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Background: Glaucoma is a group of ocular disorders characterized by progressive optic nerve damage resulting in irreversible visual 
field defects. Poor quality of sleep in glaucoma patients could be explained by the reduction of the light input to the circadian system 
as a result of damage to photosensitive retinal ganglion cells in the retina. Information is limited on the association of poor quality of 
sleep with glaucoma in general and the Ethiopian glaucoma population in particular.
Objective: The study aimed to explore the association between poor quality of sleep and glaucoma at a Tertiary Eye Care Center in Ethiopia.
Methods: An institutional-based comparative cross-sectional study was conducted among 200 glaucoma and 201 non-glaucoma 
participants recruited by systematic random sampling. Each group was administered with a Pittsburgh Sleep Quality Index (PSQI) 
questionnaire. Stata-14 was employed for data analysis; an independent t-test was used to show the statistical difference in the global 
mean PSQI score for the two groups. A binary logistic regression model was applied to identify factors associated with poor quality of 
sleep. Statistical significance was declared at a 95% confidence interval and a p-value of <0.05.
Results: The prevalence of poor quality of sleep was 82.5% among the glaucoma population, which statistically differed (p<0.001) 
from the non-glaucomatous population (55.7%). Poor quality of sleep in glaucoma was associated with older age (adjusted odds ratio 
(AOR)=4.4, 95% confidence interval (CI): 1.5–5.4), depression (AOR=2.9, 95% CI: 1.1–7.3), visual impairment (AOR=3.9, 95% CI: 
1.3–12.3) and severe glaucoma (AOR=2.5, 95% CI: 1.1–5.9).
Conclusion and Recommendation: Poor quality of sleep was significantly higher in the glaucoma population compared to their 
non-glaucoma control. It was associated with older age, depression, visual impairment and advanced glaucoma. Incorporating 
psychiatric counseling into the existing glaucoma follow-up was recommended.
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Introduction
Glaucoma is a group of ocular disorders characterized by progressive optic nerve damage (optic neuropathy) with resultant 
irreversible visual field defects.1–3 According to the World Health Organization, glaucoma is the second leading cause of 
avoidable blindness, contributing 8% of total blindness worldwide.4 In Ethiopia, It is the fifth leading cause of blindness; 
contributing to 5.2% of the total blindness.5 The prevalence of glaucoma in the study area was 9.79%.6

Sleep is an important physiological function of the human body regulated by homeostasis and circadian rhythms.7–9 

Abnormal sleep is characterized by exhaustion, difficulty falling asleep or staying asleep at night, excessive daytime 
sleepiness, loud snoring or gasping noises while sleeping, unintentional episodes of falling asleep, loss of muscle control 
and unusual behaviors like sleep walking.10 Glaucoma has been assumed to be implicated with disturbed sleep quality in 
several ways: its natural course of the disease and medications to negate its progression are connected with the disruption 
of circadian rhythm.11–18
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Poor quality of sleep is a global phenomenon occurring in the glaucoma population. Based on several epidemiological 
studies conducted across the world, the prevalence of poor quality of sleep among the glaucoma population varies from 
58 to 84.85%.18–21 Poor quality of sleep leads to changes in body functions, mental illness and other health-related 
problems.22 Poor quality of sleep reduces work productivity and performances at a huge cost.23 It increases the 
progression of the disease and affects the overall management of the glaucoma population.24

The occurrence of poor quality of sleep with glaucoma could be augmented by older age groups, high intraocular 
pressure (IOP), advanced stage of glaucoma, type of glaucoma, visual field defects, presence of depression, low family 
income, high body mass index and low level of educational status.18–20,25,26 The possible mechanism to reduce the 
occurrence of poor quality of sleep in glaucoma includes provision of appropriate psychiatric care and counseling as well 
maintenance of relevant medication to treat the disorder.27

A scientific hypothesis documented in the literature states that glaucomatous damage of the retinal ganglion cells is 
associated with poor quality of sleep. Studies on the association of glaucoma with poor quality of sleep were generally 
limited and the majority of them were conducted in developed countries.

Despite the high prevalence of glaucoma in Ethiopia particularly, in the study area no study has been conducted on 
the association of glaucoma with poor quality of sleep. Therefore, our study aimed to explore the association of poor 
quality of sleep with glaucoma at University of Gondar Tertiary Eye Care and Training Center.

Methods
The study population had two groups: “glaucomatous” group consists of participants who had a confirmed glaucoma and 
“non-glaucomatous” as a comparative group consists of participants without glaucoma attending at University of Gondar 
Comprehensive Specialized Hospital Tertiary Eye Care and Training Center. The hospital is situated in Gondar City 
which is located 667 km from the capital, Addis Ababa. The Tertiary Eye Care Center has the capacity of providing eye 
health care services for more than five million people in the city and surrounding areas.6 Glaucoma clinic is a major 
subspecialty clinic in the eye care center at University of Gondar that provides clinical care for about 50 glaucoma 
follow-up patients per day. Clinical nurses, optometrists and ophthalmologists have been involved in clinical care of the 
glaucoma and non-glaucoma population in the eye care center. Patients with sleep disturbance and other psychiatric 
disorders received care at psychiatric clinic in the hospital. The study was conducted from June 6 up to July 8, 2022.

Inclusion Criteria
All of the glaucoma population of age greater than 40 years attending at University of Gondar Specialized Hospital 
tertiary Eye Care and Training Center were recruited under the glaucoma group. All oculo-visually healthy population of 
age greater than 40 years attending at University of Gondar, Tertiary Eye Care Center was included under the healthy 
group as a counterpart.

Exclusion Criteria
Participants with coexisting central nervous system diseases like brain tumor, circulatory system disease like coronary 
heart diseases, digestive system diseases like gastroesophageal reflex and potential ocular disorders including significant 
(mature) cataract, optic neuritis, retinal pathology like optic disc edema, diabetic retinopathy and retinal surgery or 
history of laser therapy were excluded from this study. The population with hypertension and diabetic mellitus diseases 
and who work in night shift duty were also excluded.

The proceeding in sample size calculation was based on a double population proportion formula on Epi Info version 7 
software. Unmatched cohort cross-sectional case control with an assumption of 80% of power, 95% of confidence level, 
exposed (population with glaucoma) to an unexposed (population without non-glaucomatous) ratio of 1:1 and odds ratio 
of 2.40 was 1.50 respectively obtained from the pilot study conducted in Bahir Dar Felege Hiwot Referral Hospital.

The computer-generated sample size was 186 for each group. The generated sample size was further computed 
considering a non-response rate of 10% (186+18.6=204.6). Ultimately, the sample size of the study was 205 in each 
(glaucomatous and non-glaucomatous counterpart). The study participants were selected using a systematic random 
sampling technique in glaucoma clinic and outpatient department (OPD). The glaucoma clinic provides service to 
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patients on three days per week; the glaucoma population attending the clinic was 150 per week (50 on each day). The 
sampling fraction K was calculated using the total number of glaucoma patients from June 6 to July 8 which was 850 to 
the final adjusted sample size (K=N/n, 850/205=4.1). The first patient was approached through applying a lottery method 
and then other consecutive participants were recruited in every 4th case interval on each follow-up day. The Tertiary Eye 
Care Center provides clinical care approximately for 100 patients per day except follow-up cases, the sampling fraction 
was calculated, Kth=1000/205=4.8. The non-glaucoma population was then included by every healthy 4th control.

The study was conducted respecting the guideline of the Ethical Principle of the Declaration of Helsinki. The study 
protocol was assessed and approved by the Ethical Review Board of the University of Gondar, School of Medicine. 
Verbal informed consent was received from all the population in both groups. The verbal informed consent has been 
accepted and approved by the Ethical Review Board of The University of Gondar.

Population Data and Sleep Quality Assessment
Data were collected through interviewer-administered questionnaires, and tracing patients’ medical folder. Data collec
tion was carried out by three clinical optometrists. The questionnaire was translated to the local language (Amharic) and 
had four parts: Part I: contains questions on socio-demographic characteristics, Part II: contains questions on anxiety and 
depression, Part III: contains the PSQ and Part IV: contains a checklist to trace the clinical profile of glaucoma patients. 
The PSQI is a validated self-rated questionnaire that assesses sleep quality and disturbances during the preceding one 
month. Nineteen individual items generate seven “component” scores: subjective sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. The sum of 
scores for the seven components yields one global score that was used to compare groups. For the purpose of this study, 
quality of sleep would be considered as poor if the PSQI score was greater than five.28–30 The PSQI tool was adequate 
and validated to test sleep quality on the Ethiopian population.31

Assessment and Definition of Risk Factors
The classification of visual impairment was made based on presenting visual acuity as mild vision impairment when the visual 
acuity was <6/12 but 6/18 or better, moderate and severe vision impairment<6/18 but 3/60 or better, and blindness <3/60.32 

A patient with more than 10 points on the Hospital Depression Scale (HDS) had depression problems.33

Data Processing and Analysis
Data were entered via Epi-data version 3.1 and checked for completeness. The collected data were exported to Stata-14 
for analysis. Summary statistics, frequencies and cross-tabulations were performed for the descriptive data. Chi-square 
was done to show the statistical significance of poor quality of sleep in glaucomatous participants over non-glaucomatous 
group. An independent t-test was used to show the statistical difference of PSQ index score for two groups after checking 
the assumption.

A binary logistic regression model was employed to identify factors associated with poor quality of sleep among 
participants. The strength of association had been expressed by using an adjusted odds ratio at 95% confidence interval. 
P-value <0.05 was considered as statistically significant. A p-value <0.05 was set to ensure a variable is statistically 
significant.34,35 The model fitness was ensured with Hosmer and Lemeshow’s goodness of fit test.

Results
Socio-Demographic Characteristics, Clinical Profiles and Follow-Up Practices of 
Patients with Diabetes
Among the total of 410 sample size, 401 composed of 200 glaucomatous and 201 non-glaucomatous were enrolled which 
represents a response rate of 97.80%. Among the total participants, nearly half (52.7%) in non-glaucomatous and 60.0% 
in glaucoma were males. The majority of the study participants in the non-glaucomatous group (75%) and in the 
glaucoma group (77%) were married. Almost half of the non-glaucomatous group (49.3%) and the majority of the 
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glaucoma group (73%) had no formal education. The median age of the study participants was 53 years for non- 
glaucomatous and 56 years in the glaucomatous group (Table 1).

Clinical Characteristics of the Study Participants
In the glaucoma groups, over half of the participants (54.5%) were under the blindness category, followed by mild VI 
(24.5%); whereas, in the non-glaucomatous groups, 58.71% had vision of 6/18 or better, and the remaining participants 
had vision of better than 6/60. The majority of the participants in both groups had normal body mass index. Nearly one- 
quarter (23%) of glaucoma participants were closed angle glaucoma. The median duration of glaucoma treatment was 24 
months. Two-thirds of the glaucoma population has taken a single medication (timolol) (Table 2).

Prevalence of Poor Quality of Sleep and PSQI Score
The quality of sleep was poor among 82.5% (95% CI: 77.2–87.7) and 55.7% (95% CI: 48.8–62.6) of the glaucoma and 
non-glaucoma population respectively. The figure on poor quality of sleep in the glaucoma population was significantly 
higher than what has been found for non-glaucoma population (χ²=33.65, p<0.0001). Similarly, the mean global PSQI 
score showed a significant difference between population in the glaucoma (M=8.96, 95% CI: 8.45–9.46) and non- 
glaucoma group (M=6.42, 95% CI: 5.98–6.68) on independent t-test (T=7.49, p<0.0001) (Table 3).

Factors Associated with Poor Quality of Sleep Among Study Participants
Following a bi-variable logistic regression analysis, a multivariable binary logistic regression model was run for age, 
educational status, depressive status, visual impairment and IOP level for each comparable group independently. In the 
glaucomatous group the stage of glaucoma and frequency of medication taken per day were included. Age, depression, visual 
impairment and stage of glaucoma were significantly associated with poor quality of sleep among the glaucoma population 
but only age was significantly associated with poor quality of sleep in the non-glaucomatous population (Tables 4 and 5).

Participants with age above 60 years were 4.4 times more likely to have poor quality of sleep than the age 40–60 
years among the glaucoma group (AOR=4.4, 95% CI: 1.50–13.24). Likewise, participants with age above 60 years were 
2.5 times more likely to have poor quality of sleep as compared to age between 40–60 years in the non-glaucoma group 
(AOR=2.5, 95% CI: 1.20–5.42). In the glaucomatous group, participants with depression were 2.9 times more likely to 
have poor quality of sleep compared to those without depression (AOR=2.9, 95% CI: 1.14–7.33).

Table 1 Social-Demographic Characteristics of the Non Glaucoma and Glaucoma Populations 
Attending at University of Gondar Tertiary Eye Care and Training Center, Northwest Ethiopia, 
2022 (n=401)

Variables Non-Glaucoma (n=201) Glaucoma (n=200) Total p-value

Age
40–60 years 142 (70.6) 126 (63.0) 268 (66.8) 0.104

Above 60 years 59 (29.4) 74 (37.0) 133 (33.2)
Sex

Male 106 (52.7) 120 (60) 226 (56.4) 0.143

Female 95 (47.3) 80 (40) 175 (43.6)
Address

Urban 125 (62.2) 72 (36.0) 197 (48.1) 0.000

Rural 76 (37.8) 128 (64.0) 204 (50.9)
Marital status

Currently married 150 (74.6) 154(77.0) 304 (75.8) 0.579

Not married 51 (25.4) 46 (23.0) 97 (24.2)
Educational status

No formal education 99 (49.3) 146 (73.0) 245 (61.1) 0.000
Formal education 102 (50.8) 54 (27.0) 80 (20.0)

Abbreviation: n, sample size.
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Participants with impaired vision had a 3.9 times higher chance to encounter poor quality of sleep than participants 
with normal visual acuity in the glaucoma population (AOR=3.9, 95% CI: 1.25–12.25). Participants with advanced 
glaucoma were 2.5 times more likely to have poor quality of sleep than those with moderate glaucoma (AOR=2.6, 95% 
CI: 1.08–5.95). Participants with glaucoma were 2.6 times more likely to have poor quality of sleep than those without 
glaucoma (AOR=2.6, 95% CI: 1.54–4.367) (Table 6).

Discussion
The magnitude of poor quality of sleep was 82.5% and 55.7% among the glaucoma and non-glaucoma population 
respectively: these figures showed a statistically significant difference. In another dimension, mean PSQI score of the 
population with glaucoma (8.96) was also significantly higher than that of non-glaucoma counterparts (6.42). Even 
though poor quality of sleep is a global phenomenon, which affects all age groups throughout the world, such a degree of 
poor quality of sleep in glaucoma patients is remarkably higher as compared to the figure of poor quality of sleep among 
the non-glaucoma population.

Interestingly, the magnitude of poor quality of sleep in glaucoma was higher compared to the previous studies in 
Southwest Nigeria (61.3%),21 Beijing, China, 66.36%,18 Tokyo, Japan 34.5%36 and Germany, 75.5%.20 The variation 
may be due to the difference in demographic characteristics and source of population recruited in the studies. For 
instance, the age of participants in Southwest Nigeria and Beijing China was 26–84 and below 18–80 years respectively. 

Table 2 Clinical Characteristics of Glaucoma and Non Glaucoma Populations Attending at University of Gondar Tertiary 
Eye Care and Training Center, Northwest Ethiopia, 2022 (n= 401)

Variables Non-Glaucoma (n=201) Glaucoma (n=200) Total p-value

Depression status
No 99 (79.84) 160 (57.76) 259 (64.59) 0.001

Yes 25 (30.92) 117 (42.24) 142 (35.41)
Body mass index

Normal 153 (76.12) 138 (69.0) 291 (72.6) 0.111

Abnormal 48 (23.88) 62 (31.0) 110 (27.4)
Level of VI

No/mild VI 118 (58.71) 31 (15.5) 149 (37.16) 0.000
Moderate VI 83 (41.29) 49 (24.5) 132(32.92)

Severe VI – 11 (5.5) 11 (72.82)

Blind – 109 (54.5) 109 (27.18)
Visual impairment

Yes 108 (53.7) 177 (88.5) 285 (71.1) 0.000

No 93 (46.3) 23 (11.5) 116 (28.9)
IOP

Normal 193 (96.0) 67 (33.5) 260 (64.8) 0.000

Abnormal 8 (4.0) 133 (66.5) 141 (35.2)
Type of glaucoma

OAG – 154 (77.0) 154 (77.0)

ACG – 46 (23.0) 46 (23.0)
Stage of glaucoma

Early – 29 (14.5) 29 (14.5)

Moderate – 60 (20.0) 60 (20.0)
Advanced – 69 (34.5) 69 (34.5)

Terminal – 14 (7.0) 14 (7.0)

Absolute – 28 (14.0) 28 (14.0)
Frequency of taking medication per day

≤2 – 136 (68.0) 136 (68.0)

≥3 – 64 (32.0) 64 (32.0)

Abbreviations: ACG, angle closure glaucoma; IOP, intraocular pressure; n, sample size; OAG, open angle glaucoma; VI, visual impairment.
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Table 3 Independent t-test for Global PSQI Score in Non-Glaucoma and Glaucoma Populations Attending at 
University of Gondar Tertiary Eye Care and Training Center, Northwest Ethiopia, 2022 (n=401)

Parameter Mean (M) SD T399 p-value

Subjective sleep quality Non-glaucoma 0.70 0.72 −5.577 0.001*

Glaucoma 1.12 0.78

Sleep latency (min) Non-glaucoma 28.29 22.17 −1.284 0.200
Glaucoma 31.07 21.21

Sleep duration Non-glaucoma 6.27 1.46 1.586 0.113

Glaucoma 6.03 1.55
Habitual sleep efficiency Non-glaucoma 75.21 14.64 5.421 0.001*

Glaucoma 66.98 15.74
Daytime dysfunction Non-glaucoma 1.27 1.60 −6.148 0.001*

Glaucoma 2.43 2.13

Sleep medication Non-glaucoma 0.11 0.43 1.228 0.220
Glaucoma 0.06 0.37

Score of sleep disturbance Non-glaucoma 7.27 4.03 −4.902 0.000*

Glaucoma 9.44 4.79
Global PSQI score Non-glaucoma 6.42 3.161 −7.49 0.001*

Glaucoma 8.96 3.604

Abbreviations: SD, standard deviation; min, minute; n, sample size; PSQI, Pittsburgh Sleeping Quality Index; T399, t-statistic with 399 degrees of 
freedom and *p-value less than 0.01.

Table 4 Multivariable Binary Logistic Regression of Factors Associated with Poor Quality of Sleep in Glaucoma Populations 
Attending at University of Gondar Tertiary Eye Care and Training Center, Northwest Ethiopia, 2022 (n=200)

Variables Quality of Sleep COR (95% CI) AOR (95% CI) P

Good Poor

Age
40–60 years 30 96 1.0 1.0 0.007
Above 60 years 5 69 4.3 (1.59–11.68) 4.4 (1.50–13.24)

Educational status
Formal education 17 37 1.0 1.0 0.449
No formal education 18 128 3.3 (1.53–6.97) 1.4 (0.58–3.46)

Depression
No 27 83 1.0 1.0 0.025
Yes 8 82 3.3 (1.43–7.777) 2.9 (1.14–7.33)

Visual impairment
No 10 13 1.0 1.0 0.019
Yes 25 152 4.7 (1.85–11.81) 3.9 (1.25–12.25)

IOP level
Normal 8 59 1.0 1.0 0.393
Abnormal 27 106 0.5 (0.23–1.25) 0.6 (0.20–1.88)

Stage of glaucoma
Early and Moderate 23 66 1.0 1.0 0.033
Advanced and above 12 99 2.9 (1.339–6.174) 2.5 (1.08–5.95)

Frequency of taking medication
≤2 29 107 1.0 1.0 0.095
>2 6 58 2.6 (1.028–6.676) 2.4 (0.86–6.86)

Abbreviations: AOR, adjusted odds ratio; COR, crude odds ratio; CI, confidence interval; IOP, intraocular pressure; n, sample size.
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Including a young glaucoma population in the study would underestimate the magnitude of poor quality of sleep. 
Moreover, the studies in Tokyo, Japan and Germany were selectively on a glaucoma population with visual impairment 
and visual field defect respectively. The limited number of the glaucoma population in these studies results in low figures 
of poor quality of sleep.

Table 5 Multivariable Binary Logistic Regression of Factors Associated with Poor Quality of Sleep in Non- 
Glaucoma Populations Attending at University of Gondar Tertiary Eye Care and Training Center, Northwest 
Ethiopia, 2022 (n=201)

Variables Quality of Sleep COR (95% CI) AOR (95% CI) P

Good Poor

Age
40–60 years 73 69 1.0 1.0 0.015

Above 60 years 16 43 2.8 (1.47–5.51) 2.5 (1.20–5.42)
Educational status

Formal education 51 51 1.0 1.0 0.227

No formal education 38 61 1.6 (0.92–2.81) 1.4 (0.80–2.60)
Depression

No 72 77 1.0 1.0 0.149

Yes 17 35 1.9 (0.99–3.73) 1.7 (0.83–3.34)
Visual impairment

No 48 45 1.0 1.0 0.807

Yes 41 67 1.7 (0.99–3.060) 1.1 (0.57–2.08)
IOP level

Normal 85 108 1.0 1.0 0.271

Abnormal 4 4 0.8 (0.19–3.24) 0.4 (0.09–1.93)

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; COR, crude odds ratio; IOP, intraocular pressure.

Table 6 Multivariable Binary Logistic Regression of Factors Associated with Poor Quality of Sleep in Glaucoma 
and Non-Glaucoma Population Attending at University of Gondar Tertiary Eye Care and Training Center, 
Northwest Ethiopia, 2022 (n=401)

Variables Quality of Sleep COR (95% CI) AOR (95% CI) p-value

Good Poor

Presence of glaucoma
No 89 112 1.0 1.0 0.001*

Yes 35 165 3.7 (2.37–5.93) 2.6 (1.54–4.367)

Age
40–60 years 103 165 1.0 0.002*

Above 60 years 21 112 3.3 (1.96–5.64) 2.5 (1.41–4.43)

Educational status
Formal education 68 88 1.0 0.047

No formal education 56 189 0.4 (0.25–0.59) 1.6 (1.01–2.63)

Depression
No 99 160 1.0 0.008

Yes 25 117 2.9 (1.76–4.77) 2.1 (1.20–3.51)

Visual impairment
No 58 58 1.0 0.151

Yes 66 219 3.3 (2.10–5.24) 1.5 (0.86–2.56)

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval and *p-value less than 0.01.
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According to the current study, the glaucoma population had significantly higher poor quality of sleep as compared 
with non-glaucoma participants. The same result was reported in Glostrup, Denmark,37 Germany,20 Southwest Nigeria,21 

Japan,19 South-East Asian26 and China.18 Overall; this study determined that participants with glaucoma were 2.6 times 
more likely to have poor quality of sleep than participants without glaucoma. The possible reasons for significant poor 
quality of sleep among glaucoma participants may be biological or psychological changes.

There is a growing body of supportive evidence that glaucoma can lead to anxieties about going blind, altered sense of well- 
being, and concerns about future health or disrupted circadian physiology associated with retinal ganglion cells dysfunction.38

However, other previous studies in Denmark37 and Shinseikai, Japan39 revealed no statistically significant difference in the 
quality of sleep between the glaucomatous and non-glaucomatous population. The possible reason for these variations could be 
the difference in clinical characteristics of the source population and proportion difference between the glaucoma and non- 
glaucoma groups.

The glaucoma population recruited in Japan study was prostaglandin medication users, against high population of timolol 
users in the present study. Timolol can increase total wake time, increase the incidence of nightmares and sleep disturbance.40 

Additionally, the population in glaucoma groups was smaller than their non-glaucoma counterpart and these result in 
a comparable quality of sleep between the two groups as many poor sleepers might be included in the non-glaucoma counterpart.

The glaucoma population in the Denmark study was mainly normal tension glaucoma, as opposed to high tension 
glaucoma in the present study. High tension glaucoma can cause ischemic–reperfusion damage to the whole retina including 
photoreceptors and ganglion cells41,42 leading to reduction of melatonin secretion and causes poor sleep quality.43

These findings implied that glaucoma patients do not only experience impaired visual functions but also poor sleeping 
condition. Thus, sleep among glaucoma patients may be a clinically important issue to consider in the overall care and 
management of glaucoma population.

The current study has also indicated that the magnitude of poor quality of sleep among participants with advanced and 
moderate glaucoma was 89.19% and 74.16%, respectively, higher compared to a study conducted in Japan.19 This 
difference could be explained by the variation in population enrollment and classification on the stage of glaucoma. The 
population included in the previous study was selected via a screening scheme that could potentially recruit many earlier 
glaucoma populations who would probably have a comparable sleep quality with the non-glaucoma population.

This study also identified that, older age, depression, visual impairment and advanced glaucoma were significantly 
associated with poor quality of sleep among glaucoma population. However, the older age was the only significant factor 
in poor quality of sleep among non-glaucomatous counterparts.

The population with advanced glaucoma was 2.5 times more likely to have poor quality of sleep than the population 
with moderate glaucoma. This might be due to the fact that, in advanced glaucoma, there is a significant damage to the 
photoreceptor cells, reducing the light input to the retinal ganglion cells connected to the hypothalamus which controls 
circadian rhythms and melatonin secretion that regulates the quality of sleep.16,26 On the contrary, in another study in 
South-East Asia,26 the severity of glaucoma had no significant effect on quality of sleep.

The former study utilized a visual field parameter called mean deviation (MD) to assign the severity of glaucoma. 
Due to the sensitivity nature of the parameter, many early glaucoma patients could probably fall into the severe groups 
without having obvious structural defect. This might lead to a comparable sleep quality with the healthy control.44

In this study, participants over the age of 60 years had a 4.4-fold increased risk of having poor quality of sleep 
compared to those between the ages of 40 and 60 years with glaucoma. This result was supported by the study at Beijing, 
China.18 The association could be explained by that fact that age-related degenerative changes to the suprachiasmatic 
nucleus in the hypothalamus altered the melatonin level and here by disrupting the sleep quality.45 However; a study in 
South-East Asia revealed that age did not significantly affect quality of sleep among the glaucoma population.26

The population with glaucoma who had vision impairment were 3.9 times more likely to have poor sleep than those 
with normal vision. This relationship might be explained by the scientific evidence that visual impairment reduces 
daytime light exposure and physical activity, which can diminish melatonin secretion at night.46,47

However; there was no statistically significant difference in poor quality of sleep between visual impairment and 
normal vision in Southwest Nigeria,21 in Japan19 and in Southeast Asia.26 In contrast to earlier studies, the majority of the 
glaucoma patients in this study (85.5%) had visual impairment.
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In this study, the glaucoma population with depression had 2.9-fold increased risk of having poor quality of sleep 
compared to participants without depression. This result was in line with the study in South-East Asia26 and Southwest 
Nigeria.21 The possible reason for the association is that the degenerative nature of disease and lifelong long medication 
causes depression19,38 and this results in poor quality of sleep.48

Understanding the psychological concerns and quality of sleep connected with glaucoma may help with the 
identification, prevention and management of emotional disorders related to poor quality of sleep.

As a limitation, the study did not investigate the biological mechanism of poor quality of sleep and recall bias could 
have affected the ascertainment of data on some of the variables such as family monthly income. Moreover, visual field 
measurement was not considered in the definition of visual impairment and label severe glaucoma, hence the study was 
unable to correlate this parameter with disturbed sleep quality.

Conclusion
The quality of sleep was poor among 85.5% of glaucoma population and significantly higher compared to their non- 
glaucoma counterparts. It was associated with older age, depression, visual impairment and advanced stage of glaucoma.
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