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1. Introduction

Review of the extant literature indicates that both sleep apnea and glaucoma are highly
prevalent in the Black population [1,2]. They tend to occur earlier among Blacks and are
associated with other metabolic diseases (e.g., obesity and hypertension). that are also
highly prevalent in that ethnic group [3,4]. While technology for early detection and
evidence-based treatment regimens exist for sleep apnea and glaucoma, sadly Blacks
underuse them. Consequently, Blacks in underserved communities continue to bear the
burden of those conditions, which have remained largely undiagnosed [5,6].

Whereas prevalence data convincingly show the risks for expressing sleep apnea and
glaucoma are higher among Blacks, they are, nevertheless, not as likely to seek medical care
as do Whites, even where there is no disparity in adequate medical coverage [7]. Effort
should be made to explore the reasons why so few Blacks participate in sleep apnea or
ophthalmic screening programs or are receiving timely diagnoses [8,9]. This paper attempts
to provide background information supporting greater prevalence of glaucoma and sleep
apnea for Blacks in the US. Furthermore, it suggests that if these two conditions were
causally associated Blacks would be at greater risk for related comorbidities.

2. Prevalence of sleep apnea and glaucoma - Is ethnicity an important factor?

There are no population-based prevalence studies documenting the relationship between
glaucoma and sleep apnea. However, clinical and survey data strongly suggest that
glaucoma is one of the ophthalmic diseases with a hypothesized link to sleep apnea [10-16].
Below, data supporting the link between sleep apnea and glaucoma are reviewed. However,
since no published studies specifically ascertained effects of ethnicity on associations of
sleep apnea with glaucoma, we first examined evidence supporting ethnic differences in the
prevalence of sleep apnea and glaucoma.
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3. Epidemiology of sleep apnea

Sleep apnea is a serious, potentially life-threatening condition, characterized by repeated
cessation of breathing while sleeping, due mostly to complete or partial pharyngeal
obstruction [6,17]. Obstructive sleep apnea, the most prevalent of the sleep-disordered
breathing constellation, has several cardio-respiratory features (e.g., loud snoring, loud
gasps, and daytime breathlessness). [18-20]. Sleep apnea is also associated with a number of
metabolic diseases [21-28], cardiac arrhythmias [18,19], cardiovascular disease [18,20],
decreased quality of life [17] and early mortality [18,28]. It causes significant sleep
disturbances and excessive daytime sleepiness [18,29], which often lead to road traffic and
industrial accidents [18,27,30] as well as cognitive deficits and poor performance [31]. Sleep
apnea is also associated with numerous psychiatric comorbid diagnoses including
depression (21.8%), anxiety (16.7%), posttraumatic stress disorder (11.9%), psychosis (5.1%),
and bipolar disorders (3.3%). [32].

Sleep apnea is thought to be as prevalent as adult diabetes and might affect more than 18
million Americans [6,33]. Others view it as big a public health hazard as smoking [34], in
part because of associated residual daytime sleepiness [18,29]. The National Commission on
Sleep Disorders Research estimated that sleep apnea is probably responsible for 38,000
cardiovascular deaths yearly, with an associated 42 million dollars spent on related
hospitalizations [35]. Evidence shows that sleep-disordered breathing not only increases the
risk of cardiovascular related deaths, but increases risk of overall mortality [36].

Using a respiratory disturbance index* of 10 or greater, the Wisconsin Sleep Cohort Study,
an epidemiological study conducted among the U.S. adult population, estimated that sleep
apnea affects as much as 15% of men and 5% of women between the ages of 30 and 60 years
[25]. Estimates are even higher in this age group when laboratory polysomnographic criteria
are used. The largest population-based polysomnographic study conducted in the U.S.
revealed that 24% of men and 9% of women had significant sleep apnea [37]. In the clinical
setting, the proportion of sleep apnea cases rises to 68% [22]. Sleep researchers and public
health advocates have become concerned over the lack of attention paid to ethnic disparities
in sleep apnea, as several important epidemiological and clinical findings have shown
greater rates for minority groups.

4. Sleep apnea — Ethnic variations

Sleep apnea is highly prevalent in the Black population [1]. A community-based study
comparing older Blacks and Whites showed that Blacks experienced severe sleep apnea with
a relative risk twofold as great as that of their White counterparts [38]. It is noteworthy that
ethnicity is associated with the presence of sleep apnea (Respiratory Disturbance Index
[RDI] > 30). independently of age, sex, and body mass index, three of “the main risk factors
for sleep apnea [6,39]. Blacks with sleep apnea are often more obese and have significantly
greater prevalence of hypertension and glaucoma than their White counterparts [40] (see
Table 1 and Figure 1).

* The apnea-hypopnea index (AHI). or respiratory disturbance index (RDI). refers to the total number of
apneas (complete cessation of breathing lasting > 10 s). and hypopneas (50% reduction in airflow lasting
> 10 s, followed by Sa02 desaturations). divided by the patient’s total sleep time. The AHI or RDI
provides a measure of the severity of sleep apnea.
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Ethnicity 1991 1995 1998 2001 2006-8
Black 19.3 22.6 26.9 31.1 35.7
White 11.3 14.5 16.6 19.6 23.7

data obtained from the Center for Disease Control; values represent percent of cases
(http:/ /www.cdc.gov/mmwr/PDF/wk/mmb5827.pdf)

Table 1. Trends in obesity by ethnicity

Prevalence of Glaucoma, Hypertension, and Sleep Apnea
among Black and White Americans

/R

Glaucoma

»

Hypertension

AA =5.7%, EA = 3.4%;

— | SEE

— AA = 41%, EA = 27%;

Obesity cDe

TN

AA = 31%, EA = 10%;
Sleep Apnea - °

=== | SHHS (RDI > 10)

Fig. 1. Prevalence of glaucoma, hypertension, and sleep apnea for Blacks and Whites in the
Salisbury Eye Study (SES), Center for Disease Control (CDC), and Sleep Heart Health Study
(SHHS). All three conditions are linked to obesity, which is also more prevalent among
Blacks (see Table 1)

This ethnic disparity is not observable only among adults who are 40 years old or older. A
case-control family study of sleep apnea comparing 225 Blacks and 622 Whites, ages 2 to 86
years, indicated that 31% of Blacks versus 10% of Whites had RDI greater than 10 [1]. Also
important in that study was the observation that Blacks may be at risk for sleep apnea at an
earlier age. African-Americans with sleep-disordered breathing were younger than Caucasians
with sleep-disordered breathing (37.2 +/- 19.5 years vs 45.6 +/- 18.7 years, p < 0.01). [1].
Observed ethnic differences in age of onset and anatomic risk factors for sleep apnea
prompted the investigation of a possible racial/ethnic difference in the genetic underpinnings
of this condition. Comparing Black and White families, investigators found evidence for
segregation of a codominant gene with an allele frequency of 0.14; after adjusting for effects
of Body Mass Index (BMI). and age, this accounted for 35% of the total variance in sleep
apnea severity [41]. Other analyses by the same research group suggested genetic factors
seem to underlie the susceptibility to sleep apnea and obesity among Blacks [42]; they
suggest further that the severity of sleep apnea could modulate the genetic determinants of
obesity in that ethnic group.
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5. Epidemiology of glaucoma

Glaucoma is a disease defined by slow progressive loss of vision in association with
characteristic signs of damage to the optic nerve. If left untreated, glaucoma leads to
blindness, which could lead to sleep disturbances, diminished capacity in activities of daily
living, reduced quality of life, and depressed moods [43-46]. Glaucoma is the leading cause
of irreversible blindness among Blacks, and the second leading cause for all Americans
[47,48]. Of the various forms of glaucoma (e.g., congenital, open-angle, closed-angle,
secondary), primary open-angle glaucoma (OAG). is the most common, which affects
almost 2.3 million Americans ages 40 and older, or about 1.9% of the U.S. population [49].
Glaucoma increases with age and is more common among Blacks than among Whites.
According to data from the Center for Disease Control (CDC), ethnic differences in glaucoma
for both men and women widened between 1984 and 1995 (see Figure 2). In the 65-69 age
group, prevalence of glaucoma for White females is about 1.6%, while among Black females,
prevalence is almost three times higher (4.6%). [49]. The Salisbury Eye Study showed that
the prevalence of open-angle glaucoma for Blacks and Whites was 5.7% and 3.4%,
respectively [2]. According to the Baltimore Eye Survey, which investigated a randomly
selected, stratified, multistage cluster sample of 2395 Blacks and 2913 Whites (40 years of age
and older), Whites were more likely to exhibit age-related macular degeneration, whereas
Blacks primarily showed open-angle glaucoma [47]. This survey also showed that primary
open-angle glaucoma accounted for 19% of all blindness among Blacks; this was six times as
frequent among Blacks as among Whites and on average began 10 years earlier [47].
Interestingly, according to a population-based study the prevalence of glaucoma surgery
among Blacks was 45% lower than the prevalence for Whites, although glaucoma is four
times more prevalent among the former. [43]

Percent of Older Adults with Glaucoma

15 -
—o— White

- Black

10 A

o

Percent

1984 1995

Fig. 2. Ethnic difference in glaucoma for both men and women is widened between 1984 and
1995; adapted from data obtained by the Center for Disease Control
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6. Impaired regulation of ocular blood flow in glaucoma

The hypothesis that regulation of ocular blood flow might be impaired in glaucoma patients
has received much attention since its inception in 1879. Principally, there are two competing
theories purporting to explain the pathogenesis of glaucomatous optic neuropathy: the
mechanical theory of glaucoma and the vascular theory of glaucoma. Technological
advances have provided the impetus for several research studies examining the vascular
theory. Essentially, it postulates that glaucomatous optic neuropathy results from inadequate
blood flow caused by either increases in intraocular pressure or other risk factors that
diminish ocular blood flow supply [50,51]. These two theories do not appear to be mutually
exclusive. Both mechanical and vascular factors may converge to effectuate changes in
intraocular pressure that might adversely impact perfusion of the retina and the optic nerve
head [51,52]. It is equally likely that vascular dysregulations might increase the susceptibility
to intraocular pressure (IOP).

Numerous clinical and epidemiologic studies converge to support the argument that deficits
in ocular blood flow play a key role in the pathogenesis of glaucoma [50-55]. Indeed,
population-based studies show an inverse relationship between ocular blood flow and
intraocular pressure (Thessaloniki Eye Study). or associations between glaucoma and
perfusion pressure (Barbados Eye Study, Baltimore Eye Study, and Neumarkt Glaucoma
Study). [48,55,56]. A 9 year follow up to the Barbados Eye study indicated that lower ocular
perfusion pressure [<40mmHg] more than doubled the risk for open angle glaucoma. (RR,
2.6; 95% CI, 1.4-4.6). [51]. With elevation of IOP, a linear and sensitive reduction in
circulation through the short posterior ciliary arteries is commonly documented [55]. Some
have argued that reduction of ocular blood flow often precedes reperfusion damage, and
among glaucoma patients blood flow can also be reduced in other parts of the body.[53]
Thus, ischemia and reperfusion damage do not seem to reflect hemodynamic changes only
in vascular beds within the eye.

Numerous trials and reviews have discussed vascular dysregulation along with evidence for
potential associations with Glaucoma. Dysfunction of both the autonomic nervous system
and vascular endothelial cells might be a causal factor [52,54]. The underlying mechanism of
the vascular dysregulations observed in glaucoma is not yet fully elucidated. Sleep apnea
might also play a key role, as it produces myocardial infarction and/or nocturnal angina
due to arterial vasospasm [57].

It is also important to note that even among patients with normal IOP, impaired blood flow
may be observed. In addition, vascular compromise may occur in the presence of normal
intraocular pressure if the lamina cribrosa, sclera, and cornea are thin [44]. A report by our
colleagues at Indiana University indicated that glaucoma patients, who are otherwise
characterized by normal pressure, exhibited prolonged retinal arteriovenous passage times
in fluorescein angiography and color Doppler imaging, which suggests increased resistance
downstream from the central retinal and posterior ciliary arteries [58]. This finding
corroborates existing epidemiologic and clinical studies, evidencing that intraocular
pressure may not be the only etiological factor in glaucoma [59]. Accumulating evidence
points to ocular ischemia as a major factor as well [60]. Indeed, low perfusion pressure
constitutes a significant risk factor for open-angle glaucoma, and most clinical studies
comparing healthy and glaucoma patients demonstrate a reduction in perfusion pressure
among the latter [50]. Authors of that review paper argue that the observed vascular
dysregulation may be the principal element causing both low perfusion pressure and
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insufficient autoregulation. Newly available technology helps support this theory by
allowing us to measure retinal blood flow rate. In a study of retinal blood flow in response
to postural changes, patients with OAG were shown to have a very broad range of
hemodynamic responses versus controls, suggesting dysregulation or no regulation of the
retinal vasculature [54]. Thus, insufficient regulation could lead to low perfusion pressure as
well as widely fluctuating perfusion pressures. Chronically low perfusion pressure and
unstable, fluctuating pressures may in turn lead to ischemia and reperfusion damage [50].

7. Sleep apnea and glaucoma - Is there an association?

The link of sleep apnea to eye disorders has been reviewed recently [61]. Essentially, sleep
apnea is linked to glaucoma [10-13], floppy eyelid syndrome [16,62], keratoconus [63],
papilledema [64], and optic neuropathy [65]. In the present paper, we focus on glaucoma
because it disproportionately affects individuals of the Black ethnicity, offering opportunities
for research in its biologic and cultural underpinnings.

Examination of published reports on the link between glaucoma and sleep apnea has
indicated that the prevalence of glaucoma among patients with sleep apnea ranges from 2%
to 7.2% [11,14,15]. A recent cross-sectional case series suggested that as much as 27% of
patients with moderate to severe sleep apnea might have glaucoma [66]. There is a lack of
consensus whether the prevalence of glaucoma among patients with sleep apnea is greater
than observed in the general population [15]. The discrepancy in reported findings amply
demonstrates the need for random and representative, population-based studies to
determine whether in fact patients with sleep apnea are at increased risks for developing
glaucoma. Results of previous studies have limited generalizability because of selection bias,
non-representative sampling, and small sample sizes. A recent Chicago study using a
relatively larger sample size of 247 indicated the prevalence of glaucoma among patients
with sleep apnea to be 5.7% [10].

Regarding the prevalence of sleep apnea itself among patients with glaucoma, no large-scale
representative studies have been undertaken. Available estimates of the prevalence of sleep
apnea among patients with glaucoma (ages 45 years and older). range from 20.0% to 57%
[12,13]. Within glaucoma subtypes, approximately half of the patients with normal-tension
glaucoma and one-third of those with primary open-angle glaucoma exhibit sleep apnea
syndrome [67]. As noted previously, these results have not been replicated in the general
population. If confirmed, this would support the argument that a sleep history should be
recommended for patients with glaucoma [16].

8. Complex relationships between sleep apnea and glaucoma

The relationships between glaucoma and sleep apnea are somewhat complex. Several
systematic studies are necessary to explicate fully the nature of those relationships. Clinical
studies typically show that sleep apnea is associated with several glaucoma indices
including intraocular pressure, visual field mean deviation, cup-to-disk ratios, and retinal
nerve fiber layer thickness [68-70]. Additionally, evidence from a treatment study using
ocular oxymetry recording, a novel tool utilized to measure ocular oxygen tension [71],
suggests an association between finger blood flow and optic nerve head blood flow among
patients with glaucoma. [72] Other preliminary data show reduction in intraocular pressure
among glaucoma patients following a regimen of continuous positive airway pressure [73].
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Hence, observational and clinical data converge to support an association between sleep
apnea and glaucoma. Nonetheless, systematic studies are needed to establish the causal
relationships between these two conditions. Though a direct relationship has not yet been
established, data from a recent study makes an effort to imply some correlation. The study
splits Sleep apnea patients up into a normal/mild group and a moderate/severe group. The
prevalence of Glaucoma in the moderate/severe group was estimated to be 7.1%,
significantly higher (p=.033). than the normal/mild group [10]. This study also suggested
the severity of obstructive sleep apnea to be inversely correlated with the retinal nerve fiber
layer thickness.

Delineating the nature of relations between sleep apnea and ophthalmic diseases remains a
challenge. It is worth examining whether there is a direct influence of sleep apnea and
glaucoma on ocular blood flow. Conceivably, glaucoma and sleep apnea have an interactive
effect on ocular blood flow dysregulations. Preliminary data obtained from 31 patients with
sleep apnea undergoing orbital doppler ultrasonography suggests a positive correlation
between the ophthalmic artery resistivity index and the mean visual field defect, pointing to
the possibility that visual field defects might be due to optic nerve perfusion defects [74]; of
note 12.9% of the patients with glaucoma in that study had sleep apnea. These data are
consistent with a previous study indicating that blood flow parameters in the orbital vessels
were significantly different between patients with sleep apnea and those without the
condition [75]. Specifically, among patients with mild sleep apnea, peak systolic velocity
and end diastolic velocity in the posterior ciliary arteries were significantly higher than
those observed for the control group [75]. In the next two sections, we discuss the effects of
hypertension and obesity on the relationships between glaucoma and sleep apnea and the
hypothesized effects of sleep apnea on ocular blood flow.

Since available studies do not permit an examination of ethnic effects on associations
between sleep apnea and glaucoma, we rely on prevalence data to determine whether
Blacks are at greater risk for related comorbidity. Epidemiologic evidence strongly supports
the notion that both sleep apnea and glaucoma are highly prevalent among Blacks, and
younger Black individuals are particularly more vulnerable [1,40,41]. Although not yet
verified, data from two independent lines of clinical investigation have provided support
for the idea that ethnicity influences associations between sleep apnea and glaucoma. The
first line of study showed that retinal nerve fiber layer is thinner among patients with sleep
apnea [69,76,77], which parenthetically generated the hypothesis that reduced ocular
perfusion related to hypoxia and vasospasm observed in sleep apnea may cause nerve fiber
layer thinning. The second line of investigation showed that retinal nerve fiber layer is
typically thinner among Black patients [78]. Plausibly, Blacks with sleep apnea could have
even thinner nerve fiber layers. Future large-scale, population-based studies should
investigate some of the nuances in the link between glaucoma and sleep apnea and explore
the reasons why blacks tend to show worse outcomes for these conditions.

9. Sleep apnea and glaucoma — Role of hypertension

One of the complexities permeating relations between glaucoma and sleep apnea relates to
the fact that both conditions are potentially characterized by similar pathogenetic
mechanisms. Both sleep apnea and glaucoma are linked to hypertension [25,40,79-82], which
is more prevalent among Blacks (44% vs. 23%). based on a multi-site study of medically
underserved patients [3]. Available data suggests that approximately 40% of patients with
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sleep apnea suffer from hypertension, whereas 30% of hypertensive patients have occult
sleep apnea [79]. Data from the Wisconsin Sleep Cohort Study, sampling 1060 women and
men ages 30 to 60 years showed a dose-response relationship between sleep apnea and
blood pressure, independent of several confounding factors [25]. Furthermore, clinical
evidence suggests that continuous positive airway pressure treatment for sleep apnea
results in a diminution of daytime and nighttime arterial blood pressure [80].

Concerning linkage between glaucoma and hypertension, studies have shown that patients
with normal-tension glaucoma exhibited increased variability of night-time blood pressure
compared with healthy controls [82]. This is important since increased fluctuation of blood
pressure may lead to ocular reperfusion damage and may cause ischemic episodes at the
optic nerve head. According to a case-control study, hypertension was significantly more
common among patients with glaucoma relative to age- and gender-matched individuals
with healthy eyes (OR: 1.29 [81]. Investigators concluded that common pathogenetic
mechanisms in ciliary and renal tubular epithelia might explain co-occurrence of glaucoma
and systemic hypertension. It is important to mention that a few epidemiologic studies
found mixed results. A recent review of studies discussing the association between
glaucoma and hypertension acknowledges these studies that found weak or no relationships
[52]. The same review acknowledges that blood pressure is likely related to intraocular
pressure, but not necessarily the incidence of glaucoma.

10. Sleep apnea and glaucoma — Role of obesity

One might also conjecture another viable hypothesis that would suggest that both sleep
apnea and glaucoma are caused by a defect in a common pathway potentially resulting from
obesity (see Figure 1). Obesity is the strongest predictor of sleep apnea, with estimates
suggesting that 60-90% of patients with sleep apnea are obese (defined as BMI >28 kg/m?2);
data also suggests that a BMI of 28 kg/m? has a sensitivity of 93% and a specificity of 74%
for sleep apnea [83]. Data analyzed from the National Health and Nutrition Examination
Survey estimated the prevalence of sleep apnea in persons without obesity to be 3% in men
and 0.7% in women (p<0.01), while in persons with obesity to be 12.1% in men and 7% in
women (p<0.01). [24]. On balance, it is noteworthy that not all patients with sleep apnea are
obese, suggesting the involvement of other explanatory factors. Mixed results have been
found regarding effects of obesity on intraocular pressure, the widely accepted marker for
glaucoma [84]. It may be that body mass index, the most commonly utilized obesity
measure, is inadequate when predicting eye disorders [85].

It is likely that sleep apnea and glaucoma represent manifestations of what is referred to as
the metabolic syndrome. Metabolic syndrome is defined as a cluster of interrelated risk
factors of metabolic origin that increase chances of developing heart disease, stroke, and
diabetes. The risk factors include raised blood pressure, dyslipidemia (raised triglycerides
and lowered high-density lipoprotein cholesterol), raised fasting glucose, and central
obesity. Metabolic syndrome is an emerging public health concern, affecting 25% of adult
Americans [86]. According to data from the third National Health and Nutrition
Examination Survey of adults (ages > 20 years), the age-adjusted prevalence was similar for
men (24.0%). and women (23.4%), but Black women had approximately a 57% higher
prevalence than did Black men [4]. Individuals with the metabolic syndrome have several
co-occurring disorders of the body's metabolism: obesity, hypertension, dyslipidemia, and
hypercholesterolemia [87].
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A direct link between metabolic syndrome and sleep apnea has not been systematically
established. However, preliminary evidence from the Mayo Clinic indicates that the
metabolic syndrome might be more prevalent among patients with sleep apnea. Clinical
data shows that 60% of patients with sleep apnea had metabolic syndrome, compared with
40% of patients without sleep apnea [23]. Evidently, the components of the metabolic
syndrome each correlate highly with sleep apnea [87]. Clinical evidence also suggests that
the metabolic syndrome is associated with glaucoma; intraocular pressure is higher among
individuals with this disease [88].

If indeed obesity was the final common pathway, this might explain the greater prevalence
of sleep apnea and glaucoma among Blacks. Blacks are at greater risk for associated
metabolic diseases because they are disproportionately more obese compared with Whites
(see Table 1). According to data from the National Center for Health Statistics, about two-
thirds of American adults are either overweight (BMI > 25; 33%). or obese (BMI > 30; 31%).
[89]. The age-adjusted prevalence of overweight/obesity in ethnic minorities, especially
minority women, is higher than in Whites in the U.S,, reaching a critical level of greater than
two-thirds of the female minority population [90].

11. Sleep apnea and ocular blood flow

No conclusive evidence exists for a cause-and-effect relationship between sleep apnea and
glaucoma, although it is believed that various physiologic factors produced by sleep apnea
may play a significant role in the pathogenesis of glaucoma [91,92]. Sleep apnea is widely
recognized for its adverse vascular sequelae: acute myocardial infarction and/or nocturnal
angina caused by arterial vasospasm [57]. These may be particularly harmful among patients
with glaucoma because at night, ophthalmic artery flow velocities decrease commensurate
with reductions in arterial blood pressure[82]. This is considered a vulnerable period when
the risk of disease progression is heightened. It should also be noted that intraocular pressure
increases, especially in glaucoma patients in the supine position [44] and may further influence
the progress of glaucoma.

Optic nerve vascular dysregulation might be secondary to sleep apnea-induced arterial
hypertension and arteriosclerosis [93]. Plausibly, impaired optic nerve-head blood flow
autoregulation is a sequela of repetitive apnea events [93]. One study suggested that
repetitive deep hypoxia, a phenomenon commonly observed during apneic events, might
directly damage the optic nerve [13]. It is not certain whether repetitive hypoxia would
cause increased intraocular pressure among patients with normal-tension glaucoma, based
on data from a case study involving 3 patients [94]. This discrepancy may be explained by
age differences in the sample studied; preliminary data suggested that effects of sleep apnea
are more pronounced among older patients with normal-tension glaucoma [13]. Investigators
argue that both chronic hemodynamic changes and recurring severe hypoxia may
contribute to anoxic optic nerve damage observed in glaucoma [67].

Thus, sleep apnea might offer one explanation for the increased prevalence of glaucoma
among Blacks. Since sleep apnea and hypertension are worse among Blacks [1,3], this might
augur greater impairment of optic arterial blood supply for Blacks. Notwithstanding, the
knowledge that Blacks might be at greater risk for morbidity related to untreated sleep
apnea and glaucoma, little has been done to investigate the clinical presentation and course
of these two diseases in that population. In effect, studies reported to date have only
considered group analyses, making it difficult to ascertain racial/ethnic effects on the
association between sleep apnea and glaucoma.
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12. Link among sleep apnea, glaucoma, obesity, hypertension and blood flow

The aforementioned associations do not seem to be fortuitous, judging from the consistency
across studies. Whether obesity is the final common pathway has not been convincingly
demonstrated, although it is involved in all the disease entities herein discussed (see Figures
1 and 3). Obesity, glaucoma, and hypertension are all associated with sleep apnea, perhaps
bi-directionally. This gives rise to the need for empirical studies testing causal models to
explain links among obesity, hypertension, sleep apnea, blood flow, and glaucoma. One
could imagine the difficulties inherent in performing experimental tests of cause-and-effects
relationships of those factors. Such linkage analyses could benefit from the application of
path analysis using available national data. Only through costly, systematic, empirical
studies can we arrive at definitive explanations of causal models.

To date, no systematic linkage analyses have been performed to elucidate relations between
sleep apnea and ocular blood flow dysregulation. If it can be demonstrated that sleep apnea
is a mediating factor in the associations between glaucoma and ocular blood flow, this
would lead to enhanced strategies to treat glaucoma. Identification and characterization of
the relationship between sleep apnea and glaucoma would assist in the diagnosis and
treatment of patients with glaucoma whose disease progresses despite medical intervention
to lower intraocular pressure.

In formulating a glaucoma diagnosis, the clinician may have to consider the status of the
autonomic nervous system in its relations to systemic hemodynamic parameters that might
be dysfunctional. In addition, this information will assist the clinician in formulating novel
treatment strategies for glaucoma that focus on enhancing end-tissue oxygenation. Since
Blacks are at increased risks for developing both glaucoma and sleep apnea, special efforts
should be made to target interventions to Blacks in underserved communities.

13. Conclusions

Most of the initial studies reported to date have used relatively small sample sizes, offering
little definitive explanation of the link between sleep apnea and glaucoma or whether
ethnicity influences such associations. Epidemiologic evidence shows that both glaucoma
and sleep apnea are more prevalent among Blacks, and that their onset is earlier in that
population. Glaucoma and sleep apnea are potentially characterized by similar pathogenetic
mechanisms, as they are both linked to hypertension and obesity. Obesity and hypertension
are highly prevalent in the Black population and are widely recognized for their involvement
in numerous vascular diseases. Efforts are underway to ascertain whether one condition has
a direct effect on the other or whether their co-occurrence engenders worse physiologic and
behavioral outcomes among at-risk individuals. Plausibly, individuals with glaucoma show
ocular hemodynamic changes and blood flow deficits due to untreated sleep apnea, which is
more common among Blacks [7-9]. Systematic studies exploring reasons why Blacks don’t
participate in screening events or are not receiving timely diagnoses are needed. It may be
assumed that the reasons for low participation in screening are probably lack of awareness
and occupation with other issues.

Along with further epidemiological investigation, genetic research could also be explored.
Genome scanning has already suggested genetic factors linking sleep apnea to obesity,
diabetes, and insulin resistance [26,41,42]. More recent analysis of mRINA expression, protein
interaction, and results from genome-wide association studies has made an attempt to connect
some of the known pathways between these known co-morbidities [16]. This approach could
be used in the future to better explain the potential link between sleep apnea and glaucoma.
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Association of Sleep Apnea to Obesity,
Hypertension, and Glaucoma

Obesity
Rate = 27%

Hypertension

Rate = 30% Sleep Apnea

Glaucoma

Rate = 7%

Fig. 3. Prevalence of individuals with obesity, hypertension, and/or glaucoma who also carry
a diagnosis of sleep apnea; sleep apnea is itself a strong risk factor for cardiovascular disease

14. Acknowledgements
This research was supported by funding from the NIH (R25HL105444 and RO1IMD004113).

15. References

[1] Redline S, Tishler P, Hans M, Tosteson T, Strohl K, Spry K (1997). Racial differences in
sleep-disordered breathing in African-Americans and Caucasians. Am ] Respir Crit
Care Med 155: 186-192.

[2] Friedman DS, Jampel HD, Mufioz B, West SK (2006). The prevalence of open-angle
glaucoma among blacks and whites 73 years and older: the Salisbury Eye
Evaluation Glaucoma Study. Arch Ophthalmol 124: 1625-1630.

[3] Lackland DT, Lin Y, Tilley BC, Egan BM (2004). An assessment of racial differences in
clinical practices for hypertension at primary care sites for medically underserved
patients. ] Clin Hypertens (Greenwich ). 6: 26-31.

[4] Ford ES, Giles WH, Dietz WH (2002). Prevalence of the metabolic syndrome among US
adults: findings from the third National Health and Nutrition Examination Survey.
JAMA 287: 356-359.

[5] Jean-Louis G, von Gizycki H, Zizi F, Dharawat A, Lazar JM, Brown CD (2008). Evaluation
of sleep apnea in a sample of black patients. Journal of Clinical Sleep Medicine

[6] Young T, Finn L (1998). Epidemiological insights into the public health burden of sleep
disordered breathing: sex differences in survival among sleep clinic patients.
Thorax 53 Suppl 3: S16-519.

[7] Jones HL, Walker EA, Schechter CB, Blanco E (2010). Vision is precious: a successful
behavioral intervention to increase the rate of screening for diabetic retinopathy for
inner-city adults. Diabetes Educator 6:118-26.

www.intechopen.com



302 Glaucoma - Basic and Clinical Concepts

[8] Basch CE, Walker EA, Howard CJ, Shamoon H, Zybert P (1999). The effect of health
education on the rate of ophthalmic examinations among African Americans with
diabetes mellitus. Am ] Public Health 89: 1878-1882.

[9] DiPalma J, Jean-Louis G, Zizi F, Cohen C, Casimir G, Bobb L, Mukherji R, Felix K,
Wolintz A (2002). Screening and Treatment of Obstructive Sleep Apnea in a
Brooklyn-Based Minority Sample. Sleep 25: 185.

[10] Lin PW, Friedman M, Lin HC, Chang HW, Wilson M, Lin MC (2010). Normal Tension
Glaucoma in Patients With Obstructive Sleep Apnea/Hypopnea Syndrome. Journal
of Glaucoma 10:1097

[11] Batisse JL, Vix ], Swalduz B, Chave N, Mage F (2004). Sleep-related breathing disorders
and normal or high-tension glaucoma: 35 patients with polysomnographic records.
J Fr Ophtalmol 27: 605-612.

[12] Mojon DS, Hess CW, Goldblum D, Bohnke M, Korner F, Mathis J (2000). Primary open-
angle glaucoma is associated with sleep apnea syndrome. Ophthalmologica 214:
115-118.

[13] Mojon A, Hess CW, Goldblum D, Boehnke M, Koerner F, Gugger M, Bassetti C, Mathis
J (2002). Normal-tension glaucoma is associated with sleep apnea syndrome.
Ophthalmologica 216: 180-184.

[14] Mojon DS, Hess CW, Goldblum D, Fleischhauer J, Koerner F, Bassetti C, Mathis J (1999).
High prevalence of glaucoma in patients with sleep apnea syndrome.
Ophthalmology 106: 1009-1012.

[15] Geyer O, Cohen N, Segev E, Rath EZ, Melamud L, Peled R, Lavie P (2003). The
prevalence of glaucoma in patients with sleep apnea syndrome: same as in the
general population. Am ] Ophthalmol 136: 1093-1096.

[16] Mojon DS, Goldblum D, Fleischhauer J, Chiou AG, Frueh BE, Hess CW, Gugger M,
Bassetti C, Boehnke M, Mathis ] (1999). Eyelid, conjunctival, and corneal findings in
sleep apnea syndrome. Ophthalmology 106: 1182-1185.

[17] Silva GE, An MW, Goodwin JL, Shahar E, Redline S, Resnick H, Baldwin CM, Quan SF
(2009). Longitudinal evaluation of sleep-disordered breathing and sleep symptoms
with change in quality of life: the Sleep Heart Health Study (SHHS). Aug 1; 32:1049-57

[18] Wright ], Johns R, Watt I, Melville A, Sheldon T (1997). Health effects of obstructive
sleep apnoea and the effectiveness of continuous positive airways pressure: a
systematic review of the research evidence. BM] 314: 851-860.

[19] Mehra R, Benjamin EJ, Shahar E, Gottlieb D], Nawabit R, Kirchner HL, Sahadevan J,
Redline S (2006). Association of Nocturnal Arrhythmias with Sleep-Disordered
Breathing: The Sleep Heart Health Study. Am ] Respir Crit Care Med.

[20] Shah NA, Yaggi HK, Concato J, Mohsenin V (2010). Obstructive sleep apnea as a risk
factor for coronary events or cardiovascular death. Sleep & Breathing 14:131-6

[21] Lavie P, Herer P, Hoffstein V (2000). Obstructive sleep apnoea syndrome as a risk factor
for hypertension: population study. BMJ 320: 479-482.

[22] Yaggi HK, Concato ], Kernan WN, Lichtman JH, Brass LM, Mohsenin V (2005).
Obstructive sleep apnea as a risk factor for stroke and death. N Engl ] Med 353:
2034-2041.

[23] Parish JM, Adam T, Facchiano L (2007). Relationship of metabolic syndrome and
obstructive sleep apnea. ] Clin Sleep Med 3: 467-472.

[24] Li C, Ford ES, Zhao G, Croft JB, Balluz LS, Mokdad AH. Prevalence of self-reported clinically
diagnosed sleep apnea according to obesity status in men and women: National Health
and Nutrition Examination Survey, 2005-2006. Preventive Medicine 51:18-23

www.intechopen.com



Sleep Apnea and Glaucoma — Greater Risk for Blacks? 303

[25] Young T, Peppard P, Palta M, Hla KM, Finn L, Morgan B, Skatrud J (1997). Population-
based study of sleep-disordered breathing as a risk factor for hypertension. Arch
Intern Med 157: 1746-1752.

[26] Liu Y, Patel S, Nibbe R, Maxwell S, Chowdhury SA, Koyuturk M, Zhu X, Larkin EK,
Buxbaum SG, Punjabi NM, Gharib SA, Redline S, Chance MR (2011). Systems
biology analyses of gene expression and genome wide association study data in
obstructive sleep apnea. Pacific Symposium on Biocomputing 2011: 14-25.

[27] Tregear S, Reston ], Schoelles K, Phillips B (2009). Obstructive sleep apnea and risk of
motor vehicle crash: systematic review and meta-analysis. ] Clin Sleep Med
5(6):573-81.

[28] Lavie P, Herer P, Peled R, Berger I, Yoffe N, Zomer ], Rubin AH (1995). Mortality in
sleep apnea patients: a multivariate analysis of risk factors. Sleep 18: 149-157.

[29] Pagel JF (2007). Obstructive sleep apnea (OSA). in primary care: evidence-based
practice. ] Am Board Fam Med 20: 392-398.

[30] Stoohs RA, Guilleminault C, Itoi A, Dement WC (1994). Traffic accidents in commercial
long-haul truck drivers: the influence of sleep-disordered breathing and obesity.
Sleep 17: 619-623.

[31] El Ad B, Lavie P (2005). Effect of sleep apnea on cognition and mood. Int Rev Psychiatry
17:277-282.

[32] Sharafkhaneh A, Giray N, Richardson P, Young T, Hirshkowitz M (2005). Association of
psychiatric disorders and sleep apnea in a large cohort. Sleep 28: 1405-1411.

[33] Omnibus Sleep in America Poll. National Sleep Foundation. 1-51. 2005. National Sleep
Foundation. Ref Type: Report

[34] Report of the Scientific Committee on tobacco and Health. http://www.doh.gov.uk
/public/scoth.htm. Accessed on 8-05-02. 8-5-2002. Ref Type: Internet Communication

[35] The National Commission on Sleep Disorders Research. Wake up America: a national
sleep alert. Washington DC: US Government Printing Office, 1993. 2002. Ref Type:
Report

[36] Punjabi NM, Caffo BS, Goodwin JL, Gottlieb DJ, Newman AB, O'Connor GT, Rapoport
DM, Redline S, Resnick HE, Robbins JA, Shahar E, Unruh ML, Samet JM (2009).
Sleep-disordered breathing and mortality: a prospective cohort study. PLoS Med.
Augb6:1000132

[37] Young T, Palta M, Dempsey J, Skatrud ], Weber S, Badr S (1993). The occurrence of
sleep-disordered breathing among middle-aged adults [see comments]. N Engl ]
Med 328: 1230-1235

[38] Ancoli-Israel S, Klauber MR, Stepnowsky C, Estline E, Chinn A, Fell R (1989). Sleep-
disordered breathing in African-American elderly. ] Gerontol 44: M18-M21.

[39] Gottlieb DJ, Whitney CW, Bonekat WH, Iber C, James GD, Lebowitz M, Nieto FJ,
Rosenberg CE (1999). Relation of sleepiness to respiratory disturbance index: the
Sleep Heart Health Study. Am J Respir Crit Care Med 159: 502-507.

[40] Meetze K, Gillespie MB, Lee FS (2002). Obstructive sleep apnea: a comparison of black
and white subjects. Laryngoscope 112: 1271-1274.

[41] Buxbaum SG, Elston RC, Tishler PV, Redline S (2002). Genetics of the apnea hypopnea
index in Caucasians and African Americans: I. Segregation analysis. Genet
Epidemiol 22: 243-253.

[42] Palmer LJ, Buxbaum SG, Larkin EK, Patel SR, Elston RC, Tishler PV, Redline S (2004).
Whole genome scan for obstructive sleep apnea and obesity in African-American
families. Am ] Respir Crit Care Med 169: 1314-1321.

www.intechopen.com



304 Glaucoma - Basic and Clinical Concepts

[43] Javitt JC, McBean AM, Nicholson GA, Babish JD, Warren JL, Krakauer H (1991).
Undertreatment of glaucoma among black Americans. N Engl ] Med. 325(20):1418-
22.

[44] Schacknow P, Samples ] (2010). The Glaucoma Book: A Practical, Evidence-Based
Approach to Patient Care. New York, NY: Springer:399-420

[45] McKean-Cowdin R, Varma R, Hays RD, Wu ], Choudhury F, Azen SP; Los Angeles
Latino Eye Study Group (2010). Longitudinal changes in visual acuity and health-
related quality of life: the Los Angeles Latino Eye study. Opthalmology 117: 1900-7

[46] Zizi F, Jean-Louis G, Magai C, Greenidge K, Wolintz A, Heath-Phillip O (2002). Sleep
Complaints and Visual Impairment Among Older Americans: A Community-based
study. ] Gerontol A Biol Sci Med Sci 57: M691-M694.

[47] Sommer A, Tielsch JM, Katz ], Quigley HA, Gottsch JD, Javitt JC, Martone JF, Royall
RM, Witt KA, Ezrine S (1991). Racial differences in the cause-specific prevalence of
blindness in east Baltimore. N Engl ] Med 325: 1412-1417.

[48] Hennis AJ, Wu SY, Nemesure B, Hyman L, Schachat AP, Leske MC; Barbados Eye
Studies Group (2009). Nine-year incidence of visual impairment in the Barbados
Eye Studies. Ophthalmology. 2009 116:1461-8

[49] National Eye Institute Vision Report. Vision Problems in the U.S.: Prevalence of adult vision
impairment and age-related eye disease in America, update to the fourth edition (2008).
http:/ /www.preventblindness.org/vpus/2008_update/ VPUS_2008_update.pdf
Accessed 04/20/11. 2008. Ref Type: Internet Communication

[50] Flammer ], Orgul S, Costa VP, Orzalesi N, Krieglstein GK, Serra LM, Renard JP,
Stefansson E (2002). The impact of ocular blood flow in glaucoma. Prog Retin Eye
Res 21: 359-393.

[561] Leske MC, Wu SY, Hennis A, Honkanen R, Nemesure B; BESs Study Group (2008). Risk
factors for incident open-angle glaucoma: the Barbados Eye Studies. Opthalmology
115:85-93

[52] Deokule S, Weinreb RN. (2008). Relationships among systemic blood pressure,
intraocular pressure, and open-angle glaucoma. Can ] Ophthalmol. 43(3):302-7

[53] Harris A, Rechtman E, Siesky B, Jonescu-Cuypers C, McCranor L, Garzozi HJ (2005).
The role of optic nerve blood flow in the pathogenesis of glaucoma. Ophthalmol
Clin North Am 18: 345-53, v.

[54] Feke GT, Pasquale Lr (2008). Retinal blood flow response to posture change in glaucoma
patients compared with healthy subjects. Ophthalmology 115:246-52

[55] Joos KM, Kay MD, Pillunat LE, Harris A, Gendron EK, Feuer W], Steinwand BE (1999).
Effect of acute intraocular pressure changes on short posterior ciliary artery
haemodynamics. Br ] Ophthalmol 83: 33-38.

[56] Bonomi L, Marchini G, Marraffa M, Morbio R (2001). The Relationship between
Intraocular Pressure and Glaucoma in a Defined Population. data from the egna-
neumarkt glaucoma study. Ophthalmologica 215: 34-38.

[57] Fletcher EC (2000). Cardiovascular effects of continuous positive airway pressure in
obstructive sleep apnea. Sleep 23 Suppl 4: S154-5157.

[58] Arend O, Remky A, Plange N, Martin BJ, Harris A, Garzozi HJ, Shoham N, Chung HS,
Kagemann L, Harris A (2002). Capillary density and retinal diameter
measurements and their impact on altered retinal circulation in glaucoma: a digital
fluorescein angiographic study Ocular blood flow measurements and their
importance in glaucoma and age-related macular degeneration. Br ] Ophthalmol
86: 429-433.

www.intechopen.com



Sleep Apnea and Glaucoma — Greater Risk for Blacks? 305

[59] Garzozi HJ, Shoham N, Chung HS, Kagemann L, Harris A (2001). Ocular blood flow
measurements and their importance in glaucoma and age-related macular
degeneration. Isr Med Assoc ] 3: 443-448.

[60] Harris A, Jonescu-Cuypers CP (2001). The impact of glaucoma medication on
parameters of ocular perfusion. Curr Opin Ophthalmol 12: 131-137.

[61] McNab AA (2007). The eye and sleep apnea. Sleep Med Rev 11: 269-276.

[62] McNab AA (2000). Reversal of floppy eyelid syndrome with treatment of obstructive
sleep apnoea. Clin Experiment Ophthalmol 28: 125-126.

[63] Culbertson WW, Tseng SC (1994). Corneal disorders in floppy eyelid syndrome. Cornea
13: 33-42.

[64] Purvin V, Kawasaki A, Yee RD (2000). Papilledema and obstructive sleep apnea
syndrome. Arch Ophthalmol 2000 118: 1626-1630.

[65] Mojon DS, Hedges TR, III, Ehrenberg B, Karam EZ, Goldblum D, Abou-Chebl A,
Gugger M, Mathis ] (2002). Association between sleep apnea syndrome and
nonarteritic anterior ischemic optic neuropathy. Arch Ophthalmol 120: 601-605.

[66] Bendel RE, Kaplan ], Heckman M, Fredrickson PA, Lin SC (2007). Prevalence of
glaucoma in patients with obstructive sleep apnoea-a cross-sectional case-series.
Eye.

[67] Onen SH, Mouriaux F, Berramdane L, Dascotte JC, Kulik JF, Rouland JF (2000). High
prevalence of sleep-disordered breathing in patients with primary open-angle
glaucoma. Acta Ophthalmol Scand 78: 638-641.

[68] Sergi M, Salerno DE, Rizzi M, Blini M, Andreoli A, Messenio D, Pecis M, Bertoni G
(2007). Prevalence of normal tension glaucoma in obstructive sleep apnea
syndrome patients. ] Glaucoma 16: 42-46.

[69] Lin PW, Friedman M, Lin HC, Chang HW, Pulver TM, Chin CH (2010). Decreased
retinal nerve fiber layer thickness in patients with obstructive sleep
apnea/hypopnea syndrome. Graefes Arch Clin Exp Ophthalmol 10.1007/s00417

[70] Tsang CS, Chong SL, Ho CK, Li MF (2006). Moderate to severe obstructive sleep apnoea
patients is associated with a higher incidence of visual field defect. Eye 20: 38-42.

[71] Stefansson E, Pedersen DB, Jensen PK, la Cour M, Kiilgaard JF, Bang K, Eysteinsson T
(2005). Optic nerve oxygenation. Prog Retin Eye Res 24: 307-332.

[72] Hafez AS, Bizzarro R, Descovich D, Lesk MR (2005). Correlation between finger blood
flow and changes in optic nerve head blood flow following therapeutic intraocular
pressure reduction. ] Glaucoma 14: 448-454.

[73] Kremmer S, Niederdraing N, Ayertey HD, Steuhl KP, Selbach JM, Kremmer S,
Niederdraing N, Ayertey HD, Steuhl KP, Selbach JM (2003). Obstructive sleep
apnea syndrome, normal tension glaucoma, and nCPAP therapy--a short note
Obstructive sleep apnea syndrome, normal tension glaucoma, and nCPAP therapy-
-a short note. Sleep 26: 161-162.

[74] Karakucuk S, Goktas S, Aksu M, Erdogan N, Demirci S, Oner A, Arda H, Gumus K
(2008). Ocular blood flow in patients with obstructive sleep apnea syndrome
(OSAS). Graefes Arch Clin Exp Ophthalmol Jan;246(1):129-34. Epub 2007 Aug 4.

[75] Erdem CZ, Altin R, Erdem LO, Kargi S, Kart L, Cinar F, Ayoglu F (2003). Doppler
measurement of blood flow velocities in extraocular orbital vessels in patients with
obstructive sleep apnea syndrome. ] Clin Ultrasound 31: 250-257.

[76] Shimmyo M, Ross AJ, Moy A, Mostafavi R (2003). Intraocular pressure, Goldmann
applanation tension, corneal thickness, and corneal curvature in Caucasians,
Asians, Hispanics, and African Americans. Am ] Ophthalmol 136: 603-613.

www.intechopen.com



306 Glaucoma - Basic and Clinical Concepts

[77] La Rosa FA, Gross RL, Orengo-Nania S (2001). Central corneal thickness of Caucasians
and African Americans in glaucomatous and nonglaucomatous populations. Arch
Ophthalmol 119: 23-27.

[78] Jean-Louis G, Zizi F, Dweck M, McKenzie D, Lazzaro DR (2007). Ophthalmic
dysfunction in a community-based sample: influence of race/ethnicity. ] Natl Med
Assoc 2007 Feb ;99 (2):141 -4, 147 -8 99: 141-148.

[79] Fletcher EC (1995). The relationship between systemic hypertension and obstructive
sleep apnea: facts and theory. Am ] Med 98: 118-128.

[80] Becker HF, Jerrentrup A, Ploch T, Grote L, Penzel T, Sullivan CE, Peter JH (2003). Effect
of nasal continuous positive airway pressure treatment on blood pressure in
patients with obstructive sleep apnea. Circulation 107:68-73

[81] Langman M]J, Lancashire R], Cheng KK, Stewart PM (2005). Systemic hypertension and
glaucoma: mechanisms in common and co-occurrence. Br ] Ophthalmol 89: 960-963.

[82] Plange N, Kaup M, Daneljan L, Predel HG, Remky A, Arend O (2006). 24-h blood
pressure monitoring in normal tension glaucoma: night-time blood pressure
variability. ] Hum Hypertens 20: 137-142.

[83] Kushida CA, Efron B, Guilleminault C (1997). A predictive morphometric model for the
obstructive sleep apnea syndrome. Ann Intern Med 127: 581-587.

[84] Cheung N, Wong TY (2007). Obesity and eye diseases. Surv Ophthalmol 52: 180-195.

[85] Klein BE, Klein R, Lee KE, Jensen SC (2001). Measures of obesity and age-related eye
diseases. Ophthalmic Epidemiol 8: 251-262.

[86] Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw ] (2005). The metabolic
syndrome: a global public health problem and a new definition. J Atheroscler
Thromb 12: 295-300.

[87] Jean-Louis G, Zizi F, Clark LT, Kossotis ]J: Associations of Sleep Apnea to
Cardiovascular Diseases: Role of Diabetes and Metabolic Syndrome. In In
Cardiovascular Disease and Diabetes: Contemporary Management. Edited by Clark LT.
New York: McGraw-Hill.; 2007:472-505.

[88] Oh SW, Lee S, Park C, Kim DJ (2005). Elevated intraocular pressure is associated with
insulin resistance and metabolic syndrome. Diabetes Metab Res Rev 21: 434-440.

[89] National Center for Health Statistics Health, United States, 2006. 1-543. 2006. National
Center for Health Statistics. Ref Type: Internet Communication

[90] Kumanyika SK, Gary TL, Lancaster KJ, Samuel-Hodge CD, Banks-Wallace J, Beech BM,
Hughes-Halbert C, Karanja N, Odoms-Young AM, Prewitt TE, Whitt-Glover MC
(2005). Achieving healthy weight in African-American communities: research
perspectives and priorities. Obes Res 13: 2037-2047.

[91] Marcus DM, Lynn J, Miller JJ, Chaudhary O, Thomas D, Chaudhary B (2001). Sleep
disorders: a risk factor for pseudotumor cerebri? ] Neuroophthalmol 21: 121-123.

[92] Marcus DM, Costarides AP, Gokhale P, Papastergiou G, Miller JJ, Johnson MH,
Chaudhary BA (2001). Sleep disorders: a risk factor for normal-tension glaucoma? J
Glaucoma 10: 177-183.

[93] Kato M, Roberts-Thomson P, Phillips BG, Haynes WG, Winnicki M, Accurso V, Somers
VK (2000). Impairment of endothelium-dependent vasodilation of resistance
vessels in patients with obstructive sleep apnea. Circulation 102: 2607-2610.

[94] Goldblum D, Mathis ], Bohnke M, Bassetti C, Hess CW, Gugger M, Mojon DS (2000).
[Nocturnal measurements of intraocular pressure in patients with normal-tension
glaucoma and sleep apnea syndrome]. Klin Monatsbl Augenheilkd 216: 246-249.

www.intechopen.com



Glaucoma - Basic and Clinical Concepts
GLAUCOMA Edited by Dr Shimon Rumelt

BASIC AND CLINICAL CONCEPTS

Ecltad by Shimon Rumelt, MO, MPA

ISBN 978-953-307-591-4

Hard cover, 590 pages

Publisher InTech

Published online 11, November, 2011
Published in print edition November, 2011

This book addresses the basic and clinical science of glaucomas, a group of diseases that affect the optic
nerve and visual fields and is usually accompanied by increased intraocular pressure. The book incorporates
the latest development as well as future perspectives in glaucoma, since it has expedited publication. It is
aimed for specialists in glaucoma, researchers, general ophthalmologists and trainees to increase knowledge
and encourage further progress in understanding and managing these complicated diseases.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Ferdinand Zizi, Adnan Mallick, Monika Dweck, Douglas Lazzaro and Girardin Jean-Louis (2011). Sleep Apnea
and Glaucoma — Greater Risk for Blacks?, Glaucoma - Basic and Clinical Concepts, Dr Shimon Rumelt (Ed.),
ISBN: 978-953-307-591-4, InTech, Available from: http://www.intechopen.com/books/glaucoma-basic-and-
clinical-concepts/sleep-apnea-and-glaucoma-greater-risk-for-blacks-

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




