL scores were significantly lower
than those of healthy subjects and were similar to those found
in patients with DSPS (13). The patients exhibited persistent
fatigue sufficient to impair daily activities for at least 1 year,
and their DLMO occurred later than 21:30 h. A QOL ques-
tionnaire (MOS SF-36) was administered to these patients
before and after melatonin treatment. Melatonin was given in
a dose of 5 mg 5 h before individual DLMO. Following mela-
tonin treatment, scale measures of “physical functioning,”
“energy/vitality,” “body pain,” and “general health percep-
tion” dimensions increased significantly showing thereby that
melatonin is effective in improving the QOL in patients
with chronic fatigue syndrome (13). Similar results were
reported in patients with fibromyalgia (76, 77). These studies
are consistent with earlier findings demonstrating melatonin’s
capacity to inhibit cyclooxygenase inhibitors in experimental
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animals and support suggestions that melatonin can be consid-
ered to be an endogenous non-steroidal antiinflammatory
substance (78).

In another study including 29 patients (24 women and
5 men) with chronic fatigue syndrome and late DLMO,
the effect of a 5-mg dose of melatonin on fatigue severity
was evaluated (79). During melatonin treatment, the score
of specific questionnaire on chronic fatigue changed signif-
icantly in the affected group when compared to healthy
controls, indicating that melatonin treatment improved QOL
in those patients (79).

Chronic whiplash syndrome (CWS) is a poorly defined
clinical entity in which complex symptoms develop after a
forceful flexion and extension trauma of the cervical spine
(“whiplash”) and that is present for longer than 6 months after
trauma. Symptoms include insomnia, impaired concentration
and memory, increased fatigue, neck pain, and headache and
are often so pronounced that many CWS patients cannot
resume their daily activities (80). In a study of CWS patients
who exhibited a delayed DLMO, the effect of melatonin treat-
ment on QOL score was evaluated. Melatonin administra-
tion (5 mg/day) for a period of 4 weeks did not affect QOL
in these patients (81). To what extent this negative results
can be attributed to the short-treatment period with melatonin
employed merits further investigation.

Melatonin and Alleviations of Symptoms
of Jet-Lag

Rapid travel across time zones causes transient insomnia, poor
performance, and reductions in the general sense of well-
being (82). The duration and severity of jet-lag depend upon
the number of time zones crossed and direction of travel.
The primary reason for jet-lag is the desynchronization of
circadian rhythms and the associated sleep disturbances. Any
agent capable of accelerating the resynchronization of bodily
rhythms would thus have significant value in minimizing the
symptoms of jet-lag and in improving health and well-being
of the individuals undertaking transmeridian travel (6).

A number of studies have investigated melatonin’s poten-
tial for alleviating the symptoms of jet-lag. Melatonin was
effective in placebo-controlled studies for reducing the subjec-
tive symptoms of jet-lag such as sleepiness, impaired alertness
(83), and behavioral changes may be construed as the signs of
improvement in general mental and physical health and hence
in QOL.

The most severe health effects of jet-lag occur following
eastbound flights, as this requires a phase advancement of
the biological clock. In one study addressing this issue, phase
advancement after melatonin administration (3-mg doses just
before bedtime) occurred in all 11 subjects traveling from
Tokyo to Los Angeles as well as faster resynchronization
compared to controls (84). Melatonin increased the phase shift
from about 1.1-1.4 h/day causing complete entrainment of 7—
8 h after 5 days of melatonin intake. Melatonin has been found
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to promote a 50% reduction in subjective assessment of jet-
lag symptoms in 474 subjects taking 5 mg fast release tablets
(83) . Therefore, with few exceptions, most of the evidence
on the subject indicates that melatonin is useful for amelio-
rating “jet-lag” symptoms in air travelers (see meta-analysis
at Cochrane Data Base, 85).

One of us examined the timely use of three factors (mela-
tonin treatment, exposure to light, physical exercise) to hasten
the resynchronization of circadian rhythms in a group of elite
sports competitors after a transmeridian flight across 12 time
zones (86). Participants in the study took melatonin at the
local bedtime and effects on the circadian oscillator, that is,
adjustment to the local time environment, were subsequently
assessed. Individual actograms derived from sleep log data
showed that all subjects became synchronized in their sleep to
the local time in 24—48 h, well in advance of what would have
been expected in the absence of treatment. More recently, a
retrospective analysis of the data obtained from 134 normal
volunteers flying the Buenos Aires — Sydney transpolar route
over a period of 9 years was published (6). The mean resyn-
chronization rate for this transmeridian flight across 13 time
zones was 2.27 £ 1.1 days for eastbound flights and 2.54 +
1.3 days for westbound flights.

Melatonin’s Role in Night Shift
Worker’s Health

Nearly 15-20% of the work force is permanently engaged in
night or rotating shift work created by the ‘“24 hour/7 days
Society” (87). The increasing demands of modern day life
have seen the emergence of “around the clock™ work shifts in
hospitals, industries, nuclear power plants, and air and railroad
transport systems. When individuals are forced to forego their
normal sleep/wake and light—dark cycles, they experience a
misalignment in timing of their altered sleep—wake sched-
ules, thereby causing an internal desynchronization of bodily
rhythms. The inversion of sleep—wake schedules has a variety
of disruptive effects on the life styles, sleep, and general
health of night shift workers. These include gastrointestinal,
cardiovascular, and metabolic disturbances that can manifest
as diabetes mellitus, peptic ulcer, hypertension, myocardial
infarction, and other disorders (88,89). A positive association
between long periods of night shift work and increased risk
of breast cancer has also been documented (90). It has been
postulated that this finding, documented in women nurses
working on night shifts, may be attributed to the suppres-
sion of melatonin secretion following continuous exposure to
nighttime lighting. Adaptation to the reversal of day and night
is essential for the maintenance of general health and QOL in
night shift workers. It has been noted that a worker’s ability
to phase shift his or her body’s endogenous melatonin rhythm
is associated with improved shift work tolerance as inferred
from neurobehavioral performance measures (memory test,
reaction time, etc.) (91).
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Accumulating evidence strongly suggests that it is the
desynchronization and disruption of circadian rhythms asso-
ciated with the reversal of sleep—wake time what accounts for
the generally adverse health status seen in night shift workers
(88, 89). Some studies have shown that the administration of
melatonin can cause a rapid adaptation of night shift workers
to inverted work schedules and further can improve sleep
during daytime and increased alertness during night working
hours (92, 93). Definite conclusions on this subject have yet
to be drawn inasmuch as not all studies support a significant
improvement in either mood or day time sleep in melatonin-
treated night workers (94).

Melatonin for Improvement of QOL
in Alzheimer’s Disease

The general cognitive decline and increased memory impair-
ment seen in AD patients is accompanied by disruptions in the
circadian timing system as manifested by a greater incidence
of sleep—wake rhythm disorders in this patient group (95). The
disturbed sleep—wake rhythms in AD patients are also associ-
ated with a higher degree of irregularities of melatonin secre-
tion (96). The decrease in melatonin secretion correlates well
with abnormalities of the rest activity cycle (97). Moreover,
it has been suggested that a decrease in cerebrospinal fluid
(CSF) melatonin levels is an early event in the development
of AD (98).

AD patients exhibit a chronobiological phenomenon known
as “sundowning” (99). The symptoms of sundowning include
a reduced ability to maintain attention to external stimuli,
disorganized thinking and speech, and a variety of motor
disturbances including agitation, wandering and repetitious
physical behaviors, and emotional disturbances. These symp-
toms are prevalent during the late afternoon and early evening
hours (99).

The first attempt to use melatonin as a sleep-promoting
agent in AD was carried out in a small non-homogenous
group of elderly demented patients with primary insomnia
(100). Seven out of 10 demented patients treated with mela-
tonin (3 mg p.o. for 21 days) showed a significant decrease
in sundowning and reduced variability of sleep onset time. In
another study, the administration of 6 mg of melatonin to 10
individuals with mild cognitive impairment improved sleep,
mood, and memory (101). The efficacy of 3 mg melatonin/day
at bedtime in improving the sleep and alleviating sundowning
was shown in 11 elderly AD patients (102) and in 7 patients
of another study (103). Melatonin (in a dose of 6-9 mg)
was administered over a 2-3 year period to 14 AD patients
who had symptoms of sleep disorders and sundowning agita-
tion and was found to improve the patients’ sundowning and
quality of sleep (104). Another study on 45 AD patients
with symptoms of sleep disturbance, and to whom 6 mg
of melatonin was given daily for 4 months, demonstrated
improvements in sleep and suppression of sundowning (105).
In addition to these symptomatic improvements, which in
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themselves added significantly to the patients’ QOL, addi-
tional consequences of treatment included a reduction in
the burden to the caregivers as well as an apparent arrest
or slowing of the cognitive decline among patients in the
melatonin group as compared to AD patients not receiving
melatonin (104).

Melatonin efficacy in AD patients was confirmed in a
double-blind study, with regard to amelioration of sleep—
wake dysrhythmia and improvement of cognitive and non-
cognitive functions (106). In a large multicenter, random-
ized, placebo-controlled clinical trial, the effects of two dose
formulations of oral melatonin were investigated. A group of
157 subjects with AD and nighttime sleep disturbance was
randomly assigned to one of three treatments: (i) placebo,
(i1) 2.5 mg slow-release melatonin, or (iii) 10 mg mela-
tonin given daily for 2 months (107). Melatonin facilitated
sleep in a certain number of individuals, but collectively, the
increase in nocturnal total sleep time and decreased wake
after sleep onset as determined by actigraphic measures were
only apparent as trends in the melatonin-treated groups. On
subjective measures, however, caregiver rating of sleep quality
showed significant improvement in the 2.5 mg sustained-
release melatonin group relative to placebo (107).

Large interindividual differences between patients suffering
from a neurodegenerative disease are not uncommon. As
the circadian oscillator system is obviously affected in AD
patients showing severe sleep disturbances, the efficacy of
melatonin should be expected to also depend on disease
progression. Overall, these studies support the use of mela-
tonin in improving the general health and sleep quality of AD
patients (11).

Melatonin and QOL in Patients
with Mood Disorders

Mood disorders consist of major depressive disorder, bipolar
affective disorder, and seasonal affective disorder (SAD).
Some of these mood disorders are cyclic in nature and
are often linked to the disrupted functioning of the circa-
dian time-keeping system (108). Sleep loss or insomnia is
a major risk factor for the occurrence of mania (109) and
is often a prominent co-morbility of depression (110). SAD
usually occurs in winter and remits in spring and summer.
SAD includes depressive symptoms such as fatigue, social
withdrawal, oversleeping, overeating, and weight gain (111).
These symptoms are in contrast to those of insomnia, early
morning awakening, poor appetite, and agitation that often
occur in non-seasonal depression. Patients with SAD exhibit
delayed circadian rhythms and the phase delay of the circa-
dian pacemaker relative to the timing of the sleep—wake cycle
may underlie the pathophysiology of SAD (112). Patients
with SAD display a delayed melatonin secretion (113). The
duration of melatonin secretion in SAD patients is shorter
during summer when compared to healthy controls (8.5 =+
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1.4 hvs. 9.3 £ 1.2 h) (114). As the amplitude of melatonin
secretion rhythm is altered in patients with major depres-
sive disorder, bipolar patients, or patients with SAD (59), it
has been suggested that the timing and duration of melatonin
secretion play an important mediating role in the pathophysi-
ology of mood disorders (108).

A study to evaluate the effectiveness of melatonin in
improving the QOL in healthy subjects (n = 58) exhibiting
subsyndromal SAD was undertaken in Finland (115). A
sustained release preparation of 2 mg of melatonin or placebo
was administered 1-2 h before desired bedtime for a period of
3 weeks. Melatonin was also administered for the same period
to people who suffered from weather-associated syndrome.
Sleep quality, sleepiness after waking, atypical depressive
symptoms, and health-related QOL were measured at the
baseline and after melatonin treatment. Melatonin adminis-
tration significantly improved the quality of sleep (p = 0.03)
and vitality (p = 0.02) in subjects with subsyndromal SAD
but not in subjects with weather-associated syndrome. These
findings suggest that melatonin’s effects are specific to disor-
ders connected to the photoperiod rather than to the weather-
related aspects of season (115).

Meditation, Melatonin, and QOL
in Healthy Subjects and Cancer Patients

The practice of meditation is said to have immunoenhancing,
anticancer, and antiaging effects (116). A number of parallels
between the reported effects of meditation and of melatonin
administration suggested a possible connection between the
two therapeutic practices (117, 118). In a study conducted on
15 healthy men aged 25-35 years, the subjects were asked
to perform Hatha yoga for 15 min and Omkar meditation for
30 min daily during 3 months (119). Serial blood samples
were drawn at various time intervals to study the effects of
these practices on melatonin levels. Heart rate, blood pres-
sure, respiratory rate, peak expiratory flow rate, and psycho-
logical well-being also were measured before and 3 months
of treatment. Plasma melatonin levels increased significantly
after yogic practices and meditation and additionally corre-
lated with a scaled measure of well-being (p < 0.05). These
findings suggest that meditation acts as a psychophysiologic
stimulus to increase endogenous melatonin secretion that in
turn can promote an improved sense of well-being (119).

The effect on QOL of a meditation technique called
mindfulness-based stress reduction (MBSR) was investigated
in a study of 59 patients with breast cancer and 10 patients
with prostate cancer (120). Forty-two patients completed both
pre- and post- intervention questionnaires, and changes were
noted on the overall global QOL score (¢ = 2.23, p < 0.05),
indicating a greater overall QOL. Melatonin levels in this
study did not change significantly after MBSR (120).

Earlier studies in meditators have indicated that individuals
using the technique consistently produce higher melatonin
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levels as compared to non-meditators (117). Acute increases
in plasma melatonin levels have been reported following the
practice of meditation, higher plasma melatonin levels being
suggested to mediate the health-promoting effect (118).

In a large multisite study coordinated by the University
of Massachusetts Medical Center (UMMC), the effects of
a stress reduction and relaxation program on breast cancer
were investigated. Women aged 20-65 years who had received
a diagnosis of stage I or stage II breast cancer within 2
years of the study were surveyed before and after 4 months
of participation in the program. Psychological and physi-
ological factors including QOL, coping methods, anxiety,
depression, melatonin, interleukin-4, and interferon-y were
measured. An assessment of 84 women was carried out at
baseline and then 4 months later. Among program participants
who completed questionnaires both at baseline and at the
4th month assessment point (30 subjects), there was a mean
before—after increase of 1.58 wg/24 h of MT6s excretion,
the principal melatonin metabolite (baseline aMT6s: 9.83 g,
after 4-month intervention: 11.41 p1g/24 h). Inasmuch as the
increases in the output of the melatonin metabolite paralleled
the improvements in psychological factors, it was suggested
that melatonin could be a relevant outcome variable in
assessing psychosocial interventions, particularly for subjects
with cancer.

Several studies have attempted to elucidate melatonin’s
cellular mechanism of action in breast cancer. There is
evidence that melatonin acts as a selective estrogen receptor
modulator (121). In particular, melatonin has been shown to
inhibit the growth of estrogen-responsive breast cancer by
modulating the cell’s estrogen signaling pathway (42). Mela-
tonin is also known to affect cell growth in breast cancer cells
by modulating estradiol receptor-a transcriptional activity
(122). Taken together, these findings suggest that melatonin
has the potential as a safe and effective drug not only for
exerting its oncostatic effect in cancer patients but also for
improving the general health, vitality, physical functioning,
and QOL in cancer patients.

Melatonin Activity on QOL in Patients
with Irritable Bowel Syndrome

In a study of patients suffering from irritable bowel syndrome,
the effect of melatonin administration (3 mg) on symptoms
of abdominal pain, abdominal distension, frequency of defe-
cation, stool type, abnormal sensation of defecation, QOL,
and total bowel symptom score was evaluated before and after
2 weeks of treatment (123). Compared to placebo, signif-
icant reductions (p < 0.001) in the abdominal pain score
were recorded following melatonin administration. Addition-
ally, total bowel symptoms also decreased with melatonin
treatment. However, no statistical differences were found as
far as stool type, abnormal sensation of defecation, or QOL
between the melatonin and the placebo groups. These findings
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supported the suggestion that melatonin’s beneficial effect
was due to amelioration of rectal sensitivity to pain and
urgency. To what extent the lack of effect on QOL is related to
the short period of treatment (2 weeks) deserves further inves-
tigation. While not all the symptoms studied showed reduc-
tions following melatonin administration, the finding that
melatonin alleviated abdominal pain suggests that it can have
value for improving health in patients with irritable bowel
syndrome.

Conclusions

Melatonin has been found effective for improving sleep onset,
health status and QOL in children with ADHD and for
those suffering from chronic sleep onset insomnia. Melatonin
improves the QOL of epileptic children by improving their
cognitive functioning, emotional well-being, and other aspects
of general health. In adult patients suffering from DSPS,
melatonin improved a number of QOL dimensions including
physical functioning, emotional well-being, bodily pain, and
general health. In a study on patients with chronic fatigue
syndrome, melatonin improved QOL by enhancing physical
functioning, energy, and vitality and reducing the body pain.
In addition to these specific conditions, melatonin has been
found effective in enhancing QOL in elderly insomniacs by
improving the quality of sleep. Melatonin is effective not only
in inhibiting cancer growth but also in improving the QOL.
Other conditions such as irritable bowel syndrome may be
positively affected by melatonin.

Issues that need to be addressed by future research:

o Assessment of QOL should be included as a regular
clinical practice.

e More evidence-based research is warranted to estab-
lish the exact directionality of the relationship
between melatonin and chronic illnesses.

e Future studies need to focus on the therapeutic use of
melatonin in various chronic disorders.
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Sleep and Quality of Life in Sleep Apnea

Amy D. Atkeson and Robert C. Basner

Summary Health-related quality of life (HRQOL) is increasingly recognized as an important parameter in the assessment
of the morbidity associated with obstructive sleep apnea (OSA). Generic and sleep disorder-specific instruments consistently
demonstrate impairment in multiple domains of HRQOL in OSA, particularly in the domains of sleep, energy, fatigue, and
vigilance. Sleep disorder-specific tools are potentially more sensitive than generic tools in describing HRQOL impairment in
untreated OSA and treatment effects of continuous positive airway pressure (CPAP) and are increasingly being employed in
clinical trials of OSA treatment. Severe OSA is generally associated with severe HRQOL impairment; however, studies do
not consistently demonstrate a linear relationship between physiologic measures of OSA severity and measures of severity
of HRQOL impairment. Excessive sleepiness, cognitive dysfunction, and psychological impairment are common measurable
components of HRQOL impairment in OSA, particularly severe OSA, but the interactions among these and quality of life
impairments measured by standard HRQOL instruments are not well studied. Therapeutic CPAP appears to broadly improve
HRQOL domains in OSA, but substantial placebo effect has been demonstrated, suggesting that HRQOL impairment in OSA
may be mediated by aspects of the disorder other than the physiologic effects of the OSA. Further randomized controlled trials
should better elucidate the associations between physiologic impairment in OSA and HRQOL measures of interest to clinicians
and researchers in this field.

Keywords Obstructive sleep apnea - health-related quality of life - excessive sleepiness - cognitive dysfunction - depression
- health status - continuous positive airway pressure

) o Introduction
Learning objectives:
Patients’ experience of their illnesses as assessed by health-
related quality of life (HRQOL) indices is increasingly
recognized as an important component of the disease

e HRQOL is impaired in patients with obstructive
sleep apnea.
e Patients with obstructive sleep apnea may be trou-

bled by excessive sleepiness, cognitive dysfunction,
and/or impairment, impairments that may be best
assessed in addition to, and in association with,
HRQOL instruments.

e Therapeutic CPAP is associated with improvement
of HRQOL in patients with a broad degree of OSA
severity, although significant placebo effect, noted in
multiple studies, and lack of a consistent relationship
between physiological measures of OSA severity and
HRQOL impairment, suggests that factors other than
physiological perturbations of OSA play a role in
HRQOL impairment in this disorder.

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine
© 2008 Humana Press, Totowa, NJ

process, with respect to initial presentation, diagnosis, and
treatment success (1). Taking into account the different
cultural and personal expectations regarding health and
coping ability that each patient possesses, HRQOL can
differ markedly among patients with the same severity of
disease, thus offering a nuanced portrait of a patient’s
illness (2). Given the high prevalence of obstructive sleep
apnea (OSA) in diverse populations and the adverse cardio-
vascular, cognitive, and psychological sequelae associated
with it, it is not surprising that there has been consid-
erable interest in assessing HRQOL in patients with this
disorder.
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HRQOL Instruments and Measured
HRQOL in OSA

Generic HRQOL Instruments

HRQOL encompasses such domains as physiology, physical
function, social interaction, cognition, emotion, sleep and rest,
energy and vitality, health perception, and general life satis-
faction (3). Numerous generic instruments have been used
to assess HRQOL in patients with OSA, most notably the
Medical Outcomes Study (MOS) Core Survey and a subset of
that survey, the Short Form-36 (SF-36), the Sickness Impact
Profile (SIP), the Functional Limitations Profile (FLP), the
Nottingham Health Profile (NHP), and the EuroQOL (EQ-
5D) (1,4-8). The MOS Core Survey, developed by the RAND
Corporation for use in its landmark 2-year study of chronic
health conditions, consists of 116 items in multiple domains,
broadly defined as physical health, mental health, and general
health and has been used infrequently to study HRQOL in
OSA (4,9). However, a subset of the MOS Core Survey,
the SF-36 (4) is perhaps the most extensively used HRQOL
instrument and consists of a self-reported 36-item question-
naire addressing eight health concepts, commonly referred
to as domains, dimensions, or subscales: (i) limitations in
physical activities because of health problems (physical func-
tioning); (ii) limitations in social activities because of physical
or emotional problems (social functioning); (iii) limitations
in usual role activities because of physical health prob-
lems (role-physical); (iv) bodily pain; (v) general mental
health (psychological distress and well-being); (vi) limita-
tions in usual role activities because of emotional problems
(role-emotional); (vii) vitality (energy and fatigue); and (viii)
general health perceptions (4). For each domain, the item
scores are totaled and transformed onto a scale ranging from 0
(worst possible health) to 100 (best possible health) (10). Two
summary scores of physical (physical component summary,
or PCS) and psychological (mental component summary, or
MCS) health status can also be calculated and have been used
as surrogates for the results of the eight domains of the SF-36
(10). The SIP is a 136-item questionnaire assessing the impact
that sickness has had on a patient’s life and behavior (7).
Twelve domains are grouped into three separate subscales:
physical (ambulation, mobility, and body care), psychosocial
(social interaction, communication, alertness, and emotional
behavior), and other (eating, work, sleep/rest, home manage-
ment, and recreational pastimes). The FLP, a measure of
sickness-related behavioral dysfunction, was adapted from the
SIP for use in a British population (6, 11). It incorporates
essentially the same 136 items in the same 12 domains, with
wording and valuations modified to better fit British, rather
than American, valuations of the severity of impaired health
status (6). Possible scores range from O (best possible health)
to 100 (worst possible health) (6). Two summary scores, the
physical dimension score and the psychosocial dimension
score, can also be calculated by adding together a subset of
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the items (6). The NHP is another British-developed instru-
ment used to assess HRQOL in OSA (1). This tool measures
the domains of physical mobility, pain, social isolation,
emotional reactions, energy, and sleep. Each domain encom-
passes a series of statements, with which the subject can
agree or disagree; these statements are weighted to produce
a scoring system ranging from 0 (no perceived distress) to
100 (maximum perceived distress) (12). Small to moderate
correlations between the NHP and SF-36 subscales have been
found in general and disease-specific population studies (13—
15). Developed by European researchers, the EQ-5D is a five-
item instrument assessing mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression using a three-item
Likert scale response system (no problems, some problems,
and inability/extreme problems); 243 combinations are
possible (8).

HRQOL Impairment in OSA as Assessed
by Generic Instruments

Numerous data using generic HRQOL instruments have iden-
tified impaired HRQOL in OSA patients relative to the general
population. Smith and Shneerson (16) assessed 223 subjects
referred for OSA evaluation, finding that all dimensions of
the SF-36 were impaired compared to data from the general
population, presumably some of which included patients with
OSA, with the largest differences occurring in vitality and
social functioning. Similarly, in 108 OSA patients with more
than 10 episodes per hour of a greater than 4% fall in arte-
rial oxygen saturation during sleep, Jenkinson and colleagues
(11) found impaired HRQOL in all domains of the SF-36
compared to previously published population data in British
working age adults (17). Particularly severe impairment was
noted in the vitality domain, and the PCS and MCS were each
1 standard deviation (SD) below the mean score of the popu-
lation. Bennett and colleagues (18), studying 51 OSA patients
drawn from a community referral center with a median apnea
+ hyponea index (AHI) of 25/h, found that the domains of
vitality and role-physical were significantly impaired relative
to the same general population of British working-age adults
as in the above-noted study. Sin and coworkers (19), analyzing
HRQOL in a group of 365 Canadian patients with moderate
to severe OSA (mean AHI 65.5/h) and 358 patients with mild
OSA (mean AHI 5.1/h), found significant HRQOL impair-
ments in the PCS and MCS scores of the SF-36: the PCS
scores were over 1 SD below data reported for 45- to 54-year-
old Canadians (20), and the MCS scores were nearly 1 SD
below. Role-physical, physical functioning, general health
perceptions, and social functioning were all approximately
1 SD below the Canadian general population data, whereas
the vitality scores were 1.7 SD below.

Lloberes and coworkers (21) found significant impairment
of NHP scores in Spanish patients compared with previ-
ously published data for the 50-59 year old range group
of the general population of Barcelona (22) in 88 patients
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with severe OSA (mean AHI 62.5/h). The domains of energy,
emotional reactions, and sleep were most affected, with scores
in the energy domain almost four times more impaired than
those of the general population. In another study utilizing the
NHP, all domains except emotions were significantly more
impaired in 103 OSA patients (mean AHI 38/h) than 40 non-
snoring control subjects (23). FLP data have also demon-
strated substantially greater degrees of impaired HRQOL
compared with the general working-age population in 108
patients with OSA referred for initiation of CPAP therapy
(11). The domains most affected were alertness, sleep and
rest, recreations and pastimes, and social interactions, all with
scores substantially greater than zero.

Even patients with mild OSA have been found to have
impaired HRQOL as measured by the SF-36 relative to
control subjects. Measuring HRQOL with the SIP, Gall and
co-workers (24) found that behavioral impairments in the
areas of alertness, sleep, recreation, and work were signifi-
cantly more common in mild OSA patients (mean AHI 8.7/h)
than in control subjects: 15.5% of OSA patients reported
impairment of alertness versus 1.4% of normal subjects,
21.6% of OSA patients reported impaired sleep versus 7% of
normal subjects, 13.5% of OSA patients experienced impair-
ment in the recreation domain versus 1.5% of normal subjects,
and 16.4% of OSA patients reported impaired work function
compared with 2.2% of normal subjects (24).

While the clinic-based studies described above are subject
to some degree of selection bias, data from a population-based
study found similar decrements in six of eight SF-36 domains
in OSA patients (25).

Not all generic HRQOL tools have elicited depressed scores
in OSA patients, however. Barbe and colleagues (26) found
that 55 patients with severe OSA (mean AHI 55.4/h) reported
SF-36 PCS and MCS scores in the normal range. Their scores
on the Functional Outcomes of Sleep Questionnaire (FOSQ),
a sleep-specific instrument (see below), were also in the
normal range. However, this population was selected on the
basis of absence of pathologic sleepiness, as defined by an
Epworth Sleepiness Scale (ESS) score of 10 or less, whereas
all of the other studies have been performed in patients with
a high degree of subjective or objective sleepiness. In a study
of untreated OSA patients selected for disabling symptoms
attributable to their OSA, the EQ-5D failed to show more than
minimal impairment of HRQOL in the OSA patients, whereas
marked impairment was documented with the SF-36 and FLP
(11). The authors suggested that the domains covered by the
EQ-5D (mobility, self care, usual activities, pain/discomfort,
and anxiety/depression) do not adequately assess areas that
are particularly affected by OSA, including sleep, tiredness,
and social interactions and so do not accurately charac-
terize the impairments due to OSA. Similarly, Monasterio and
colleagues (27) found NHP scores to be within the normal
range in 142 patients with mild OSA (mean AHI 20/h). Hunt
and coworkers (1) have suggested that this instrument was
designed to assess severe disease to limit large numbers of
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false positive responses and thus may not detect HRQOL
abnormalities in milder forms of disease.

HRQOL Impairment in OSA as Assessed by Sleep
Disorder-Specific Instruments

HRQOL instruments have been designed to specifically
measure response to treatment of OSA and, as such, to be
more sensitive than generic instruments to clinically important
within-subjects effects in OSA (28). Such instruments include
the Calgary Sleep Apnea Quality of Life Instrument (SAQLI),
the Functional Outcomes of Sleep Questionnaire (FOSQ), and
the Quebec Sleep Questionnaire (QSQ) (29-31).

The Calgary SAQLI, which must be administered by an
interviewer, has 35 questions arranged in four domains: daily
functioning, social interactions, emotional functioning, and
symptoms; a fifth domain, treatment-related symptoms, can
be added for research purposes to assess possible nega-
tive consequences of treatment (29). The possible scores in
each domain range from one (poor quality of life) to seven
(excellent quality of life). A total score is also calculated,
which has been shown to have moderate to strong corre-
lations with all SF-36 domains (r = 0.39-0.65) in patients
with OSA, with the strongest correlations occurring with
the SF-36 vitality, social functioning, and mental health
domains (32). Independent validation of the SAQLI similarly
showed moderate to strong correlations between individual
domain of the SAQLI and the SF-36, particularly between
the SF-36 vitality domain and the SAQLI domains daily-life
activities (r = 0.88) and symptoms (r = 0.76) and between
the SF-36 social functioning domain and the SAQLI domain
social interactions (r = 0.66) (33). Assessing the treatment
effect of 4 weeks of CPAP therapy in 90 patients with severe
OSA (mean RDI 53.8/h), Flemons and Reimer (32) found
that all SAQLI domains showed a large effect size, whereas
only the vitality domain of the SF-36 showed a similarly large
effect. Before treatment, the SAQLI symptoms domain was
most severely depressed (32). Thus, the SAQLI appears to be
generally more sensitive to treatment effects than the SF-36
while performing at least as well in detecting HRQOL impair-
ment in untreated OSA. Mok and coworkers (34), validating
the SAQLI in a Cantonese population of 106 patients with
severe OSA (AHI 30.9/h), similarly found that the symptoms
domain was the most impaired. The FOSQ, which is specifi-
cally designed to assess the impact of excessive sleepiness on
activities of daily living, is a self-administered questionnaire
containing five domains (general productivity, social outcome,
activity level, vigilance, and intimate relationships and sexual
activity), as well as a global score (30). The FOSQ global
score, general productivity domain, and activity domain have
each been correlated with the SIP overall score (30) in patients
with OSA. The FOSQ activity level subscale has also shown
a moderate correlation with the SF-36 physical functioning
domain, whereas the FOSQ global score and general produc-
tivity, social outcome, and activity level dimensions have been
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correlated with the SF-36 role-emotional domain (30). The
FOSQ social outcome score is further correlated with both
the social function and mental health domains of the SF-36
(30). In a study of 42 patients with mild OSA (mean AHI
12.9/h), 72% reported abnormally low FOSQ scores across
all measured domains (35). The most recently developed tool,
the QSQ, is a 32-item self-reported OSA-specific question-
naire developed primarily for use as an outcome measure
in clinical trials (31). It covers five domains, including
daytime sleepiness, diurnal symptoms, nocturnal symptoms,
emotions, and social interactions. As part of its validation,
60 consecutive adult patients with recently diagnosed OSA
(mean AHI 29/h) who were awaiting treatment completed
the questionnaire before and after definitive treatment. QSQ
domains were correlated with many SF-36 domains, with
the strongest correlations between diurnal symptoms and the
vitality domain of the SF-36 (r = 0.85). Diurnal symptoms
were also strongly correlated with role-physical (r = 0.72),
and emotions were strongly correlated with mental health
(r=0.80) (31).

Relationship Between OSA Severity and Severity
of HRQOL Impairment

Although the current HRQOL data as noted above span a
wide range of OSA severity, no consistent or strong rela-
tionship between severity of the OSA, as measured by AHI
and/or degree of nocturnal oxygen desaturation, and severity
of HRQOL instrument impairment has become evident. Finn
and coworkers (25) reported a significant relationship between
OSA severity as assessed by AHI and impairment in six of
eight SF-36 domains; only pain and role-emotional showed
no linear relationship. Further, they noted that the differ-
ence in HRQOL impairment in mild obstructive sleep apnea
hypopnea syndrome, or OSAHS, (AHI = 5/h) and moderate
OSAHS (AHI = 15/h) was of clinical significance (25).
Moore and coworkers (9) correlated polysomnographic (PSG)
measures of sleep quality with HRQOL score, as measured
by the MOS Core Survey, in 39 patients with moderate to
severe OSA (mean respiratory disturbance index, RDI, 45/h).
After controlling for age and gender, they found that RDI
and number of arousals were significantly, although weakly,
correlated with the MOS domain health distress (r = 0.399—
0.481) and that RDI was further correlated with energy/fatigue
and social functioning. Investigating the relationship between
AHI and SF-36 domain scores in 135 men with severe OSA
and daytime sleepiness, Goncalves and colleagues (36) found
only weak, although significant, correlations between the
domains of physical functioning and general health percep-
tions, and PSG severity indices of OSA. Weak correlations
were also noted between the arousal index and impairment
in physical functioning and role-physical, and nadir oxygen
saturation and bodily pain (36). In the largest trial to date
assessing the relationship between PSG measures of OSA and
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HRQOL indices, 5816 participants in the Sleep Heart Health
Study were assessed using the SF-36 (37). Although most SF-
36 domains were significantly impaired in the severe OSA
subjects compared with U.S. normative data, only the domain
of vitality demonstrated a linear relationship with severity of
OSA as categorized by RDI 4%. Severe OSA (RDI 4% >
30 h), however, was significantly and negatively associated
with the domains of general health perceptions, physical func-
tioning, and social functioning, as well as vitality.

In contrast to the above, Fornas and colleagues (23), as
cited above, performed nocturnal PSG and administered the
Spanish language version of the NHP to 103 patients referred
for evaluation of suspected OSA and to 40 non-snoring
controls. Although there were significant differences between
the OSA subjects and the controls in all NHP domains except
emotions, there were no differences in these indices among
the OSA patients grouped by severity of their OSA as assessed
by AHI. D’Ambrosio and colleagues (38), in a prospec-
tive evaluation of 29 patients referred for possible sleep-
disordered breathing, found no significant correlation between
any domain score of the SF-36 and the respiratory disturbance
index or arousal index.

Summary of HRQOL Impairment
in Untreated OSA

In summary, virtually every domain of HRQOL assessed by
generic and sleep disorder-specific instruments appears to be
adversely affected in OSA, with an impressive consistency
across a broad array of HRQOL domains and instruments.
The most consistent impairments appear to be found in the
domains of sleep and vitality/energy. Patients with OSA of
all degrees of PSG severity report more impaired generic
and OSA-specific HRQOL scores than normal controls and/or
normative data, but significant variability exists when the
current literature has sought to correlate PSG severity indices
of OSA with severity indices of impaired HRQOL domains.
The most consistent associations between PSG indices of
OSA severity and severity of HRQOL impairment have been
demonstrated in those patients with PSG evidence of severe
OSA. Much of the foregoing data documenting impairment of
HRQOL have been obtained in clinic-based studies of patients
with severe OSA, although more recent treatment trials in
patients with less severe OSA also have consistently demon-
strated HRQOL impairment [see CPAP and HRQOL in OSA
below]. Numerous possible confounders regarding the inter-
pretation of these data remain relatively unaddressed in the
current literature, including the possible roles of socioeco-
nomic and cultural differences. Although there is significantly
more experience with generic instruments, particularly the
SF-36, OSA-specific tools have been well validated against
these generic instruments and are potentially more sensitive
measures of HRQOL in OSA, particularly when applied to
trials measuring responses in HRQOL to treatment (see CPAP
and HRQOL in OSA, below).
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Excessive Sleepiness, OSA,
and HRQOL

Relationship of Excessive Sleepiness
to OSA

Excessive sleepiness (ES) during normal awake hours has
been documented in patients with OSA in multiple studies
and may be considered a HRQOL issue of particular rele-
vance in OSA. For example, the Wisconsin Sleep Cohort
Study, a random sampling of middle-aged workers, found
that 22.6% of women and 15.5% of men who had an AHI
> 5 reported experiencing frequent unrefreshing sleep and
uncontrollable sleepiness that interfered with life (39). ES,
however, has not been generally assessed as a specific domain
in the currently used HRQOL instruments (excepting the
QSQ, as noted above) and has accrued its own separate instru-
ments of measurement. As with HRQOL indices, attempts to
predict either objective or subjective ES from PSG measures
of OSA severity have met with incomplete success (40). A
higher Respiratory Disturbance Index (RDI) has been corre-
lated with increasing levels of self-reported sleepiness (41).
In contrast, Goncalves and colleagues (36), studying 135
men referred for OSA evaluation (mean AHI 48.7/h), found
only a weak correlation between subjective sleepiness, as
assessed by the ESS, and the arousal index (r = 0.3), the AHI
(r = 0.338), and the nadir oxygen saturation (» = —0.379). In
a study of 466 OSA patients (mean RDI 59/h), Roehrs and
colleagues (42) found that objective sleepiness, as assessed
by the Multiple Sleep Latency Test (MSLT), was signifi-
cantly correlated with the RDI and that this correlation was
stronger than that for the frequency of oxygen saturation
decreases below 85%. Bennett and coworkers (43) found that
numerous EEG and non-EEG markers of sleep fragmenta-
tion, including arousal index, micro-arousal index, autonomic
arousal index, and movement event index, were correlated
with subjective (ESS) and objective (Oxford Sleep Resistance
Test, OSLER test) measures of daytime sleepiness. These
correlations, however, were of only modest strength (43). The
seemingly most important clinical association of ES, that of
risk of motor vehicle accident (MVA), has also evaded strong
correlation with measures of OSA severity, and current data
suggesting an increased risk of MVA in OSA are particularly
strong primarily in patients with PSG measures of severe OSA
(44,45). Multiple factors commonly present in OSA patients,
including mood disorder; use of drugs such as sedative-
hypnotics, anti-depressants, stimulants, ethanol, and caffeine;
reduced activity levels; adverse cardiopulmonary status; and
sleep hygiene perturbations, may all impact upon the presence
and severity of disrupted sleep and daytime sleepiness, and
likely confound the association between objective measures
of OSA severity and subjective and objective measures
of ES (46,47).
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Impact of Excessive Sleepiness on HRQOL
Measurement in OSA

Few studies have investigated the relationship between subjec-
tive and objective daytime sleepiness of OSA and specific
indices of HRQOL. One cross-sectional study of 129 men and
women with mild OSA (mean RDI 8/h) and no significant
co-morbidities found that ESS scores correlated negatively
and significantly with the SF-36 domains of general health
perceptions, vitality, and role-emotional although the correla-
tions were weak (r =0.25-0.41) (48). MSLT was significantly,
although weakly, correlated with the vitality dimension only
(48). Regression analysis showed that the subjective sleepi-
ness experienced by these OSA patients explained only 6%
of the decline in the summary measure of well-being and
3% of the decline in the summary measure of functional
status (48). In another study, the relationship of subjec-
tive (ESS) and objective (OSLER test) measures of sleepi-
ness to SF-36 indices was investigated in 51 OSA patients
(median AHI 25/h) selected from a sleep clinic population
on the basis of PSG to demonstrate a full spectrum of sleep-
disordered breathing (18). ESS scores and the SF-36 vitality
and role-physical domains, PCS, and MCS were significantly
and negatively correlated, whereas the OSLER test was less
strongly correlated with vitality and the PCS. As noted above,
patients with untreated OSA and no measured ES have shown
no impairment in SF-36-measured HRQOL. In two recent
studies, subjective sleepiness (measured by the ESS) was
significantly but weakly correlated (49) with the SF-36 total
score in one study, explaining 5% of total variance, but not
correlated with any SF-36 domain in the other (50). These data
in their entirety suggest that ES is a related but measurably
separate component of perturbations in HRQOL characteris-
tically found in patients with OSA.

Cognitive Dysfunction, OSA, and HRQOL

Relationship of Cognitive Dysfunction to OSA

During the process of generating a disease-specific HRQOL
instrument for OSA, Lacasse and colleagues (51) found
that OSA patients complained of impairments in memory,
concentration and work performance, somatic pain, irri-
tability, mood disorders, and troubled social relationships
with similar degrees of frequency and importance as ES.
Cognitive dysfunction appears to be another major impaired
component of quality of life that is not specifically assessed
by HRQOL tools. Further, in contrast to the relation-
ship between HRQOL and ES, there are no studies up
to the present time, to our knowledge, directly comparing
HRQOL indices with measures of cognitive dysfunction in
patients with OSA. Work performance difficulty, including
impaired concentration, and learning and performance of
new tasks have been found in OSA patients compared with
control subjects (52). Global cognitive impairment has been
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described in patients with severe OSA and hypoxemia (mean
apnea index 48/h, mean nadir oxygen saturation 67.7%)
compared to sleepy but non-apneic control subjects and to
non-sleepy normal subjects (53). Hypoxemia was specifi-
cally associated with impairments in motor speed, assessed
by grooved pegboard testing, and perceptual-organizational
ability, assessed by block design (53). Patients with severe
OSA (mean RDI 41/h) have also been found to have
impaired verbal and visual learning (assessed with the
verbal-span and visual-span tests), reduced memory and
attention (assessed with the Stroop color test, digit recall
in inverse order, and the verbal and visual span tests),
and a proclivity for perseverative errors (assessed with the
Wisconsin card sorting test) compared with normal controls
(54). Multiple logistic regression analysis demonstrated a
positive relationship between the AHI and deficits of memory,
whereas increasing severity of hypoxemia was associated
with increasing impairment of frontal-lobe, or executive,
functioning (54).

The relationship between cognitive deficits and OSA was
also studied in 841 middle-aged patients enrolled in the
Wisconsin Sleep Cohort Study (55). A significant negative
association was found between the logarithmic transforma-
tion of the AHI and the psychomotor efficiency score (a
measure of the ability to efficiently coordinate fine visual-
motor control and information, which requires sustained
attention and concentration) but not the memory score. Even
relatively mild sleep-disordered breathing was associated with
impairment: an AHI of 15/h was estimated to be equiva-
lent to the decrement in psychomotor efficiency seen with
five additional years of age or half of the decrement associ-
ated with sedative-hypnotic use (55). Redline and coworkers
(56) similarly found impairments in vigilance and working
memory, as assessed by the Wechsler adult intelligence scale-
revised (WAIS-R) digits backward test and the continuous
performance test (CPT) in 32 patients with mild OSA (mean
RDI 17/h and no objective or subjective sleepiness) compared
to control subjects. Among the OSA patients, performance
on the CPT declined in the final 2 minutes of the test,
suggesting an inability to sustain attention over a period of
time. There was also a trend toward a significant difference in
the Wisconsin card sorting test (WCST), with OSA patients
tending to commit more perseverative errors (56). In contrast
to the above, no significant impairment of cognitive function
was found in 142 patients with untreated mild to moderate
OSA (AHI 20/h) enrolled in a trial of CPAP efficacy (27).
In the study by Redline and colleagues noted above (56), a
broad range of cognitive testing was not different between
OSA patients and the normal subjects, including digit-symbol
substitution, Talland letter cancellation, perceptual sensitivity,
California verbal learning test, digits backward test, WCST,
and the trailmaking B test.
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The Role of Excessive Sleepiness in Cognitive
Dysfunction Associated with OSA

It is not clear to what extent cognitive dysfunction in OSA
may be a function of ES itself and/or associated impaired
vigilance. Engleman and Douglas (57) have noted that the
effect sizes of cognitive dysfunction in OSA are generally
smaller than those of sleepiness, suggesting that at least some
of the measured impairment in cognitive function may be
attributable to sleepiness. Conversely, analysis of cognitive-
evoked potentials in OSA patients suggests that cognitive
impairment in OSA is not necessarily a function of exces-
sive sleepiness. Prolonged P300 latency, a validated marker
of abnormal cognitive processing (58), has been utilized in a
study of 143 consecutive severe OSA patients (RDI > 40/h)
with and without objective sleepiness as measured by MSLT
and 40 age-matched normal subjects (59). The OSA patients
had longer visual P300 latency than controls, regardless of
the presence of objective sleepiness. Similarly, P300 latency
failed to normalize in 40 patients with severe OSA (mean
RDI 77.4/h) following 2—4 months of CPAP therapy despite
significant improvement in RDI, objective sleepiness, and
desaturation index (58). Repeated assessment of 20 patients
with optimally treated OSA withdrawn from CPAP therapy
for 1 week demonstrated a trend to impairment only in the
domain of vigilance despite the recurrence of severe OSA
(mean AHI 50/h) and significant subjective sleepiness (ESS
14) (60). Taken together, these findings suggest a signifi-
cant divergence between excessive sleepiness and cognitive
impairment in patients with OSA, both treated and untreated.

The Role of Hypoxemia in Cognitive Dysfunction
Associated with OSA

The contribution of hypoxemia to cognitive impairment has
been specifically studied in patients referred for evaluation
of OSA (61). Patients with awake and nocturnal hypoxemia
demonstrated significantly poorer function in the domains
of attention, concentration, complex problem solving, and
short-term recall of verbal and spatial information than OSA
patients without hypoxemia, assessed by the Trailmaking
B test, paced auditory serial additional task (PASAT), and
Wechsler memory scale stories. Attention, executive func-
tion, motor speed, and psychomotor processing speed were
tested in 67 OSA patients (AHI > 10/h) and 74 normal
subjects participating in the Sleep Heart Health Study; no
significant differences between the two groups were found
(62). However, subanalysis of the contribution of hypox-
emia, comparing the top quartile of time spent with oxygen
saturation below 85% to the lower three quartiles, revealed
impairment of motor speed, assessed by the grooved pegboard
test, in the patients with OSA. Further, multiple regression
analysis showed severity of nocturnal oxygen desaturation to
be predictive of poorer performance in the domains of motor
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speed and psychomotor processing, a composite of perfor-
mance on the digit symbol coding and symbol search tests
(62). In experimental animals, intermittent hypoxemia similar
to that occurring in OSA has been shown to cause spatial
learning and retention deficits (63). Amelioration of many of
these deficits with administration of an experimental antiox-
idant suggests that oxidative stress from repeated hypoxic—
reoxygenation cycles may underlie these cognitive impair-
ments of intermittent hypoxemia (63). In contrast, functional
magnetic resonance imaging has demonstrated slowing of
working memory speed, assessed with the n-back test, and
absence of dorsolateral prefrontal cortex activation when
compared to normal subjects regardless of the presence or
absence of hypoxemia (64). Following 8 weeks of CPAP
therapy, six of the 16 patients were re-imaged, and persis-
tent absence of prefrontal activation, only partial recovery
of posterior parietal activation, and continued impairment of
behavioral performance were found, again suggesting a disso-
ciation between the respiratory perturbations of OSA and
cognitive function.

Summary of Cognitive Dysfunction and HRQOL
Impairment in OSA

Cognitive dysfunction, as assessed by numerous performance
and imaging studies, is a frequent although not consistent
parameter of impaired QOL in patients with OSA. Such
dysfunction has not been specifically studied in relation to
impairment in standard HRQOL domains. Varying grades of
OSA severity can be associated with significant cognitive
dysfunction, and the severity of OSA as assessed by PSG
appears to show some correlation with the degree of cognitive
deficit. The contribution of excessive sleepiness and hypox-
emia to the measured cognitive dysfunction of OSA remains
to be better defined.

Psychological Dysfunction, OSA,
and HRQOL

Relationship of Psychological Dysfunction to OSA

Psychological morbidity, including depression, anxiety, irri-
tability, and strained interpersonal relationships, is frequently
described in association with OSA (65-70). As with excessive
sleepiness and cognitive dysfunction, such morbidity repre-
sents a major component of impaired quality of life in patients
with OSA and has been assessed with tools other than those
included as domains within specific HRQOL instruments.
In 1977, Guilleminault and Dement (65) reported that 24%
of a series of OSA patients had visited psychiatric profes-
sionals for symptoms of anxiety and depression and that 28%
had elevated depression scales on the Minnesota Multiphasic
Personality Inventory (MMPI), a frequently used personality
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test designed to identify personal, social, and behavioral prob-
lems (71). Beutler and co-investigators (67) subsequently
analyzed 20 sleep apnea patients and 10 control subjects with
the MMPI and the profiles of mood states (POMS) concluding
that, relative to the control subjects, OSA patients tended to
manifest hypochondriacal, hysterical, and depressed charac-
teristics. A study of 25 men with sleep apnea (apnea index
33/h), 21 of whom had OSA, found that 40% met criteria for
a psychiatric disorder: 20% met criteria for past major depres-
sion or chronic intermittent depression, 16% met criteria for
alcohol abuse, and 49% met criteria for cyclothymia (66).
The patients rated themselves overall as mildly to moder-
ately depressed; those reporting higher depression scores also
tended to complain of more daytime sleepiness, whereas those
with lower depression scores tended to complain of insomnia.
A retrospective review of 55 OSA patients (mean RDI 57/h) at
a sleep clinic found that 45% of patients reported Zung Self-
Rating Depression Scale (SDS) scores in the depressed range
(70). Barnes and coworkers (35), studying mood in patients
with mild OSA (mean AHI 12.9/h), found that 16% of patients
reported a Beck Depression Inventory (BDI) score suggestive
of moderate to severe clinical depression. A large retrospec-
tive review of the Veterans Health Administration database,
searching for International Classification of Diseases, 9th
edition, Clinical Modification codes indicating OSA and co-
morbid psychiatric disorders, revealed an OSA prevalence of
2.91% and a high degree of psychiatric co-morbidity (72).
Twenty-two percent of the OSA patients carried a diagnosis of
depression, 16.7% had anxiety disorder, 11.9% suffered from
PTSD, 5.1% were diagnosed with a psychotic disorder, and
3.3% had bipolar disorder. When compared with patients in
the database not diagnosed with OSA, the OSA patients had
a significantly greater prevalence of mood disorders, anxiety,
PTSD, psychosis, and dementia (72).

The relationship between depression and OSA is complex
and may be reciprocal. In a telephone survey of 18,980
randomly selected subjects, Ohayon (73) found that 18%
of individuals who reported a major depressive diag-
nosis also reported a breathing-related sleep disorder diag-
nosis. Deldin and coworkers (74) performed home PSG
in 19 depressed patients, unselected with respect to sleep-
disordered breathing, and 15 non-depressed age-matched
control subjects and found that 25% of the depressed patients
experienced five or greater flow limitation events per hour.
Sleep-related respiratory variables accurately distinguished
between depressed and non-depressed patients 80% of the
time.

Correlation of Severity of Psychological
Impairment with Severity of OSA

As with other major entities discussed above that appear
to impair quality of life in patients with OSA, the degree
of psychological impairment in these patients has not been
convincingly correlated with PSG indices of OSA severity.
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Linear regression analysis of SDS data culled from 55
untreated OSA patients showed no significant correlation
between baseline SDS score and such PSG measures of
severity as nadir oxygen saturation or RDI (70). However,
significantly higher RDIs were found in the group of patients
determined to be depressed as compared with the non-
depressed group (70). Pillar and Lavie (69) similarly found
no significant association between RDI and depression, as
measured by the Symptoms Checklist-90 Symptom Self-
Report Inventory (SCL-90), in 1977 men referred for evalua-
tion of OSA. However, higher depression and anxiety scores,
assessed by the SCL-90, were found in the 120 women with
severe OSA (RDI > 30/h) compared with the 174 women
with mild OSA (RDI 10-30/h) in the same population of OSA
patients (69). In a study of 20 OSA patients with a mean RDI
of 48.8/h, depressive symptoms, assessed by the Center for
Epidemiologic Studies Depression Scale (CES-D), accounted
for 10 times the variance in the profile of mood states (POMS)
fatigue scale score as did RDI and oxygen saturation (68).
These findings were replicated in a follow-up study of 56 OSA
patients with a mean RDI of 62.7/h (47). In a large epidemi-
ological study enrolling 1408 patients from the Wisconsin
Sleep Cohort Study, Peppard and coworkers (75) did find
evidence of a dose-response relationship between severity of
OSA by class (0 < AHI < 5; 5 < AHI < 15; AHI>15) and
risk of depression, defined by an SDS score of 50 or greater.
The fully adjusted model showed an odds ratio (OR) for devel-
opment of depression of 1.6 for subjects with minimal OSA,
an OR of 2 for mild OSA, and an OR of 2.6 for subjects with
moderate or worse OSA.

Relationship between Psychological Impairment
and HRQOL Instrument Assessment in OSA

Akashiba and colleagues (49) offered the first direct evidence
of an association between OSA, depression, and HRQOL
indices in a case—control study of 34 patients with severe OSA
(AHI 51.6/h) and 34 normal subjects. Stepwise regression
analysis demonstrated that SDS score (partial R> = 0.505),
nadir oxygen saturation (partial R> = 0.053), and ESS score
(partial R?> = 0.053) explained 62.2% of the variance in
the SF-36 total score. Strong correlations between the SDS
score and SF-36 domains were specifically found with the
general health perceptions, vitality, role-emotional and mental
health domains. Subsequently, Kawahara and co-investigators
(50) found that pretreatment SDS scores correlated negatively
with the SF-36 domains of physical functioning, bodily pain,
general health perceptions, vitality, social functioning and
role-emotional in 132 OSA patients with severe OSA (mean
AHI 59.4/h).

Summary of Psychologcial Dysfunction in OSA

Taken together and representing a wide array of psychological
scales, these data suggest that psychological dysfunction is
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commonly reported and/or diagnosed in patients with OSA
prior to treatment of the breathing disorder, with specific asso-
ciations among psychological impairment and OSA severity
indices becoming more robust as the severity of OSA
increases. Such data, however, do not address causality in
this setting. Impairment in specific HRQOL domains have
been increasingly found to correlate with separate depression
indices in this disorder.

Other Quality of Life Issues in OSA

In addition to the quality of life morbidities associated
with OSA discussed above, marital satisfaction and erec-
tile dysfunction (ED) have also been studied as major
elements of impaired quality of life that are not specifi-
cally contained in standard HRQOL tools. Using the Evalua-
tion and Nurturing Relationship Issues, Communication and
Happiness (ENRICH) behavioral questionnaire, decreased
marital satisfaction was found at baseline in 69 patient/partner
couples awaiting CPAP therapy in the United Kingdom (76).
Following 3 months of CPAP therapy, ENRICH scores signif-
icantly improved, compared to conservative therapy, with
a moderate effect size (see below, CPAP and HRQOL in
OSA). When SF-36 scores of 28 OSA patients with ED were
compared to 98 OSA patients without ED, it was found that
the ED patients reported lower HRQOL in five of the eight
SF-36 dimensions. (77). The patients with ED had a higher
mean AHI, lower nadir oxygen saturation and lower mean
oxygen saturation. However, when the authors re-analyzed the
HRQOL scores on the basis of nadir oxygen saturation less
than or greater than 80%, no difference was found in any
SF-36 dimension between more or less severely hypoxemic
patients, suggesting that the impairment in the HRQOL scores
was not due primarily to the severity of hypoxemia related
to the OSA. Resolution of ED with CPAP is associated with
significant improvements in HRQOL (77).

CPAP and HRQOL in OSA

HRQOL assessment following OSA treatment provides addi-
tional evidence for impaired quality of life in patients with
OSA, as well as helps define the potential for improvement
of these parameters. The subsequent section will specifically
address this.

Background of CPAP Use in OSA

CPAP functions as a pneumatic splint to prevent pharyngeal
collapse in patients with OSA, thereby decreasing the number
of arousals and allowing for a night of improved sleep consol-
idation (78). It is the mainstay of physiologic and medical
therapy for OSA, and numerous studies have demonstrated
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a salutary effect of therapeutic CPAP on daytime sleepi-
ness, sleep architecture, and OSA-associated cardiovascular
perturbations including daytime and nighttime blood pressure,
cardiac dysrhythmias, and left ventricular function (79-83).

Effects of CPAP on HRQOL in OSA

Multiple uncontrolled studies have demonstrated an improve-
ment in HRQOL parameters in patients with OSA following
use of CPAP. Smith and Shneerson (16) found that treat-
ment with CPAP for 6 months improved all domain scores
of the SF-36, with the vitality domain returning to a normal
level. Following 5 weeks of CPAP therapy, patients with OSA
showed significant improvement in multiple domains of the
SF-36, with medium or large effect sizes (84) in vitality, social
functioning, role-emotional, PCS, and MCS in the study by
Jenkinson and colleagues described above (11). Bennett and
colleagues (18) showed normalization of before-treatment
impairment in the domains of vitality and role-physical in the
above-mentioned study of 51 patients with moderate to severe
OSA (AHI > 25/h) and daytime sleepiness. D’ Ambrosio
and co-workers (38), in the above-noted prospective evalua-
tion of patients referred for polysomnography, found that all
patients, regardless of severity of OSA, showed significant
improvements in the domains of vitality, social functioning,
and mental health. Patients with the lowest HRQOL scores at
baseline appeared to improve the most with nasal CPAP treat-
ment. Sin and coworkers (19), in the above-mentioned trial
analyzing the short- and long-term effects of CPAP therapy on
HRQOL in 365 patients with severe OSA (mean AHI 65.5/h)
compared with 358 untreated patients with mild OSA (mean
AHI 5.1/h), found that, although both patient groups had
similar HRQOL impairments at baseline, the CPAP-treated
patients reported higher MCS scores by 3 months of treat-
ment. Improvement was greatest in the vitality domain and
was sustained following 12 months of therapy (19). Kawahara
and colleagues (50) studying 132 OSA patients with gener-
ally severe OSA (mean AHI 59.4/h), as noted in a preceding
section of this chapter, found that each dimension of the SF-36
improved significantly following 8 weeks of CPAP treatment.
Zung Self-Reporting Depression Scale (SDS) scores were
also significantly improved, and the magnitude of improve-
ment in five of the SF-36 domains (physical functioning,
general health perceptions, vitality, social functioning, and
mental health) was significantly correlated with the magnitude
of improvement in SDS scores. As noted above, the work of
McFadyen and colleagues (76) regarding marital satisfaction
showed that 3 months of CPAP therapy was associated with
significantly improved ENRICH scores compared to conser-
vative therapy. Goncalves and colleagues (77), as cited above
in the preceding section, compared 17 OSA patients with ED
who successfully used CPAP with 17 age- and BMI-matched
OSA control patients after 4 weeks of CPAP treatment. ED
resolved in 13 of the 17 subjects and HRQOL scores rose,
with statistically significant improvements in role-physical,
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general health perceptions, role-emotional, and mental health
(77). Interestingly, the OSA patients without ED also showed
improvement following CPAP treatment in the dimensions of
general health perceptions and mental health.

Controlled trials of CPAP efficacy in OSA have also
demonstrated HRQOL improvements with CPAP. Engleman
and colleagues (85) assessed the effect of four weeks of
CPAP treatment on sleepiness and HRQOL, compared with
oral placebo, in 34 patients with mild OSA (mean AHI 10/h)
through a randomized crossover design trial. In the setting of
a significant reduction in subjective (ESS) but not objective
(Maintenance of Wakefulness Test) measures of sleepiness,
no significant improvement in HRQOL was elicited with the
NHP, but five of nine SF-36 subscales (health transition, role-
physical, bodily pain, social function, and energy/vitality)
showed significant improvements with CPAP treatment, and
the mental health subscale showed a trend toward improve-
ment (p = 0.09). Notably, CPAP utilization in this trial was
fairly low, with CPAP use averaging 2.8 £ 2.1 h per night.
When the data were analyzed according to use of CPAP for
more or less than 2.5 h per night, those in the higher-use group
evidenced significantly larger improvements in NHP scores
and the SF-36 dimensions of social function and vitality
compared with placebo users. Redline and coworkers (86)
compared 8 weeks of CPAP treatment with use of a nasal
dilator strip in 97 patients with mild OSA (mean RDI 13.3/h
and absence of pathological sleepiness). Compliance with
CPAP, assessed by accessing the CPAP machine’s internal
compliance monitor, was poor, with measured CPAP use for
only 44% of estimated sleep time, translating to approxi-
mately 3.1 h per night. Fifty percent of subjects random-
ized to CPAP used CPAP for at least 40% of estimated sleep
time. Subjective (ESS) but not objective (MSLT) sleepiness
was improved with CPAP therapy; neither improved with
conservative therapy. A composite score of outcomes was
assessed, including the SF-36 domains of vitality, general
health perceptions, role-emotional, role-physical, and social
functioning; the fatigue sub-score of the POMS; and the Posi-
tive and Negative Affect Scale (PANAS) score, which assesses
positive and negative emotional states (87). The odds ratio
of experiencing a favorable treatment response was 2.72 for
the CPAP users as compared with those using nasal dilator
strips (86). Post hoc analysis revealed that the only indi-
vidual measurement of the composite score that improved
significantly more with CPAP therapy than with conservative
therapy was the SF-36 vitality domain (effect size 0.52). A
study of 142 patients with mild to moderate OSA (mean AHI
20/h), randomized to either CPAP or conservative therapy
for 6 months, showed normal HRQOL score ranges in all
patients during initial assessment with both the FOSQ and
the NHP (27). Despite this, the group treated with CPAP
showed a trend toward improvement in the FOSQ domain
of vigilance (p = 0.06) at 6 months. Notably, CPAP compli-
ance was markedly higher than in other studies, with patients
averaging 4.8 h of CPAP use per night. Forty-eight patients
with moderate OSA (median AHI 22/h and mean ESS score
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14) were randomized to 8 weeks of therapy with CPAP
or a mandibular repositioning device (88). Relatively high
CPAP compliance (4.9 h/night) was reported, and signifi-
cant, although clinically modest, improvements were seen in
the SF-36 PCS and MCS scores (effect sizes 0.35 and 0.34,
respectively). Another study of 48 patients with moderate
to severe OSA (mean AHI 54/h) randomized to 6 weeks of
therapeutic versus sham CPAP showed significantly greater
improvements in subjective sleepiness (ESS) and the FOSQ
domains of general productivity and vigilance with thera-
peutic CPAP compared with placebo (89). Placebo effect was
evident, as sham CPAP conferred significant HRQOL bene-
fits, relative to pretreatment baseline, in the SF-36 domains of
bodily pain, social functioning, and role-emotional, and in the
MCS. There were no differences in overall treatment effect,
measured by the SF-36, between therapeutic and sham CPAP.

Placebo effect is evident in other controlled trials
of CPAP and HRQOL as well. Studying patients with
severe OSA, Jenkinson and colleagues (90) performed a
placebo-controlled, double-blind, randomized trial comparing
therapeutic to sham CPAP in 101 patients with an oxygen
desaturation index 4% (number of times per hour that oxygen
saturation falls by 4%) of 30.7/h. OSA patients who used
therapeutic CPAP therapy reported significant improvements
in all SF-36 domains, with moderate or large effect sizes
in general health, social functioning, physical role, mental
role, mental health, vitality, and MCS. A small but signifi-
cant placebo effect was noted in subjective sleepiness, mental
health, and the two SF-36 summary scores (PCS and MCS);
however, a large placebo effect was seen with the vitality
score. Therapeutic CPAP use was associated with significantly
larger improvements in each of these domains than placebo.
Placebo effect on HRQOL indices is also evident in the data
of Barnes and co-workers (35), who used an oral placebo
to assess the effect of CPAP treatment in patients with mild
OSA (mean AHI 12.9/h and no severe oxygen desaturation).
With a reduction in the mean AHI to 4.24/h and measured
CPAP compliance of 3.53 h per night, HRQOL as assessed
by the FOSQ and SF-36 improved from pre-treatment scores
in numerous domains, including general productivity, social
outcome, activity level, and vigilance (FOSQ) and physical
functioning, role-emotional, mental health, and vitality (SF-
36). However, these improvements were no greater than those
seen in the placebo group, with a strong trend toward a signif-
icant difference (p = 0.06) only for the FOSQ domain vigi-
lance. It is possible that a CPAP carryover effect was present,
which confounded these results. A follow-up study by the
same investigators (91), comparing the efficacy of CPAP,
mandibular advancement device, and oral placebo, found that
placebo use significantly improved HRQOL as measured by
the FOSQ mean score and the general productivity, activity,
and vigilance domains. CPAP use conferred a benefit beyond
that of placebo therapy in the same FOSQ domains, excepting
vigilance and a composite of the SF-36 domains mental
health, vitality, and bodily pain. Pre-specified post hoc anal-
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ysis showed that this HRQOL improvement due to CPAP was
also present for patients with mild OSA (baseline AHI of 15/h
or less).

Summary of HRQOL in Untreated
and Treated OSA

As documented in the above data regarding HRQOL in OSA
and treatment with CPAP, numerous studies suggest that ther-
apeutic CPAP therapy appears to be efficacious in improving
HRQOL parameters in patients with OSA. Patients with more
severe PSG parameters of OSA tend to show the greatest
benefit. Among those patients with mild OSA, the HRQOL
benefits of CPAP appear to accrue primarily in the domains
of vigilance, vitality, physical function, and general health,
which conclusion is supported by a recent Cochrane review
of the clinical effectiveness of CPAP in the treatment of
OSA (92). These CPAP efficacy data, assessing the charac-
teristically most effective physiologic treatment of OSA, also
support a large body of evidence that HRQOL is impaired in
untreated OSA with respect to specific domains such as vigi-
lance and vitality. However, placebo effect seen in some of
the randomized controlled trials to date raises the possibility
that HRQOL impairment in OSA, as assessed by the current
tools in general use, accrues from aspects of the disorder other
than the physiologic effects of the OSA itself, a notion further
strengthened by the lack of consistent correlation between
physiologic indices of OSA severity and HRQOL scores.
The noted data also suggest that there are significant differ-
ences in sensitivity and specificity among the various tools
currently employed to assess HRQOL in OSA and that further
investigation is necessary regarding which HRQOL tools will
ultimately bring the greatest degree of consensus regarding
HRQOL impairment in different groups of patients with
untreated OSA and the effects of successful OSA treatment
on such impairment. Further randomized controlled trials are
necessary to better elucidate the associations between physio-
logic impairment in OSA and the specific HRQOL measures
of interest to clinicians and researchers in this field.

Issues that need to be addressed by future research:

e Randomized controlled trials are necessary to deter-
mine the contribution of socioeconomic status,
cultural concerns, and factors other than the physio-
logic effects of OSA in the assessment of HRQOL in
untreated OSA, and the treatment effect of CPAP.

e Further research is necessary to determine the
optimal instruments and combination of instruments
to identify and measure of HRQOL impairment in
OSA before and after treatment.

e The relationships among specific HRQOL domain
impairments and excessive sleepiness, cognitive
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dysfunction, and psychological impairment in OSA
remain to be better elucidated.

e The success of long-term treatment of OSA in

improving HRQOL impairment requires further
investigation.
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Sleep and Quality of Life in Narcolepsy

Meeta Goswami

Summary With an increase in the older segment of the population and a concurrent increase in the prevalence of chronic
illnesses, interest in quality of life (QOL) has gained increasing significance. This presentation discusses the significance and
theoretical constructs in the definition and measurement of QOL. Furthermore, a review of studies shows that narcolepsy
has a profound negative social, psychological, and economic impact on the lives of affected individuals. New management
strategies comprising comprehensive, multidisciplinary patient management approach including psychosocial treatment and
social support are needed to improve patients’ functional status. Educational programs about the wide ramifications of having
narcolepsy are needed. Also, the operational definition of the symptoms of narcolepsy and indicators of health-related quality
of life (HRQOL) are often not consistent and need standardization to make comparison of studies on the impact of narcolepsy
more meaningful.

Keywords Narcolepsy quality of life - health-related quality of life - social support

Thus, both quantity and quality of life (QOL) have gained
Learning objectives:

significance.
e Narcolepsy has a profound negative social, psycho- The increasing importance of the study of QOL in
logical, and economic impact on the lives of affected health/medicine is reflected in an increase in the number of
individuals, and pharmacological treatment is neither articles in this area. A Medline computer search for publi-

optimal nor sufficient.

e New management strategies are needed, including
patient’s perspectives on illness, its impact and
meaning.

e A comprehensive, multidisciplinary patient manage-

cations on QOL, using keywords quality of life, showed an
increase from 16 articles between 1966 and 1974 to 1,436
articles between 1975 and 1989 to 19,220 articles between
1990 and 2006 (November). Although publications on QOL

ment approach, including pharmacological and in medical disorders continue to proliferate, the literature
psychosocial treatment and support group participa- on QOL in sleep disorders and narcolepsy remains scant. A
tion, is ideal for the management of narcolepsy. Medline computer search with keywords quality of life and

sleep disorders revealed only three articles between 1975 and
1989 followed by 187 publications between 1990 and 2006.
This compares with three articles between 1975 and 1989 and

Dynamlcs of Change 11 articles between 1990 and 2006 using the keywords quality

. . . . of life and narcolepsy.
With technological advances in the field of health, the life

expectancy of individuals has increased with a concurrent
increase in the older segment of the population and, conse-
quently, the rate of chronic illnesses. People not only want to ~ development of QOL instruments followed by a review of
live longer, but they also want to reduce levels of disability and ~ literature on QOL in narcolepsy and implications for patient
discomfort and increase general satisfaction with their lives. care and research.

This chapter discusses the significance and definition of
QOL in health and methodological considerations in the

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine 93
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Significance of Quality of Life

Data gathered from QOL studies are useful at the govern-
mental level for planning and policy. At the agency level,
studies on QOL are important in conducting cost-benefit anal-
yses, evaluating health programs, making appropriate changes
in program development, and justifying funding. At the clin-
ical level, studies on QOL provide valuable information for
evaluating health outcomes, identifying problems and needs,
and tailoring the management plan to suit patients’ needs.
Thus, QOL studies generate data that may be applied to
enhance communication between patient and professional and
improve overall quality of care for patients.

Additionally, results of such studies could be valuable for
family members who care for the disabled in helping them
to understand the patient’s disability and provide an effective
support system.

Definition of Quality of Life
and its Measurement

For the scientific study of QOL, a theoretical model or
construct must be delineated with a rationale for selecting
the instrument. Persons may be viewed as aspiring to live
a life that has a purpose, integrating various dimensions of
life into a meaningful whole for optimal personal sense of
peace and fulfillment. Health, including the physical, mental,
social, and spiritual aspects, would be an important dimension
for overall well-being. Impediments to personal fulfillment
would be disease/illness and its impact, such as fear and pain,
reduced energy and mobility, loss of job or relationships, and
isolation. Another way of examining the QOL paradigm is by
assessing the differences in a person’s expectations, achieve-
ments, reactions, and reality. This gap may be reduced and,
therefore, the QOL improved by enhancing functions with
treatment, reducing expectations, accepting limitations of the
disease (1-4), and improving interpersonal relations and satis-
faction with life by appropriate counseling and social support.

The definition of QOL is elusive and constantly
changing. The World Health Organization defines QOL as
individuals’ perception of their position in life in the context
of the culture and value system in which they live and in
relation to their goals, expectations, standards, and concerns
(4). There is broad agreement in the consideration of five
areas comprised of physical (including pain), emotional state
(including concentration and memory), performance of social
roles, intellectual function, and general feelings of well-being
or life satisfaction (5-7). Others have proposed subjective
well-being, health, and welfare (8) and social performance
and social well-being, which are further specified in terms of
social support and social adjustment (9) as important domains.
Health status and QOL are separate concepts, as people with
disabilities may assess their QOL highly despite having a
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disorder or disability depending on their attitudes toward pain
and disability, their coping strategies, and social networks.
Often, health status has been described as QOL (10-12).

Methodological Considerations
in Development of QOL Instruments

Purpose

The instrument (questionnaire) should be suitable to the
impairment/disease/condition under study. Generic instru-
ments have a wider scope than disease-specific ones and
are designed to make comparisons across a wide range of
conditions and different health interventions and across demo-
graphic and cultural subgroups. They fail to capture domains
that are salient to the individual and are not person-centered
to capture the meaning of the illness to the patient. There is
a call to develop individualized measures that are sensitive
to the subtle social and personal lives of patients (12). When
the goal is to measure clinically important changes of health
interventions in specific conditions, diagnostic categories, or
special populations, a disease-specific instrument is more
suitable (13, 14).

Comprehensiveness

A combination of generic and disease-specific measures
would ensure comprehensiveness and scope without losing
specific clinical information (15). Biomedical measures based
on laboratory tests and radiographs are objective and easy to
quantify and analyze; however, they do not represent patients’
perspectives, the impact of the illness on their lives, and
their social functions (16, 17). It would be productive to
measure subjective well-being because health and subjec-
tive well-being are inextricably interrelated (18), and self-
perceived health status is shown to be predictive of mortality
and disability (19). Some researchers support individual self-
assessment (20-22). Subjective measures need not be “soft”
if scientific consideration is given to the development of the
instrument.

Sensitivity

The instrument should measure change over time. It should
have the discriminative power to differentiate among and
within respondents at a given point of time and predict future
outcomes (23,24).

Reliability

This is the extent to which a measuring instrument is repro-
ducible and stable. Does the instrument yield the same results
on independent repeated trials under the same conditions?
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(25) Internal consistency, another measure of reliability, is the
extent to which the items in an instrument measure the same
concept (26).

Validity

To what extent does the instrument measure what it intends
to measure? Face validity measures what we say it measures.
Content validity depends on the extent to which a measure-
ment reflects the full domain relevant to the particular
measurement situation (25). Construct validity depends on
making logical predictions about relationships between QOL
and other variables and then checking whether these predic-
tions hold when the instrument is used (26). Validity may also
be established by consensus of experts or by using an instru-
ment for which effectiveness has been established in a similar
situation in the past. The instrument should be applicable to
other populations and must be pretested on the population
under study.

Administration

The instrument should be as brief as possible without sacri-
ficing validity and relevant information so that patients can
complete it in a reasonable amount of time without getting
tired or bored. Selection biases, including institutional and
self-selection, in recruiting subjects for surveys must be
identified. The method of recruiting—personal interviews,
telephone, or mail—and the order of items in the question-
naire, as well as the type of instrument, will affect responses.
The generic instrument should be administered prior to the
disease-specific instrument to reduce bias. Floor and ceiling
effects are other important considerations (27). The field of
functional health is rapidly evolving, and topics addressed
include a new formulation of the structure of health status,
the use of item response, theory, and computerized dynamic
health assessment (28).

Health-Related Quality of Life Instruments

Health-related quality of life (HRQOL) instruments used in
sleep research have been reviewed (27,29). Here, we present
selected instruments to measure QOL in narcolepsy.

The Short Form-36

The most commonly used generic measures developed from
the Medical Outcomes Study are Short Form-36 (SF-36),
SF-12, and SF-8. The SF-36 is the most comprehen-
sive (30, 31) and has been tested extensively in the USA
and other countries and has been translated into many
languages. It is considered the current acceptable standard
measure for HRQOL with high reliability and validity. The
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instrument measures eight dimensions: physical functioning,
role functioning-physical, role functioning-emotional, mental
health, social functioning, vitality, bodily pain, and general
health. It does not ask questions about sleep and uses vitality
as a proxy—a term that can be misinterpreted by the respon-
dent. Vitality is included in the mental health summary score
but correlates significantly with both mental and physical
health (32). Shorter versions of the SF-36, that is, SF-12 and
SF-8, are available to ensure easy administration in less time
(33). The SF-36 version 2, a new modification, has improved
wording and instructions, better internal consistency and reli-
ability, and reduced floor and ceiling effects compared to the
older version, thus improving its sensitivity to change and its
precision (differentiation among groups) (27, 34).

Functional Outcomes of Sleep Questionnaire

The Functional Outcomes of Sleep Questionnaire (FOSQ) is
a disease-specific, 35-item instrument that assesses the impact
of excessive daytime sleepiness in physical, mental, and social
functioning in daily activities. It measures activity level, vigi-
lance, intimacy and sexual relationships, general productivity,
and social outcome. The instrument is reported to have content
validity, internal consistency, test—retest reliability, construct
validity with the Epworth Sleepiness Scale as well as concur-
rent validity with the Sickness Impact Profile (SIP) and SF-
36 (35). A Norwegian version showed satisfactory internal
consistency, test—retest reliability, and construct validity (36).
It is not as comprehensive as the SIP or the SF-36 as it does
not include burden of symptoms and overall well-being (27).
It could serve as an adjunct with the SF-36 to assess HRQOL
in narcolepsy.

Quality of Life in Narcolepsy

The impact of narcolepsy and the QOL issues have been
reviewed and documented (37-42), showing that narcolepsy
has profound and varied effects on work, education, recre-
ation, sexual life, interpersonal relations, memory, person-
ality, and marital life. A study in Germany illustrated the
high economic costs of having narcolepsy (43). Narcolepsy
patients have poor driving records and high rates of auto-
mobile accidents (44, 45). Depression is a common feature
in narcolepsy (42, 46-48). Psychopathology was noted by
Kales and Krishnan (46, 47). However, a recent study in
UK found that narcolepsy is not associated with psychiatric
disorders or with diagnosable depressive disorders. These
unexpected findings could be due to effects of medications,
differences in sample size, lack of standardized measures of
symptoms, selection bias, and confusing hypnagogic hallu-
cinations of narcolepsy, especially auditory hallucinations,
with schizophrenia (49). Rieger et al. found that attentional
impairments in narcolepsy were not due to slowness and vari-
ability of performance alone. In addition to impairment in
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the vigilance attention network, results showed impairment
in the executive attention network in narcolepsy (50). Other
issues are high divorce and unemployment rates in compar-
ison with US rates. Pervasive feelings of tiredness, low levels
of energy and motivation, and an apathetic demeanor were
reported (51).

QOL in narcolepsy may also be affected in more subtle
ways. For instance, the symptoms of narcolepsy are not visible
and do not cause physical disfigurement or a discernible
handicap; therefore, it is often not known that narcolepsy
is classified legally by the United States Federal and State
governments as a disability and in New York State as a devel-
opmental disability (52). Because of this lack of visibility of
symptoms, patients are perceived by others as being normal
and much is expected of them. Inability to fulfill role obli-
gations in a highly competitive society causes them to feel
socially isolated and have low self-esteem. They often report
feeling vulnerable to accidents, job loss, loss of relation-
ships, and economic loss with subsequent sense of insecurity.
Procrastination, difficulty getting things done, punctuality,
and planning and organizing time are areas of concern to these
patients. Many tend to lack focus or concentration on tasks
and vacillate when it comes to making decisions.

Health-Related Quality of Life

HRQOL was examined in a national investigation concerning
the effects of modafinil on wakefulness (53).

Data were collected in two similar 9-week double-blind
studies. Subjects (558) from 38 centers were randomized
into one of three groups: placebo, 200 mg modafinil, or
400 mg modafinil. A questionnaire comprised of the SF-36
and supplemental narcolepsy-specific scales was administered
to assess QOL changes with treatment. These two instru-
ments were pretested on narcolepsy patients in two sleep
centers (54). Compared to the general population, people with
narcolepsy (PWN) were more affected in vitality, social func-
tioning, and ability to perform usual activities due to physical
and emotional problems. PWN experienced HRQOL effects
as bad as or worse than those with Parkinson’s disease and
epilepsy in several HRQOL areas. HRQOL effects were worse
among PWN than among those with migraine headaches with
one exception: bodily pain.

In the UK (48), treated PWN had significantly lower scores
than treated obstructive sleep apnea hypopnea syndrome
(OSAHS) patients for mental health and general health as
measured by the SF-36. When compared with untreated
OSAHS patients, no significant differences were found in the
eight domains of the SF-36, indicating a poor functional status
in both conditions. Treated PWN were sleepier than untreated
OSAHS patients with a greater impact on activities of daily
living. PWN had difficulties in relation to leisure activities,
subjects reported falling asleep in class (50%), at work (67%),
and losing or leaving a job because of narcolepsy (52%).
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In a study in Italy, following a psychometric analysis, the
SF-36 was found to be a reliable outcome measure for hyper-
somniac disorders. Narcolepsy patients were compared with
idiopathic hypersomnia and sleep apnea patients. All domains,
except bodily pain, scored lower than the Italian norm. Some
of the variance was explained by EDS (inverse relation) and
disease duration (direct relation, probably due to adaptation)
(55). The SF-36 was self-administered.

The FOSQ was used in a randomized trial with 285 patients
with narcolepsy to study the effectiveness of sodium oxybate
on HRQOL in these patients. Sodium oxybate produced
significant dose-related improvements in the Total Func-
tional Outcomes of Sleep Questionnaire score from base-
line. Similar improvements were observed in the Activity
Level, General Productivity, Vigilance, and Social Outcomes
subscales (p < .01). Intimacy and Sexual Relationships
subscale was not affected (56).

A survey of 129 members of the Australian Narcolepsy
Support Group, using the Psychosocial Adjustment of Illness
Subscale-Self Report (PAIS-SR) total score, showed more
adjustment problems for men than for women. Younger
people had more vocational adjustment problems than
older PWN, probably due to the older group’s better
acceptance and management of their condition. Signifi-
cant differences were found among the three medication
status groups. The stimulant medication group was better
adjusted than the no medication group and the stimu-
lants + tricyclics group. The no medication group was the
least adjusted in terms of social environment. PWN in this
study reported more adjustment problems in comparison to
cardiac, mixed cancers, and diabetes patients (57). The results
of this study are difficult to compare with other studies
because of the self-selected sample and different measuring
instruments.

Similarly, in a mailed questionnaire survey of 305 members
of the United Kingdom Association of Narcolepsy (UKAN)),
respondents scored significantly lower on all domains of the
SF-36 than age- and sex-matched normative data and partic-
ularly poorly in the physical, energy/vitality, and social func-
tioning domains. The psychosocial questions developed for
this study showed that narcolepsy affected education, work,
relationships, activities of daily living, and leisure activ-
ities. Respondents reported avoiding situations that could
be embarrassing or hurtful if they were to have cataplexy
or fall asleep inappropriately. The Beck Depression Inven-
tory (BDI) indicated that 56.9% of subjects had some
degree of depression. There was no difference among groups
receiving different medications. Even those who were on
medication did not show normal health status. These results
suggest that the pharmacological management of narcolepsy
is inadequate (58). This study was done on self-selected
members, and diagnosis of narcolepsy was not clearly
established.

A cross-sectional study of 77 respondents with a diag-
nosis of narcolepsy with cataplexy and membership in the
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Norwegian Association for Sleep Disorder (NASD) showed
that respondents had significantly lower scores on all domains
of the scale of the SF-36, with the exception of the vitality
domain, when compared with the normal population. The
SF-36 was mailed to the respondents. Receiving medication
for narcolepsy did not affect any domain in the study. The
authors attribute differences in results from other studies to
a difference in mindset or public education in Norway or to
membership in the NASD (59).

Our literature review of studies on HRQOL in narcolepsy in
the USA and Europe documents the extensive negative effects
of narcolepsy on the lives of affected individuals in the areas
of physical, mental, and social health. Despite differences in
methodology, an overall pattern of decrement in functioning
is illustrated. This high level of impact on activities of daily
living indicates that treatment and management of narcolepsy
are not optimal and that new treatment modalities are
needed.

The improvement of QOL in narcolepsy depends on effec-
tive management of clinical symptoms of this syndrome,
their effects, and subjective complaints of the patient. The
biomedical symptoms of excessive daytime sleepiness, cata-
plexy, hypnagogic hallucinations, sleep paralysis, automatic
behavior, and disturbed nocturnal sleep are ameliorated by
appropriate pharmacological and behavioral management.
Successful management of objective and observable clinical
features may be affected by other complaints of narcolepsy
patients, such as low level of energy and fatigue, problems
with memory, depressed mood, and perception of lack of secu-
rity in the environment. These complaints may be alleviated in
some patients with pharmacological treatment and individual
and family counseling.

Social factors play an important role in QOL as they
are inextricably involved with health status (60-62). Social
network variables have a direct relationship with mortality
rates (61), and some significantly affect overall health status of
patients with chronic diseases (63, 64). People who are more
socially embedded function better than those with few social
ties (65-68). Social support gratifies emotional needs (affec-
tion, sympathy, understanding, acceptance, and esteem from
significant others) or instrumental needs (advice, informa-
tion, assistance with responsibilities, and economic help) (69).
In a qualitative study, narcolepsy patients reported several
benefits of attending support groups: emotional support and
strength from other peoples’ experiences and valuable infor-
mation on medications, diet, organizing tasks, and learning
to keep awake. Support groups provide a forum for informa-
tion exchange, acceptance and understanding by peers who
are similarly affected, and access to pertinent resources in
a supportive and caring environment. Patients feel reassured
and develop confidence and hope (70). Thus, counseling and
support are important in the comprehensive management of
narcolepsy.
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Conclusions

QOL and sleep medicine are emerging disciplines in the field
of health and sleep disorders and will gain increasing signifi-
cance in view of the changes in the delivery of health care in
the USA.

A review of studies in the USA, Canada, Europe, and
Australia shows that narcolepsy has a profound negative
social, psychological, and economic impact on the lives of
affected individuals. Pharmacological management is neither
optimal nor sufficient. New management strategies are needed
to improve patients’ functional status and productivity. Timely
diagnosis and treatment, not only of the clinical symptoms but
also of the impact of narcolepsy and its treatment, are crucial
for improving the QOL of patients. A comprehensive, multi-
disciplinary patient management approach, including phar-
macological and psychosocial treatment and support group
participation, is ideal for the management of narcolepsy. It
is important to consider the patient’s definition of illness
and its impact and meaning to the patient. Patients’ sense
of vulnerability, safety, isolation, satisfaction with treatment,
and overall satisfaction with life need sensitive considera-
tion. Information on subtle life changes, often unknown to
the patient, can be elicited with a short screening instru-
ment to assess needs and make an appropriate referral for
psychosocial management and support group participation.
Public education programs about the wide ramifications of
having narcolepsy must be directed toward physicians, nurses,
counselors, social workers, school teachers, and pharmacists.

Lastly, considerable variation exists in the operational defi-
nition of the symptoms of narcolepsy and indicators of
QOL. A combination of generic and disease-specific measures
as well as subjective and objective measures will provide
a comprehensive picture of the patient’s well-being. The
effects of demographic variables such as gender, social class,
and ethnic backgrounds in HRQOL must be addressed so
that management and educational activities can be fine-
tuned to suit the specific needs of patients. Stratifying
patients by medication status will likely eliminate some of
the confounding effects of side reactions of medications in
assessing the impact of narcolepsy. Effects of daytime sleepi-
ness and tiredness, common complaints of PWN, on patients’
responses are important considerations in analyzing data.

An international and multidisciplinary approach to develop
a standardized, sensitive, reliable, and valid QOL instrument
for narcolepsy will make national and cross-cultural compar-
ison of studies on the impact of narcolepsy more meaningful.

Issues that need to be addressed by future research:

e Standardized, reliable, and valid instruments are
needed to assess clinical symptoms and HRQOL in
narcolepsy.
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e A combination of generic and disease-specific
measures as well as subjective and objective
measures will provide a comprehensive picture of the
patient’s well-being.

e The effects of demographic variables, such as
gender, social class, and ethnic backgrounds, and the
role of medication status on HRQOL in narcolepsy
need further investigation.

e Research is needed on the role of support groups on
patients’ well-being and their mechanism of action.
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Sleep and Quality of Life in Restless
Legs Syndrome

Marco Zucconi and Mauro Manconi

Summary Restless legs syndrome (RLS) is a sensory-motor disorder characterized by uncomfortable and disagreeable sensa-
tions at lower limbs, urge to move them and peaking during rest periods and at evening/night, with impact on sleep, causing
insomnia and sleep fragmentation. Both severity of the sensory symptoms and periodic legs movements during sleep (PLMS)
contribute to sleep impairment and, consequently, to a reduced quality of life (QoL). Measurement of RLS impact on QoL is
made, both in clinical and epidemiological studies, by means of a Short Form-36 (SF-36) of health survey questionnaire and
by validated and disease-specific QoL scales (RLSQoL and Hopkins RLSQoL). Both types of measures indicated a significant
impact of RLS on QoL in different clinical and prevalence studies and showed good reliability, reproducibility and responsive-
ness. Moreover, QoL significantly improved, both in short-term studies and in recently published long-term protocols, with
dopaminergic treatment in comparison to placebo. In what measure RLS per se, some disease-specific symptoms as restlessness

and bad sleep or other co-morbidity factors, contribute to the impairment of QoL remain to be further investigated.

Keywords

Learning objectives:

e Quality of Life (QoL) is impaired in moderate to
severe restless legs syndrome (RLS).

e Validated and disease-specific QoL scales showed
good reliability, reproducibility and responsiveness.

e QoL is significantly improved by dopaminergic RLS
treatment.

Introduction

Restless legs syndrome (RLS) is a common, often under-
diagnosed, sensorimotor disorder characterized by an uncom-
fortable and disagreeable sensation in the legs, and sometimes
also in the arms, which provokes an urge to move them (1).
The appearance or worsening of the symptoms during rest
periods with complete or partial improvement by movements,
and the circadian trend of the symptoms occurring or intensi-
fying in the evening or at night with difficulty to fall or stay
asleep constitute the main symptoms of the syndrome. More-
over, because of the impact on sleep period, an effect on sleep
structure with sleep loss and/or sleep fragmentation, the latter
caused by periodic leg movements during sleep (PLMS), is

From: J. C. Verster et al. (eds.): Sleep and Quality of Life in Clinical Medicine
© 2008 Humana Press, Totowa, NJ
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one of the major finding of RLS (2). Thus, RLS, although not
involving stereotyped movements during sleep per se, is clas-
sified in the sleep-related movement disorders section of the
recent International Classification of Sleep Disorders (Inter-
national Classification of Sleep Disorders-2, 2005) because of
its close relationship with PLMS. Notwithstanding RLS does
not increase the risk of mortality or of serious morbidity, sleep
disruption at night and sensory problems involving discomfort
and sometimes pain during the day have an impact on quality
of life (QoL) and may lead to possible cognitive impairment
(3,4). As indicators coming from epidemiological and clin-
ical population studies, sleep and daytime complaints may be
or may not be of clinical relevance and, therefore, we have to
measure the impact of such symptoms on normal daily living
to justify the efforts for RLS treatment. The major problem of
QoL research in RLS consists in the multi-facet character of
the RLS disease. Impact of RLS is readily apparent in terms of
distressing symptoms, sleep disturbance, social deprivations,
depressive or anxious mood, and side effects of treatments.
The measurement of QoL consequences of RLS by means of
adequate, sensible and disease-specific approaches and tools
may clarify the importance of the RLS impact and give better
indications for treatment.

After a brief description of the RLS diagnostic criteria and
of the impact of the syndrome on sleep, this chapter will
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examine the evaluation of health-related QoL status analyzing
the impact of RLS on Short Form-36 (SF-36) health survey
questionnaire and on disease-specific QoL scales (RLSQoL
and Hopkins RLSQoL). Finally, the treatment effect and
benefit on QoL will be discussed.

Impact of RLS on Sleep

Sleep is usually favoured by rest and nighttime, these two
conditions are unfortunately the same which exacerbate RLS
symptoms. On the other hand, the methods to relieve symp-
toms keep patients from sleeping. Therefore, in most of RLS
patients, symptoms interfere with the onset and maintenance
of sleep, generating insomnia, especially during the first part
of the night (5). Despite not mandatory for the diagnosis, sleep
disturbance is cited among the diagnostic criteria as a common
associated feature of RLS, representing one of the major
morbidity for RLS patients, which requires special considera-
tion in planning treatment. Sleep disruption generally depends
on RLS severity. When RLS symptoms are severe, insomnia
often becomes the primary reason the patient seeks medical
attention. In this case, insomnia should be intended as a
subjective experience of disrupted sleep, which not always
agrees with objective polysomnographic findings (6). When
subjective complains correspond to instrumental results, a
reduction in sleep efficiency, mainly due to increasing of sleep
latency and sleep fragmentation, represents the most impor-
tant finding in sleep report (7, 8). In mild RLS forms or in
patients with an advanced peak of symptoms during evening
and not bedtime, sleep impairment may be rare or absent.
The prevalence of insomnia in RLS population is still unclear,
but almost all patients who require a pharmacological treat-
ment present some degree of sleep disturbance (5). Chronic
insomnia, secondary to RLS, may even persist after symptoms
resolution (6).

Another possible, but still discussed, cause of sleep disrup-
tion is represented by PLMS, which can be demonstrated
in about 80-90% of RLS patients (9, 10). PLMS are repeti-
tive leg jerks characterized by a triple flexion movement at
ankle, knee and hip, which arise from sleep, especially during
NREM stages | and 2 and from relaxing awake (PLMW, peri-
odic legs movements during wake) (11). Leg movements are
easily detected by placing two electrodes over each tibials
anterior muscles during a standard polysomnography (12).
PLMS is often associated with cortical arousals and awak-
enings, insomnia and excessive daytime sleepiness, but it is
controversial whether they cause a sleep disorder by them-
selves (13-15). They probably contribute to RLS with the
sleep fragmentation. The quantification of the number of
PLMS associated with arousals (PLMS arousal index) are the
most accepted method to measure the sleep RLS impact. An
index (number of PLMS in an hour) greater than 15 for the
whole night is considered pathologic. Periodic limb move-
ments of sleep also occur frequently in several other sleep and
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neurological disorders or in subjects without sleep complaints,
especially the elderly (16).

Sleep disruption is one of the main cause of reducing QoL
in RLS patients (3). As there is a good correlation between
the severity of sleep disruption and one of the symptoms, it is
important to measure accurately and by a reliable method the
RLS severity. The RLS rating scale (IRLSRS) has been vali-
dated by the International RLS Study Group for this purpose
(17). It consists in a self-administered 10-item questionnaire
which takes into account the burden of different aspects such
as sensitive symptoms, motor component, frequency of symp-
toms occurrence, sleep disturbance, daytime sleepiness and
the impact of the disease on the common daily activities. The
final score ranges between O and 40 and classifies the RLS
as mild (1-10), moderate (11-20), severe (21-30) and very
severe (31-40). The RLS scale assessing may be useful also
to verify the effectiveness of a treatment.

General Health-Related Quality of Life
Impact of RLS

Firstly from epidemiological studies, the impact of RLS on
QoL has been limited to an association with daytime fatigue,
excessive daytime sleepiness, more physical and mental
health problems, anxiety and depression symptoms, gener-
ally based on answers to self-reported questions included in
the studies or depicted by anxiety—depression scales (18-21).
Only more recently, specific measurements as SF-12 mental
health score, SF-12 physical health score, Mini-Mental State
Examination, SF-36 medical outcome score have been added
to epidemiological questionnaire or, separately, investigated in
population with RLS and compared with controls or across a
range of patient populations with different medical conditions.

Overall, the SF-36, becoming the most commonly used
general scale for the evaluation of health-related QoL, has
been mostly evaluated in RLS population both in prevalence
and clinical studies (3,22,23).

The MOS 36-item SF-36 health survey evaluates eight
domains of health-related QoL: physical functioning, phys-
ical limitations on normal role activities, bodily pain, general
health, energy/vitality, social functioning, emotional limita-
tions on normal role activities and mental health (24). In the
REST study (25), members of the RLS cohort had lower
QoL scores for all domains than the normal population,
with energy/vitality, physical and bodily pain the area mostly
impacted. Moreover, a comparison of the US data with results
from patients with other medical conditions in US popu-
lations showed that QoL in the RLS cohort was compa-
rable with that in conditions such as type-2 diabetes, chronic
obstructive pulmonary disorder, depression, hypertension and
osteoarthritis. Similar results were observed in a further study
(3), in which QoL was measured by means of the SF-36 in 85
patients with RLS and compared with data from a normative
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population of 2474 people. Patients with RLS showed signif-
icant deficit on physical functioning, bodily pain, role func-
tioning, mental health, general health and vitality domains
compared with the general population. The greatest impair-
ments in QoL were seen in patients with the most severe RLS.
Moreover, patients with RLS had lower scores in a majority
of SF-36 domains compared with patients with other cardio-
vascular disorders or type-2 diabetes (26). These results show
that moderate to severe RLS has a substantial impact on both
the physical and the mental health dimensions of QoL and
disturbs the life of patients as much as other more frequent
and known medical disorders.

However, some of these studies did not consider the
co-morbidities associated with RLS. Thus, the question is
whether the production of reduced QoL is due fully or mostly
to RLS per se or to other factors associated with the syndrome.
In the recent study of McCrink et al. (23), the authors analyzed
data from the REST study and examined different RLS-
related factors to explore which ones were associated with the
detrimental impact on health-related QoL. Distress, symptom
frequency, the use of prescribed medications for RLS, age,
number of co-morbidities and number of physician visits
correlated with reduced QoL at the SF-36 score or sometimes
(in European samples rather than in US people) with improve-
ment of QoL. This study indicates, as previously suggested
(27), that the magnitude of impairment in QoL is also related
to some co-morbidities such as anaemia, diabetes mellitus and
reduced renal function. However, the study did not clarify
an important issue, i.e. the impact of sleep loss and sleep-
related modifications on the reduced QoL in RLS patients.
The SF-36 does not include aspect and score for such factors,
as insomnia, unsatisfactory sleep or daytime sleepiness.

In conclusion from the analysis of different domains of
the SF-36, RLS, when moderate to severe, seems to have a
detrimental effect on all the scales measuring QoL. In partic-
ular, the more pronounced deficit occurs for measures of
vitality/energy and limitation of work and activities (limita-
tion for physical problems and vitality domains), as we can
expect with a sleep-related movement disorder, suggesting a
major decrease in the level of alertness and energetic engage-
ment with daily function.

Whether RLS per se, some disease-specific symptoms as
restlessness and short sleep or co-morbidity factors may all
contribute, and in what measure, to the impairment of QoL
remain to be further investigated.

RLS Quality of Life Questionnaire

Sleep loss and sensitive symptoms are the two major causes
of reducing QoL in RLS patients (23). Impairment in mental
daytime activity and depression are the main consequences
of insomnia, whereas problems in sedentary tasks (job and
social activity) appear to be secondary to leg discomfort. For
the peculiarity of RLS symptomatology, physical mobility
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or functioning are supposed to be less impacted compared
to sleep and daily activities (3). Therefore, a RLS-specific
scale better evaluates the range of life troubles and possible
effects of treatment in their improvement. For this purpose,
RLS-specific QoL questionnaire was created (28), which has
been demonstrated as a reliable tool to assess more partic-
ularly RLS impact on daily activities. The RLS QoL ques-
tionnaire (RLSQoL) was developed by clinicians expert in
sleep medicine with the help of patients affected by RLS and
was validated on a cohort of 85 subjects with primary RLS.
The instrument demonstrated a good internal reliability, as
well as an appropriate reproducibility (test-retest reliability)
over a 2-week period. Analyzing the same population with
the more general SF-36 questionnaire, a significant corre-
lation was found between the RLSQoL summary scale and
the SF-36 mental components summary (3,28). As expected
for the low impact of RLS in limiting mobility, the correla-
tion between RLSQoL summary and SF-36 physical compo-
nents summary is not significant. The RLSQoL scale also well
discriminates among groups with different RLS severity.

The RLSQoL consists in a 18-item self-administered ques-
tionnaire that takes into consideration the following areas:
severity of RLS symptoms, evening activities, impact on
morning activities regarding job or non-job appointments,
concentrating in afternoon/evening sexual activities. The final
summary score ranges from 0 to 100, with a lower score indi-
cating worse QoL. The entire version of the RLSQoL ques-
tionnaire and the rules to calculate its final score are shown in
Appendix 1.

Abetz et al. demonstrated the reliability and the responsive-
ness of the RLSQoL also in a large clinical trial setting (22).
In this study, the questionnaire showed a solid correlation with
the severity of symptoms assessed by the IRLSRS and by the
Clinical Global Impression, measured at baseline and after a
12-week treatment by ropinirole.

Further studies are warranted to confirm the validity of the
questionnaire in other than English languages and in symp-
tomatic RLS forms.

Treatment Effect on Quality of Life of RLS

Drug treatment generally ameliorates sensory symptoms
and reduces motor component both during wakefulness and
sleep (29). At the same time, considering the impact of RLS
on QoL, it is expected that treatment should improve QoL
of RLS patients. There are numerous studies reporting the
positive effect of L-dopa and dopaminergic agonists (DAs)
on RLS symptoms and also on daytime consequences and
complaints of RLS (19,22, 30-32). Most of the studies are
short-term in duration (less than 3 months) and this may lead
not yet evident the effect on QoL, because, even though the
maximum average efficacy is achieved after 4 to 8 weeks of
treatment, the benefit on daytime effect, daily function and
modification of life style may request a longer period of time,
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i.e. several weeks. Recently, long-term studies on the effec-
tiveness of DAs on RLS have been published indicating with
more emphasis the effect on QoL as an important end-point
for the maintenance of the drug efficacy (33, 34).

Different short-term double-blind placebo-controlled
studies evaluating some DAs (ropinirole, pramipexole and
cabergoline) showed statistically significant improvement in
QoL by the Hopkins RLSQoL and the QoL RLS question-
naire (31, 35-37). Ropinirole demonstrated a 25% greater
improvement on QoL compared with placebo in two multi-
centre European and US studies (35,36). Pramipexole showed
a persistent effect through 12 weeks on QoL for both lower
(0.25 mg) and higher (0.50-0.75 mg) doses, but it failed
to modify SF-36 Health Scale as a whole but improved the
social functioning subscale after a 3-week treatment period in
another study (38). Also cabergoline determined a significant
improvement in QoL-RLS after 5 weeks of administration
in comparison to placebo (31). Analysis of SF-36 scales
did not show results as much as positive as disease-related
questionnaire: one study did not show significant difference
in QoL between placebo and ropinirole treatment whilst the
other one demonstrated improvement in mental health, social
functioning and vitality (35, 36). These data confirm that the
brief duration of short-term studies does not allow the general
effects of QoL to be sensible to significant modifications
and indicate the usefulness of disease-specific questionnaires
rather than general health scales (39).

Concerning the few data on long-term studies with
DAs, ropinirole showed statistically significant differences
(improvement) both on RLSQoL questionnaire and SF-36
Health Survey (physical health problems and social func-
tioning) during a 36-week study compared with placebo (34).
A similar effect has been recently documented in a controlled
withdrawal study of pramipexole after 6 months of open label
treatment: at 9 months, QoL measured by the John Hopkins
RLSQoL questionnaire persisted improved with respect to
placebo, indicating a better health status in the pramipexole
group after 9 months of therapy (40). Also in a long-term
study with pergolide, although not measured by specific
but generic scales (life satisfaction, negative feelings and
complaints), the authors showed a significant effect, persisting
at 1-year follow-up (32). In summary, dopaminergic treatment
seems to significantly improve QoL both in short-term studies
and apparently also in long-term follow-up observations in
RLS patients.

Appendix 1

The following 