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Abstract
The aim of this study is to investigate the relationship between sleep duration and glaucoma, stratified by obesity status.
This study was conducted using data from the Korean National Health and Nutrition Examination Survey V 2010 to 2012. Open-

angle glaucoma was diagnosed according to the International Society of Geographical and Epidemiological Ophthalmology criteria.
Subjects were divided into subgroups based on those who were overweight (body mass index ≥25kg/m2 or <25kg/m2) or with
abdominal obesity (based on waist circumference). Multiple logistic regression analysis was done to estimate the magnitude of the
association between sleep duration (<7h, 7–<9, or ≥9hours) and prevalence of glaucoma in the total population and in the
subgroups.
Individuals who slept <5hours per night had the highest prevalence of glaucoma (5.55±1.09%), followed by those who slept ≥9

hours per night (4.56±0.10%), and then by those who slept 5 to <6hours per night (4.15±0.68%), which revealed a U-shaped
pattern (P for trend=0.072). Among overweight individuals, subjects who slept <7hours and those who slept ≥9hours were
significantly more likely to have glaucoma compared with subjects who slept 7 to <9hours after adjusting for survey year, age, sex,
smoking, drinking, exercise, education level, household income, hypertension, intraocular pressure, stress, and depression (odds
ratio, 2.41; 95% confidence interval, 1.14–5.03). Unlike for overweight individuals, sleep duration in nonoverweight individuals was
not statistically significantly associated with glaucoma.
Our results reveal a U-shaped association between sleep duration and the prevalence of glaucoma. An effect of sleep duration on

glaucoma was present in the subgroup of overweight patients.

Abbreviations: BMI = body mass index, BP = blood pressure, FDT = frequency-doubling technology, FPG = fasting plasma
glucose, HCDR = horizontal cup-to-disc ratio, HDL-C = high-density lipoprotein-cholesterol, HTN = hypertension, IOP = intraocular
pressure, ipRGC = intrinsically photosensitive retinal ganglion cell, KNHANES = Korean National Health and Nutrition Examination
Survey, MetS = metabolic syndrome, OAG = open-angle glaucoma, SCN = suprachiasmatic nucleus, SE = standard errors, TG =
triglyceride, VCDR = vertical cup-to-disc ratio, WC = waist circumference.
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1. Introduction

Glaucoma is an optic neuropathy characterized by progressive
loss of retinal ganglion cells and their axons, which leads to
structural and functional damage to the optic nerve. Corre-
sponding visual field deterioration occurs in the area of the optic
nerve head and the retinal nerve fiber layer if the disease is not
controlled. Glaucoma is a multifactorial disease, and its precise
pathogenesis remains unclear. Intraocular pressure (IOP) is the
most important risk factor for the development and progression
of glaucoma. However, reducing IOP does not guarantee a halt in
disease progression.[1–5] Some patients show glaucoma progres-
sion despite a reduction in IOP.[5]

Besides IOP, blood flow abnormalities, immunoregulatory
mechanisms, and the susceptibility of ganglion cells to apoptosis
have been put forth as factors in the pathogenesis of glaucoma.
Recently, sleep disturbances, characterized by dysregulation of
circadian rhythms, were found to be associated with glaucoma.[6]

In addition, glaucoma patients have high incidences of sleep
disorders,[7,8] depression, and anxiety.[9,10]

Regarding the association between sleep disturbance and
glaucoma, glaucoma may lead to circadian disruption through
affection of the retinothalamic tract[11] and thus, to sleep
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disorders. In addition, melatonin, the major coordinator of sleep
and wake cycles,[12] has been implicated in the pathogenesis of
glaucoma. Melatonin protects retinal neurons against oxidative
stress, as it acts as a scavenger of light-induced free radicals.[13] In
an animal model, topical administration of melatonin lowered
IOP in a dose-dependent manner.[13] Orally administered
melatonin also significantly decreased IOP in humans,[14]

although the intraocular role of melatonin may be directly
related to the central actions of the hormone.[15–17]

Furthermore, melatonin mediates the link between the external
environment and the internal, circadian rhythm-driven physio-
logical and behavioral processes necessary for a healthy
metabolism and for the optimization of energy balance and
body weight regulation.[18] Melatonin is responsible for the
maintenance of energy balance mainly by regulating energy flow
to and from energy stores and directly regulating energy
expenditure through the activation of brown adipose tissue.[19]

Thus, the association between sleep disturbances and glaucoma
may be affected by body phenotype. Despite the possible clinical
significance of this issue, the association between glaucoma and
sleep disturbances according to obesity status has not been
addressed in a large population-based study. The aim of the
current study was to investigate the relationship between sleep
duration and glaucoma, stratified by obesity status.
2. Subjects, materials, and methods

2.1. Study population

This study was conducted using data from the Korean National
Health and Nutrition Examination Survey V (KNHANES) 2010
to 2012. KNHANES is a cross-sectional, nationally representa-
tive sample of the Korean noninstitutionalized civilian popula-
tion aged1 year and above; it employs a rolling sampling design
that allows for complex, stratified, multistage probability
analysis. KNHANES is maintained by the Korean Ministry of
Health and Welfare to continuously monitor the health and
nutritional status of people living in South Korea.[20] Individuals
aged 40 years and older who completed ophthalmologic surveys
were included in the current study. A total of 25,534 subjects
participated in surveys administered from 2010 to 2012; among
them, a total of 19,599 subjects completed ophthalmologic
surveys. Of those 19,599 subjects, 12,881 (65.7%) were over 40
years of age. After excluding 3471 cases with missing data, a total
of 9410 subjects were finally included in the study population.
The KNHANES V was conducted according to the guidelines set
forth in the Declaration of Helsinki, and was carried out by
specially trained interviewers who were not provided with any
prior information about the participants. All participants signed
an informed consent form. The present study was approved by
the Institutional Review Board of the Catholic University of
Korea.
2.2. Measurements

In the health interview, trained interviewers recorded informa-
tion about participant demographics and health-related charac-
teristics, including age, education level, area of residence, and
household income. Information about lifestyle characteristics,
including smoking, drinking alcohol, exercise, sleep duration,
stress, and depression, was recorded from self-reported ques-
tionnaires. Subjects were classified into a high-education group if
they had completed high school or university. Area of residence
2

was categorized as urban (8 major cities in South Korea: Seoul,
Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeoun, and
Ulsan) or rural (8 other provinces in South Korea). Income was
divided into quartiles after adjusting for the number of
individuals living in a household. Participants were grouped
into the low-income group if their household income fell in the
lowest quartile. Smoking status was recorded as either
nonsmoking or smoking. A smoker was defined as having
smoked more than 100 cigarettes in his/her lifetime, whereas a
nonsmoker was defined as having smoked fewer than 100
cigarettes. Alcohol consumption was also classified into 2 groups:
non-to-moderate drinkers (<30.0g alcohol/d) and heavy
drinkers (≥30.0g alcohol/d). Regular exercise was defined as
moderate-intensity physical activity (e.g., carrying light loads,
cycling at a regular pace, playing tennis, etc.) for at least 20
minutes at a time at least 3 times a week. Sleep duration was
assessed based on the response to the question, “What was your
average daily sleep duration during the past year at night?” We
divided the participants according to sleep duration:<5, 5 to<6,
6 to <7, 7 to <8, 8 to <9, and ≥9hours. Stress level was defined
as having experienced very much or only a little stress in the past
year. Depressive symptoms were assessed with the following yes-
or-no question: “In the past year, have you felt extremely
sorrowful or despairing for more than 2 weeks?”
Height was measured to the nearest 0.1cm using a portable

stadiometer (SECA 225, SECA Deutschland, Hamburg,
Germany) with the participants standing barefoot. Weight was
measured to the nearest 0.1kg using an electronic scale (GL-
6000-20, CAS KOREA, Seoul, Korea) while the participants
wore a lightweight gown. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared (kg/
m2). Waist circumference (WC) was measured after normal
expiration to the nearest 0.1cm using a measuring tape (SECA
200, SECA Deutschland) at the midpoint between the lower
margin of the ribcage and the iliac crest at the mid-axillary line.
Blood pressure (BP) was measured from the right arm using a
standard mercury sphygmomanometer (Baumanometer, WA
Baum Co, New York) after 5 minutes of rest in a sitting position.
Systolic and diastolic BP were measured 3 times at 30-second
intervals, and the average of the last 2 values was used for
analysis. Hypertension (HTN) was identified in those partic-
ipants with a systolic BP ≥140 mm Hg, a diastolic BP ≥90 mm
Hg, or who were taking antihypertensive medications.
Venous blood samples were taken after participants fasted for

at least 8hours. Fasting plasma glucose (FPG), high-density
lipoprotein-cholesterol (HDL-C), total cholesterol, and triglycer-
ide (TG) levels were measured using a Hitachi Automatic
Analyzer 7600 (Hitachi, Tokyo, Japan). Low-density lipoprotein
cholesterol was calculated using the Friedewald formula.
Diabetes mellitus was defined as FPG ≥126mg/dL, or when
patients were taking insulin or antihyperglycemic medications.
All ophthalmologic examinations were performed by oph-

thalmologists using a slit-lamp (Haag-Streit model BQ-900;
Haag-Streit AG, Koeniz, Switzerland). Participants underwent
ophthalmologic interviews, visual acuity measurements, autor-
efraction, slit-lamp examinations of the anterior segment, and
IOP measurements. Refraction measurements were performed
using an autorefractor-keratometer (KR 8800; Topcon, Tokyo,
Japan) and were converted into spherical equivalents and
calculated as the spherical value plus half the astigmatic value.
IOP was measured once per eye with a Goldmann applanation
tonometer during slit-lamp examination. A digital nonmydriatic
retinal camera and a Nikon D-80 digital camera (Nikon Inc,



Lee et al. Medicine (2016) 95:52 www.md-journal.com
Tokyo, Japan) were used to obtain fundus images from all
participants, without dilating the pupils. A visual field test that
employed frequency-doubling technology (FDT) (Humphrey
Matrix; Carl Zeiss Meditec Inc, Dublin, CA) using the N-30-1
screening test was performed if the participants were suspected of
having glaucoma and met any of the following criteria: IOP ≥22
mm Hg or presence of a glaucomatous optic disc; presence of a
vertical cup-to-disc ratio (VCDR) or horizontal cup-to-disc ratio
(HCDR) ≥0.5; presence of an optic disc hemorrhage; presence of
a retinal nerve fiber layer defect; and nonadherence to the ISNT
rule (i.e., normally, the neuroretinal rim thicknesses are in the
following order: inferior > superior > nasal > temporal). FDT
was repeated if the rate of fixation errors was >0.33 or if the
false-positive rate was >0.33. Only 1 eye from each subject was
used for statistical analysis. The data from eyes diagnosed with
open-angle glaucoma (OAG) were used for analysis, and the
worse eye was chosen for analysis in cases of bilateral glaucoma.
For control subjects, the right eye was chosen for analysis because
IOPs in the right and left eyes are highly correlated with one
another[21] (Pearson correlation coefficient=0.86, P<0.001).
2.3. Definition of diseases

Glaucoma was taken to be synonymous with OAG in this study.
OAG was diagnosed based on the International Society of
Geographical and Epidemiological Ophthalmology criteria. OAG
entails the presence of an open angle (peripheral anterior chamber
depth >1/4 corneal thickness) as well as any one of the following
category 1 or 2 criteria: category 1, both a visual field defect
consistent with glaucoma and either a VCDR ≥0.7 (97.5th
percentile) or a difference in VCDR of ≥0.2 between the eyes
(97.5th percentile) (if FDT results were available and had a fixation
error and false-positive error�1); category 2, aVCDR≥0.9 (99.5th
percentile) or adifference inVCDRof≥0.3 between the eyes (99.5th
percentile) (if FDT results were absent, or if FDT results had a
fixation error and false-positive error ≥2). IOP was not taken into
consideration when establishing a diagnosis of OAG.
In this study, subjects with a BMI ≥25kg/m2 were defined as

being overweight. Metabolic syndrome (MetS) was diagnosed
according to the modified definition put forth by the National
Cholesterol Education Program Adult Treatment Panel III.
The WC criteria were modified for the Asian population. MetS
was diagnosed when more than 3 of the following factors were
present: WC ≥90cm for men or ≥80cm for women; serum TGs
≥150mg/dL, or medical treatment for high TGs; HDL-C <40
mg/dL for men or<50mg/dL for women, or treatment forHDL-C
abnormalities; systolic BP ≥130 mm Hg or diastolic BP ≥85
mmHg,orbeingonantihypertensivemedication; FPG≥100mg/dL,
or being on antihyperglycemic medication.
2.4. Statistical analysis

Statistical analyses were done using SAS (version 9.3; SAS
Institute Inc, Cary, NC). The KNHANES sampling weights were
used to acquire nationally representative prevalence estimates.
All analyses were adjusted for survey year to minimize variation
between years. Data are presented as means± standard errors
(SE) for continuous variables or proportions for categorical
variables. The general and clinical characteristics of the subjects
were compared according to the presence of glaucoma. Patients
were assigned to the overweight subgroup if their BMI was ≥25
kg/m2 or if they had abdominal obesity (based on waist
circumference). In each subgroup, the prevalence of glaucoma
3

was determined given sleep duration. Multiple logistic regression
analysis was done to estimate the magnitude of the association
between sleep duration (<7, 7–<9, or ≥9hours) and the
prevalence of glaucoma in the total population and in each
subgroup after adjusting for survey year, age, and sex inModel 2.
Model 3 was additionally adjusted for smoking, drinking,
exercise, education level, and household income. Model 4 was
further adjusted for HTN, IOP, stress, and depression. A P value
<0.05 was considered statistically significant.
3. Results

The overall prevalence of OAG was 3.91%. A comparison of the
clinical and biochemical parameters of subjects with glaucoma
and without glaucoma is presented in Table 1. Age, systolic BP,
IOP, refractive error, education level, area of residence,
household income, regular physical activity, and diagnoses of
HTN andMetS were significantly different between subjects with
glaucoma and those without glaucoma (all P<0.05).
The prevalence of glaucoma according to sleep duration is

shown in Fig. 1. Individuals who slept less than 5hours per night
had the highest prevalence of glaucoma (5.55±1.09%), which
was followed by those who slept ≥9hours (4.56±0.10%), and
then by those who slept 5 to<6hours (4.15±0.68%), showing a
U shaped pattern (P for trend=0.072).
Figure 2 shows the prevalence of glaucoma according to sleep

duration in the subgroups of patients who were overweight or
who had abdominal obesity. In the overweight subgroup, the
prevalence of glaucoma was highest in subjects who slept less
than 5hours per night, followed by those who slept 9hours or
more, showing a U-shaped pattern (P for trend=0.056), whereas
no trend was observed in nonoverweight subjects (P=0.274).
In the patient subgroup with abdominal obesity, the prevalence
of glaucoma was highest in subjects who slept 9hours or
more, followed by those who slept less than 5hours, showing a
similar U-shaped pattern (P for trend=0.022). In contrast, there
was no trend in the patient subgroup without abdominal obesity
(P=0.499).
Table 2 shows the results of multiple logistic regression

analyses on the prevalence of glaucoma according to sleep
duration in the total population and the subgroups. Among
overweight individuals, subjects who slept <7hours and those
who slept ≥9hours were significantly more likely to have
glaucoma compared with subjects who slept 7 to <9hours after
adjusting for survey year, age, and sex (Model 2; OR, 2.15; 95%
CI, 1.04–4.43), which remained significant after additional
adjustment for smoking, drinking, exercise, education level,
household income, HTN, IOP, stress, and depression (Model 4;
OR, 2.41; 95% CI, 1.14–5.03) (P for trend=0.036). Unlike the
case for overweight individuals, sleep duration in nonoverweight
individuals was not significantly associated with glaucoma (P for
trend=0.849). In individuals with abdominal obesity, subjects
who slept ≥9hours were significantly more likely to have
glaucoma compared with those who slept 7 to <9hours after
adjusting for survey year, age, and sex (Model 2; OR, 2.56; 95%
CI, 1.27, 5.14), and the results remained significant after
additional adjustment for confounding factors (Model 4; OR,
2.15; 95% CI, 1.07–4.31) (P for trend=0.094).
4. Discussion

In this study, we found that the prevalence of glaucoma was
greater in subjects with short sleep duration and those with long
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Table 1

Characteristics of the study population.

Glaucoma

No Yes P value

Number 9042 368
Age, y 54.7±0.2 60.8±0.9 <0.001
BMI, kg/m2 24.11±0.04 23.73±0.23 0.113
Waist circumference, cm 82.8±0.2 82.9±0.7 0.865
Systolic BP, mm Hg 122.3±0.3 128.4±1.3 <0.001
Diastolic BP, mm Hg 78.2±0.2 78.4±0.7 0.797
IOP, mm Hg 14.6±0.1 15.4±0.3 <0.001
Refractive error (diopter) �0.26±0.04 �0.83±0.24 0.018
Sleep duration, h 6.69±0.02 6.71±0.13 0.859
Stress, % 24.3 (0.6) 23 (3.0) 0.692
Depression, % 13.9 (0.4) 16.6 (2.6) 0.275
Current smoker, % 20.2 (0.6) 22 (3.1) 0.551
Current drinker (heavy, %) 9.6 (0.4) 6.9 (1.9) 0.235
Education level (≥9 y, %) 56.4 (0.9) 38.6 (3.6) <0.001
Area of residence (urban, %) 77.2 (1.9) 70.8 (3.9) 0.031
Low income (lowest quartile, %) 18.8 (0.7) 32.7 (3.3) <0.001
Regular physical activity (≥mod intensity, %) 19 (0.6) 13.6 (2.3) 0.033
Presence of HTN (yes, %) 37.3 (0.8) 57.5 (3.6) <0.001
Fasting serum glucose (≥126 mg/dL, %) 11.8 (0.5) 16.3 (2.9) 0.068
MetS (yes, %) 35.3 (0.7) 47.1 (3.8) 0.001

Data are presented as mean± standard error (SE) or as % SE.
BMI=body mass index, BP=blood pressure, HTN=hypertension, IOP= intraocular pressure, MetS=metabolic syndrome.

Figure 1. Prevalence of glaucoma according to sleep duration. Short and long
sleep was associated with high prevalence of glaucoma (P for trend=0.072).
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sleep duration, showing a U-shaped association (Fig. 1). These
trends were especially evident in obese individuals (Table 2).
Collectively, these findings suggest that sleep disturbances may
contribute to glaucoma, particularly in the obese population.
The association between sleep disturbances and glaucoma is

possibly mediated by melatonin. Melatonin modulates electrical
activity in the suprachiasmatic nucleus (SCN), the primary
circadian pacemaker of the human brain, and is recognized as the
most important natural substance controlling sleep and circadian
rhythms.[22] The SCN receives photic input via specialized signal
transductionmechanisms sent by intrinsically photosensitive cells
in the retina,[23] so-called intrinsically photosensitive retinal
ganglion cells (ipRGCs). ipRGC photoreceptors contain the
pigment melanopsin, a newly described opsin that is involved not
in image formation, but in nonvisual phototransduction to the
SCN, and thereby in the synchronization of circadian
rhythms.[24–27] There is evidence that glaucoma involves the
loss of ipRGCs, and may affect alterations in the retino-
hypothalamic tract regardless of IOP.[28,29] Retinal oxidative
stress has been known as one of the factors promoting
glaucomatous neurodegeneration.[30] Glutamate is a major
excitatory neurotransmitter in the central nervous system and
the retina and has been found to be increased in glaucoma.
Glutamate increases intracellular calcium levels, nitric oxide
synthesis, free radical production, and mitochondrial dysregu-
lation, which results in oxidative neuronal damage and ipRGC
death in glaucoma.[31–33] In this regard, the loss of ipRGCs in
glaucoma may compromise circadian rhythms and regulation of
sleep.[34,35]

Besides its vital role in the regulation of sleep and the circadian
system,[22,36,37] melatonin has other important functions. In the
central nervous system, melatonin protects neurons from
oxidative stress,[38] and it has been considered a candidate for
4

the treatment of neurodegenerative diseases. Melatonin
also acts as an antioxidant in the retina, where it scavenges light-
induced free radicals and inhibits the nitridergic pathway,[43–46]

thereby having a protective effect on the outer membranes of
photoreceptors and reversing the effect of ocular hypertension on
retinal function.[47] Melatonin also directly and significantly
reduces IOP, putatively through theMT3 receptor.[48,49] Reports
from various laboratories have correlated the daily onset of
melatonin secretion with the onset of nocturnal sleepiness.[50,51]

In this regard, the association between short sleep duration and
the prevalence of glaucoma observed in the current study may be
the result of a reduction in melatonin release.
In this study, a U-shaped association of sleep duration with

glaucoma was evident, particularly in obese individuals (P=
0.840 in subjects with BMI <25kg/m2 and P=0.036 in subjects
with BMI ≥25kg/m2) (Table 2). Sleep duration also showed the
U-shaped association with diabetic retinopathy.[52] This may be



Figure 2. The relationships between sleep duration and the prevalence of glaucoma in subgroups based on body mass index and abdominal obesity. In the
overweight subgroup, the prevalence of glaucoma was highest in subjects who slept less than 5h per night, followed by those who slept 9h or more, showing a U-
shaped pattern (P for trend=0.056), whereas no trend was observed in nonoverweight subjects (P=0.274). In the patient subgroup with abdominal obesity, the
prevalence of glaucoma was highest in subjects who slept 9h or more, followed by those who slept less than 5h, showing a similar U-shaped pattern (P for trend=
0.022). In contrast, there was no trend in the patient subgroup without abdominal obesity (P=0.499).

Table 2

Multiple logistic regression analyses of the prevalence of glaucoma according to sleep duration.

Model 1 Model 2 Model 3 Model 4

Sleep duration Total population

<7 h 1.16 (0.88, 1.53) 1.07 (0.81, 1.42) 1.07 (0.81, 1.41) 1.10 (0.83,1.45)
7–<8 h 1 1 1 1
≥9 h 1.48 (0.92, 2.37) 1.22 (0.76, 1.97) 1.16 (0.72, 1.85) 1.16 (0.73, 1.85)
P for trend 0.218 0.671 0.765 0.710

Subgroup analyses
BMI <25 kg/m2

<7 h 0.99 (0.71, 1.37) 0.93 (0.67, 1.30) 0.91 (0.66, 1.27) 0.93 (0.67,1.30)
7–<8 h 1 1 1 1
≥9 h 1.18 (0.62, 2.23) 0.96 (0.50, 1.86) 0.88 (0.47, 1.64) 0.86 (0.46,1.60)
P for trend 0.872 0.919 0.815 0.840

BMI ≥ 25 kg/m2

<7 h 1.79 (1.08, 2.96) 1.57 (0.92, 2.67) 1.70 (1.00, 2.88) 1.75 (1.01, 3.01)
7–<8 h 1 1 1 1
≥9 h 2.58 (1.28, 5.23) 2.15 (1.04, 4.43) 2.28 (1.09, 4.79) 2.41 (1.15, 5.03)
P for trend 0.013 0.081 0.047 0.036

Abdominal obesity (�)
<7 h 1.13 (0.77, 1.63) 1.07 (0.73, 1.55) 1.06 (0.73, 1.55) 1.08 (0.74, 1.57)
7–<8 h 1 1 1 1
≥9 h 0.84 (0.40, 1.75) 0.67 (0.32, 1.42) 0.64 (0.31, 1.33) 0.64 (0.30, 1.36)
P for trend 0.663 0.479 0.404 0.394

Abdominal obesity (+)
<7 h 1.22 (0.78, 1.90) 1.09 (0.70, 1.70) 1.12 (0.71, 1.75) 1.15 (0.73, 1.81)
7–<8 h 1 1 1 1
≥9 h 2.56 (1.27, 5.14) 2.19 (1.08, 4.45) 2.14 (1.05, 4.37) 2.15 (1.07, 4.31)
P for trend 0.030 0.084 0.105 0.094

Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, smoking, drinking, exercise, education level, and household income; Model 4: adjusted for age, sex, smoking, drinking,
exercise, education level, household income, hypertension, intraocular pressure, stress, and depression.
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associated with the anti-obesogenic and weight-reducing effects
of melatonin. Melatonin is the key molecule that integrates light
cycles in the external environment and circadian changes in
physiological and behavioral processes that are necessary for the
maintenance of a healthy metabolism and for the optimization of
energy balance and body weight regulation.[32] Melatonin is
responsible for the establishment of an adequate energy balance
mainly via regulation of energy flow to and from energy stores
and through the activation of brown adipose tissue.[19] An
absence or reduction inmelatonin production, as occurs with age,
in shift workers, or in those who are in illuminated environments
during the night, induces insulin resistance, glucose intolerance,
sleep disturbances, and metabolic circadian disorganization, all
of which contribute to metabolic diseases, which, in a vicious
cycle, negatively impact the circadian system, aggravating overall
health and leading to obesity.[19] The available evidence supports
the suggestion that melatonin replacement therapy may amelio-
rate the abovementioned pathologies and restore the organism to
a healthier state.[19]

The reason for the significant association between long sleep
duration and glaucoma is not clear. One possibility involves
systemic nocturnal hypotension during sleep. Charlson et al[53]

reported that cumulative nocturnal hypotension predicted visual
field loss in a cohort study. They found that the duration and
magnitude of a decrease in nocturnal BP below daytime mean
arterial pressure predicted progression of normal-tension
glaucoma.[53] Further prospective studies regarding sleep dura-
tion and the incidence of glaucoma are necessary to confirm our
findings.
Our study was performed using KNHANES data, as that data

is reliable, thorough, large-scale, and nationally representative.
To the best of our knowledge, we are not aware of previous
studies demonstrating the association between sleep duration
and open angle glaucoma. However, there are certain
limitations that should be noted. First, this was a cross-sectional
study and the association discovered here may not imply a
causal relationship. This study did not include measurements of
the levels of melatonin in subjects’ blood. Third, information on
sleep duration was based on subjective, self-reported data; thus
there may be a misclassification bias. Fourth, whether sleep
duration is a useful indicator or a proxy for exposure to
darkness is unclear. In addition to sleep duration per se, other
factors related to sleep, including habitual timing of sleep,
frequency of awakening during the night, nighttime lighting
conditions, and sleep quality, may also influence melatonin
release. Unfortunately, the self-reported questionnaire did not
include categories about sleep quality, sleep disorder, or sleep
fragmentation. To identify the effects of pure sleep duration or
sleep quality on glaucoma, further prospective studies that
include objective assessments of sleep duration and quality will
be needed.
In conclusion, a U-shaped association existed between sleep

duration and the prevalence of glaucoma. The trend was
especially evident in overweight individuals. These findings
suggest that approaches specific to individual sleep patterns and
body types may be helpful in the management of glaucoma.
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