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Abstract 
Propose: Dry eye is a common disease among glaucoma patient undergoing 
on topical medication for lowering intraocular pressure. In this study we de-
termine the prevalence and risk factors of dry eye among glaucoma patients. 
Methodology: We conducted a prospective cross-sectional study at Kiliman-
jaro Christian Medical Center (KCMC), Ophthalmology Department, over a 
period of 8 months, from October 2018 to June of 2019. Purposive sampling 
technique was used, and patients with POAG aged 18 years and above were 
consecutively selected. Socio-demographic and clinical data were collected. 
The main outcome variable was dry eye. The data were summarized using 
SPSS version 23 and analyzed using the STATA software version 13. Results: 
A total of 325 patients were enrolled into the study; 56.6% were male and 
43.4% were female. The mean age was 66.1 years (SD11.7). We found that the 
prevalence of dry eye using OSDI questionnaire was 79.7%; among them 
evaporative dry eye was found in 36.9% and aqueous deficiency in 43.4%; 
87.1% had abnormal TBUT; abnormal ocular surface staining was found in 
64.3%; Schirmer test was abnormal in 43.4% and 36.9% had meibomian gland 
dysfunction. The severity of dry eyes among those using OSDI questionnaire 
is: mild 22.1%, moderate 16.0% and severe 61.9%. Factors such as use of two 
or more medication (AOR = 2.55, 95% CI: 1.89 - 3.36), 2 - 5 years of medica-
tion (AOR = 1.52, 95% CI: 1.35 - 1.88) were associated with dry eye in pa-
tients with glaucoma at KCMC. Conclusion: Dry eye is highly prevalent in 
glaucoma patients in our setting, and showed also the high prevalence of 
signs and symptoms. The use of timolol combined with other medication in 
our study was shown to be a strong predictor of having dry eye. To be ex-
posed to two or more medication is strongly predictors of having dry eye. 
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1. Introduction 

Glaucoma is great public health concern and a leading cause of irreversible 
blindness worldwide. Global estimate indicates that 64.3 million people aged 40 
to 80 years had glaucoma in 2019 and this number will increase to 76.0 million 
in 2020 and will reach 111.8 million in 2040 [1]. 

Dry eye is a common disease among glaucoma patients who are on topical 
medication for lowering intraocular pressure [2]; its prevalence with or without 
symptoms ranges from 5% to 50%, and the prevalence based on symptoms alone 
is very higher around 75% [3]. The prevalence increases with age, affecting ap-
proximately 10% of those aged 30 - 60 and 15% of adults over age 65. Most epi-
demiologic studies have demonstrated a higher prevalence in women; it seems to 
occur with equal prevalence in all racial and ethnic group [4]. 

Dry eye is a multifactorial disease of the ocular surface characterized by a loss 
of homeostasis of the tear film, and accompanied by ocular symptoms, in which 
tear film instability, hyperosmolarity, ocular surface inflammation, damage, and 
neurosensory abnormalities play etiological roles [5]. This condition causes com-
mon ocular surface inflammatory disease that significantly affects quality of life, 
due to dysfunction of the lacrimal function unit, altering the tear composition 
and breaking ocular surface homeostasis, facilitating chronic inflammation and 
tissue damage [6]. 

Dry eye may be classified into two groups: dry eye with reduced tear produc-
tion (aqueous-deficient) and dry eye with increased evaporation of the tear film 
(hyperevaporative) or a combination of the two [7]. 

Aqueous-deficient disorder affects around 10% of patients with dry eye. Around 
80% patients of dry eye are due to combination of hyper evaporative/aqueous dis-
orders [8]. 

Patients with tear dysfunction typically experience intermittent-to-constant 
eye irritation, photophobia, and blurred, foreign body sensation, stinging and 
fluctuating vision. These symptoms are often exacerbated by prolonged visual 
effort or a low-humidity environment, such as an airplane cabin. Chronic eye ir-
ritation may decrease quality of life in afflicted patients [8]. 

The risk factors associated with dry eye are well, including older people aged 
over 65 year, and women [9] [10]. Large incision of cataract surgery and pene-
trating keratoplasty, cigarette smoking, use of contact lens, collagen vascular 
disease, and irradiation were associated with dry eye [10]. Other factors for dry 
eyes include menopause, lasik and refractive excimer laser surgery, hematopoie-
tic stem cell transplantation, vitamin A deficiency, hepatitis C, diuretics, be-
ta-blockers, diabetes mellitus, infection like HIV/HTLV1, radiation therapy, low 
humidity environment, sarcoidosis, ovarian dysfunction, alcohol use, oral con-
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traceptives and pregnancy [8].  
Ocular surface pain and discomfort is a major symptom of chronic dry eye 

and is frequently the primary reason patients seek an ophthalmologist. Clinical-
ly, there is disparity in the extent of tearing, corneal innervation, sensitivity, and 
pain among the patient population [8]. 

The diagnosis is made by questionnaire, functional test, diagnostic tests and 
examination of eyelid margins [11] 

The differential diagnosis is made by exclusion with all kind of conjunctivitis, 
anterior blepharitis, dermodex, corneal and conjunctival abnormalities, filamen-
tary and other keratitis, rheumatological conditions end graft versus host disease 
[5]. 

Treatment of dry eye disease involves a step ladder approach corresponding to 
disease severity and must take into account associated meibomian gland dys-
function, inflammation of the ocular surface, and/or associated systemic. That 
treatment is long term and may be slow to take effect disease [11]. 

The treatment includes lubricants, corticosteroid, cyclosporine and other an-
ti-inflammatory agents, tetracyclines, macrolides, punctal plugs, bandage contact 
lens and scleral lens, eyelid hygiene [8]. 

This study aimed to determine the prevalence of dry eye; the risk factors asso-
ciated with dry eye; and types and the severity of dry eye among glaucoma pa-
tients. 

2. Methods 
2.1. Study Site 

This study was a hospital based prospective cross-sectional study at Kilimanjaro 
Christian Medical Center (KCMC), ophthalmology. KCMC Eye Department is a 
large specialized referral eye care provider located in Moshi Urban district. It has 
a catchment area of around 10 million people in Northern Tanzania. The eye 
department has a capacity of 36 beds, eight ophthalmologists (this includes subs-
pecialists in surgical retina, cornea, glaucoma, paediatric ophthalmology and ocu-
loplastic). 

2.2. Study Design 

The study population included all open angle (confirmed by gonioscopy) glau-
coma patients with optic neuropathy, showing visual field defects on Humphrey 
Visual field analyzer, 18 years and above who attended the KCMC eye depart-
ment on treatment for glaucoma during the study period (timolol and other me-
dications like latanoprost, brimonidine, dorzalamide and selective laser trabecu-
loplasty). Exclusion criteria were patients with significant ocular surface disease 
(OSD) prior to commencing glaucoma treatment, including those treated with 
topical cyclosporine, steroids, or punctal plugs within the previous 3 months, 
history of other ocular inflammatory conditions (e.g. herpes simplex viral kerati-
tis), presence of another ocular conditions affecting visual function (e.g. retinal 
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pathology, non-glaucomatous optic neuropathy), were excluded. 
Sample size was calculated by using the formula for cross section study [12], 

using data from study done in Nigeria [2], where the prevalence of dry eye was 
68.9%, and the minimal sample size was 324 and 325 patients were enrolled in 
this study. 

2.3. Data Collection  

The data was collected over a period of 8 months, from October 2018 to June of 
2019, who was attended at KCMC eye clinic and fulfilled inclusion criteria, were 
identified and enrolled. All patients were screened using the ocular surface dis-
ease index (OSDI) paper based questionnaire, to assess symptoms and severity of 
OSD. To adapt the questionnaire to our setting we modified two questions as 
was done in the study carried out in Nigeria. We modified the question on 
“driving at night” to disturbances in vision noticed while walking at night or sit-
ting in the front seat of the tricycle and the effect of the headlamp of an oncom-
ing vehicle. “Computer/ATM” to effect of the phone screen on their eyes.  

The demographic and history of medication like: medical treatment or surgic-
al treatment, number of years, number of drops,  

Clinical examination like: fluorescein breakup time, Ocular surface staining, 
Schirmer teste, meibomian gland were recorded.  

2.4. Data Analysis  

Data collected were coded and entered into computer using SPSS version 23 for 
statistical analysis. 

Means (SD) and median (IQR) were used to summarize continuous variables. 
Proportion of dry eye was calculated and compared across different levels of ca-
tegorical variables using Odds Ratio. 

Odds Ratio was used to determine the magnitude of association between dif-
ferent factors and dry eye; and 95% confidence interval and or a p value < 0.05 
for statistical significance. The data were summarized and analyzed using the 
STATA software version 13.  

2.5. Ethical Considerations  

Ethical approval number 2358 for this study was obtained from the KCMU Col-
lege Ethical Committee prior to the commencement of this study. Permission to 
conduct this study was sought from the Director of KCMC hospital, Director of 
Post Graduate Studies and Head of Eye Department. All the patients have signed 
consent form. Confidentiality and privacy of study subjects were maintained and 
only the research team had access to it. IDs instead of names were used during 
analysis. 

3. Results  

This study included a total of 325 participants. The mean age (SD) of the study 
participants was 66.1 (11.8) years. Majority of the study participants 299 (92.0%) 

https://doi.org/10.4236/ojoph.2020.102017


M. J. Monjane, W. Makupa 
 

 

DOI: 10.4236/ojoph.2020.102017 158 Open Journal of Ophthalmology 
 

were aged ≥50 years, 184 (56.6%) were males, 159 (48.9%) had primary educa-
tion. Three hundred and fourteen (96.6%) were treated on medication, 216 
(66.5%) had 2 to 5 years of treatment, 208 (64.0%) had no alternative treatment 
(prayers or traditional healers), 207 (63.7%) were on single medication and most 
of the patients were treated with timolol eye drops 204 (62.8%). An abnormal 
tear break up time was found in 283 patients (87.1%) and 209 (64.3%) had ab-
normal ocular surface staining, 184 (56.6%) had normal Schirmer test; this is 
shown in Table 1. 

3.1. Prevalence of Dry Eye among the Glaucoma Patients at KCMC 

Based on OSDI score the prevalence of dry eye among patients with glaucoma at 
KCMC was 79.7% (259). 

3.2. Types of Dry Eye in Glaucoma Patients at KCMC 

Evaporative dry eye was found in 36.9% and aqueous deficiency in 43.4%. 
Majority of the study participants with evaporative dry eye (60.0%) had mild 

meibomian gland deficiency (Figure 1). 

3.3. Factors Associated with Dry Eye in Glaucoma Patients at  
KCMC 

Factors such as use of two or more medication (AOR = 2.55, 95% CI: 1.89 - 
3.36), 2 - 5 years of medication (AOR = 1.52, 95% CI: 1.35 - 1.88) were asso-
ciated with dry eye in patients with glaucoma at KCMC. Other factors such as 
age, sex, education level, glaucoma management, alternative treatment, tear break 
up time, ocular surface staining, Schirmer test were not statistically significant 
associated with dry eye syndrome. This is shown in Table 2. 

3.4. The Severity of Dry Eye among Glaucoma Patients at KCMC 

Among those with dry eye majority of patients (61.9%) had severe dry eye based 
on the ocular surface disease index, followed by mild dry eye. Table 3 shows 
more details. 
 

 
Figure 1. Meibomian gland dysfunction (n = 120). 
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Table 1. Characteristics of the study participants (n = 325). 

 
OSDI Score 

 

 
Normal Dry eye 

 

 
n (%) n (%) Total 

Characteristics 66 (20.3) 259 (79.7) n (%) 

Age (years) (mean (SD)) 
  

66.1 (11.8) 

Age (years) 
   

<50 7 (10.6) 19 (7.3) 26 (8.0) 

≥50 59 (89.4) 240 (92.7) 299 (92.0) 

Sex 
   

Male 41 (62.1) 143 (55.2) 184 (56.6) 

Female 25 (37.9) 116 (44.8) 141 (43.4) 

Education 
   

None 0 (0.0) 24 (9.3) 24 (7.4) 

Primary 27 (40.9) 132 (50.9) 159 (48.9) 

Secondary 18 (27.3) 49 (18.9) 67 (20.6) 

Tertiary 21 (31.8) 54 (20.9) 75 (23.1) 

Glaucoma treatment 
   

Timolol 40 (60.6) 164 (63.3) 204 (62.8) 

Other medications 26 (39.4) 95 (36.7) 121 (37.2) 

Number of medication 
   

Single 40 (60.6) 167 (64.5) 207 (63.7) 

Two or more medication 26 (39.4) 92 (35.5) 118 (36.3) 

Management 
   

Medication 62 (93.9) 252 (97.3) 314 (96.6) 

Surgical 4 (6.1) 7 (2.7) 11 (3.4) 

Duration of treatment 
   

≤1 10 (15.1) 35 (13.5) 45 (13.9) 

2 to 5 46 (69.8) 170 (65.6) 216 (66.4) 

>5 10 (15.1) 54 (20.9) 64 (19.7) 

Alternative treatment 
   

No 40 (60.6) 168 (64.9) 208 (64.0) 

Traditional 3 (4.6) 8 (3.1) 11 (3.4) 

Prayers 23 (34.8) 83 (32.1) 106 (32.6) 

Tear break up time 
   

Normal 5 (7.6) 37 (14.3) 42 (12.9) 

Abnormal 61 (92.4) 222 (85.7) 283 (87.1) 

Ocular surface staining 
   

Normal 24 (36.4) 92 (35.5) 116 (35.7) 

Abnormal 42 (63.6) 167 (64.5) 209 (64.3) 

Schirmer test 
   

Normal 38 (57.6) 146 (56.4) 184 (56.6) 

Dry eye 28 (42.4) 113 (43.6) 141 (43.4) 
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Table 2. Factors associated with dry eye in glaucoma patients (n = 325). 

 
Dry eye 

Factors COR (95% CI) p-value AOR (95% CI) p-value 

Age (years) 
    

<50 1 
 

1 
 

≥50 1.49 (0.60; 3.73) 0.349 1.62 (0.68; 3.54) 0.277 

Sex 
    

Male 1 
 

1 
 

Female 1.33 (0.76; 2.32) 0.523 1.13 (0.67; 1.82) 0.688 

Education 
    

None 1 
 

1 
 

Primary 1.79 (0.72; 4.41) 0.209 2.13 (0.82; 5.55) 0.121 

Secondary 1.35 (0.51; 3.59) 0.548 1.73 (0.57; 4.54) 0.364 

Tertiary 1.41 (0.54; 3.69) 0.486 1.84 (0.69; 5.49) 0.209 

Glaucoma treatment 
    

Timolol 1 
 

1 
 

Other medications 0.89 (0.51; 1.55) 0.684 0.32 (0.03; 3.88) 0.368 

Number of medication 
    

Single 1 
 

1 
 

≥2 Medication 1.85 (1.49; 2.48) 0.004 2.55 (1.89; 3.36) 0.006 

Management 
    

Medication 1 
 

1 
 

Surgical 0.43 (0.12; 1.52) 0.181 2.16 (0.83; 11.98) 0.091 

Duration of treatment 
    

≤1 1 
 

1 
 

2 to 5 1.56 (1.49; 2.29) 0.017 1.52 (1.35; 1.88) 0.005 

>5 1.54 (0.58; 4.09) 0.383 0.69 (0.31; 2.01) 0.387 

Alternative treatment 
    

No 1 
 

1 
 

Traditional 0.63 (0.16; 2.50) 0.653 0.61 (0.17; 2.23) 0.451 

Prayers 0.86 (0.48; 1.53) 0.856 1.02 (0.62; 1.99) 0.934 

Tear break up time 
    

Normal 1 
 

1 
 

Abnormal 0.49 (0.19; 1.31) 0.154 1.08 (0.53; 2.19) 0.841 

Ocular surface staining 
    

Normal 1 
 

1 
 

Abnormal 1.04 (0.59; 1.82) 0.141 1.31 (0.79; 2.17) 0.289 

Schirmer test 
    

Normal 1 
 

1 
 

Dry eye 1.04 (0.59; 1.82) 0.899 1.31 (0.79; 2.17) 0.289 

COR stands for crude odds ratio; AOR stands for adjusted odds ratio. 
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Table 3. Dry eye severity according to the ocular surface disease index (n = 231). 

OSDI severity n% 

Mild 51 (22.1) 

Moderate 37 (16.0) 

Severe 163 (61.9) 

4. Discussion  

In this study, the prevalence of dry eye among glaucoma patients attended at 
KCMC eye department was 79.7%. Evaporative dry eye was found in 36.9% and 
aqueous deficiency in 43.4%. Dry eye was more prevalent among older aged par-
ticipants (92.7% older than 50 years) and among males (55.2%). KCMC being a 
referral hospital is expected to have higher prevalence of this condition, given 
that most of the patients are referred from other hospitals who might be already 
on treatment either with timolol only or with combination of medicines. Most of 
patients are on treatment for more than 2 years which may also increase their 
risk of having dry eyes. Another explanation is that our patients are mostly el-
derly (mean age 66.1 years) and is known that dry eye is more prevalent among 
older ages. The prevalence was similar in the study done by TF [2] and Craig [3] 
where the prevalence was 68.9% and 75% respectively. Our results differed from 
those obtained by Ruangvaravate [13] where the prevalence was 38.5%, and by 
Fechtner [14] where the prevalence was 48.1%. Rossi [15], found 42.1%. In the 
study by Rossi, the Glaucoma Symptom Scale (GSS) instead of Ocular Surface 
Disease Index questionnaire was used which may account for the difference in 
the prevalence. The other studies were conducted in other geographic areas with 
different climatic conditions which may also affect the prevalence of dry eye. 
Also though not stated in the articles, in USA and other developed countries pa-
tients are more likely to have access to preservative free medications thus will 
have less dry eye symptoms.  

In this study we found that the use of two or more medication (AOR = 2.55, 
95% CI: 1.89 - 3.36), 2 - 5 years of medication (AOR = 1.52, 95% CI: 1.35 - 1.88), 
was associated with dry eye in patients with glaucoma. Numerous reports have 
shown that preservative containing eye drops increase symptoms of dry eyes 
mainly by the adverse effects on the conjunctiva and cornea, by induction of in-
flammation, reduction in corneal barrier and destabilization of the corneal tear 
film [16]. The same results were obtained in study done by Camp [17] which 
found that the number of drops was associated with severity of dry eye p = 0.03. 
Also our findings were similar to results obtained by Tf [2], where they found 
that increasing number of drops was associated with dry eye symptoms p ≤ 001. 
All the medications used in treating glaucoma contain preservatives, mainly 
Benzalkonium Chloride. According to the literature by Messmer [8], age above 
50 years and famale gender were also high risk factors for dry eye, but in our 
study they were not statistically significant. Those that were aged 50 years and 
above had 49% higher odds of dry eye than patients less than 50 years; though 
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not statistically significant, the risk was higher in older patients. Gender was not 
associated with dry eye in our study, but we had more male than female partici-
pants. Many studies have shown a poor association between dry eye symptoms 
and clinical features on examination as is the case in our study, where based on 
the ocular surface staining 64% of patients had dry eye and based on the Schir-
mer test 43.6% had dry eye. This was different from 79.7% obtained based on 
symptoms using OSDI questionnaire. According to a systematic review by Bar-
tlett [18] where 33 articles on the association between signs and symptoms of 
dry were reviewed; they found that only 24% had statistically significant associa-
tion showing a correlation of between −0.4 and 0.4, indicating low-to-moderate 
correlation. Rossi [15] found that gender independent and punctate keratitis was 
associated with age (p value = 0.01) and with the number of instillation p = 
0.007. In this survey the study design was different, it was prospective observa-
tional study and they enrolled also patient with ocular hypertension. 

5. Limitations  

Also, KCMC is a referral center, implying that most of the patients will have 
poorly controlled glaucoma and will be more likely to be on multiple medica-
tions and to have symptoms of dry eye.  

6. Conclusions 

Based on our study, we concluded the following: 
That dry eye is a common problem and highly prevalent in glaucoma patients 

in our setting, and showed also the high prevalence of signs and symptoms. The 
use of timolol between 2 to 5 years in our study was shown to be a strong pre-
dictor of having dry eye. To be exposed to two or more medication was strongly 
predictors of having dry eye.  
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