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ABSTRACT 

Background: Intraocular pressure (IOP) remains the only modifiable risk factor in the 

management of glaucoma. Accurate measurement of IOP is key in determining individuals at risk 

of glaucoma. Goldmann applanation tonometry (GAT) is the gold standard method for measuring 

IOP. In designing the GAT, it was assumed that the Central Cornea Thickness (CCT) was constant 

at 520 µm. CCT has been noted to vary greatly from one race to another and from one individual 

to another. The study compared CCT among POAG and non-glaucoma patients, and evaluated the 

correlation of CCT with Humphrey Visual Field (HVF) parameters (Mean Deviation (MD), 

Pattern Standard Deviation (PSD)) and Retinal Nerve Fibre Layer (RNFL) thickness based on 

Spectral Domain Optical Coherence Tomography (SD-OCT) in Primary Open Angle Glaucoma 

(POAG) patients. 

Objective: To determine if there is a difference in the central corneal thickness between patients 

with Primary Open Angle Glaucoma (POAG) and non-glaucoma patients. 

Methodology: A cross-sectional study was conducted in 2020 from February to March. The 

participants who met the inclusion criteria were POAG and non-glaucoma patients attending the 

University Teaching Hospitals – Eye Hospital during the study period. Using simple random 

sampling, patients were aged 40 years and above were recruited. Ophthalmic history was taken 

and a comprehensive eye examination done on all participants. The CCT was measured using 

contact ultrasound system and IOP was measured by GAT. Analyses were carried out considering 

the level of significance at 5%. 

Results:  One hundred six patients were recruited. The mean CCT of the right eye for the POAG 

patients was 525.19 ± 36.10 μm and non-glaucoma patients was 549.23 ± 35.45 μm. The mean 

CCT of the left eye for the POAG patients was 527.51 ± 42.71 μm and for the non-glaucoma was 

546.91 ±34.91 μm. We found no significant correlation between CCT and MD, PSD and RNFL 

(P > 0.05). We found a slight negative correlation between CCT and CDR in the RE (r = -0.28, P 

= 0.04). 

Conclusion: There was significant difference in the CCT of POAG and non-glaucoma patients in 

both the right eyes and left eyes, with CCT being thinner in POAG patients.  
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CHAPTER ONE: INTRODUCTION 

1.1. Background 

The cornea is part of the optical system of the eye, and its state is directly related to the quality of 

eyesight. A corneal pachymeter measures corneal thickness. Optical pachymetry performed using 

a special device attached to the slit-lamp biomicroscope is somewhat imprecise and is rarely used 

today. Ultrasonic pachymetry, which is based on the speed of sound in the normal cornea (1640 

m/sec), is both easier to perform and more accurate (American Academy of Ophthalmology, 

2015). 

The thinnest zone of the cornea is usually about 1.5 mm temporal to the geographic center, and 

the cornea becomes thicker in the paracentral zone and peripheral zone (American Academy of 

Ophthalmology, 2015). A large meta-analysis of 230 data sets found mean CCT to be 536 μm (SD 

31 μm) (Doughty and Zaman, 2000). In the Ocular Hypertension Treatment Study (OHTS), the 

average central corneal thickness was higher, at 573 ± 39 µm, but it was acknowledged that these 

numbers were probably higher than those of the general population (Gordon et al., 2002). Central 

corneal thickness affects the measurement of intraocular pressure (IOP), with thicker corneas 

producing falsely higher IOP readings and thinner corneas falsely lower readings. 

Glaucoma can be regarded as a group of diseases that have as a common end-point a characteristic 

optic neuropathy which is determined by both structural change and functional deficit (WHO | 

Priority Eye Diseases, 2019). 

1.1.1. Classification of Glaucoma 

Glaucoma may be congenital, developmental, or acquired. Open-angle and angle-closure types are 

distinguished based on the mechanism by which aqueous outflow is impaired with respect to the 

AC angle configuration. Distinction is also made between primary and secondary glaucoma; in the 

latter, a recognizable ocular or non-ocular disorder contributes to elevation of IOP (Bowling, 

2016). Primary Open Angle Glaucoma (POAG) is the commonest type of glaucoma accounting 

for 85-90 % of cases in developed countries (Cassard et al., 2012). 
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1.1.2. Impact and Consequences of POAG 

Glaucoma is the second leading cause of global blindness and results in irreversible visual 

impairment. It is estimated that 4.5 million persons globally are blind due to glaucoma (WHO | 

Priority Eye Diseases, 2019). Primary open-angle glaucoma is the most common type of glaucoma 

(Quigley and Broman, 2006). There is a higher prevalence of primary open-angle glaucoma among 

African populations with 19.4% of the total global population affected living in sub-Saharan Africa 

(Thylefors and Négrel, 1994). 

1.1.3. Risk factors for POAG  

The main cause of primary open angle glaucoma is unknown but several risk factors implicated in 

the development of POAG (Omoti and Edema, 2007). Some of the risk factors include: 

1. Age: The risk of POAG increases with age above 40years. 

2. Race: POAG is more common in patients with African ancestry and Hispanics compared 

to other races. 

3. Positive family history in a first-degree relative increases the risk of developing POAG. 

There is a high prevalence for siblings and offspring of patients with glaucoma. The 

Baltimore Eye Survey found a 3.7 fold higher chance if siblings have glaucoma (Sommer, 

1996). Genetic studies have been successful in localizing genes associated with glaucoma. 

Implicated is Myocilin gene which accounts for 3%-5% of PAOG cases. 

4. Decreased CCT has been found to be an independent risk factor for the development of 

POAG. The risk is greater in eye with OHT and CCT <555 μm and lower in eyes with high 

CCT (>588 μm) (Gordon et al., 2002). This may be due to under- and overestimation of 

IOP, although it is more likely that associated structural factors, perhaps at the lamina 

cribrosa, might be involved. 

5. Decreased Ocular Perfusion Pressure (OPP).  

Intra-ocular pressure (IOP) is a modifiable risk factor for glaucoma. However, the measurement 

of IOP is influenced by Central Cornea Thickness (CCT). The normal intraocular pressure ranges 

from 10 – 21 mmHg. 
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The aim of this study was to establish the relationship between CCT and POAG and to compare 

CCT between POAG and non-glaucoma patients at UTHs - EH.  
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1.2.     Statement of the Problem 

Glaucoma is the commonest cause of irreversible blindness globally with IOP being the only 

known risk factor that can be therapeutically manipulated to change the course of the disease. 

Primary open angle glaucoma strikes earlier and is more aggressive in blacks /African Americans. 

From observations made at UTHs - EH, most patients with POAG present with very advanced 

disease. Thinner CCT has been documented as one of the risk factors of development of PAOG in 

various studies from Western countries. Central corneal thickness has been noted to vary from one 

ethnic group to another. However, in Sub-Saharan Africa there is paucity of data with regards to 

the average CCT and its relation on the high prevalence of glaucoma.  

1.3. Study Justification 

Early identification and treatment of patients with glaucoma and those with ocular hypertension at 

high risk of developing vision loss may reduce the individual burden of disease and also may 

minimize personal and societal economic burdens. Central corneal thickness is a powerful 

predictor for the development of glaucoma in patients with ocular hypertension and a thinner CCT 

has been associated with more advanced glaucoma. 

Therefore, measurement of CCT is important for two reasons. CCT influences the measurement 

of IOP in many types of tonometry, including GAT, and CCT may have a prognostic value for 

patients with ocular hypertension. Measuring CCT ensures that accurate measurements of IOP are 

taken thereby helping clinicians to better monitor glaucoma patients. Evidence suggests that black 

Africans generally have thinner CCT than whites and other races (Leske et al., 1995).  

It is a well-known fact that central corneal thickness has an impact on IOP, which is the only 

directly modifiable risk factor and is recognized as being the leading factor in the progression of 

glaucoma in glaucoma patients. Currently, there is some data on the mean CCT for glaucoma 

patients but no data available for non-glaucomatous adults at UTHs-EH.  This study sought to 

determine the mean CCT in both POAG and non-glaucoma patients to help in the effective 

management of patients seen in the eye clinic. Additionally, this will strengthen CCT data 

reference in Zambia. Obtaining a mean CCT will further strengthen the diagnosis, management 

and follow up of these patients. 
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1.4. Research Question 

Is there a difference in the Central Cornea Thickness between patients with POAG and non-

glaucoma patients being seen at the University Teaching Hospital Eye Hospital?  

1.5. Research Objectives 

1.5.1. General Objective 

To determine the central corneal thickness in patients with primary open 

angle glaucoma and non-glaucoma patients. 

1.5.2. Specific Objectives 

1. To establish the relationship of CCT with age among POAG and non-

glaucoma patients. 

2. To establish if central cornea thickness is a risk factor for the 

development of POAG. 

3. To determine the correlation of CCT with Retinal nerve fibre layer 

(RNFL) thickness and Humphrey Visual Field (HVF) findings in POAG 

patients. 
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CHAPTER TWO: LITRATURE REVIEW 

According to the World Health Organization (WHO), the number of persons estimated to be blind 

as a result of glaucoma is 4.5 million, accounting for slightly more than twelve per cent of all 

global blindness (WHO | Priority Eye Diseases,2019). In the United States, the estimated 

prevalence of POAG in individuals older than 40 years is 1.86% (95% confidence interval, 1.75%–

1.96%), based on a meta-analysis of population-based studies. Applied to data from the 2000 US 

census, this percentage translates to nearly 2.22 million Americans affected. Estimates based on 

the available data indicate that between 84,000 and 116,000 of these individuals have become 

bilaterally blind (best-corrected visual acuity ≤6/60 or visual field <20°). With the rapidly aging 

US population, the number of POAG patients is estimated to increase by 50%, to 3.36 million, by 

2020 (Group, 2004). 

Africa has the highest prevalence of glaucoma, with the prevalence of primary open-angle 

glaucoma being 4.2% (Tham et al., 2014). A study done in Southern province showed a high 

burden of elevated IOP in rural Southern Zambia at 9.8% (Perera et al., 2018). Another study done 

in Zambia by Muma et al. found that prevalence of PAOG was 4.2% at University Teaching 

Hospital, Lusaka. This study also revealed a high prevalence of glaucoma in younger age group. 

The main determinants of POAG were age, education and diabetic retinopathy (Muma et al., 

2015). 

Accurate measurement of IOP is useful not only in diagnosis of glaucoma but also to assess its 

response to treatment and the progression of the disease. The measurement of IOP is known to be 

affected by corneal biomechanical factors such as corneal curvature, CCT, hydration, elasticity, 

hysteresis, and rigidity (Rampersad and Hansraj, 2016). The Goldmann applanation tonometry 

(GAT) has long been held as the “gold standard” method of measuring IOP (Ehlers et al., 1975). 

Other methods of measurement are also in use, including, among others, Perkins handheld, various 

forms of non-contact tonometer (NCT), and the dynamic contour tonometer (DCT) (Babalola et 

al., 2009). 

In 1957, Professor Hans Goldmann invented the technique of applanation tonometry, which 

followed the Imbert–Fick principle. It states that the pressure within an infinitely thin, dry, smooth-

walled, flexible sphere is equal to the external force required to flatten the surface of the sphere 
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divided by the area flattened. In applanation tonometry, the cornea is flattened and the IOP is 

determined by varying the applanating force or the area flattened.  

Calculations of IOP by GAT assume that central corneal thickness is 520 μm, with minimal normal 

variation (Goldmann and Schmidt, 1957). Thus, any variation in CCT will alter the balance 

between the corneal resistance to indentation and the surface tension of the tear film. In an early 

study, Ehlers concluded that any deviation of 70 µm on either side of 520 µm would alter the IOP 

by 5 mmHg. It was further noted that IOP may be incorrectly interpreted by as much as 7 mmHg 

for every 100 µm deviation in CCT (Ehlers, 1970). 

The CCT is supposed to influence the IOP measurement in the cornea with overestimation of IOP 

in thicker corneas and an underestimation in thinner corneas. Correction of the IOP is based on 

using the linear correction formula (Shetgar and Mulimani, 2013): 

Corrected IOP = Measured IOP - (CCT reference CCT) × 2.5  

50 

Based on this fact, CCT should be taken into consideration for all glaucoma patients. For every 

30–100 μm difference in CCT from the mean in either way, there is an approximately 1.1–9.8 

mmHg difference in the estimated IOP from the mean IOP (13.40 mmHg) (Soatiana et al., 2014) 

It is a known fact that CCT varies in individuals and between different races. Studies conducted in 

countries such as China, India, Japan, United States of America and Australia suggest that CCT 

measurements vary widely between ethnic groups and geographical areas (Rampersad and 

Hansraj, 2016). The consequence of this is that if the cornea is thinner, an underestimation of IOP 

is likely to result, and if thicker, an overestimation. Corneas tend to be thicker than average in 

individuals with ocular hypertension, and thinner in normal-tension glaucoma (NTG). Following 

refractive surgery procedures the cornea is both thinner and structurally altered such that IOP is 

likely to be underestimated (Bowling, 2016). 

The Ocular Hypertension Treatment Study (OHTS) revealed that central corneal thickness (CCT) 

was an important risk factor for progression from ocular hypertension to primary open-angle 

glaucoma (POAG) (Gordon et al., 2002). 
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In another study, the European Glaucoma Prevention Study (EGPS), looking at the predictive 

factors for open-angle glaucoma among patients with ocular hypertension, it was found that 

baseline age, vertical C/D ratio, vertical C/D ratio asymmetry, and PSD were good predictors of 

the onset of open angle glaucoma (OAG). Central corneal thickness was found to be a powerful 

predictor of the development of OAG. The EGPS results agreed with the findings of the Ocular 

Hypertension Treatment Study and supported the need for a thorough evaluation of patients with 

ocular hypertension (European Glaucoma Prevention Study (EGPS) Group et al., 2007). 

A retrospective study at Duke University Eye Centre (Durham, NC) found that patients with POAG 

who had thinner CCT tended to have more severe glaucomatous damage on initial examination by 

a glaucoma specialist (Herndon et al., 2004). Central corneal thickness is an important component 

of a complete ocular examination, particularly for patients being evaluated for the risk of 

developing POAG (Dueker et al., 2007). Several studies have found that CCT in POAG is 

significantly lesser than in normal population. 

Various factors have been known to affect CCT. Factors thought to affect CCT include race, age, 

sex, anthropometric parameters, drugs, time of day, blink rate, and type of measuring equipment 

used. It has also been established that CCT varies according to ethnicity. A hospital-based cross-

sectional study of 166 patients in India, found CCT was significantly associated with age, duration 

of diabetes mellitus, corneal curvature and IOP. While age and corneal curvature showed a negative 

correlation, IOP, and duration of diabetes showed a positive correlation with CCT (Varghese, 

2016). 

In the South African Eye Study (SAES), Africans were found to have the thinnest corneas and 

highest IOP followed by Mixed ethnicity and Caucasians (Baboolal and Smit, 2018). A study by 

done by Muma et al. at UTHs - EH found that the mean CCT and IOP among Zambian glaucoma 

patients were 532.20 μm and 23.55 mmHg respectively (Muma et al., 2019). However, this study 

did not capture the CCT for non-glaucoma patients. There is strong evidence that measuring CCT 

is an important component of proper management of ocular hypertension. The decision to treat a 

patient with ocular hypertension is based on an assessment of risk, and there is clear and consistent 

evidence that CCT is a risk factor for progression to glaucoma (Gordon et al., 2002). 
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The burden of glaucoma remains great in Sub-Saharan Africa. However, there is limited data on 

this irreversible and blinding condition. With several studies from the western world confirming 

that patients with African ancestry have a thinner central cornea, there is a need to undertake 

studies within Africa to determine if patients with POAG have a thinner cornea. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

3.1. Study Design 

This was a hospital based cross-sectional comparative observational study. 

3.2. Study Duration 

The study data was carried out for a period of 2 months from 1st February 2020 to 20th March 2020. 

3.3. Study Site 

The study was carried out at the University Teaching Hospitals - Eye Hospital Outpatient 

Department. The UTHs - EH is located in Zambia’s capital city, Lusaka. It is a Centre of excellence 

for eye services in Zambia. The hospital is also used to train ophthalmologists, medical students, 

clinical officers, nurses and optometrists. The UTHs-EH receives patient referrals from all the 

provinces of the country as well as patients from neighboring countries. 

3.4. Study Population 

Patients with POAG and non-glaucoma patients who met the inclusion criteria. 

3.5. Study Sample Size 

The sample size (n’) was calculated using the prevalence formula: 

n’=
𝒁²𝑵𝑷(𝟏−𝑷)

𝒅²(𝑵−𝟏)+𝒁²𝑷(𝟏−𝑷)
 

Where: 

Z= score at 95% CI = 1.96 

N= Population= 366 (number of glaucoma patients seen UTH-EH in 2018 from hospital registry) 

(Ministry of Health, 2018) 

P= Prevalence of POAG = 4.2% for UTHs - Eye Hospital, Zambia (Muma et al., 2015) 

d= Degree of accuracy = 0.05 (5%) at 95% CI 

 

= 3.84 x 366 x 0.042(0.958) / 0.0025(365) + 3.84 x 0.042 x 0.958 
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= 52.998 

= 53 POAG Patients 

A total of 106 patients (53 POAG and 53 non-glaucoma) were included in the study. 

3.6. Sampling Technique 

Consecutive POAG and non-glaucoma patients who consented to participate in the study and met 

the inclusion criteria were included until sample size was attained. 

3.7. Study Variables 

Below is the table of the dependent and independent study variables: 

 

Table 3.1: Study variables 

Independent variable Scale of measurement Dependent variable 

Race Categorical  

Age 

Sex 

Refractive error 

Diabetes Mellitus 

Hypertension 

Glaucoma Medication 

Family history of glaucoma 

Smoking 

Alcohol 

Intraocular Pressure 

CDR 

MD 

PSD 

RNFL 

Continuous 

Categorical 

Categorical 

Categorical 

Categorical 

Categorical 

Categorical 

Categorical 

Categorical 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Central Cornea Thickness 
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3.8. Inclusion Criteria 

POAG patients aged 40 years and above with no history of intra-ocular surgery. Non-glaucoma 

patients aged 40 years and above with no cornea pathology, no history of intraocular surgery and 

IOP within normal range 

3.9. Exclusion Criteria 

Patients with other forms of glaucoma for example Primary angle-closure glaucoma and 

Secondary open-angle glaucoma. POAG and non-glaucoma patients less than 40 years of age or 

with cornea pathology. Also excluded were non-glaucoma patients with ocular hypertension. 

POAG and non-glaucoma patients who declined consent to participate in the study were equally 

excluded. 

3.10.    Data collection instruments 

A researcher-administered questionnaire (Appendix C) was used to get pertinent medical history 

from all participants. The questionnaire contained information regarding the demographic 

characteristics of the patients such as sex, age and race. It also contained the relevant past ocular 

history, medical history, medication, family history and social history. 

Other data collection tools included Snellen’s Chart for recording visual acuity, Goldmann’s 

Applanation tonometer, slit-lamp biomicroscope and a handheld ultrasound pachymeter (PachPen, 

Accutome, Inc. Phoenixville Pike, Malvern, PA, USA), Humphrey field analyzer (Carl-Zeiss Inc., 

CA, USA), Spectral Domain Optical Coherence Tomography (SD-OCT) (Topcon Corp., Tokyo, 

Japan). 

3.11.    Procedure 

POAG patients and non-glaucoma patients meeting inclusion criteria were recruited after they 

consented to participate in the study. Both known and newly diagnosed POAG patients (confirmed 

by Humphrey Visual Field and Optical Coherence Tomography) attending the glaucoma clinic at 

UTHs-EH were recruited if they met the inclusion criteria.  

A structured questionnaire was used to collect data from volunteering glaucoma and non-glaucoma 

patients. All patients had their blood pressure recorded and underwent a comprehensive eye 
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examination consisting of an evaluation of visual acuity on the Snellen chart, a biomicroscopic 

evaluation of the anterior segment with slit lamp biomicroscopy.  

Visual acuity was assessed for distance, unaided and with pinhole, and near using the Snellen’s 

and tumbling E charts. Refraction was performed using an autorefractor, taking an average of two 

readings. IOP was measured using Goldman Applanation Tonometry (GAT) and gonioscopy done 

using Zeiss 4 mirror lens. After gonioscopy had been done, all patients had a dilated fundus 

examination with a 90 diopter Volk lens. The patients’ pupils were dilated with one drop of a 

mydriatic eye drop that had a combination of tropicamide 0.8% and phenylephrine 5%. One eye 

drop was repeated as needed to achieve adequate pupillary dilatation. 

CCT was measured by a handheld contact ultrasound pachymeter (PachPen, Accutome, Inc. 

Phoenixville Pike, Malvern, PA, USA). After application of topical anaesthetic agent (Tetracaine 

1%), CCT was measured from the center of the pupil while holding the probe perpendicular to the 

cornea, in forward sight and sitting position of patient. Eight consecutive measurements were 

recorded for each eye. All examinations and measurements were done by the same investigator. 

Patients with findings suggestive of POAG were asked to undergo visual field testing using the 

Humphrey field analyzer (Carl-Zeiss Inc., CA, USA) and Spectral Domain Optical Coherence 

tomography (SD-OCT) (Topcon Corp., Tokyo, Japan).  

Visual field evaluation: Global indices (Mean Deviation and Pattern Standard Deviation) of the 

VF were measured by the Humphrey field analyzer (Carl-Zeiss Inc., CA, USA) using the full 

threshold 24–2 program. Reliable Humphrey automated perimetry was defined by having fewer 

than two of the following characteristics: fixation losses greater than 20%, false positive responses 

greater than 33%, or false negative responses greater than 33%. Glaucomatous VF loss was defined 

as a reliable abnormal VF with a pattern standard deviation outside 95% normal limit, or a 

glaucoma hemifield test outside 99% normal limit, or three or more adjacent points with P <5% 

on the pattern deviation probability plot of which one must have P <1%. Retinal Nerve Fibre Layer 

thickness was measured using Spectral Domain Optical Coherence tomography (Topcon Corp., 

Tokyo, Japan). 

Examination’s findings and test results for Humphrey Visual Field Analyzer and OCT were 

recorded in the Examination form (Appendix D). All patients received the same treatment protocol 
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as is practiced at the UTH Eye Hospital. Patients, who decided to opt out after consenting to the 

study, were not denied treatment. They received the same treatment as those that opted to stay in 

the study. This is summarized below in the procedural flow chart (Figure 3.1): 
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Figure 3.1: Procedural flow chart 

 

Patient arrives at UTH-EH OPD

POAG 

meeting inclusion criteria

Consent Given

Questionnaire 
administered

Complete 
Ophthalmic 
evaluation

CCT measured

Appropriate 
management given

Consent not given

Excluded from study 
but appropriate 

mangement given

Non-Glaucoma meeting inclusion 
criteria

Consent given

Questionnaire 
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3.12. Data analysis 

 

Data was collected and entered in an Excel spread sheet. Analysis was then done using STATA 

version 13.1. Continuous variables were evaluated using the mean and standard deviation. When 

the distribution was normal, the mean differences between independent samples for the two groups 

were assessed using the Student’s two-sided t-test, and the paired Student’s t-test was used to 

compare means of dependent samples. Means of more than two groups were compared using one-

way analysis of variance. A P-value less than 0.05 was considered to be statistically significant. 

The Pearson correlation coefficient was used to establish correlations between two normally 

distributed independent variables while Spearman coefficient was used for non-normally 

distributed variables. 

3.13. Ethical considerations 

Ethical approval for the study was sought from the University of Zambia Biomedical Research 

Ethics Committee (UNZABREC) and the National Health Research Authority (NHRA). 

Permission to undertake the study was also obtained from the Senior Medical Superintendent 

UTHs-EH. A ‘study information sheet’ (Appendix A, page 32) was used to explain to the 

participants the importance of the study and describing the study, its benefits and risks. Tenets of 

the Declaration of Helsinki were followed in this study. Informed consent was obtained from all 

participants. A coding system was used to ensure confidentiality of patient details whilst still 

ensuring all required data was captured for each patient. The system also ensured that patients 

needing urgent treatment were identified and treatment provided promptly.  
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CHAPTER FOUR: RESULTS 

4.1. Socio-demographic Characteristics 

One hundred six patients, giving a total of two hundred and twelve eyes, were recruited. These 

were equally divided into two groups; the Primary Open-Angle Glaucoma group with fifty-three 

(106 eyes) participants and non-glaucoma group also with fifty-three (106 eyes) participants. All 

the participants were black Zambians.  

There were slightly more female participants recorded in the study 54 (50.9%). The mean age for 

the all the participants was 59.6 years. The median age was 60 years and 57.5 years for females 

and males, respectively, as show in Figure 4.1. Primary open-angle glaucoma patients had a higher 

mean age of 65.4 years while the non-glaucoma patients had a mean age of 53.7 years. This age 

difference between the two groups was statistically significant (P < 0.01). There were more males 

in POAG group 28 (52.8%), whereas the non-glaucoma group had more females 29 (54.7%), 

although this difference was not statistically significant (P = 0.56).

Figure 4.1: Age distribution by sex 
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Eleven percent (11.3%) of POAG patients had diabetes mellitus while 9.4% in the non-glaucoma 

group had diabetes mellitus. Hypertension was noted in 67.9% of POAG group while only 34% 

of the nonglaucoma patients had hypertension.  

The sociodemographic characteristics are summarized in Table 4.1 below: 

Table 4.1 Socio-demographic Characteristics 

Characteristic Total (%)  Glaucoma 

(%) 

Non-glaucoma 

(%) 

P-value 

Sex  

   Female  

 

54 (50.9) 

 

25 (47.2) 

 

29 (54.7) 

 

0.56 

   Male  52 (49.1) 28 (52.8) 24 (45.3) 

DM  

   Present  

 

11 (10.4) 

 

6 (11.3) 

 

5 (9.4) 

 

1 

   Absent  95 (89.6) 47 (88.7) 48 (90.6) 

Hypertension 

   Present  

 

54 (50.9) 

 

36 (67.9) 

 

18 (34.0) 

 

<0.01 

    Absent  52 (49.1) 17 (32.1) 35 (66.0) 

Refractive error  

   Present  

 

45 (42.5) 

 

28 (52.8) 

 

17 (32.1) 

 

0.049 

   Absent  61 (57.5) 25 (47.2) 36 (67.9) 

 

Alcohol intake  

   Yes  

 

25 (23.6) 

 

8 (15.1) 

 

17 (32.1) 

 

0.07 

   No  81 (76.4) 45 (84.9) 36 (67.9) 

Smoking 

   Yes  

 

6 (5.7) 

 

1 (1.9) 

 

5 (9.4) 

 

0.21* 

   No  100 (94.3) 52 (98.1) 48 (90.6) 

*P-value by Fisher’s exact test; the rest were calculated by Chi-squared test 
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4.2. Central Cornea Thickness 

The right and left eyes were analyzed separately because of the asymmetric presentation of 

glaucoma. CCT was significantly higher in non-glaucoma patients. The mean CCT of the right eye 

for the glaucoma patients was 525.19 µm ± SD 36.10 µm (range 446 – 605 µm) while for the non-

glaucoma patients was 549.22 µm ± SD 35.45 range (485 -621 µm).  The difference between the 

two groups was statistically significant (P < 0.05). The mean CCT of the left eye for the POAG 

patients was 527.51 µm ± SD 42.71 (range 412 - 628), while for the non-glaucoma patients was 

546.91 µm ± SD 34.91 (range 480 – 620 µm). Here again, the difference between the two groups 

was statistically significant (P = 0.012). This information is summarized in the Table 4.2 and 

Figure 4.2 below. 

 

Table 4.2: CCT in POAG and Non-glaucoma Patients 

 CCT RE CCT LE 

 POAG Nonglaucoma POAG Nonglaucoma 

No. of Eyes 53 53 53 53 

Mean, m 525.19 549.22 527.51 546.91 

Median, m 529.00 550.00 531.00 544.00 

SD, m 36.10 35.45 42.71 34.91 

Minimum, m 446.00 485.00 412.00 480.00 

Maximum, m 605.00 621,00 628.00 620.00 

95% Confidence Level 

(CI)  

9.95 9.77 11.77 9.62 
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Figure 4.2: CCT in POAG versus Non-glaucoma patients 
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4.3.  Correlation of CCT with Age 

In POAG patients, there was a slight negative correlation of right eye CCT with age, although it 

was not statistically significant (r = -0.13, P = 0.36). In the left eye, there was a slight negative 

correlation, although not statistically significant (r = -0.2, P = 0.17). This means that in POAG 

patients, CCT decreases with increasing age.  

In non-glaucoma patients, there was no correlation between CCT in the right eye and age (r = 0.06, 

P = 0.66). There was no correlation of CCT in the left eye and age (r =0.02, P = 0.91). 
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Figure 4.3: Correlation of CCT RE with Age 

 

. 
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Figure 4.4: Correlation of CCT LE with age  
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4.4. Correlation of CCT with MD, PSD, RNFL, and CDR 

4.4.1. Right Eye 

The study found no correlation between CCT and mean deviation and pattern standard deviation 

in the right eye. There was equally no correlation between CCT and RNFL. The study found a 

weak negative correlation between CCT and CDR on the right. Therefore, when CCT increases, 

CDR reduces. However, this was not statistically significant (P = 0.04). Table 4.3 summarizes the 

findings in the RE. 

 

Table 4.3: Correlation of RE CCT with RE MD, PSD, RNFL and CDR  

Parameter Correlation coefficient P-value 

MD 0.09 0.54 

PSD 0.14 0.30 

RNFL 0.21 0.14 

CDR -0.28 0.04 

 

4.4.2. Left Eye 

The study found no correlation between CCT and mean deviation in the LE (P > 0.05). Equally 

there was no correlation between CCT and PSD, RNFL and CDR on the LE (P > 0.05). Table 4.4 

summarizes the correlations. 

Table 4.4: Correlation of LE CCT with LE MD, PSD, RNFL and CDR 

Parameter Correlation coefficient P-value 

MD -0.03 0.82 

PSD -0.20  0.25 

RNFL -0.03 0.86 

CDR -0.02 0.88 
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Figure 4.5: Correlation of CCT with RNFL in POAG patients 
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4.5. Cup-to-disc ratio 

The CDR was significantly higher in POAG patients than the in non-glaucoma group. This was 

statistically significant in both eyes (P < 0.05).  

Figure 4.6: CDR in POAG and Nonglaucoma 

 

 

  

P<0.001 P<0.001 
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CHAPTER FIVE: DISCUSSION 

This was an observational cross-sectional study done at UTHs-EH. The main aim of the study was 

to compare CCT between two groups, namely POAG and non-glaucoma. To our knowledge, this 

was the first study done in Zambia to compare CCT in POAG and non-glaucoma patients.  All 

participants were black Zambians. 

The study showed that there was a statistically significant difference in CCT between the two 

groups. It found that in both groups, the average CCT was less than the 555µm mark, that 

predisposes to glaucoma as determined in the OHTS (Gordon et al., 2002). In this study the average 

CCT in the POAG group was much lower than CCT in the non-glaucoma group. This was 

statistically significant in both eyes. Our findings demonstrating an association between CCT and 

glaucoma are in line with those of prior reports. 

Our CCT findings in both eyes for the Non-glaucoma patients was relatively high when compared 

to findings from other studies looking at blacks. In the Barbados Eye Study Group, black 

participants had thinner corneas (mean thickness, 529.8 μm) compare to other races (Leske et al., 

1995). The OHTS found that eyes with a corneal thickness of 555 μm or less (i.e., eyes with 

relatively thin corneas) had a 3-fold greater risk of developing glaucoma than those that had a 

corneal thickness of more than 588 mm (Gordon et al., 2002). This implies, that our non-glaucoma 

patients may have a higher chance of developing glaucoma based on CCT findings. 

Our CCT findings for POAG patients were similar to the findings by Ntim-Amponsah et al who 

looked at CCT in Glaucoma and Nonglaucoma Patients in a West African Population. Similar to 

our findings, the CCT readings were less than the 555 μm mark set by the OHTS.  They found that  

mean CCT for the glaucoma cases was 524.28 mm and  524.70 mm in the right and left eyes, 

respectively (Ntim-Amponsah et al., 2012). These values were very similar to our findings. 

However, the findings in the non-glaucoma group in their study were different. We did find a 

significantly higher CCT reading in both the right and left eyes of the non- glaucoma group as 

compared to their findings. The differences between our findings and their findings could be partly 

attributed to the fact we had a smaller sample size as their sample size was 5 times larger than ours.  

Mechanisms underlying the lower CCT in blacks remain unknown, but have been hypothesized to 

include genetic disposition and structural differences in the optic nerve. In fact, genetic 

predisposition has been shown to influence epithelial, stromal and total corneal thickness. For 
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example, cell adhesion molecules, such as neurotrimin (NTM), contactin-associated protein-like 4 

(CNTNAP4), and collagen genes, COL5A1 and COL8A2 have been implicated in CCT variability  

(Ulmer et al., 2012). In mice, the genetic components that influence epithelial thickness appear to 

be different from those that influence stromal thickness. For example, the quantitative trait loci 

named Cctq5 (chr 11) and Cctq6 (chr 14) demonstrated an association specifically with stromal 

thickness, while Cctq4 (chr 3) correlated with epithelial thickness (Koehn et al., 2015). It is clear 

then that CCT is a complex trait with multiple genes contributing to it, but the mechanisms 

connecting CCT to glaucoma needs further exploration.  

This study demonstrated that POAG patients had lower CCT compared to the non-glaucoma 

patients. It also found that the POAG patients were more likely to have refractive error and 

hypertension. With regards age, older patients were more likely to have glaucoma. Our findings 

agree with the findings of the study done by Muma et al., at UTH, who found that main 

determinants of POAG were age, sex, education and diabetic retinopathy. Females were more 

likely to have POAG than males. Similarly, groups older than fifty-five years than younger, with 

lower education status and those with diabetic retinopathy than without had higher likelihood of 

POAG (Muma et al., 2015). 

How CCT correlates with age is a matter of interest to many ophthalmologists. However, there 

have been inconsistent findings concerning the relationship between age and CCT. In this study, 

although not statistically significant (P > 0.05), a slight negative correlation of CCT with age for 

POAG patients. Similar to our findings, the Rotterdam study reported no significant association of 

CCT with age (Wolfs et al., 1997). Other studies such the BES have demonstrated a reduction of 

CCT with age (Leske et al., 1995).  

Controversy remains as to whether CCT is an independent factor for glaucomatous damage or 

progression. In this study, MD and PSD were measured using the Humphrey Visual Field 

Analyzer. They give an estimation of visual field defects, and are widely used to interpret, classify 

and document progression in glaucoma patients. However, this study showed no correlation 

between central corneal thickness and MD or PSD in either the right or left eye. Some studies 

utilizing multivariate regression models have found negative and significant relation between CCT 

and VF parameters like MD and PSD. A study by Muma et al found that thinner CCT and IOP 

were associated with greater cup disc ratio and Visual Field (VF) damages than those with a thicker 
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CCT (Muma et al., 2019). One possible reason for the difference is that the sample size in the 

current study. In addition, HVF testing in this study was not standardized. We did not assign a 

single HVF operator to conduct the testing. This in itself could have affected our results. However, 

our study findings do correlate with another study that looked at cornea hysteresis and glaucoma 

damage, and found only a weak relationship between corneal biomechanical parameters and 

measures of structural and functional damage in glaucoma (Mansouri et al., 2012). 

OCT RNFL thickness involves the acquisition of a circular scan of the retina around the optic 

nerve head. It is most useful when the patient is either a glaucoma suspect or has early–moderate 

disease. It can be used to detect damage and progression. In advanced glaucoma it is less helpful 

because of the ‘floor’ effect. This means when the retinal nerve fibre layer reaches 45–50 μm it 

does not decrease any further even though progressive damage may be occurring (Bowling, 2016). 

In this study, there was no correlation found between CCT and RNFL thickness. Our findings are 

similar with the findings of a study by Mansouri et al looking at the Association between Corneal 

Biomechanical Properties and Glaucoma Severity. They found a weak correlation between cornea 

and average RNFL thickness in univariable analysis. This correlation, however, became weaker 

and statistically not significant after adjusting for relevant ocular and demographic factors 

(Mansouri et al., 2012). Their findings suggest that corneal hysteresis (CH) and the corneal 

resistance factor (CRF), two parameters defined by the Ocular Response Analyzer (ORA) to reflect 

corneal biomechanical properties, have no independent association with RNFL thickness. 

Monitoring disease progression is essential for the management of patients with glaucoma. 

Although progressive narrowing of the neuroretinal rim and thinning of the retinal nerve fiber layer 

(RNFL) are indicative of glaucoma progression, attention has been focused more on the optic disc, 

rather than the RNFL. The structural endpoint in major clinical trials, such as the Ocular 

Hypertension Treatment Study (Gordon et al., 2002) and the Early Manifest Glaucoma Trial 

(Leske et al., 1999), was based on changes in the optic disc, but not in the RNFL. Cup to Disc 

Ratio (CDR) estimation remains an important clinical finding in glaucoma patients. Though we 

found no correlation between CCT and CDR in the LE in our study, we found a statistically 

significant negative correlation between CCT and CDR for the RE demonstrating thicker corneas 

to be having less CDR. This finding is similar to the findings by Muma et al who found negative 

and statistically significant correlation between CCT and CDR (Muma et al., 2019). Kim et al 
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found negative and significant correlation between CCT and CDR, though after multiple 

regression analysis the correlation appeared to be not statistically significant (Kim et al., 2010).  

There were some limitations in our study. Firstly, it had a relatively small sample size. Secondly, 

our HVF and OCT tests were not standardized. Additionally, being a hospital-based study, we are 

aware that there may have been some referral bias in our patients’ population. Patients referred to 

tertiary institutions like ours, may have more advanced, intractable glaucoma than those in the 

general population. Similarly, it is also noted that most patients will have a relatively higher 

percentage of co-morbid conditions like hypertension and diabetes mellitus. Therefore, our 

patients’ population may not be a representative of the majority of POAG patients. Despite these 

caveats, the study contributes vital information to the future of CCT interpretation in glaucoma 

and non-glaucoma patients. 
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS 

Conclusion 

This study demonstrated that POAG and non-glaucoma patients attending the UTH EH have a low 

mean CCT with POAG patients having a lower CCT as compared to the non-glaucoma patients. 

It is likely that non-glaucoma patients seen at UTHs - EH may have a higher risk of developing 

POAG. The study also suggests that central corneal thickness may be a powerful clinical factor in 

determining glaucoma severity as it revealed that POAG patients with thinner CCT had a greater 

cup disc ratio. However, this study shows that in our POAG patients, CCT does not affect MD, 

PSD and RNFL thickness. The study showed the importance of measuring CCT in both POAG 

and nonglaucoma patients as it not only helps in accurate estimation of IOP but can further provide 

insights into how CCT relates to glaucomatous damage.  

 

Recommendations 

Considering the small sample size of our study, it is advisable that a larger multi-center study be 

undertaken in order for us to conclusively say if the Zambian population indeed has a lower CCT. 

Furthermore, in order to improve patient management, the following recommendations are made: 

1. Sensitisation programmes in the primary health care facilities on need for regular eye 

examinations in patients age 40 years and above looking for evidence of raised IOP and 

glaucoma so as to catch the disease early, thereby reducing blindness from the disease. 

2. Ministry of Health to procure and distribute contact ultrasound pachymetry to all general 

hospitals. 

3. Continuous Medical education to be provided to ophthalmic personnel on the use and 

interpretation of ultrasound pachymetry and the management of glaucoma and ocular 

hypertension. 
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APPENDICES 

APPENDIX A: PARTCIPANTS INFORMATION SHEET  

STUDY TITLE: COMPARING CENTRAL CORNEAL THICKNESS AMONG PRIMARY 

OPEN ANGLE GLAUCOMA AND NON-GLAUCOMA PATIENTS AT THE UNIVERSITY 

TEACHING HOSPITALS EYE HOSPITAL, LUSAKA, ZAMBIA 

Introduction 

My name is Dr. Chimozi Tembo, a medical doctor pursuing a Masters of Medicine degree in 

Ophthalmology in the Department of Surgery at the University Teaching Hospitals. As part of my 

academic qualification, I am conducting a study to compare the central corneal thickness (CCT) 

between primary open angle glaucoma (POAG) and non-glaucoma patients. 

Nature and Purpose of the Study  

CCT has been known to influence measurement of intraocular pressure which is modifiable risk 

factor in the treatment of glaucoma. A thin cornea gives a lower IOP reading whereas a thick 

cornea gives a high IOP. Patients with a thinner CCT are at an increased risk of developing POAG. 

Black Africans have an increased risk of developing POAG. This study will seek to establish if 

there is a difference in the CCT of POAG and non-glaucoma patients at UTH EH. 

Procedures of the Study 

During this study, your participation will require detailed history and examination. Your central 

corneal thickness in both eyes will be measured using an ultrasound pachymeter. Your identity 

and all information collected from you during this study will be kept confidential under lock and 

key, to which only the researcher will have access to.  

Possible Risks and Discomfort  

You may experience minimal discomfort, like stinging sensation, after application of eye drops to 

aid with the examination and measurement of the central cornea thickness. 

The study will not affect your treatment in any way nor will it have any added benefit outside the 

standard management of your condition. 
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Possible Benefits  

All patients participating in this study will be given a health talk on glaucoma. The meaning of 

CCT results will be explained to each participant. Recommendations from this study will 

contribute to the body of knowledge in improving the care of patients with glaucoma. The data 

obtained from this study may help form the basis for effective management of glaucoma at UTH 

EH and Zambia. 

Financial Arrangements 

You will not be paid for participating in the study. However, you will also not be required to pay 

for the cost of any of the eye examination and basic treatment associated with the study 

Confidentiality  

All information obtained in this study will be strictly confidential. Data that will be collected and 

reported, will not include your name. Your records will be given unique identification number that 

will act as your identity. 

Your participation in this study is strictly voluntary. You will not suffer any consequences if you 

decide not to enrol. You may withdraw your consent for this study at any time without giving any 

reason and without any consequences on you and your medical care. Even after withdrawing you 

will still be treated like every other patient with or without glaucoma. 

Thank you for considering to participate in the study.  

If you have questions, concerns and clarifications, please contact the principal investigator, Dr 

Chimozi Tembo or the Chairperson of the University of Zambia Biomedical Research Ethics 

Committee on the following contact details: 

Dr Chimozi Tembo 

UTH Eye Hospital 

P/Bag RW 1X 

Lusaka 

Zambia 

Cell: +260977685127 

Email: chimozitembo@yahoo.com 

The University of Zambia 

Biomedical Research Ethics Committee 

Ridgeway Campus 

P.O Box 50110 

Lusaka  

Zambia 

Fax: + 260-1-250753 

E-mail:  unzarec@unza.zm 

 

mailto:chimozitembo@yahoo.com
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APPENDIX B: CONSENT FORM 

STUDY TITLE: COMPARING CENTRAL CORNEAL THICKNESS AMONG PRIMARY 

OPEN ANGLE GLAUCOMA AND NON-GLAUCOMA PATIENTS AT THE UNIVERSITY 

TEACHING HOSPITALS EYE HOSPITAL, LUSAKA, ZAMBIA 

 

I, ____________________________________________ have read the above information, or it 

has been read to me. I have had the opportunity to ask questions concerning the study and these 

have been answered to my satisfaction. I consent voluntarily to participate in this study. 

Name of participant__________________________________ 

Signature of participant ___________________________Date____________________ 

 

WITNESS FORM 

I have witnessed the accurate reading of the consent form to the participant and the individual had 

had the opportunity to ask questions.  I confirm that the participant has given consent freely. 

Name of witness ____________________________________    Thumb print of participant/ 

Signature of participant ______________________________     Date __________________ 
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APPENDIX C: QUESTIONNAIRE 

STUDY TITLE: COMPARING CENTRAL CORNEAL THICKNESS AMONG PRIMARY 

OPEN ANGLE GLAUCOMA AND NON-GLAUCOMA PATIENTS AT THE UNIVERSITY 

TEACHING HOSPITALS EYE HOSPITAL, LUSAKA, ZAMBIA 

 

Date:                 /             / ID Number:       

 

1.0 DEMOGRAPHIC DATA 

1.1 ID # ............ 

1.2 Age …….... 

1.3 Sex …….... 

1.4 Race …….... 

2.0 PAST OCULAR HISTORY 

2.1 Glaucoma      YES [ ]  NO [ ] 

2.2 Refractive error     YES [ ]  NO [ ] 

2.3 DM retinopathy     YES [ ]  NO [ ] 

2.4 Cornea pathology     YES [ ]  NO [ ] 

2.5 Intraocular surgery    YES [ ]  NO [ ] 

3.0 PAST MEDICAL HISTORY 

3.1 Hypertension     YES [ ]  NO [ ] 

3.2 Diabetes Mellitus     YES [ ]  NO [ ] 

 

4.0  DRUG HISTORY 

4.1 Anti-glaucoma medication   YES [ ]  NO [ ] 

4.2 Steroids      YES [ ]  NO [ ] 

4.3 Other treatment (Specify)    ……………………………... 
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5.0 FAMILY HISTORY (First-degree relative) 

5.1 Glaucoma      YES [ ]  NO [ ] 

5.2 Blindness      YES [ ]  NO [ ] 

 

6.0 SOCIAL HISTORY 

6.1 Alcohol      YES [ ]  NO [ ] 

6.2 Smoking      YES [ ]  NO [ ] 
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APPENDIX D: DATA COLLECTION SHEET/EXAMINATION FORM 

STUDY TITLE: COMPARING CENTRAL CORNEAL THICKNESS AMONG PRIMARY 

OPEN ANGLE GLAUCOMA AND NON-GLAUCOMA PATIENTS AT THE UNIVERSITY 

TEACHING HOSPITALS EYE HOSPITAL, LUSAKA, ZAMBIA 

Date:                 /             / ID Number:       

 

BP Reading  ______________mmHg 

 

Ocular Examination: 

 

Visual Acuity: 

 Right Eye:  ______________ 

 Left Eye:  ______________ 

 

Best Corrected Visual Acuity: 

 Right Eye:  ______________ 

 Left Eye:  ______________ 

 

Intraocular Pressure (GAT): 

 Right Eye:  ______________ mmHg 

 Left Eye:  ______________ mmHg 

 

 

Description of Physical Findings: 
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 Right Eye (RE) Left Eye (LE) 

Eyelids/Lashes 

Conjunctiva 

Sclera 

Cornea 

Anterior chamber 

Pupil 

Lens 

Vitreous 

  

 

Gonioscopy 

Angle Grade Right Eye Left Eye 

1 

2 

3 

4 

 

  

 

 

Dilated Fundus Exam  

 Right Eye Left Eye 

CDR 

Vessels 

Macula 

Other findings 

  

 

 

Pachymetry (Central Cornea Thickness) 
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Right Eye……………. µm                                                                  Left Eye……………...µm 

 

 

Humphrey Visual Field Analyzer 

 Right Eye Left Eye 

MD 

PSD 

  

 

 

Optical Coherence Tomography (OCT) 

 Right Eye Left Eye 

Average RNFL thickness 

µm 
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