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Abstract

Purpose

To assess the prevalence of depression in the general population of Beijing and its associa-
tion with ocular diseases.

Methods

The population-based Beijing Eye Study was conducted in a rural and an urban region of
Greater Beijing. The study participants underwent a detailed ophthalmological examination
and an interview including questions on the socioeconomic background. Depressive symp-
toms were evaluated using a Chinese depression scale adapted from Zung’s self-rated
depression scale. The total score of depression symptoms was 80. Depression was defined
as having a depression score >44.

Results

Out of 3468 study participants, 3267 (94.2%) individuals (1419 men) with an age of
64.519.7 years (range: 50-93 years) participated in the interview and answered all ques-
tions on depression. The mean depression score was 25.04+5.9 (median: 23.3; range: 20—
64). Depression (depression score >44) was present in 66 individuals (2.0%; 95% confi-
dence interval (Cl): 1.5, 2.5), and 5 individuals (0.2%; 95%CI: 0.02,0.3) had a depression
score >59. In multivariate regression, analysis, a higher depression score was associated
(regression coefficient r?: 0.22) with a higher number of days with dry eye feeling (P<0.001;
standardized regression coefficient beta: 0.09; non-standardized regression coefficient B:
0.20; 95%Cl: 0.12,0.29) and shorter corneal curvature radius (P = 0.03;beta:-0.04; B:1.01;
95%Cl: -1.90,-0.12), after adjusting for age, gender, region of habitation, body mass index,
cognitive function score, life quality score and blood concentration of triglycerides. Adding
age-related macular degeneration (P=0.10), glaucoma (P = 0.77), diabetic retinopathy (P=
0.77), nuclear cataract (P = 0.35), cortical cataract (P = 0.58) or posterior subcapsular
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cataract (P = 0.28) as single parameters to the model revealed no significant correlation
with the depression score. Lower best corrected visual acuity showed a marginal significant
association (P = 0.05; beta: 0.04; B: 1.56; 95%ClI: -0.01, 3.13).

Conclusions

Dry eye feeling was the only common ocular disorder associated with an increased depres-
sion score, while the occurrence of age-related macular degeneration, any type of glau-
coma, diabetic retinopathy, any type of cataract and keratoconus were not significantly
associated with an increased depression score. Lower visual acuity was marginally associ-
ated. The prevalence of depression in the population aged 50+ years in Greater Beijing was
2.0% (96%Cl: 1.5, 2.5).

Introduction

Mental health disorders including depression have become main factors in the global burden
of disease, since they have a relatively high prevalence, often take a chronic course, and occur
at a relatively young age. They caused 5.4% of all DALY (Disability-Adjusted Life Years) and
17.4% of all YLDs (Years Lived with Disability) in the year 2013 [1]. Since depression as one of
the major mental illnesses has a profound influence on life style, socioeconomic background
and personal health care, it can indirectly influence the occurrence and course of other dis-
eases. As a corollary, decreasing quality of life due to non-mental health diseases may trigger
the development of depression. Since associations between depression and ocular disorders
have not systematically been analyzed yet, we conducted this study to assess the relationships
between self-rated depression and major ocular diseases. The examinations included the
assessment of dry eye syndrome, which was in previous investigations associated with depres-
sion [2-7]. Correspondingly, a recent study by Mrugacz and colleagues revealed that the tear
fluid levels of interleukin (IL)-6, IL-17 and tumor necrosis factor (TNF)-o were significantly
higher in patients with depression than in controls [7]. In a parallel manner, the clinical sever-
ity of dry eye was associated with the concentrations of IL-17 and TNF-o. in tears. It led to the
assumption of a pathogenetic role of the inflammatory cytokines IL-17 and TNF-a in the etiol-
ogy of dry eye disease in depressive patients. This and other examples may underlie the poten-
tial associations between depression and ophthalmological disorders, the assessment of which
was the purpose of this study.

Methods

The Beijing Eye Study 2011 is a population-based cross-sectional study that was conducted in
arural region and an urban region of Greater Beijing. Its protocol was approved by the Medi-
cal Ethics Committee of Beijing Tongren Hospital, which confirmed that all methods were
performed in accordance with the relevant guidelines and regulations. All study participants
signed an informed consent. The only eligibility criterion for inclusion into the study was an
age of 50+ years. Out of 4403 eligible individuals, 3468 subjects (1963 (56.6%) women) partici-
pated (response rate: 78.8%). The mean age was 64.6 + 9.8 years (median: 64 years; range: 50—
93 years). The study population and the study design have been described in detail previously
(8,9].
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All study participants underwent a structured interview by trained research technicians.
The interview included standardized questions on demographic parameters, socioeconomic
background, diet, alcohol consumption, smoking, and known major systemic diseases. The
cognitive function was assessed applying the Mini-Mental State Examination (MMSE) test.
Fasting blood samples were collected to measure the blood concentrations of lipids, glucose,
glycosylated hemoglobin HbAlc and serum creatinine. Blood pressure was measured with the
participants sitting for at least 5 minutes. We also determined body height and weight and the
circumference of waist and hip. The ophthalmological examination consisted of an automatic
refractometry (Auto Refractometer AR-610; Nidek Co., Ltd, Tokyo, Japan), measurements of
presenting visual acuity, uncorrected visual acuity and best-corrected visual acuity, tonometry,
slit-lamp based biomicroscopy of the anterior and posterior segments of the eyes, and photog-
raphy of the cornea and lens (Neitz CT-R camera; Neitz Instruments Co., Tokyo, Japan) and
of the macula and optic disc (fundus camera; type CR6-45MM; Canon Inc., Tokyo, Japan) in
medical mydriasis. Using the photographs, we measured the dimensions of the optic disc,
optic cup and parapapillary alpha, beta and gamma zones. The optic nerve head and macula
were additionally examined by spectral-domain optical coherence tomography (OCT) using
the enhanced depth imaging modality (Spectralis; Heidelberg Engineering, Heidelberg, Ger-
many). We determined the thickness of the peripapillary retinal nerve fiber layer, of the retina
in the foveal region and of the subfoveal choroid. Applying optical low-coherence reflectome-
try (Lenstar 900 Optical Biometer; Haag-Streit, Koeniz, Switzerland), we measured ocular bio-
metric parameters such as the anterior corneal curvature, central corneal thickness, anterior
chamber depth, lens thickness and axial length.

The subjective symptoms of dry eye were evaluated using a questionnaire composed of
three questions: “Do your eyes ever feel dry?”; “Do you ever feel a gritty or sandy sensation in
your eyes?”; and “Do your eyes ever have a burning sensation?” Possible answers to the ques-
tions were none (0), less than once a month (1), once or twice a week (2), at least once every
day (3), or all the time (4). The presence of dry eye symptoms was defined as having one or
more symptoms at least once every day (scores of 3 and 4). A quantitative grading score for
subjective dry eye symptoms was obtained by summarizing the answers resulting in a total
score ranging between 0 and 12. Using the lens photographs, the degree of nuclear opacities
was assessed in 6 grades using the grading system of the Age-Related Eye Disease Study [10].
In addition, retro-illuminated photographs of the lens were obtained (Neitz CT-R camera;
Neitz Instruments Co., Tokyo, Japan), and the percentage of the areas with cortical and poste-
rior subcapsular lens opacities was measured using a grid. The standard to diagnose a nuclear
cataract was a nuclear cataract grade of 4 or more, the standard to diagnose a posterior subcap-
sular cataract was a posterior subcapsular opacity amount of 0.01 or more, and the standard to
diagnose a cortical cataract was a cortical opacity amount of 0.05 or more. The degree of fun-
dus tessellation, defined as the visibility of the large choroidal vessels, was assessed using the
fundus photographs of the macula and optic disc as described in detail previously [8]. It was
graded using a scale that ranged from “0” for “no tessellation” to”3” for “marked tessellation”.
Diabetic retinopathy was assessed using the fundus photographs and the Early Treatment of
Diabetic Retinopathy Study (ETDRS) criteria. The minimum criterion for the diagnosis of dia-
betic retinopathy was the presence of at least one microaneurysm. The diagnosis for each indi-
vidual was based on the grading of the eye with the highest stage of diabetic retinopathy.
Glaucomatous optic neuropathy was defined using the criteria of the International Society of
Geographic and Epidemiological Ophthalmology (ISGEO) [11]. Central serous choroidopathy
was characterized by a serous retinal detachment in the macular region without hemorrhaging
and without marked drusen on both fundus photographs and OCT images. Pseudoexfoliation
was assessed by an experienced ophthalmologist during slit-lamp-assisted biomicroscopy of
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the anterior segment after pupillary dilation. The diagnosis of pseudoexfoliation was definite if
the lens surface showed a central whitish coating with a diameter of little less than the normal
pupillary diameter or if the periphery of the lens surface showed a whitish coating that was
anteriorly bordered by a darker ring-like region on the lens surface. The assessment of pseu-
doexfoliation was performed only in phakic eyes. For the diagnosis of age-related macular
degeneration, the International ARM (Age-Related Maculopathy Epidemiological Study
Group) grading system was used.

Arterial hypertension was defined as systolic blood pressure >140 mm Hg and/or diastolic
blood pressure >90 mm Hg and/or self-reported current treatment for arterial hypertension
with antihypertensive medication. Diabetes mellitus was characterized by a blood glucose con-
centration >7.0 mmol/L, an HbAlc value >6%, a self-reported history of physician diagnosis
of diabetes mellitus, or a history of drug treatments for diabetes (insulin or oral hypoglycemic
agents). Body height was determined in a standardized manner with the shoes routinely
removed. The subjects were asked to stand as upright as possible with the head raised as
upright as possible. We used a stadiometer as the measuring instrument. Depressive symptoms
were evaluated using a Chinese depression scale adapted from the Zung Self-Rating Depres-
sion Scale [12]. The Chinese depression scale used in our study has been validated previously
[13,14]. The cerebrospinal fluid pressure (CSFP) was estimated as described in detail previ-
ously [15,16]. CSFP was best described by the following formula: Estimated CSFP [mmHg] =
0.44 x Body Mass Index [kg/m?] + 0.16 x Diastolic Blood Pressure [mmHg]- 0.18 x Age
[Years]—1.91. Based on an adaptation of the “Modification of Diet in Renal Disease (MDRD)”
equation on the basis of data from Chinese chronic kidney disease patients, the estimated glo-
merular filtration rate (eGFR) was calculated as “eGFRyprp = 175 x (Serum Creatinine Con-
centration (mg/ dL)) 12y Age (Years) '7° [if female, x 0.79]”, and reduced renal function
was defined as an eGFR of less than 60 mL/min per 1-73 m®. Quality of life was assessed by
standardized questions on mobility (“I have no problems in walking about; I have some prob-
lems in walking about; I am confined to bed”), self-care (“I have no problems with self-care; I
have some problems washing or dressing myself; I am unable to wash or dress myself”), the
performance of usual daily activities (e.g., work, study, housework, family or leisure activities)
("I have no problems with performing my usual daily activities; I have some problems with
performing my usual daily activities; I am unable to perform my usual daily activities”), the
presence of pain/discomfort (“I have no pain or discomfort; I have moderate pain or discom-
fort; I have extreme pain or discomfort”), and the presence of anxiety/depression (“I am not
anxious or depressed; I am moderately anxious or depressed; I am extremely anxious or
depressed). The total quality of life score was the sum of the replies to these 5 questions, and a
higher score indicated a lower quality of life.

Statistical analysis was performed using a commercially available statistical software pack-
age (SPSS for Windows, version 22.0, IBM-SPSS, Chicago, IL, USA). To avoid a bias effect
induced by a redundancy in the data from the same study participant, only one eye (right eye)
of each study participant was included in the statistical analysis. Another reason to include
only the data of right of eye in the statistical analysis was that some examinations (i.e., choroi-
dal thickness (measurements) had been performed only for the right eyes of the study partici-
pants. As a first step, we examined the mean values (presented as the mean + standard
deviation) of the main outcome parameter, i.e., the self-rated depression score. As a second
step, we performed a linear regression analysis in a univariate manner followed by a multivari-
ate analysis, with the self-rated depression score as the dependent parameter. The multivariate
analysis included as independent parameters all those variables that were correlated (P<0.10)
with the self-rated depression score in the univariate analysis. We used a cut-off P-value value
of <0.10 for inclusion into the multivariate analysis to avoid neglecting a parameter that
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would have been significantly associated with the outcome parameter in a multivariate analysis
but, due to inter-dependencies with other parameters, was only marginally (i.e., P-value
between 0.05 and 0.10) associated with the outcome parameter in the univariate analysis. We
then eliminated all of the parameters that were no longer significantly associated with the self-
rated depression score. As a last step, we re-added the prevalence of the main ocular disorders
(if they had previously been taken out of the list of independent parameters) as single parame-
ters to the multivariate model to re-test the potential associations between ocular disorders
and self-rated depression in the final model. We calculated the standardized correlation coeffi-
cient beta, the non-standardized correlation coefficient B, and the 95% confidence intervals
(CI). The prevalence of self-rated depression was described by frequency and 95%CI. Its
associations with other parameters were examined through binary regression analysis with the
calculation of odds ratios (ORs). All P-values were two-sided and considered statistically sig-
nificant if the values were less than 0.05.

The datasets generated during and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Results

Out of 3468 study participants, 3267 (94.2%) individuals participated in the interview assessing
depression and answered all questions (S1 Dataset). The group of individuals participating
compared to the group of individuals without complete answers in the interview was signifi-
cantly younger (64.5 + 9.7 years versus 67.3 + 11.3 years; P = 0.001) and came significantly
more often from the urban region than from the rural area (rural / urban region of habitation:
1481 / 1786 versus 152 / 49; P<0.001), while the differences in gender (men / women: 1419 /
1848 versus 86 / 115; P = 0.88), axial length (23.3 £+ 1.1 mm versus 23.3 + 1.2 mm; P = 0.99)
and refractive error (-0.22 + 2.12 diopters versus -0.38 + 2.08 diopters; P = 0.44) were not sta-
tistically significant.

The mean self-rated depression score was 25.0 + 5.9 (median: 23.3; range: 20-64). Self-
rated depression defined as a self-rated depression score of >>44 was present in 66 individuals
(2.0%; 95%CI: 1.5, 2.5), and a self-rated depression score >59 was present in 5 individuals
(0.2%; 95%CI: 0.02, 0.3).

In univariate analysis, a higher self-rated depression score was associated with the systemic
parameters of older age (P = 0.06), female gender (P<0.001), rural region of habitation
(P =0.01), lower body mass index (P = 0.05), lower level of education (P<0.001), lower level of
profession, lower cognitive score (P<0.001), less consumption of alcohol (P<0.001), lower
physical activity (P<0.05), lower quality of life (P<0.001), higher blood concentration of high-
density lipoproteins (P<0.001) and cholesterol (P = 0.03), lower blood concentration of tri-
glycerides (P = 0.03), higher prevalence of diabetes mellitus (P = 0.04) and arterial hyperten-
sion (P<0.001), and lower estimated cerebrospinal fluid pressure (P = 0.07) as well as the
ocular parameters of shorter axial length (P<0.001), shorter anterior corneal curvature radius
(P<0.001), smaller anterior chamber depth (P = 0.03), lower intraocular pressure (P = 0.0.06),
thinner retinal nerve fiber layer (P = 0.08), dry eye feeling (P<0.001), higher prevalence of ker-
atoconus (P<0.001), glaucoma (P = 0.009), age-related macular degeneration (P = 0.01) and
myopic retinopathy (P = 0.03) (Table 1). A higher self-rated depression score was not signifi-
cantly associated (P>0.10) with smoking, blood concentration of glucose or low-density lipo-
proteins, systolic or diastolic blood pressure, estimated glomerular filtration rate, central
corneal thickness, lens thickness, subfoveal choroidal thickness, macular retinal thickness, area
of the optic disc, neuroretinal rim or parapapillary beta / gamma zone, prevalence of nuclear,
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Table 1. Univariate associations between self-rated depression scores and systemic and ocular parameters in the Beijing Eye Study.

Parameter P-Value | Standardized Regression Non- Standardized 95% Confidence

Coefficient beta Regression Coefficient B Interval
Systemic Parameters
Age (Years) 0.056 0.03 0.02 0.00, 0.04
Gender (Men / Women) <0.001 0.13 1.56 1.15, 1.96
Rural / Urban Region of Habitation 0.011 -0.11 -1.29 -1.69, -0.89
Body Mass Index (kg/m?) 0.05 -0.03 -0.05 -0.10, 0.00
Level of Education (1-5) <0.001 -0.17 -0.92 -1.11, -0.73
Self-Reported Income <0.001 0.10 2.28 1.53,3.04
Profession (No Occupation / Worker / Peasant / Intellectual / Business <0.001 -0.12 -0.49 -0.65, -0.33
Person / Military)
Cognitive Score <0.001 -0.17 -0.27 -0.33,-0.21
Alcohol Consumption Quantity <0.001 -0.07 -0.33 -0.49, -0.16
Alcohol Consumption Frequency <0.001 -0.07 -0.23 -0.34,-0.11
Smoking Never / Former / Current 0.19 -0.02 -0.17 -0.42, 0.08
Smoking Never / Ever 0.06 -0.03 -0.42 -0.85, 0.02
Smoking Package Years 0.98 0.00 0.00 -0.01, 0.01
Smoking, Present Quantity 0.93 -0.002 -0.01 -0.27,0.25
Physical Activity
“How Many Days Do You Walk?” 0.03 -0.04 -0.10 -0.18, -0.01
“How Many Days Do You Do Vigorously Intensive Sports or Activities?” 0.37 -0.02 -0.08 -0.24, 0.09
“How Many Days Do You Do Moderately Intensive Sports or Activities?” 0.01 -0.05 -0.08 -0.15, -0.02
“How Many Hours Do You Sit Per Day?” 0.30 -0.02 -0.04 -0.12, 0.04
Quality of Life
Summed Score <0.001 0.42
Mobility: I have no / some problems in walking about / I am confined tobed | <0.001 0.25 4.90 4.23,5.56
Self-Care: I have no / some problems in washing or dressing myself / I am <0.001 0.19 4.66 3.81,5.51
unable to wash or dress myself
Usual Activities (e.g., work, study, housework, family or leisure activities): I <0.001 0.25 5.36 4.65, 6.09
am able to perform my usual activities / I have some problems with
performing my usual activities / I am unable to perform my usual activities
Pain/Discomfort: <0.001 0.20 2.42 2.01,2.83
Anxiety/Depression: I am not / moderately / extremely anxious or depressed | <0.001 0.52 9.51 8.97,10.0
Blood Concentration of:
Glucose (mmol/L) 0.68 0.68 0.03 -0.12,0.19
High-Density Lipoproteins (mmol/L) <0.001 0.10 1.30 0.77,1.82
Low-Density Lipoproteins (mmol/L) 0.23 0.03 0.16 -0.10, 0.42
Triglycerides (mmol/L) 0.03 -0.05 -0.23 -0.43,-0.03
Cholesterol (mmol/L) 0.03 0.04 0.27 0.02, 0.51
Diabetes Mellitus, Prevalence 0.04 0.04 0.59 0.02,1.17
Systolic Blood Pressure (mmHg) 0.10 0.03 0.01 0.00, 0.02
Diastolic Blood Pressure (mmHg) 0.95 0.001 0.001 -0.02, 0.02
Mean Blood Pressure (mmHg) 0.40 0.02 0.01 -0.01, 0.02
Arterial Hypertension <0.001 0.07 0.79 0.39, 1.20
Estimated Cerebrospinal Fluid Pressure (mm Hg) 0.07 -0.03 -0.05 -0.10, 0.003
Estimated Glomerular Filtration Rate (GFR) (mL/min / 1-73 m?) (MDRD 0.73 0.01 0.003 -0.01, 0.02
Formula)
Estimated Glomerular Filtration Rate (mL/min / 1-73 m*) (CKDE Formula) 0.20 -0.03 -0.02 -0.04, 0.01
Chronic Kidney Disease, Prevalence (GFR<60 mL/min / 173 m?) (MDRD 0.30 0.03 1.10 -1.00, 3.19
Formula)

(Continued)
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Table 1. (Continued)

Parameter P-Value | Standardized Regression Non- Standardized 95% Confidence
Coefficient beta Regression Coefficient B Interval
Chronic Kidney Disease, Prevalence (GFR<60 mL/min / 173 m?) (CKDE 0.23 0.02 0.98 -0.61, 2.56
Formula)
Ocular Parameters
Refractive Error (Diopters) e
Axial Length (mm) <0.001 -0.08 -0.42 -0.61, -0.24
Anterior Corneal Curvature Radius (mm) <0.001 -0.09 -1.96 -2.76, -1.15
Central Corneal Thickness (um) 0.14 -0.03 -0.01 -0.01, 0.00
Anterior Chamber Depth (mm) 0.03 -0.04 -0.46 -0.88, -0.04
Lens Thickness (mm) 0.47 0.01 0.23 -0.39,0.85
Intraocular Pressure (mmHg) 0.06 -0.03 -0.07 -0.14, 0.00
Retinal Nerve Fiber Layer Thickness (um) 0.08 -0.03 -0.01 -0.03, 0.00
Subfoveal Choroidal Thickness (um) 0.95 0.001 0.00 -0.002, 0.002
Macular Retinal Thickness (um) 0.23 -0.03 -0.005 -0.01, 0.003
Optic Disc Size (mm?) 0.99 0.00 -0.001 -0.46, 0.46
Neuroretinal Rim Area (mmz) 0.90 0.003 0.04 -0.63,0.71
Parapapillary Beta Zone (mm?) 0.93 -0.002 -0.01 -0.22,0.20
Parapapillary Gamma Zone (mm?) 0.96 0.002 0.00 -0.002, 0.002
Dry Eye, Yes or No <0.001 0.08 0.94 0.54, 0.1.35
Dry Eye, Number of Days <0.001 0.10 0.21 0.14,0.29
Keratoconus (Anterior Corneal Curvature Refractive Power >48 Diopters) 0.009 0.05 2.98 0.73,5.22
Keratoconus (Anterior Corneal Curvature Refractive Power >49 Diopters) <0.001 0.08 10.2 5.52,14.8
Nuclear Cataract 0.03 0.04 0.52 0.06, 0.98
Cortical Cataract 0.12 0.03 0.47 -0.13, 1.06
Subcapsular Posterior Cataract 0.21 0.03 0.63 -0.34,1.59
Glaucoma, Prevalence, Total 0.009 0.05 1.30 0.32,2.28
Open-Angle Glaucoma 0.10 0.03 1.00 -0.19,2.18
Primary Angle-Closure Glaucoma 0.05 0.03 1.74 0.003, 3.47
Age-Related Macular Degeneration, Prevalence, Total 0.01 0.04 0.57 0.12,1.03
Age-Related Macular Degeneration, Early Stage 0.50 0.01 0.26 -0.48, 0.99
Age-Related Macular Degeneration, Intermediate Stage 0.006 0.05 0.74 0.21, 1.28
Age-Related Macular Degeneration, Late Stage 0.10 -0.03 -1.93 -4.24,0.39
Diabetic Retinopathy, Prevalence 0.92 0.002 0.07 -1.23,1.36
Diabetic Retinopathy, Score 0.95 0.001 0.04 -1.27,1.34
Retinal Vein Occlusion, Total 0.18 -0.02 -1.13 -2.77,-0.52
Central Retinal Vein Occlusion 0.25 -0.02 -3.01 -8.13,2.12
Branch Retinal Vein Occlusion 0.30 -0.02 -0.91 -2.65,0.82
Central Serous Choroidopathy 0.30 -0.02 -0.09 -0.26,0.08
Myopic Retinopathy 0.03 0.04 1.85 0.19, 3.50

https://doi.org/10.1371/journal.pone.0202132.t001

cortical or subcapsular posterior cataract, diabetic retinopathy, retinal vein occlusions or cen-
tral serous choroidopathy (Table 1).
The first step in the multivariate analysis assessed the self-rated depression score as the
dependent variable and all the systemic parameters for which the P-value of their univariate
association with the self-rated depression score was <0.10 as independent variables. We then
eliminated profession (P = 0.92), quantity of alcohol consumption (P = 0.92), blood concentra-
tion of high-density lipoproteins (P = 0.83), history of ever smoking (P = 0.85), number of
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Table 2. Associations (multivariate analysis) between the self-rated depression score and systemic variables in the Beijing Eye Study.

Parameter P-Value
Age (Years) 0.003
Gender (Men / Women) 0.003
Rural / Urban Region of <0.001
Habitation

Body Mass Index (kg/m?) <0.001
Cognitive Function Score <0.001
Quality of Life Total Score <0.001
Triglycerides Concentration 0.009
(mmol/L)

Cholesterol Concentration 0.02
(mmol/L)

Arterial Hypertension 0.02

https://doi.org/10.1371/journal.pone.0202132.1002

Standardized Regression Non- Standardized Regression 95% Confidence Variance Inflation
Coefficient beta Coefficient B Interval Factor
-0.07 -0.04 -0.07,-0.01 1.38
0.06 0.71 0.25,1.18 1.10
-0.08 -0.99 -1.48, -0.50 1.23
-0.12 -0.19 -0.25,-0.12 1.20
-0.08 -0.13 -0.19, -0.06 1.18
0.41 2.38 2.16, 2.61 1.07
-0.05 -0.27 -0.46, -0.07 1.17
0.05 0.29 0.05, 0.54 1.19
0.05 0.55 0.08, 1.02 1.14

days with vigorous sport activities (P = 0.61), level of education (P = 0.74), self-reported
income (P = 0.38), frequency of alcohol consumption (P = 0.31), presence of diabetes mellitus
(P =0.4), systolic blood pressure (P = 0.09), and number of days with walking (P = 0. 06). In
the resulting model, higher self-rated depression scores were associated with younger age,
male gender, rural region of habitation, lower body mass index, lower cognitive function
score, lower quality of life, lower blood concentration of triglycerides, higher blood concentra-
tion of cholesterol, and the presence of arterial hypertension (Table 2).

In the second step, we added all ocular parameters that were significantly associated with
the self-rated depression score in the univariate analysis to the model. Due to a lack of signifi-
cance, we then eliminated arterial hypertension (P = 0.91), retinal nerve fiber layer thickness
(P =0.80), myopic maculopathy (P = 0.93), any stage of age-related macular degeneration
(P =0.79), the prevalence of angle-closure glaucoma (P = 0.63) and open-angle glaucoma
(P =0.93), axial length (P = 0.81), the prevalence of keratoconus (defined as corneal refractive
power >48 diopters) (P = 0.79), late stage age-related macular degeneration (P = 0.75), overall
glaucoma (P = 0.50), anterior chamber depth (P = 0.45), intraocular pressure (P = 0.48), the
prevalence of nuclear cataract (P = 0.40), dry eye feeling (P = 0.41), keratoconus (defined as
corneal refractive power >49 diopters) (P = 0.18), intermediate stage age-related macular
degeneration (P = 0.14), and the blood concentration of cholesterol (P = 0.05). In the final
model, higher self-rated depression scores were significantly (regression coefficient r*: 0.22)
associated with a higher number of days with dry eye feeling (P<0.001; beta: 0.09; B: 0.20; 95%
CI: 0.12, 0.29) and a shorter corneal curvature radius (P = 0.03; beta: -0.04; B: 1.01; 95%CI:
-1.90, -0.12), after adjusting for age, gender, region of habitation, body mass index, cognitive
function score, life quality score and blood concentration of triglycerides (Table 3). If the cor-
neal curvature radius factor was eliminated and replaced by the presence of keratoconus, the
latter was not significantly (P = 0.41) associated with self-rated depression scores.

Adding the prevalence of the diseases age-related macular degeneration (P = 0.10), glau-
coma (P = 0.77), diabetic retinopathy (P = 0.77), nuclear cataract (P = 0.35), cortical cataract
(P =0.58) or posterior subcapsular cataract (P = 0.28) as single parameters to the model
revealed no significant correlations between these factors and self-rated depression scores.
Adding best corrected visual acuity (measured in logMAR (negative decadic logarithm of the
minimum angle of resolution)) to the model showed a marginally significant association with
self-rated depression scores (P = 0.05; beta: 0.04; B: 1.56; 95%CI: -0.01, 3.13).
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Table 3. Associations (multivariate analysis) between the self-rated depression score and systemic and ocular variables in the Beijing Eye Study.

Parameter P-Value
Systemic Parameters

Age (Years) 0.005
Gender (Men / Women) 0.02
Rural / Urban Region of Habitation | <0.001
Body Mass Index (kg/m?) <0.001
Cognitive Function Score <0.001
Quality of Life (Inverse Score) <0.001

Blood Concentration Triglycerides 0.02
(mmol/L)

Ocular Parameters

Anterior Corneal Curvature Radius 0.03
(mm)
Number of Days with Dry Eye <0.001

Feeling
https://doi.org/10.1371/journal.pone.0202132.t003

Standardized Regression Non- Standardized Regression 95% Confidence Variance Inflation
Coefficient beta Coefficient B Interval Factor

-0.06 -0.04 -0.07, -0.01 1.30

0.05 0.55 0.08, 1.01 1.11
-0.10 -1.17 -1.67, -0.68 1.26
-0.10 -0.15 -0.21,-0.10 1.14
-0.07 -0.12 -0.18, -0.05 1.14

0.41 2.39 2.16, 2.62 1.17
-0.05 -0.22 -0.41,-0.03 1.05
-0.04 -1.01 -1.90, -0.12 1.07

0.09 0.20 0.12,0.29 1.07

If self-rated depression was defined as a self-rated depression score higher than 44, its prev-
alence, as examined in a binary regression analysis, was associated only with lower cognitive
function (P<0.001; OR: 0.92; 95%CI: 0.87, 0.96) and lower quality of life (P<0.001; OR: 2.11;
95%CI: 1.83, 2.44). Adding the diseases age-related macular degeneration (P = 0.14), glaucoma
(P =0.72), diabetic retinopathy (P = 0.39), nuclear cataract (P = 0.83), cortical cataract
(P =10.21) or posterior subcapsular cataract (P = 0.99) as single parameters to the model
revealed no significant correlations between these parameters and the occurrence of self-rated
depression. Adding visual acuity (logMAR) to the model also did not reveal a significant asso-
ciation (P = 0.10).

Discussion

In our population-based study on a population aged 50+ years in Greater Beijing, the preva-
lence of self-rated depression (defined by a self-rated depression score >44) was 2.0% (95%CL:
1.5, 2.5). A higher self-rated depression score was significantly associated with a higher num-
ber of days with dry eye feeling and shorter corneal curvature radius after adjusting for age,
gender, region of habitation, body mass index, cognitive function score, life quality score and
blood concentration of triglycerides. None of the major ocular diseases, that is, age-related
macular degeneration, glaucoma, diabetic retinopathy, nuclear cataract, cortical cataract or
posterior subcapsular cataract, was significantly associated with the self-rated depression
score. Lower best corrected visual acuity showed a marginally significant association with
higher self-rated depression scores (P = 0.05).

The result of an association between dry eye symptoms and a higher prevalence of depres-
sive symptoms confirmed previous studies. In a population-based cross-sectional study,
Kim and coworkers examined 657 Korean individuals aged 65+ years and reported that
depression (assessed by the Korean version of the Short Geriatric Depression Scale) was associ-
ated with dry eye symptoms in subjects with normal or mildly reduced tear production [3].
Similar findings were reported by Hallak and colleagues, who examined 53 patients with dry
eye symptoms and 41 controls and found that after adjusting for age, sex, race, and psychiatric
medication, dry eye symptoms and depressive symptoms were significantly correlated [4]. In a
previous study on the participants of the Beijing Eye Study 2006, individuals with dry eye
symptoms showed a higher prevalence of self-rated depression [5]. In a systematic review and
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meta-analysis, Wan et al. found that depression scores and anxiety scores were higher in
patients with dry eye symptoms than in controls [6]. In a recent investigation carried out by
Mrugacz and colleagues, the concentrations of the pro-inflammatory cytokines IL-17 and
TNEF-a in tears were associated with the clinical severity of dry eye disease in patients with
depression [7]. In particular, the latter study suggested a pathogenetic association between
depression and dry eye through tear composition since dry eye has been described to be
associated with, or even caused by, a subclinical inflammation of the external eye including the
conjunctiva. Studies by Pflugfelder and others have shown that the concentrations of inflam-
matory cytokines such as IL-1a, IL-6, IL-8 and TNF-o are increased in the conjunctival epithe-
lium of patients with Sjégren syndrome, which is characterized by severe dry eye symptoms
[17]. Additionally, HLA-DR antigen expression in the conjunctival epithelium is elevated in
patients with dry eye disease, as shown by flow cytometric examinations. In a similar manner,
Solomon and colleagues found that the concentrations of IL-1a and IL-1b were increased in
tear fluid in the tear fluid and conjunctiva of patients with dry eye disease [18]. The production
of inflammatory cytokines can also be influenced by antidepressant drugs. Munzer and associ-
ates reported that the antidepressant drug citalopram increased the production of IL-1b, IL-6,
IL-22 and TNF-q, the antidepressant mitrazepine increased the production of IL-1b, IL-22
and TNF-q, and the antidepressant escitalopram decreased the production of IL-17 [19].
These results fit with the notion that the association between depression and dry eye is at least
partially caused by changes in the ocular surface and may reflect a localized phenomenon [7].
In addition, an anticholinergic effect of anti-depressant medication has been discussed as
being connected with a dry eye feeling [20,21]. Most participants in our study, however, did
not take any antidepressant medication, so the dry eye might not have been a side-effect of sys-
temically administered anti-depressant medication. An additional possibility to explain the
association between depression and dry eye may be that the symptoms of dry eye syndrome,
such as pain, could induce the occurrence of anxiety and depressive symptoms in susceptible
individuals.

The findings obtained in our study regarding a lack of associations between depression and
other ocular disorders contradict previous investigations. Augustin and colleagues examined
120 patients with advanced age-related macular degeneration in third-referral centers [22]. As
assessed by the Hospital Anxiety and Depression Scale, self-rated depression was associated
with lower visual acuity and indirectly associated with a higher stage of age-related macular
degeneration. As a side observation in a randomized clinical trial, Brody et al. found depressive
disorders in 49 (33%) individuals among 151 community-dwelling adults with advanced age-
related macular degeneration [23]. This rate was twice as high as the rate observed in the com-
munity-dwelling elderly. In another hospital-based study, Lee and colleagues examined 107
patients with age-related macular degeneration treated with intravitreal ranibizumab and
reported that the prevalence of depression was 26%, with a positive association with older age,
lower best corrected visual acuity, a longer duration of the disease and a higher number of pre-
vious treatments for the disorder [24]. Similar results were reported by Jivrai et al. and by
Popescu and colleagues [25,26]. In a meta-analysis of published studies, Dawson et al. reported
that patients with age-related macular degeneration were more likely to show symptoms of
depression than of anxiety [27]. The meta-analysis, however, did not allow the drawing of con-
clusions of whether age-related macular degeneration was associated with an increased level of
depression. An increased level of depression was also found in patients with ocular inflamma-
tory disease and with decreased self-reported visual function loss in general [28,29]. Associa-
tions between decreased vision and depression were examined by van der Aa and colleagues
[30]. They performed telephone interviews with 615 visually impaired older adults aged 60+
years from outpatient low-vision rehabilitation centers and carried out face-to-face interviews
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with 1232 community-dwelling normally sighted peers. The prevalence of major depressive
disorder (5.4%) and anxiety disorders (7.5%) and the prevalence of subthreshold depression
(32.2%) and subthreshold anxiety (15.6%) were significantly higher in the visually impaired
older adults than in the normally sighted individuals. Correlations between depression and
glaucoma were assessed by Wang et al [31]. They reported that among 6760 participants of the
National Health and Nutrition Examination Survey aged 40+ years, the presence of self-
reported glaucoma was significantly associated with depression after adjusting for demo-
graphic factors, while this association was not statistically significant after adjusting for self-
reported general health conditions. Self-reported measures of visual function were signifi-
cantly associated with depression. Associations between glaucoma and depression were also
reported by Skalicky and Goldberg and Zhou et al., among others [32-37]. In a recent meta-
analysis, Zheng and colleagues reported an overall pooled prevalence of depression or depres-
sive symptoms with eye disease of 25% [38]. The highest prevalence of depression was found
for dry eye disease at 29%, followed by 25% for glaucoma patients, 24% for age-related macular
degeneration patients, and 23% for cataract patients.

The reasons for the discrepancies between these previous investigations and our study with
respect to the lack of associations between self-rated depression and the prevalence of major
ocular disorders remain unclear. Most of these studies had a hospital-based recruitment of
study participants, included a relatively small number of study participants; not all of the previ-
ous studies had a control group; and if a multivariate analysis was performed, it may not have
included visual loss or all major non-ocular factors influencing the prevalence of self-rated
depression.

The self-rated depression prevalence of 2.0% (95%CI: 1.5, 2.5) in our study population
agrees with the results of a meta-analysis that included 17 studies from China, in which the
current, 12-month and lifetime prevalences of major depressive disorder were 1.6, 2.3, 3.3%,
respectively [39]. As observed for self-rated depression in our study, the prevalence of current
major depressive disorder in the meta-analysis was higher in rural areas than in urban regions
(2.0 versus 1.7%), and it was higher in women than in men (2.1 versus 1.3%). It should how-
ever be taken into account we assessed a self-rated depression score and that we did not assess
the prevalence of “current major depressive disorder”.

When discussing the results of our study, its limitations have to be taken into account. First,
the data on self-rated depression depended on the self-assessment by the study participants in
the face-to-face interviews. Since psychiatric disorders have a negative perception in China,
the prevalence of depression based on self-reported data may be underestimated. This limita-
tion may be valid for all societies but may be more prevalent in East Asian cultures. The figures
on the prevalence of depression reported in previous studies from China are however in agree-
ment with the data on the prevalence of self-rated depression found in our study population
and supported the findings of the present investigation [27]. Second, and in a parallel manner,
a diagnosis of a depressive disorder is best determined in a face-to-face interview conducted
by a specialist in the field. However, although self-ratings of depression are subjective and sub-
optimal, they have been shown to be valuable proxies for expert ratings [40,41]. In addition,
the diagnosis retrieved from Zung’s self-rating scale as applied in the present study has previ-
ously been demonstrated to correlate well with expert ratings [42,43]. Since however a diagno-
sis of depression could not be based solely on a cut-off value of a self-rated depressive score,
most of the statistical analysis performed in our study applied a continuous analysis of the
depression score and not a binary regression analysis of the prevalence of self-rated depression.
The self-rated depression score assessing depressive symptomatology has been widely used
also in other epidemiological studies. In these studies, co-morbidities between the depression
symptomatology and somatic disorders such as cardiovascular disorders have been observed
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for expert ratings as well as for self-ratings [44,45]. In addition, recent genetic analyses indi-
cated that the underlying mechanisms were largely shared between major depressive disorder
and current depressive symptoms, underlying the value of even very economic assessments
such as the one carried out in this study [46]. Third, the study population with an age of 50+
years had experienced major societal changes and economic developments in their lifetime.
This elderly generation may differ from the young generations in China and from populations
in other countries, especially with respect to a disorder such as depression, which may particu-
larly be influenced by changes in general life conditions. It therefore remains unclear the
extent to which the results of the present study can be transferred to other populations. Fourth,
as for any population-based study, the non-participation of eligible individuals may lead to a
bias. The general participation rate in the Beijing Eye Study was, however, 78.8%, and 94.2% of
the participants in the Beijing Eye Study answered all questions referring to depression. These
figures may have provided a sufficient basis for the statistical analysis of the measurements.
Fifth, clinical tests for the evaluation of dry eye feeling might have been added to the study to
objectively assess the diagnosis of “dry eye”. These tests, such the measurement of the tear-film
break-up time, the assessment of fluorescein staining of the cornea, the examination of Meibo-
mian gland dysfunction and Schirmer s test, were previously included in a test series [2]. The
dry eye symptoms as reported subjectively by the study participants were, however, not signifi-
cantly associated with the results of any of these tests [47]. The present study therefore did not
include examinations of tear film stability, corneal surface integrity or tear volume.

In conclusion, dry eye feeling was the only common ocular disorder associated with
increased self-rated depression scores in a multivariate analysis, while the occurrence of age-
related macular degeneration, any type of glaucoma, diabetic retinopathy, any type of cataract
and keratoconus were not significantly associated with increased self-rated depression scores.
Lower visual acuity was marginally associated. The prevalence of self-rated depression in the
population aged 50+ years in Greater Beijing was 2.0% (95%CI: 1.5, 2.5).
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