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Background. Glaucoma is a leading cause of irreversible blindness in the world associated with characteristic damage to the optic
nerve and patterns of visual field loss due to retinal ganglion cell degeneration. *e main objective of this study was to investigate
determinants for the variation of intraocular pressure of glaucoma patients under treatment at Felege Hiwot Referral Hospital,
Bahir Dar, Ethiopia.Methods. A retrospective cohort study design was conducted on 328 randomly selected glaucoma patients in
the ophthalmology clinic at the hospital under the follow-up period from January 2014 to December 2018. Glaucoma patients who
have two and more than two visits in the study period were included in the study, but patients who are attending medications less
than two visits were excluded from the study. A linear mixed-effects model for intraocular pressure change was used for data
analysis. Result. *e estimated coefficient of fixed effect intercept was 25.1829, which indicates that the average IOP of the patients
was 25.1829mmHg at baseline time by excluding all covariates in the model (p value <0.0001), age (β�0.07, 95%CI 0.03, 0.11),
urban residence (β� −1.60, 95%CI −2.84, −0.36), family history of glaucoma (β� 4.90, 95%CI 3.38–6.43), timolol and pilocarpine
medication (β� −2.02, 95%CI −4.01, −0.03), cup-disk ratio >0.7 (β� 2.60, 95% CI 1.24–3.96), and follow-up time (β� −0.34, 95%
CI −0.47, −0.21) were significantly associated with intraocular pressure of glaucoma patients. Conclusion. *e predictor age,
residence, family history of glaucoma, type of medication, cup-disk ratio, and follow-up time were significantly associated with the
intraocular pressure of glaucoma patients. *erefore, healthcare providers give more attention and prioritize those identified
factors and give frequent counseling about reducing intraocular pressure of glaucoma patients.

1. Introduction

Glaucoma is a leading cause of irreversible blindness in the
world associated with characteristic damage to the optic
nerve and patterns of visual field loss due to retinal ganglion
cell degeneration [1]. Glaucoma encompasses a group of
ophthalmic diseases that are believed to share the common
pathophysiology of elevated intraocular pressure, or ab-
normal sensitivity to high normal intraocular pressure,
resulting in damage to the nerve fiber layer of the retina and
irreversible visual loss [2]. IOP is the fluid pressure inside the
eye, and eye-care professionals use a tonometer to determine
this. Most tonometers are calibrated to measure pressure in
millimeters of mercury (mmHg) [3].

Ocular hypertension refers to a situation within which
the pressure inside the eye is beyond the statistical normal.

Normal eye pressure ranges from 10 to 21mmHg. However,
ocular hypertension is eye pressure greater than 21mmHg.
IOPmeasurement is an important aspect in the evaluation of
patients at risk from glaucoma. *e increase in pressure can
damage the optic nerve and will cause loss of vision. Elevated
intraocular pressure is a major risk factor for the develop-
ment or progression of glaucoma, and IOP reduction is a
well-known treatment strategy for slowing the progression
of the disease [4]. IOP reduction by medical, laser, and
surgical treatments remain the only clinically proven
treatment of glaucoma.

In Africa, glaucoma is the second leading cause of
blindness, and approximately 15% of blindness in the Africa
continent is due to glaucoma. In many regions of sub-
Saharan Africa, the ratio of an ophthalmologist to the patient
is one in one million (1 :1000000) people. *e shortage of
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trained eye-care professionals is linked to a limited number of
eye hospitals, and the majority of eye hospitals are found in
urban centers. According to the Tema Eye Survey in Ghana,
the overall prevalence of primary open-angle glaucoma is
6.8% for people over 40 years of age and increased to 14.6%
for people over 80 years of age. *erefore, Ghana is a leading
country with the highest glaucoma prevalence rate in sub-
Saharan Africa where about 35000 patients are blind from
700,000 cases; it indicates that, for every 20 individuals, at least
1 individual lives with glaucoma [5].

In Ethiopia, glaucoma disease is the fifth most common
cause of blindness, and 62,000 people in 2006 were living
with the case [6]. Due to the different conditions such as
inadequate information of public healthcare, inaccessible
eye-care services, and low level of public awareness, glau-
coma patients come for help after they have become either
unilaterally or bilaterally blind [7]. By understanding the
abovementioned conditions, not a study was yet undertaken
on glaucoma patients in Ethiopia; therefore, the study aimed
at identifying the determinant factors of IOP in glaucoma
patients in the Ophthalmology Clinic of Felege Hiwot Re-
ferral Hospital, North West Ethiopia.

2. Methods

2.1. Study Design and Settings. A retrospective cohort study
design was employed to retrieve relevant information from
the medical records/charts of glaucoma patients. *is study
was conducted at Felege Hiwot Referral Hospital (FHRH),
Bahir Dar, North West Ethiopia. Bahir Dar is the capital city
of Amhara National Regional State. It is located 563 km far
from Addis Ababa. *is hospital serves as a referral hospital
for people who came from different surrounding areas. *e
ophthalmologist measured the IOP of 328 glaucoma pa-
tients. IOP measurements were made with the Goldmann
applanation tonometer (GAT).

2.2. Sources of Population. *e glaucoma patients were the
source of the population for this study. *e data were
collected from the medical charts of glaucoma patients in the
ophthalmology clinic at FHRH under the follow-up from
January 2014 to December 2018.

2.3. Inclusion and Exclusion Criteria

2.3.1. Inclusion Criteria. Glaucoma patients who have two
and more than two visits in the study period from medical
charts were included in the study. *e total numbers of
glaucoma patients who fulfill the inclusion criteria are 328.

2.3.2. Exclusion Criteria. Patients who were attending med-
ications for less than two visits were excluded from the study.

2.4. Study Variables

2.4.1. Dependent Variable. *e dependent variable was IOP
which is measured in millimeters of mercury (mmHg) for
every six months irrespective of patient visits to the

ophthalmology clinic of the hospital, and a patient with full
follow-ups had 11 visits including the baseline. *e de-
pendent variable is continuous.

2.4.2. Independent Variables. *e independent variables
were gender (female and male), place of residence (rural and
urban), age in years, family history with glaucoma (yes and
no), family support (yes and no), type of medication (ti-
molol, timolol with pilocarpine, timolol with diamox, and
timolol with diamox with pilocarpine), duration of treat-
ment (less than 2 years, 2–5 years, and above 5 years), stage
of glaucoma (early, moderate, and advanced), and cup-disc
ratio (≤ 0.7, >0.7).

2.5.OperationalDefinition. Early glaucoma: the presence of
glaucomatous optic nerve head damage but no visual field
abnormalities within the central 10° and cup-to-disc ratio
(CDR)≤ 0.65 [8].

Moderate glaucoma: optic nerve abnormalities con-
sistent with glaucoma and glaucomatous visual field ab-
normalities in one hemifield and not within 5° of fixation
with moderate glaucomatous disc features of vertical
CDR� 0.7–0.85 [8].

Advanced glaucoma: patients who have a CDR of
0.85–0.95 and glaucomatous visual field abnormalities in
both hemifields and/or loss within 5° of fixation in at least
one hemifield, with the ability of light perception [8].

2.6. Method of Data Analysis

2.6.1. LinearMixedModel (LMM). Longitudinal data are the
data of repeated measurements at a limited number of time
points with predetermined designs on a time scale, time
interval, and other related conditions [9].*erefore, to know
the evolution of the disease of glaucoma, we have to in-
corporate the LMM. *e LMM is widely used in which
random effects are introduced to incorporate the between-
subject variation and within-subject correlation in the data.
*e random effects determine the correlation structure
between observations on the same subject, and they take
account of heterogeneity among repeated measures due to
unobserved characteristics.

*e general linear mixed-effect model is defined as
follows [10]:

yi � Xiβ + Zi bi + εi, (1)

where yi is the (ni × 1) vector of repeated measurements for
the ith subject, β is a p × 1 vector of the fixed effects pa-
rameters, Xi is an ni × p known design matrix corre-
sponding to fixed effects β, bi is a q × 1 vector of random-
effect parameters, Zi is an ni × q known design matrix
corresponding to random effects bi, and εi is the (ni × 1)
vector of the error terms.

Step-wise linear mixed model analysis with forwarding
selection and backward elimination with removal as well as
inclusion probability of 5% was used to identify the inde-
pendent predictors of longitudinally measured IOP of
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glaucoma patients. All the significant variables under uni-
variate analysis were considered as candidate variables for
multivariable analysis. All the results were interpreted at a
5% level of significance and a 95% confidence level. R 4.0.3
was used for the statistical analysis.

3. Results

*e descriptive results of glaucoma patient characteristics
from the ophthalmology clinic medical charts at FHRH are
shown in Tables 1 and 2.

3.1. Assessment of Normality Assumption. *e normal Q-Q
plot of the original data seems to satisfy the assumption of
normality. However, the normal Q-Q plot for the log-
transformed data shows that the normality assumption was
violated (Figure 1).

We could observe that the histogram of the original data
seems to satisfy the assumption of normality. However, for
the histogram of the log-transformed data, the assumption
of normality was violated (Figure 2).

3.2. Individual and Mean Profile Analysis. *e individual
profile plot was obtained to gain some insights into the data
or to show the pattern of the data over time. *ough, the
pattern of the overall individual plots of IOP measurements
of patients over time demonstrates the variability within and
between patients in IOP over time (at 60 months) in this
study. Since the measurements were not equally spaced
across the different subjects and data are not balanced, the
LOESS smoothing technique was used instead (Figure 3).

*e red line, LOESS smoothing technique (Figure 4),
suggests that the mean structure of the IOP is nearly linear
over time (i.e., the relationship between IOP and follow-up
time seems to be linear), and the mean IOP decreased over
time.

3.3. SelectionofCovarianceStructure inaLinearMixedModel.
For the LMM to be valid, the covariance among repeated
measures must be modeled properly. To identify the ap-
propriate covariance structure, the three commonly used
covariance structures, compound symmetry (CS), first-order
autoregressive (AR (1)), and unstructured (UN), were
considered [11].

*e first-order autoregressive (AR (1)) covariance
structure was selected due to the smallest AIC and BIC
values compared to the remaining covariance structures
(Table 3).

3.4. Selection of Random Effects in a Linear Mixed Model.
By using a first-order autoregressive (AR (1)) covariance
structure, we implemented different linear mixed models to
study the longitudinal outcome by including the subject-
specific random effects. Finally, we compared the infor-
mation criteria values for the selection of random effects to
be included in the linear mixed-effect model. Choosing the
random intercept and slope model allows the intercept and

coefficient to vary randomly among individuals. *at means
the individual IOP of glaucoma patients varies from visit to
visit randomly. *erefore, the random intercept and slope
were better for the data for the linear mixed-effect model
based on its lower values of AIC and BIC (Table 4).

3.5. Univariable Analysis for the Linear Mixed Model.
Based on the univariable analysis, all predictors were the
candidate variables for multivariable analysis of linear mixed
models at a 25% level of significance.

3.6. Multivariable Analysis for Linear Mixed Model. *e
results of the multivariable analysis are presented in Ta-
ble 5. *e estimated coefficient of fixed-effect intercept was
25.18 (p value <0.001). For a year increased in age, the
average IOP of the patients was significantly increased by
0.07mmHg (p value � 0.001) keeping all variables constant.
*e average IOP of the patients who live in urban areas was
significantly lower by 1.6mmHg (p value � 0.011) com-
pared to the patients who live in rural areas, keeping all
other variables constant. *e average IOP of the patients
who had family history with glaucoma was significantly
higher by 4.9mmHg (p value <0.001) compared to the
patients who had no family history with glaucoma.

*e average IOP of the patient who takes timolol and
pilocarpine medication was significantly lower by
2.02mmHg (p value� 0.047) compared to the patient who
takes timolol medication. *e average IOP of the patients
who had greater than 0.7 cup-disk ratios was significantly
higher by 2.6mmHg (p-value <0.001) compared to the
patient who had less than or equal to 0.7 cup-disk ratios. For
a unit increased in visits (follow-up times), the average IOP
of glaucoma patients was significantly decreased by
0.34mmHg (p value <0.001).

*e variability between patients was 31.12mmHg, while
the variability between patients was 0.2mmHg, the corre-
lation between intercept and slope was −0.78, and the
variability within patients was 42.72mmHg.

4. Discussion

*e main objective of this study was to identify factors that
affect longitudinal intraocular pressure change of glaucoma
patients at Felege Hiwot Referral Hospital, Bahir Dar,
Ethiopia. In this study, the linear mixed-effect model for
longitudinal IOP was used.*e assumption of normality was
checked using the normal Q-Q plot and histogram by
comparing the plot of original and log-transformed data of
glaucoma patients. All plots of the original data indicate that
there is no deviation from the normality assumption and no
need for transformation. *e mean of the longitudinal IOP
was linearly decreasing over time. *e data were analyzed
using the linear mixed-effect model by incorporating sub-
ject-specific variability. In this study, the first-order autor-
egressive (AR (1)) covariance structure and random
intercept and slope model had a smaller AIC and BIC
compared to other models.
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Age is an important sociodemographic predictor of IOP.
Higher age significantly increased the IOP of glaucoma pa-
tients. *is finding was consistent with another study [12–14].
*is might be older people who live with ocular hypertension
due to this reason increase IOP in older age.*e average IOP of
glaucoma patients among urban residences was 1.6 lower as
compared to those who were rural residences.*is is similar to
the study conducted at Gondar University Hospital, Ethiopia

[15]. *is might be explained by patients who were urban
residents having better awareness and knowledge on glaucoma
and medication of IOP as compared to rural residents.

*e mean IOP was found to evolve differently between
patients with family history of glaucoma and patients
without family history of glaucoma based on the result of
linear mixed models. *e average IOP was higher for pa-
tients who had family history of glaucoma compared to

Table 1: Baseline characteristics of categorical variables of glaucoma patients.

Variables Categories No. of patients (%) Mean IOP

Gender Female 108 (32.9) 28.29
Male 220 (67.1) 29.92

Place of residence Rural 146 (44.5) 30.90
Urban 182 (55.5) 28.05

Family history with glaucoma Yes 98 (29.9) 35.16
No 230 (70.1 27.09

Family support Yes 280 (85.4) 28.65
No 48 (14.6) 33.71

Type of medication

Timolol 65 (19.8) 29.98
Timolol and pilocarpine 82 (25.0) 27.67
Timolol and diamox 111 (33.8) 29.66

Timolol, pilocarpine, and diamox 70 (21.3) 30.60

Duration of treatment
Less than 2 years 135 (41.2) 30.08

2–5 years 106 (32.3) 30.81
Above 5 years 87 (26.3) 27.51

Stage of glaucoma
Early 121 (36.9) 26.95

Moderate 52 (15.9) 28.86
Advanced 155 (47.3) 31.84

Cup-disk ratio Less than or equal to 0.7 173 (52.7) 26.84
Greater than 0.7 153 (47.3) 32.59

Table 2: Baseline characteristics of continuous variables of glaucoma patients (n� 328).

Variables Minimum Maximum Mean Std.dev
IOP in mmHg 9.50 51.70 31.09 9.54
Age in years 24 89 55.86 13.35
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Figure 1: Normal Q-Q plot of original IOP (a) and log of IOP (b) for glaucoma patients.
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patients who had no family history of glaucoma. *is result
was consistent with the other studies [16, 17]. *is might be
due to the fact that the family history of glaucoma is ge-
netically transformed to their child. Type of medication was
significantly associated with the IOP of glaucoma patients.
*is finding showed that the glaucoma patients who take-
timolol and pilocarpine medication reduce IOP. *is
finding was consistent with another study [18], and the
result showed that the use of any class of glaucoma

medication was associated with a statistically significant to
reduced IOP of glaucoma patients.*is might be the type of
glaucoma medication that has a similar effect for glaucoma
patients.

*e average IOP of glaucoma patients who had a cup-disk
ratio greater than 0.7 was higher compared to that of patients
who had a cup-disk ratio less than or equal to 0.7.*is finding
was consistent with another study [19], and the result showed
an increased IOP of glaucoma patients in a larger cup-disc
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Figure 2: Histogram of original IOP (a) and log of IOP (b) for glaucoma patients.
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Figure 4: Loess smoothing plot with the average trend line of IOP of glaucoma patients.
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ratio >0.7. *e probable explanation is when cup-disk ratio
increased, IOP also increased due to the nature of the disease.

5. Conclusions

In conclusion, this study was a five-year (January 2014 to
December 2018) retrospective cohort study based on 328
glaucoma patients attending ophthalmologic clinics at
Felege Hiwot Referral, Bahir Dar, Ethiopia. *e linear mixed
model analysis showed that the predictor age, residence,
family history of glaucoma, type of medication, cup-disk
ratio, and follow-up time (visits) were significantly associ-
ated with the average IOP. *erefore, healthcare providers
should give due attention and prioritize those identified
factors and give frequent counseling about reducing intra-
ocular pressure of primary open-angle glaucoma patients.
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Table 3: Comparison of covariance structure for the linear mixed-effect model.

Covariance structure AIC BIC Log-likelihood
CS 15528.87 15620.52 −7748.43
AR (1) 15526.72 15618.37 −7747.36
UN 15526.87 15619.79 −7748.43

Table 4: Selection of random effects to be included in the LMM.

Models for random effect AIC BIC LogLik
Random intercept 15531.24 15621.43 −7751.62
Random slope 15657.57 15737.76 −7814.78
Random intercept and slope 15526.72 15618.37 −7747.36

Table 5: Result of the final linear mixed model for glaucoma patients.

Covariates Estimate Std. error
95% CI

p value
Lower Upper

Intercept 25.18 1.30 22.64 27.73 <0.001
Age 0.07 0.02 0.03 0.11 0.001
Residence(ref� rural)
Urban −1.60 0.63 −2.84 −0.36 0.011

Family history with glaucoma (ref�no)
Yes 4.90 0.78 3.38 6.43 <0.001

Type of medication (ref� timolol)
Timolol and pilocarpine −2.02 1.02 −4.01 −0.03 0.047
Timolol and diamox −0.03 1.10 −2.18 2.13 0.982
Timolol, pilocarpine, and diamox 0.90 1.21 −1.47 3.26 0.109

Cup-disk ratio(ref�≤0.7)
Greater than 0.7 2.60 0.69 1.24 3.96 <0.001

Visits −0.34 0.07 −0.47 −0.21 <0.001

Random effect Std. dev 95% CI
Lower Upper

Intercept (b0i) 5.58 4.79 6.50
Visits (b1i) 0.50 0.32 0.76
Correlation (b0i, b1i) −0.57 −0.75 −0.31
Residual (εi) 6.54 6.29 6.79
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