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Abstract 

The main experimental work of this thesis has been a cross-sectional study 
of the prevalence of refractive error and its biometric correlates in Middle 
Eastern adults. In addition dynamic accommodative responses and twenty-
four hour axial length fluctuations were investigated in young myopic adults. 

 

The prevalence of myopia in 3000 Middle Eastern adults (age range 17-40 
years) was similar to previously reported levels of myopia in the West. 
Myopia was associated with a higher level of education, occupations with a 
high nearwork demand and positive family history of myopia; all of which 
have been identified as risk factors for myopia development and progression 

 

Diurnal variations in axial length (AL) of similar magnitude to those previously 
reported in emmetropes were observed in myopes recruited in the current 
thesis. However, the pattern of the diurnal variation in AL was significantly 
different between early-onset myopes (EOMs) and late-onset myopes 
(LOMs).  

 

There were no significant differences between EOMs and LOMs in the 
dynamic accommodative response to a sinusoidally oscillating target. The 
accommodative phase lag was increased following 30 minute adaptation to 
myopic defocus using +2.00 D lens. However, intense prolonged (30 minute) 
nearwork was found to have no effect on accommodative gain or phase lag. 

 

A number of recommendations for further work on the prevalence of 
refractive error in the Middle East are suggested along with further research 
on diurnal AL variations and dynamic accommodative responses in EOMs 
and LOMs. 
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Chapter 1. Literature Review 

 

1.1General Introduction 

There is a considerable body of literature concerning the prevalence of 

myopia in the West, and Asia (Morgan and Rose, 2005). However, the are a 

limited number of studies regarding the prevalence of refractive error in the 

Middle East, for both adults (Mallen et al., 2005a) and children (Azizoglu et 

al., 2011). Prevalence of myopia in Asian adults is amongst the highest in the 

world (Wu et al., 2001), and is thought to have reached epidemic levels 

(Grosvenor, 2003). There is evidence for an increase in myopia rates in the 

last few decades (Tay et al., 1992; Matsumura and Hirai, 1999). It has been 

thought for some time that myopia is found in 25% of the West population 

(Sperduto et al., 1983). Recent studies have shown that myopia prevalence 

is in the region of 40% (Vitale et al., 2009). Nearwork has been implicated as 

a risk factor of myopia development and progression in adulthood (i.e. late-

onset myopia [LOM]), though a genetic basis cannot be ignored, especially 

for early-onset myopia (EOM) (Saw, 2003). Axial elongation of the eye is the 

main anatomical feature responsible for myopia development in the adults 

(Fledelius, 1995a). Further, it has been shown that the axial length (AL) 

exhibits a diurnal variation in emmetropes (Read et al., 2008). However there 

are no studies available on short-term AL fluctuations in EOMs and LOMs, 

which will help in understanding the implications of this variation. Differences 

in static accommodative responses (AR) between EOMs and LOMs have 

been observed but no data are available on sinusoidal modulated AR in 

these two groups. 
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1.2 Definitions and classifications of ametropia 

Refractive error (i.e. ametropia) results from the deviation between the 

location of the image produced by the eye‟s refractive components and the 

retina. Refractive error identifies deviations from emmetropia towards 

ametropia, in both the myopic and hyperopic directions (Edwards, 1998).  

 

1.2.1 Hyperopia 

Hyperopia is a type of refractive error where the eye has insufficient 

refractive power for its axial length. Grosvenor (1971) noted that there is an 

underestimation of the work done on hyperopia in literature as its aetiology 

being generally mediated by hereditary factors and the environment exerts 

little influence on its progression. Hyperopia is known to be axial in origin, 

with an input from the corneal radius (Strang et al., 1998). 

 

1.2.2 Myopia 

The classification of myopia according to the age it first develops (i.e. age of 

onset) is commonly used by investigators to group myopes (Grosvenor, 

1987). Grosvenor (1987) examined the prevalence of myopia in Western 

populations at birth, in childhood, during the school years and adult years. 

The prevalence data were used to derive the following categories:  

1. Congenital myopia. This type of myopia is present at birth, with a high 

magnitude (around -10 D) and persists throughout life. Congenital 
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myopia is the least common form of myopia affecting just one to two 

percent of the population. A family history of myopia or associated 

systemic condition is usually present (Grosvenor, 1987). 

2. Youth-onset myopia. The most common type of myopia. Onset of 

myopia occurs around 6 years of age and persists throughout the 

teenage years (Goldschmidt, 1968). A 5-year longitudinal study 

conducted by Edwards (1999) on Hong Kong Chinese children 

revealed a significant increase in the prevalence of myopia between 

the age of seven to twelve, the prevalence of myopia increased from 

11% to more than 55% at  the end of the study. 

3. Early adult-onset myopia. This form of myopia develops after physical 

maturity (late teens) and before the age of 40 years. Several 

longitudinal studies report that many university students and people 

working in occupations with high near work demands developed 

myopia at this time (e.g., O'Neal and Connon, 1987; Zadnik and Mutti, 

1987; McBrien and Adams, 1997; Kinge et al., 2000; Loman et al., 

2002). Axial elongation of the eye is the main anatomical feature in 

adult-onset myopia (Adams, 1987). 

4. Late adult-onset myopia. This form of myopia presents after 40 years 

of age and generally progresses in later life. Late adult-onset myopia 

is often associated with changes in the crystalline lens (i.e. nuclear 

sclerosis) (Weale, 2003). The prevalence of myopia in this age group 

is lower than that of younger age groups, as there is a tendency of 

myopia to decrease with increasing age (e.g., Wensor et al., 1999; Wu 

et al., 1999). Pointer and Gilamrtin (2011) noted that there is limited 
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research conducted on the prevalence of myopia in the late fourth 

decade of age which is the incipient phase of presbyopia. Pointer and 

Gilmartin (2011) noted that around 20% of the sample (age range 35-

44 years) showed a sudden increase in myopic spherical equivalent of 

refraction between -0.50 D and -0.75 D around the time they required 

their first near prescription. The authors noted that further studies are 

required to investigate the aetiology of this increase in myopia in the 

pre-presbyopia age range. 

  

The age of cessation of myopia progression in youth has been estimated 

to be around 14 years (Goss and Winkler, 1983). However, myopia can 

occur and progress later in life (Goldschmidt, 1968). Myopia can also be 

further classified into two groups according to age of onset: 

1. Early-onset myopia (EOM). Myopia that occurs before the age of 15 

years. This type of myopia is analogous to youth-onset myopia. 

2. Late-onset myopia (LOM). This type of myopia occurs at the age of 15 

years or later. Environmental factors (i.e. nearwork) are thought to be 

mainly responsible for the onset of myopia after the age of 15 years 

(McBrien and Millodot, 1987b). LOM was found to be the result of 

increase in axial length of the eye (McBrien and Millodot, 1987a; 

Fledelius, 1995a). 
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1.2.3 Astigmatism 

Astigmatism is mostly corneal in origin (i.e. due to the toricity of the cornea) 

with a small contribution from the crystalline lens (lenticular astigmatism) 

(Grosvenor, 1976). It has been shown that most infantile astigmatism is 

corneal in origin (Howland and Sayles, 1985). Several studies have shown 

that in the first months of life, infants exhibit a high prevalence of significant 

degrees of astigmatism up to 6 Dioptres (for a full review, please refer to 

Read et al., 2007). Isenberg et al. (2004) measured the corneal curvature of 

newborns (up to eight days after birth) using videokeratoscopy and found an 

average of six dioptres of corneal astigmatism. Astigmatism can be classified 

according to its orientation into: a. With-the-rule (WTR), b. Against-the-rule 

(ATR) and c. Oblique (OBL). WTR astigmatism results from the greater 

refractive power in the vertical meridian of the cornea (Grosvenor, 1976).  

 

The orientation of astigmatic correction tends to change with age. Dobson et 

al. (1984) and Gwiazda et al. (1984) found a shift in astigmatism from a 

predominance of higher degrees of against-the-rule astigmatism in children 

younger than four years, to a predominance of low levels of with-the-rule 

astigmatism in children older than four years. In a study conducted by 

Fledelius (1984), 60% of the participants under the age of 55 exhibited WTR 

astigmatism, in comparison to only 25% after the age of 55, while  ATR 

astigmatism increased from 17% in the <55 years group to 58% in the >55 

years group. This trend has also been observed by other studies (e.g., 

Anstice, 1971; Fledelius and Stubgaard, 1986). 
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1.3 Prevalence of refractive error in the general population  

Variations in classifications of refractive error, mainly due to different 

definitions of cut-off points of each refractive error type, render it difficult to 

compare studies concerned with prevalence of refractive errors (Edwards, 

1998; Morgan and Rose, 2005). This section provides a review of some of 

the studies concerned with the prevalence of refractive error, especially 

myopia, in the general population.  

 

1.3.1 School-age children 

Table 1.1 provides a selected summary of the prevalence of myopia in 

school-age children (6-17 years of age) from various parts of the world. 

Children are generally not myopic by the time they enter formal schooling at 

age 6 years (Hirsch, 1952). During the school years, however, low to 

moderate myopia is observed and progresses with the number of years of 

schooling. Asian children demonstrate higher prevalence of myopia 

compared to their peers from the West or Middle East. Lam et al. (2004) 

noted that in Hong Kong International schools, students of Chinese origin 

showed greater prevalence of myopia (82.8%) compared to students of 

White origin (myopia prevalence 40.5%), suggesting a genetic predisposition 

for myopia in the Chinese.  
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Table 1.1 Prevalence of myopia in children from selected studies. 

Study Location Age 
 (years) 

Definition 
of myopia  

Myopia 
Prevalence (%) 

Laatikainen and Erkillä (1980) Finland 7-8 ≤ -0.50  1.9 
Laatikainen and Erkillä (1980) Finland 14-15 ≤ -0.50  21.8 
Sperduto et al. (1983) United States 12-17 ≤ 0.00 24 
Jobke et al. (2008) Germany 7-11 ≤ -0.50  5.5 
Jobke et al. (2008) Germany 12-17 ≤ -0.50  21 
O‟Donoghue et al. (2010) Northern Ireland 6-7 ≤ -0.50 2.8 
O‟Donoghue et al. (2010) Northern Ireland 12-13 ≤ -0.50 17.7 
Rudnicka et al. (2010) United Kingdom 

(South Asian) 
10-11 ≤ -0.50 25.2 

Rudnicka et al. (2010) United Kingdom 
(African Caribbean ) 

10-11 ≤ -0.50 10 

Rudnicka et al. (2010) United Kingdom 
(White European) 

10-11 ≤ -0.50 3.4 

Logan et al. (2011) United Kingdom 
(South Asian) 

6-7 ≤ -0.50 10.8 

Logan et al. (2011) United Kingdom 
(African Caribbean ) 

6-7 ≤ -0.50 11.4 

Logan et al. (2011) United Kingdom 
(White European) 

6-7 ≤ -0.50 5.7 

Logan et al. (2011) United Kingdom 
(South Asian) 

12-13 ≤ -0.50 36.8 

Logan et al. (2011) United Kingdom 
(African Caribbean ) 

12-13 ≤ -0.50 27.5 

Logan et al. (2011) United Kingdom 
(White European) 

12-13 ≤ -0.50 18.6 

Garner et al. (1990) Vanuatu 13-17 ≤ -0.50  4.3 
Garner et al. (1990) Malaysia 13-17 ≤ -0.50  20 
Dandona et al. (1999) India <15 ≤ -0.50  4 
Fan et al. (2004) Hong Kong 5-16 ≤ -0.50  36.7 
Quek et al. (2004) Singapore 14 ≤ -0.50  73.6 

Lithander (1999) Oman 6 ≤ -1.00 0.56 
Lithander (1999) Oman 12 ≤ -1.00  5.16 
Khader et al. (2006) Jordan 12-17 < -0.50  17.6 

 

 

1.3.2 Young adults 

A review of the prevalence of myopia in adults up to age of 40 years is 

provided in this section. Table 1.2 provides a summary of the prevalence of 

myopia in young adults from different countries. 
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Table 1.2 Prevalence of myopia in young adults from selected studies. 

Study Location Age 
 (years) 

Definition of 
myopia  

Myopia 
Prevalence (%) 

Sperduto et al. (1983) United States 12-54 ≤ -0.00  25 
Midelfart et al. (2002) Norway 20-25 ≤ -0.50 35 
Midelfart et al. (2002) Norway 40-45 ≤ -0.50 30.3 
Jobke et al. (2008) Germany 18-35 ≤ -0.50  41.3 
Rahi et al. (2011) United kingdom 44 ≤ -0.75 40 

Goh and Lam (1994) Hong Kong 19-39 ≤ -0.50  71 
Dandona et al. (1999) India >15 < -0.50  20 
Wu et al. (2001) Singapore 

(Malay) 
16-25 < -0.50  65 

Wu et al. (2001) Singapore 
(Chinese) 

16-25 < -0.50 82 

Osuobeni (1999) Saudi Arabia 16-50 ≤ -0.50 46.71 
Mallen et al. (2005a) Jordan 17-40 < -0.50 53.71 

 

1.3.2.1 Europe and United States  

Sperduto and colleagues (1983) using data obtained between 1971 and 1972 

from the National Health and Nutrition Examination Survey estimated the 

prevalence of myopia (≤ -0.00 DS) to be 25% in 12 to 54 years old United 

States citizens. However, in a more recent survey conducted between 1999 

and 2004 using similar methodology of myopia evaluation and the same age 

range, the prevalence of myopia was 41.6% (Vitale et al., 2009). The authors 

could not provide en explanation for this significant increase in myopia level. 

  

Sorsby and co-workers (1960) studied ocular refraction in a group of 17 to 27 

year old males in the United Kingdom. The distribution of refraction was 

leptokurtic with a peak between 0 and +1.00 D (figure 1.1). The prevalence of 

myopia was about 11%. Rahi and colleagues (2011) investigated the 

prevalence of myopia and its related risk factors in 2487 randomly selected 

44-year-old members of the 1958 British birth cohort. Myopia (defined as ≤     

- 0.75 DS) was found in 40% of the sample. Late-onset myopia comprised 
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80.6% of the myopia found in this group of British adults. There is a 

remarkable increase in the prevalence of myopia in the United Kingdom from 

that found by Sorsby et al. (1960). Rahi et al. (2011) noted that myopia was 

associated with low birthweight for gestational age, greater maternal age, 

higher paternal occupational social class, and maternal smoking in early 

pregnancy. Myopia was also associated with greater height, higher 

educational attainment and socioeconomic status. In other parts of Europe, 

myopia was found in 41.3% of German adults aged 18 to 35 years (Jobke et 

al., 2008) and around 35 % of Norwegian adults (Kinge et al., 1998; Midelfart 

et al., 2002).  

 

 

Figure 1.1 Distribution of refraction in a Caucasian population (17-27 years). 
Redrawn from Sorsby et al. (1960). 
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1.3.2.2 Asia 

Goh and Lam (1994) reported that the prevalence of myopia in 105 Hong 

Kong Chinese aged between 19 and 39 years was 71% (males and females 

combined) with a mean spherical equivalent of -3.00 DS. The distribution of 

refractive error in this sample is shown in figure 1.2. The frequency 

distribution curve is heavily skewed towards higher myopia values with a 

peak between 0 and -1 DS. There was no hyperopia in the female sample 

and only 2.5% of the males were myopic.  

 

Other studies from Asia report high prevalence of myopia in people of 

Chinese ethnicity. For example, in a study conducted by Au Eong et al. 

(1993) in Singapore, myopia was found in 48.5% of Chinese males 

compared to 34.7% of Eurasian Singaporeans and 24.5% of Malays. In a 

study by Wu et al. (2001), the prevalence of myopia in Singapore Chinese 

was significantly higher (82.2%) compared to Indians (68.7%) and Malays 

(65%). Differences in level of education (a risk factor for myopia) could not 

explain the inter-ethnic variation suggesting a genetic predisposition of 

myopia in Chinese.  

 

There is also evidence of an increase in the prevalence of myopia in the past 

thirty years. Tay et al. (1992) observed an increase in the prevalence of 

myopia in Singaporean male conscripts from 23% for those entering the army 

force between 1974-1987 to 43.3% for those joining the service between 

1987-1991. This increase in myopia rate between the two groups was 
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attributed to the increase in level of education (an indicator of high nearwork 

demand) in the latter group compared to the cadets joining the force in the 

1974-1987 period. 

 

 

Figure 1.2 Distribution of refraction in Hong Kong Chinese adults (19-39 
years of age). Redrawn from Goh and Lam (1993). 
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1.3.2.3 Middle East 

One of the earliest studies on the prevalence of myopia in the Middle East 

was conducted on residents of Egypt in early 20th century (Meyerhof, 1914). 

This was a retrospective private-practice based study, where data were 

obtained from patients‟ records. The prevalence of myopia (cut-off point was 

not defined) in the patients are shown in table 1.3. Myopia appears to be 

more prevalent in Egyptians compared to residents of other origins. Meyerhof 

(1914) noted that myopia was associated with close-relatives marriage and 

amount of reading, though data was not presented to enable comparison. 

The lower prevalence of myopia in females may be attributed to economic 

reasons as only women with severe diseases could consult the practice. This 

study may not represent the real prevalence of myopia, as many patients 

could not be refracted due to the presence of corneal opacities resulting from 

trachoma, which was widely spread in Egypt at that time. 

 

Table 1.3 Prevalence of myopia in residents of Egypt in the 1910s. Redrawn 
from Meyerhof (1914). 

Ethnicity Males Females 

Egyptians 32.1 % 16.5 % 
Eastern Mediterranean  21.6 %  9.8 % 

 Europeans 20.0 % 16.3 % 

Europeans: Italians, Greeks, Maltase, Spanish Jewish.                        
Eastern Mediterranean: Syrians, Armenians and Turks.  
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There is limited number of studies investigating the prevalence of refractive 

error in Middle Eastern adults. Osuobeni (1999) studied the optical 

components of refractive errors in Saudi Arabians (average age of 22.68 ± 

5.09 years). Males had a mean SER of -1.11 DS, while females had a mean 

SER of -0.79 DS. The prevalence of myopia was 46.71%, while emmetropes 

comprised 47.37% of the sample, and only 5.92% were hyperopic. 

 

In another study conducted in the Middle East, Mallen and co-workers 

(2005a) investigated the prevalence of refractive error along with biometric 

correlates of refractive error in 1093 Jordanian adults (age range 17-40 

years). Participants were recruited from places of work (e.g., factories, 

offices, schools, laboratories and medical practices) and higher education 

establishments in the cities of Amman (the capital of Jordan) and Irbid (the 

second largest city in the country). The prevalence of myopia, emmetropia 

and hyperopia was 53.71%, 40.62% and 5.67% respectively. The distribution 

of SER (DS) in the Jordanian cohort showed a marked leptokurtosis with a 

peak between 0 and -1.00 D (figure 1.3). The prevalence of myopia in this 

Middle Eastern population is similar to previously reported values in the West 

(e.g., Jobke et al., 2008; Vitale et al., 2009), however it considerably less 

compared to findings from the Far East (e.g., Goh and Lam, 1994, Wu et al., 

2001). 
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Figure 1.3 Distribution of refraction in adults of Middle Eastern origin (age 
range 17 to 40 years). Redrawn from Mallen and colleagues (2005a).  

 

The main work in this thesis stems from the need for a more representative 

study on the prevalence of refractive error in adults of Middle Eastern origin. 

This thesis will attempt to meet this need by studying the prevalence of 

refractive error in young adults (age range 17 to 40 years) in several Middle 

Eastern countries. Furthermore, biometric and oculomotor correlates will be 

investigated, along with potential risk factors of myopia (e.g., type of 

occupation, level of education and family history of myopia). Apart from 

biometric correlates of refractive error, the previous mentioned factors have 

not been investigated in the Middle East. 
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1.4 Theories of refractive error development 

1.4.1 The biological - statistical theory  

The biological-statistical theory attempts to demonstrate that all refractive 

errors are due to the way in which components of the eye combine (McBrien 

and Barnes, 1984). Steiger (1913) suggested that the majority of refractive 

errors could be explained by the interaction of various components of the 

eye, namely corneal power, anterior chamber depth, lens power and axial 

length, each of which are normally distributed throughout the population. 

Steiger (1913) proposed that the distribution of refractive error should reflect 

the distribution of these individual components and thus the refractive state of 

the eye should be normally distributed. Later studies by Stenström (1948) 

and Benjamin et al. (1957) revealed that the distribution of refractive error is 

not normal, instead marked leptokurtosis is evident in the emmetropic region. 

The predominance of emmetropia in the normal population is not in keeping 

with Steiger's suggestion of free association of ocular components.  

 

1.4.2 The theory of emmetropisation 

The predominance of emmetropia in the normal population has led some 

workers to suggest that a coordinating mechanism exists to bring about 

emmetropia (van Alphen, 1961; Sorsby, 1967). This coordinating mechanism 

was termed 'emmetropisation' by Straub (1909), since then van Alphen 

(1961; 1990) developed a theory to explain how the process works. This 

theory is now known as the theory of emmetropisation (McBrien and Barnes, 

1984). In 1961, van Alphen carried out detailed statistical analysis on the 
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biometric data of Stenström (1948) and discovered 10 significant inter-

correlations between the refractive components. Further analysis lead to the 

identification of 3 independent factors, 2 of which contribute to the 

development of emmetropia:  

1. Factor „S‟ (the size factor) determines the combination of corneal 

curvature and axial length; in emmetropia larger eyes have flatter 

cornea.  

2. Factor „P‟ (the stretch factor) influences the combination of axial 

length, anterior chamber depth and lens power; large emmetropic 

eyes were found to have flatter lenses and deeper anterior chambers.  

3. Factor „R‟ (the adjustment factor) is responsible for the development of 

ametropia and represents the resistance offered by the ciliary muscle-

choroidal layer to the intraocular pressure (lOP). 

 

1.4.3 The use - abuse theory of refractive development 

This theory attempts to explain the onset of myopia as an adaptation to the 

use or misuse of the eyes in prolonged close work (McBrien and Barnes, 

1984). Unlike the biological - statistical theory and, to a certain degree, the 

theory of emmetropisation, this theory suggests that environmental 

conditions play the major role in the development of refractive error and in 

particular myopia. Cohn (1886) is acclaimed to be the originator of the theory 

that nearwork induces myopia. Cohn found that the incidence of myopia 

increases with age for children within the educational system who are 

engaged in increased amounts of near work. The abundance of literature on 
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the relation between nearwork and myopia provides a strong support for this 

theory (see section 1.5.2). 

 

1.4.4 The excessive accommodation theory 

One of the best known theories on the pathogenesis of myopia is the 

excessive accommodation theory (Morgan, 2003). The theory states that 

myopia results from excessive accommodation associated with near-work, as 

the eye seeks to minimise the need for accommodation by increasing in size 

(i.e. axial elongation). The strong correlation observed between education 

and myopia supports this theory (see section 1.5.2.3 for a review). 

 

The successful use of atropine to block accommodation and excessive axial 

elongation seemed to give this theory strong support (Bedrossian, 1985). 

However, evidence suggests that atropine most probably exerts its effects by 

a non-accommodative mechanism (McBrien et al., 1993). In general, the 

evidence that excessive accommodation due to nearwork is involved in the 

development of myopia is strong (see section 1.5.2) but attempts to make 

this relationship quantitative have been less convincing.  

 

Therefore, more detailed studies are required and it will be important to look 

at accommodative load before the development of myopia, rather than after 

myopia has developed. Thus, the results obtained so far suggest that the 

excessive accommodation theory may in part explain myopia development.  
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1.4.5 Retinal defocus theory of myopia development 

Defocus of the retinal image has been proposed as a stimulus to myopia 

development and progression (Hung and Ciuffreda, 2000; Hung and 

Ciuffreda, 2007). Animal models involving different species have shown that 

imposed optical defocus or retinal image degradation can stimulate eye 

growth. Lens compensation experiments in various animal species show 

axial elongation in response to hyperopic retinal defocus and stopping of 

axial elongation with either myopic defocus or the removal of hyperopic 

defocus (see section 1.7).  

 

Gwiazda et al. (1993) proposed that reduced accommodation in myopes 

results in chronic blur which results in myopia. Under-accommodation during 

near-work would produce hyperopic defocus in humans. Numerous studies of 

accommodation accuracy in different refractive error groups have shown 

variations between the groups, but often with contradictory or conflicting 

results, particularly whether such accommodation differences occur prior to 

or as a result of myopia (Gwiazda et al., 1993; Gwiazda et al., 1995; Abbott 

et al., 1998; Allen and O'Leary, 2006). However, inadequate accommodation 

responses would produce hyperopic retinal defocus which could have an 

equivalent effect to the introduction of negative lenses in animal models.  
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1.5 Factors associated with myopia development and progression 

Myopia is one of the most common eye conditions in the world, however its 

aetiology is not yet fully understood (Saw et al., 1996). There is evidence of 

involvement of both environmental and genetic factors in the development of 

myopia (Saw et al., 2000).  

 

1.5.1 Genetic determinants of myopia 

Twin studies and studies involving other possible hereditary aspects of 

myopia highlight the importance of genetics. Investigations attempting to 

determine the genetic loci associated with myopia have been facilitated by 

the advances in technology (Wang et al., 1998; Tang et al., 2008). 

 

1.5.1.1 Twins studies 

There is minimal genetic variability in twins compared to general sibling 

comparisons (Feldkamper and Schaeffel, 2003). Identical twins are termed 

monozygotic, and they share 100% of their genes. Non-identical twins are 

termed dizygotic and they share up to 50% of their genes. It is through twin 

studies that the strongest evidence for genetic determination of refraction has 

been obtained (e.g., Hammond et al., 2001; Dirani et al., 2006). 

 

One of the earliest studies conducted on twins was by Jablonski (1922). 

Jablonski (1922) compared the magnitude of the intra-pair differences in 
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refraction between monozygotic (40 pairs) and dizygotic twins (12 pairs), 

noting a smaller difference in monozygotic pairs and providing support for a 

heritable basis. Sorsby and Fraser (1964) noted a correlation coefficient for 

myopia of 0 for control pairs, 0.5 for dizygotic twins, and almost 1.0 for 

monozygotic twins in a study of 78 monozygotic twin pairs and 40 dizygotic 

twin pairs.  

 

Lyhne et al. (2001) who examined 114 twin pairs (53 monozygotic twin pairs, 

61 dizygotic twin pairs) also observed a high heritability for both refractive 

error and ocular biometric parameters (AL, ACD, LT and CR) of 0.94. This 

added further support for an underlying genetic basis, not only for refractive 

error but also for ocular dimensions. It also suggested that dominant genetic 

effects were the most plausible explanation for the high heritability of 

refractive errors and its determinants. One of the largest twin studies on 

refractive error was undertaken by Hammond and co-workers (2001). 

Hammond et al. (2001) investigated 506 female twin pairs aged between 50 

and 79 years and found that the correlation for refraction was greater in 

monozygotic twin pairs (> 0.8) compared to dizygotic twin pairs (< 0.5).  
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1.5.1.2 Familial linkage studies 

Twin studies provide valuable insight into the heritability of myopia, however 

they are not readily applicable to the general population. The results of a 

number of studies have shown that parents with myopia are more likely to 

have children with myopia (Liang et al., 2004; Jones et al., 2007). The 

proportion of children who are myopic when neither parent is myopic is in the 

range of 6.3% to 8%, rising to between 18.2% and 22.5% with one myopic 

parent, to between 32.9% and 42% if both parents are myopic, implicating 

genetic inheritance as a developmental factor for myopia in the general 

population (Mutti et al., 2002).   

 

The presence of myopia in a sibling was associated with increased odds of 

myopia in Jordanian school children (Khader et al., 2006). Furthermore, the 

odds of a Jordanian child being myopic increased with the number of myopic 

parents (Odds ratio of 2.2 for 1 myopic parent, and 3.37 for 2 myopic 

parents). In a case-control study of myopia in 1853 school children in Oman, 

the presence of myopia in parents (Odds ratio of 2.11) and siblings (Odds 

ratio of 2.87) was associated with myopia in the children (Khandekar et al., 

2005).  
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1.5.1.3 Genetic loci associated with myopia  

A number of candidate genes for myopia have been found due to advances 

in genetic sequencing and analysis (Wang et al., 1998; Saw et al., 2000; 

Tang et al., 2008). High myopia was the point of focus in most studies (Tang 

et al., 2008), though a few have begun researching the moderate myopia that 

is more prevalent in the general population (e.g., Chen et al., 2007). Chen et 

al. (2007) found an association between the MYP12(2q37) locus and low to 

moderate myopia (average myopia of -2.76 DS with a range of -0.50 DS to -

10.25 DS) in a cohort of White Australians. The study sample composed of 

49 subjects from 3 large families with only 5 individuals presenting with a 

myopia more than -6.00 DS. To date, 19 candidate myopia loci, MYP1 to 

MYP18 and OPEM, have been approved by the Human Genome 

Organization and Gene Nomenclature Committee to be associated with 

myopia (www.genenames.com, accessed May 25th 2011), with many more 

accounts of genes involved with syndromes that constitute high levels of 

myopia (Tang et al., 2008). Table 1.4 provides a list of genetic loci associated 

with myopia. The OPEM demonstrates recessive sex-linked inheritance and 

was found in men of an Argentinean family, who had bilateral ptosis, 

complete or partial ophthalmoplegia, myopia and progressive degeneration of 

the retina and choroid (Salleras and de Zárate, 1950). Tang et al. (2008) 

provided a detailed review of loci MYP1 to 17. MYP18 and its link to high 

myopia was identified in a consanguineous Chinese family through both 

pedigree and clinical data (Yang 2009). 
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Table 1.4 Genetic loci associated with myopia as approved by the Human 
Genome Organization and Gene Nomenclature Committee. 

Gene name Gene 
symbol 

 Location Study population        Author, year 

Myopia 1 MYP1 Xq28 Denmark Schwartz et al., 1990 
Myopia 2 MYP2 18p11.31 USA Young et al., 1998b 
Myopia 3 MYP3 12q21-q23 Italian/German Young et al., 1998a 

Myopia 4 MYP4 7q36 French Naiglin et al., 2002 
Myopia 5 MYP5 17q21-q22 English/Canadian Paluru et al., 2003 
Myopia 6 MYP6 22q12 Ashkenazi Jewish Stambolian et al., 2004 
Myopia 7 MYP7 11p13 UK Hammond et al., 2004 

Myopia 8 MYP8 3q26 UK Hammond et al., 2004 
Myopia 9 MYP9 4q12 UK Hammond et al., 2004 
Myopia 10 MYP10 8p23 UK Hammond et al., 2004 
Myopia 11 MYP11 4q22-q27 Chinese Zhang et al., 2005 

Myopia 12 MYP12 2q37.1 Northern European Paluru et al., 2005 
Myopia 13 MYP13 Xq23-q25 Chinese Han Zhang et al., 2006 
Myopia 14 MYP14 1p36 Ashkenazi Jewish Wojciechowski et al., 2006 
Myopia 15 MYP15 10q21.1 Hutterite Nallasamy et al., 2007 

Myopia 16 MYP16 5p15 Chinese Lam et al., 2008 
Myopia 17 MYP17 7p15 African Ciner et al., 2008 
Myopia 18 MYP18 14q22.1-q24.2 Chinese Yang et al., 2009 
Ophthalmoplegia, 
external, with 
myopia 

OPEM X Argentina Salleras and de Zárate 
(1950) 

 

1.5.2 Association of environment and myopia 

As seen previously there is a compelling evidence for a genetic basis for 

myopia, at least in high and pathological myopia. Environmental factors also 

play a role in myopia development. This section provides a review of some of 

the studies that highlight the importance of environment (i.e. nearwork) in 

myopia. 

 

1.5.2.1 Nearwork and myopia in general 

A longitudinal study by Young (1977) found a correlation between the amount 

of time spent reading and myopia. The study revealed that continual 

accommodation and nearwork disturbed the normal response characteristics 

of the ciliary muscle, giving temporary changes in lens thickness, which 
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eventually induced an increase in vitreous depth leading to a myopic 

refractive error. Richler and Bear (1980) found myopia to be significantly 

correlated with nearwork for people ages 5 to 60 in three Newfoundland 

communities (see section 1.5.4 for review of the impact of environment on 

myopia development in Eskimo). 

 

Angle and Wissmann (1980) used grade in school, reading test scores, and 

reported time spent reading magazines, books, and newspapers in a typical 

day as measures of near work and reading. All three were positively 

associated with myopia prevalence. Furthermore, the authors estimated the 

refractive status for each individual and regressed myopia on the social 

variables of age, sex, race, income, and region. Upon adding the measures 

of near work to each regression equation, the regression coefficient for each 

social variable was reduced. The authors concluded that at least some of the 

social patterns of myopia variability can be explained by the measures of 

near work. However, one weaknesses of this study is that refractive error 

was not measured directly but approximated from other measures. 

 

Saw et al. (2002a) investigated the relationship between nearwork and 

myopia in children (7 to 9 year olds) in Singapore. Refractive errors were 

established by cycloplegic refraction and data was obtained on the number of 

books read per week, time spent on nearwork per day, as well as parental 

myopia and socioeconomic status. A „dioptre-hours‟ calculation was adopted 

which weights time spent on different near-work activities with an assumed 
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accommodative demand also included. Multivariate adjusted odds ratios 

were found to be significant for the number of books read per week at 3.05 

but not for other nearwork activities, which were not found to be independent 

of other risk factors such as parental myopia. The authors conclude that time-

based near-work measures failed to account for myopia development and 

that the correlation between time-based nearwork measures and actual 

ocular use is unknown, due to inter-subject variations in „task-specific 

accommodative needs‟. 

 

Mutti et al. (2002) presented data obtained from children (14 years of age) in 

the United States. Data on refractive error, parental myopia and nearwork 

activities was obtained. A „dioptre-hours‟ calculation was used to weigh time 

spent on different activities. Parental myopia was found to be the most 

significant variable with an odds ratio of two for greater than 20 D/hours 

nearwork per week. A stronger association was found when reading activities 

were separated from video display terminals use and television in the dioptre-

hours calculation. The authors concluded that as no interaction between 

parental myopia and nearwork was found, no inheritance of a myopiogenic 

environment or susceptibility to the effects of near-work could be implied.  

 

The relatively low association between myopia and nearwork in the previous 

studies may result from the limited variation in nearwork in the studied 

populations. A study from Israel of 870 teenagers (Zylbermann et al., 1993) 

examined groups of children with larger variation in nearwork habits. Myopia 
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was found to be more prevalent in male Jewish teenagers in an orthodox 

school where nearwork demands were approximately double that of students 

in a secular school or girls in orthodox schools. 

 

1.5.2.2 The relationship between myopia and occupation 

Several reports from population-based studies support an association of 

higher myopia level with occupations of high nearwork demand (e.g., Wensor 

et al., 1999; Wu et al., 1999; Wong et al., 2000; Shimizu et al., 2003). 

Goldschmidt (1968) provided reports of certain occupations in which workers 

are known to be more myopic compared to other occupational groups. For 

example, female textile workers employed in finding and repairing weaving 

faults have been found to have a high frequency of myopia. The prevalence 

of myopia in this specific occupational group increased with increasing 

numbers of years spent in the trade. In a study conducted by Lam (1997) on 

quality control workers in China, there was significant progression of myopia 

(> -0.40 D) over a 2-year period. However, this increase in myopia was not 

observed in labourers who performed little or no close work.  

 

It has been shown that the refractive status of the eye before the 

commencement of work in a particular occupation affects the rate of myopia 

progression after entry to that occupation. McBrien and Adams (1997) 

followed a group of United Kingdom microscopists for two years (166 

subjects completed the study). For eyes that were myopic at the beginning of 

the study, 48 % showed further myopia development of −0.37 D or more, 
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with a mean increase of 0.77 D. For the eyes that were emmetropic at the 

start, 39 % developed myopia (-0.37 D or greater), the mean change was -

0.58 D. The increase in myopia resulted from elongation of the vitreous 

chamber. In a group of United States Air force cadets (O'Neal and Connon, 

1987), originally myopic cadets had greater myopia progression (mean 

change of -0.57 D) than emmetropic (-0.21 D) and hyperopic cadets (-0.18 D) 

(figure 1.4).  

 

Figure 1.4 Percentage of eyes (N = 994) exhibiting myopic, hyperopic or no 
shift in spherical equivalent of refraction in a 2.5 year period. Redrawn from 
O‟Neal and Connon (1987). 

 

1.5.2.3 Level of education and myopia 

It has been shown that myopia is associated with higher level of education 

(e.g., Wensor et al., 1999; Wu et al., 1999; Wong et al., 2000; Shimizu et al., 

2003). Kinge and colleagues (1998) noted that there is a significantly higher 

prevalence of myopia in university students (47%) compared to a population 

based sample (33%). Septon (1984) found that 75% of 2nd year Optometry 
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students reported having a myopic refractive error, which is considerably 

higher compared to the prevalence of myopia in the United States population 

(Vitale et al., 2009). A longitudinal study involving 100 females and 92 males, 

enrolled in a university engineering program, was completed by Kinge and 

Midelfart (1999). The refractive errors were measured, under cycloplegic 

conditions, at the beginning and end of a three year study program. The 

mean age of the students was 20.6 years. The prevalence of myopia at 

entrance was 48% with an increase in prevalence to 65% after 3 years. Of 

subjects who were emmetropic at the start of the study, 59% became 

myopic. The results show that there is a reasonably high prevalence of 

myopia in university students and myopia can progress over the duration of 

study period. Table 1.5 provides a summary of the prevalence of myopia in 

university students. 

 

Table 1.5 Prevalence of myopia in university student population. 

Study Location Age 
 (mean ± SD) 

Definition 
of myopia  

Prevalence  
(%) 

Septon (1984) US 25 ≤ -0.12 74.3 
Bullimore et al. (1989) UK 20.7 ± 2.6 < -0.50 56 
Midelfart et al. (1992) Norway - ≤ -0.25 50.3 
Kinge and Midelfart (1994) Norway 20.6 ≤ -0.25 47 
Logan et al. (2005) UK (White) 19.55 ± 2.99 ≤ -0.50 50 
Logan et al. (2005) UK (British Asian) 19.55 ± 2.99 ≤ -0.50 53.4 
Jorge et al. (2007)* Portugal 20.6 ± 2.3 < -0.50 22 

Lin et al. (1996)* Taiwan 18-21
†
 ≤ -0.25 92.8 

Woo et al. (2004) Singapore 19-23
†
 ≤ -0.50 89.8 

* Initial results of a longitudinal study. † Age range. 

 

There is a strong association between myopia and near work, although the 

mechanism by which near work affects myopia progression is not known.  

Prolonged chronic accommodation during close work has been implicated in 
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myopia. Supporting evidence for this theory provided by several studies (e.g. 

Gwiazda et al., 1993; Abbott et al., 1998) have demonstrated that myopic 

subjects tend to accommodate less to near targets, or that they exhibited a 

greater lag of accommodation than non-myopic subjects. This inaccuracy of 

accommodation may form part of the underlying mechanism, as greater 

accommodative lag might produce a hyperopic defocus effect resulting in 

axial elongation as part of the emmetropisation process (see section 1.7 for 

evidence from animal models of myopia). However, findings from other 

studies do not support this linkage. Studies by Ramsdale (1985) and 

Nakatsuka et al. (2003) failed to demonstrate that myopes accommodate 

significantly less than emmetropes. 

 

1.5.2.4 Outdoor activity as a protective measure from myopia 

Although excessive reading or near work activity increase the risk for myopia, 

other environmental factors (such as participation in sports and time spent 

outdoors) have shown protective relationships. Several Studies have shown 

that time spent outdoors and participation in outdoor sports during childhood 

is associated with a decreased risk of myopia (Jones et al., 2007; Rose at al., 

2008; Dirani et al., 2009). Hours spent playing sports was inversely 

associated with myopia in a study of 1777 students aged 12- to 17-years old 

in Amman, Jordan (Khader et al., 2006). The effect of outdoor activity 

appears not to be the result of a concomitant reduction in near work. There is 

evidence that the genetic factors may interact with outdoor activity on the risk 

of myopia. Jones et al. (2007) have shown that the inverse relationship 
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between outdoor activity and myopia development may be limited to children 

with a strong familial predisposition to myopia (i.e. children with two myopic 

parents compared to children with either no or one myopic parent). 

 

1.5.3 Age 

Studies conducted by Fledelius and Stubgaard (1986), and Saunders (1986) 

provide an example of the change in refractive status of the eye with age. In 

general, there is a surplus of hyperopia in infants, and a change toward 

emmetropia and an increase in myopia between birth and adulthood. There 

seems to be a stability of the refractive status throughout early adulthood, 

however some develop myopia after puberty (late-onset myopia). There is a 

shift in the refractive status towards less myopia (more hyperopia) after age 

40. Figure 1.5 illustrates the change in refractive status of the eye with age.  

 

Figure 1.5 Change in refractive status of the eye with age. Graph not to 
scale. After Saunders (1986).  
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1.5.4 Gender 

Angle and Wissmann (1980) found higher prevalence of myopia in teenage 

girls that was not apparent at older ages. Krause and colleagues (1982) also 

noted higher myopia among girls up to the age of 12 years, where no 

significant difference found between boys and girls after that age. Hyman and 

colleagues (2005) noted that girls showed significantly higher myopic 

progression compared to boys. The gender-based differences in myopia 

prevalence in teenagers may be attributed to the early onset of puberty in 

females compared to males with no significant gender difference being noted 

after reaching puberty and cessation of body growth (Goss and Winkler, 

1983). Goss and colleagues (1990) noted that in girls, the cessation of 

change in height, axial length and refraction is earlier (approximately 14 

years of age) compared to boys (about 16 years of age). 

 

Sperduto and co-workers (1983) examined differences in myopia prevalence 

between males and females in the United States. There was significant 

difference for age groups between age 12 and about 30 years. Myopia was 

found in 27.1% of the female participants and 22.8% of males. There was no 

apparent difference in myopia between the genders after the age of 30 years. 

Fledelius (1983) found no difference in myopia between males and females 

after the age of 65 years. Cheng and colleagues (2003) also did not find a 

difference in myopia level between males and females in a group of Chinese 

adults aged 65 years and above.  
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1.5.5 Ethnicity and racial variations 

This section provides a brief review of some studies conducted on Jews, 

Eskimos, and Australian Aborigines that highlight racial and ethnic variations 

in myopia prevalence.  

 

Jews 

Sourasky (1928) conducted a study on Jewish and non-Jewish 

schoolchildren residing in London. Visual defects were more common in 

Jewish than in non-Jewish boys of ages 8 to 13 years. Comparison of case 

records from Royal Eye Hospital and London Jewish Hospital reveal that 

Jewish boys exhibit more myopia compared to non-Jews. 

 

Shapiro and colleagues (1982) investigated myopia in students of age 

between 18 and 25 years at the Hebrew University in Jerusalem. The 

students came from Jewish families that did not intermingle with other 

families or other populations in the countries where they migrated from. 

Myopia of at least -0.25 D was found in approximately 13% of those who had 

utilised the university health service. However, this sample of students who 

registered at the university health facilities may not represent the whole 

student population. 
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Zylbermann and colleagues (1993) investigated the ocular refraction in 

teenagers in Israel. Jewish boys, attending Orthodox schools were 

significantly more myopic (-2.90 D) compared to students educated in secular 

(general) school (mean refractive error of only -0.50 D). On the other hand, 

there was no significant difference between girls attending Orthodox schools 

and girls educated in general schools, where mean refractive error was -0.90 

D in both groups. Boys and girls who follow Orthodox teaching system are 

taught different curricula and attend different schools. Orthodox schools for 

boys emphasise intense and prolonged teaching of religious texts (e.g., 

Talmud Torah). The authors postulated that the intensive visual demand 

associated with the religious education of Orthodox males is likely 

responsible for high rates of myopia in the Jewish Orthodox community.  

 

Eskimos (Inuit) 

Young el al. (1969) investigated the prevalence of myopia in Eskimo 

populations residing in Barrow, Alaska. Young and colleagues noted that a 

small percentage of the older generations (parents and grandparents) were 

found to be myopic, in comparison to 68% incidence of myopia in the 

younger generation born after World War II. Introduction of formal education 

and schooling, along with Western diet (high carbohydrate diet) were 

proposed as explanations of this remarkable increase in myopia.  

 

Morgan and colleagues (1975) investigated the prevalence of myopia in two 

isolated Inuit communities in northern Canada. Younger adults (under the 
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age of 30) were more myopic compared to the older generation. The 

investigators could not find a genetic basis for this dramatic increase in 

myopia and postulated that environmental factors (schooling) play an 

important role. Alsbirk (1977) investigated the relation between heredity and 

refractive errors, in Greenland Eskimos. Alsbirk proposed that environmental 

factors affect the emmetropisation process, which would result in the 

ametropia observed in the children. Van Rens and Arkell (1991) investigated 

the prevalence of refractive errors in Eskimos residing in two regions in 

Alaska, the average spherical equivalent refraction in the whole sample was -

0.91 D, compared to +0.58 D in a sample of Alaskans investigated by Young 

et al. (1969). Myopia reached a maximum prevalence of 67% in the age 

group 30-39. Unlike Young et al. (1969), van Rens and Arkell (1991) found 

that myopia did not dissipate after the age of 50, though it was markedly 

reduced, as expected, compared to younger participants. Despite the 

difference in the studies samples in term of locations, this increase in myopia 

among all generations during the 20 years period, show that environmental 

factors (i.e. established formal education system) may have an effect on 

myopia development.  

 

Australian Aborigines  

Taylor (1981) conducted a study in 1977 on the prevalence of refractive 

errors among young adult Australians of Aboriginal and European origins 

(age range 20 to 30 years for both samples). Lower myopia rates were found 

in Aborigines compared to Australians of European origins. Taylor and 
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colleagues (2003) also examined a group of Aborigines aged 20 to 30 years 

of age in the year 2000. Taylor et al. (2003) noted a significant shift in 

refraction towards myopia (+0.54 D in 1977 versus -0.55 D in the year 2000 

sample). The authors could not explain fully this myopic shift, as the 

environment (education) and genetic pool did not seem to vary much during 

this 20 year gap. 

 

Eskimos represent an interesting race in the field of myopia studies. Prior to 

World War II, there was little interaction with other races mainly “Whites” or 

Caucasians. Environmental effects on myopia prevalence represented by the 

introduction of formal schooling and Western diet provides an evidence for 

the importance of environmental factors in myopia development. Low (or 

high) myopia rates in certain races do not necessarily mean that myopia is 

race-dependent. Certain ethnicities/races (e.g., Jews) have a high myopia 

prevalence, however it seems that nature of education (intense, prolonged 

reading of religious texts) is a factor in raising the myopia level in this group. 

Another example to support this is the study by Rasmussen (1936) where 

prevalence of myopia in China was found to be approximately 70%. 

Rasmussen (1936) proposed that the traditional Chinese method of 

schooling (which is similar to the Jewish method) promoted this high level of 

myopia. 
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1.5.6 Height and weight 

Studies conducted on children show contradicting findings regarding the 

relationship between refraction and height and weight. Saw and co-workers 

(2002b) found height to be positively related with axial length and myopia, 

whereas increased weight was related with more hyperopic refraction. Ojaimi 

and colleagues (2005) found a relation between height and axial length only, 

and failed to find a relation between myopia and both height and weight. 

 

Gawron (1981) conducted a study on military recruits to investigate the 

differences between emmetropes, myopes and hyperopes. One-way analysis 

of variance (ANOVA) revealed no statistically significant differences in height 

or weight between the groups. Jacobsen and colleagues (2007) also 

investigated refractive errors in military conscripts, and found no relation 

between myopia and height or weight. 

 

Johnson and colleagues (1979) investigated the distribution of refractive 

errors in a group of Inuit Eskimos. A positive significant correlation was found 

between height and axial length. The younger generation sample (< 40 years 

of age) were significantly taller, more myopic and they had longer AL 

compared to the older generation. Wong et al. (2001) found height to be 

positively related to axial length but no relation between height and refraction 

was found. In regard to weight, it was found to be associated with hyperopic 

refraction. Wong et al. (2001) could not provide a clear explanation for the 
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relations seen above. Further studies are needed to investigate the complex 

relation between refraction and height and weight. 

 

1.5.7 Socioeconomic status 

Dandona and co-workers (1999) could not establish a connection between 

income level and prevalence of myopia in Indians. However, higher income 

level was associated with higher incidence of hyperopia. On the other hand, 

Sperduto et al. (1983) found higher prevalence of myopia in United States 

citizens with higher income levels. Higher socioeconomic status was related 

to higher myopia incidence in Japanese adults (Shimizu et al., 2003).  Wong 

and colleagues (2002) investigated the relation between myopia and income 

level, type of housing, educational level and occupation in Chinese adults 

over the age of 40. Higher income and better housing (indicators of better 

socioeconomic status) were associated with higher myopia levels.  

 

In general, higher income level is associated with higher prevalence of 

myopia in population-based studies. Sperduto et al. (1983) and Wong et al. 

(2002) suggested that the relation between socioeconomic status and 

myopia is merely an indicator of the association between myopia and 

nearwork (reading), as higher socioeconomic status is associated with better 

education and more nearwork-demanding occupations. 
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1.5.8 Intelligence 

In a study conducted on children by Young (1963), myopes scored higher in 

intelligence tests compared to non-myopes. Young (1963) noted that certain 

types of intelligence tests require prior reading, which is an advantage for 

myopes who tend to spend more time reading than hyperopes. Further 

analysis using intelligence tests that are not reading-dependant revealed no 

significant correlation between the degree of refractive error and intelligence 

score level. Grosvenor (1970) also noted that myopic children achieved 

better scores in intelligence tests and were more successful in school 

compared to non-myopes. Cohn and colleagues (1988) found children who 

achieved better scores in intelligence tests to be more myopic compared to 

their siblings. Cohn et al. (1988) noted that the amount of reading could not 

account for this difference as there was no significant difference between 

amount of reading between the two groups.  

 

Studies conducted on military recruits also show evidence for a relationship 

between myopia and intelligence. Teasdale and colleagues (1988) found 

myopes attained higher scores in intelligence tests in a study of over 15,000 

military recruits in Denmark. It is to be noted that myopic recruits had higher 

educational levels compared to non-myopes, and that there was no 

correlation between the degree of myopia and intelligence score level. 

Rosner and Belkin (1987) also reported comparable findings in Israeli 

recruits.  
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Saw and colleagues (2004) noted that it is complicated to separate factors 

such as nearwork from intelligence in studies relating myopia with 

intelligence.  In their study on children, myopia was significantly correlated 

with higher non-verbal intelligence quotient test scores, and the relation was 

independent from the numbers of book read by the participants. However, a 

cause-effect cannot be drawn as several factors (e.g., a learning curve when 

repeating intelligence tests) may contribute to the relationship. 

 

1.6 Biometric correlates of myopia 

The ocular structures that contribute to the refractive status of the human eye 

are the cornea, aqueous humour, crystalline lens and the vitreous humour. 

Parameters linked to measurements of these parts are corneal curvature 

(CR), anterior chamber depth (ACD), crystalline lens thickness (LT), 

crystalline lens surface power, vitreous chamber depth (VCD) and axial 

length (AL). These parameters are usually termed optical or refractive 

components of the eye.  Another term used to describe these parameters is 

biometric components of refraction. 

 

1.6.1 Corneal Radius of curvature  

CR is normally distributed in the population (Stenström, 1948) (see figure 

1.6). During growth, changes in CR are minimal and it has been shown that it 

does not contribute to the emmetropisation process after infancy and early 

childhood (Fledelius 1982a, b; Zadnik et al., 1993). Stenström (1948) found a 
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weak correlation (r = +0.18) between CR and refraction, which means that 

the myopic eye has a steeper corneal radius compared to an emmetropic or 

hyperopic eye. 

 

 

Figure 1.6 Distribution of corneal radius of curvature in adults (age range 20 
to 35 years). Redrawn from Stenström (1948). 
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1.6.2 Axial length  

There are many cross-sectional studies that report adult myopes having 

longer AL than non-myopes (i.e. emmetropes and hyperopes) at the same 

age (e.g., Nyman, 1988; Adams and McBrien, 1992; Osuobeni, 1999; Wong 

et al., 2002). The work of Stenström (1948) shows that AL exhibited a strong 

correlation with refraction (r = -0.76). However, the CR showed a weaker 

correlation with refraction, with a correlation coefficient of r = +0.18. 

Stenström concluded that the axial length is the structural component that 

plays the biggest role in determining the refractive status of the eye. Re-

analysing Stenström‟s data, Carroll (1981) found a nearly perfect linear 

relationship between axial length and refraction. Figure 1.7 shows a 

scatterplot and linear regression of AL against SER in a sample of Middle 

Eastern adults (Mallen et al., 2005a).  

 

Figure 1.7 Scatterplot and linear regression of axial length against spherical 
equivalent of refraction. Data obtained from Jordanian adults (age range 17 
to 40). Redrawn from Mallen et al. (2005a). 
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Strang and colleagues (1998) observed that most of the studies on refractive 

errors were devoted for myopia, few being done on hypermetropia. 

Therefore, they studied the correlation between refraction and optical 

components in hyperopic eyes. Axial length correlated strongly with refraction 

while corneal radius showed a weak correlation. Thus, they suggested that 

the axial length plays the biggest role in hyperopia, while the corneal radius 

has a weak but statistically significant role. Hypermetropic eyes have a 

shorter axial length and flatter cornea compared to myopic and emmetropic 

eyes. 

 

1.6.3 Vitreous chamber depth 

There is compelling evidence from both cross-sectional studies (e.g., 

McBrien and Millodot, 1987a) and longitudinal studies (e.g., Adams, 1987; 

Jiang and Woessner, 1996) that variation in axial length, mediated by 

vitreous chamber depth, would account for most of the variation in the 

refractive status of the eye.  

 

Grosvenor and Scott (1993) investigated refractive error and ocular 

component changes in a 3-year longitudinal prospective study. The cohort 

consisted of 29 youth-onset myopes, 26 early adult-onset myopes and 24 

emmetropes. During the 3-year period, mean spherical equivalent refraction 

shifted towards myopia for all three refractive error groups. All three groups 

showed refractive error change to be significantly correlated with changes in 

vitreous chamber depth and axial length. The authors could not find a 
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statistically significant correlation between other ocular parameters with the 

increase in myopia. This is in agreement with the work done by McBrien and 

Adams (1997) who investigated adult-onset and adult-progression of myopia 

in clinical microscopists (see section 1.5.2.2). There is no clear evidence to 

suggest that myopia onset or progression is a consequence of an increase in 

corneal or crystalline lens power in the absence of axial elongation. 

 

1.6.4 Axial length:corneal radius ratio (AL:CR) 

Grosvenor (1988) suggested that an emmetropic eye with a high AL:CR ratio 

may be at risk of myopia development. In a cross-sectional study by 

Grosvenor and Scott (1991), myopes had higher AL:CR ratio, and suggested 

that an emmetropic eye with an AL:CR of more than 3:00 maybe at risk of 

developing myopia. However, in the longitudinal study by McBrien and 

Adams (1997), there was no significant difference in AL:CR ratio between the 

microscopists who developed myopia during a 2-year period (AL:CR = 3.02) 

or those who remained emmetropic (AL:CR = 3.01). Furthermore, there was 

no significant difference between myopes who did not demonstrate a change 

in refraction (i.e. stable myopes, AL:CR = 3.15) and myopes who had a 

myopic increase in their prescription (i.e. progressing myopes, AL:CR = 

3.17). The authors concluded that AL:CR could not be a risk factor of myopia 

development in adults, as corneal steepening did not occur, unlike myopia 

development in children where axial elongation (i.e. scleral stretching) is 

accompanied by corneal steepening. Furthermore, the authors suggested 
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that the difference in AL:CR between the myopic (3.16) and emmetropic 

(3.01) eyes is simply due to longer mean AL in the myopic eyes.  

 

Goss and Jackson (1995) investigated the changes in ocular parameters and 

refractive error during a 3-year period in 87 initially emmetropic school 

children. AL:CR was higher in children who became myopic after the 3-year 

period compared to children who remained emmetropic. The authors noted 

that a high AL:CR is a risk factor of myopia development. Goss and Jackson 

(1995) noted that during ocular growth, the hyperopic shift caused by the 

thinning of the crystalline power (i.e. thinning of the crystalline lens) during 

growth is counterbalanced by an increase in citreous chamber depth. 

However, a high corneal power (i.e. high AL:CR) would restrict the capability 

of the crystalline lens thinning to counteract the increase in VCD thus leading 

to the development of myopia. Thus, crystalline lenses that cannot thin 

sufficiently (due to a high AL:CR) go on to develop myopia. 

 

1.7 Animal models of myopia 

Emmetropisation is the process whereby the normal Gaussian distribution of 

refractive errors seen at birth, and centred around + 2.00 D (Cook and 

Glasscock, 1951), changes with time to the adult non-Gaussian distribution, 

with the majority of refractions centred on emmetropia or slight hyperopia 

(Sorsby et al., 1960). Corneal curvature (and hence power), anterior chamber 

depth, and lens power all demonstrate normal distributions within the general 

population, but axial length and refraction have sharply peaked kurtosis, and 
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are skewed towards longer length and myopia respectively (McBrien and 

Barnes, 1984). Myopia is associated with nearwork, and there is solid 

evidence of the effect of environment on myopia development and 

progression. To examine the role played by environment in the development 

of myopia, animal models have been employed. Many of these animal 

studies focus on the induction of myopia by artificial manipulation of the 

environment, mainly by form deprivation methods (e.g., lid suturing) or optical 

defocus methods (applying convex or concave lenses in front of the animal‟s 

eye). 

 

Wiesel and Raviola (1977) found unilateral lid suturing to produce high 

degrees of myopia in macaque monkeys. Axial length and equatorial 

diameter were increased while the anterior segment was essentially 

unchanged. The distortion of visual input produced by lid suture appears to 

be the cause of the observed form-deprivation myopia, suggesting a visually 

guided system. Visual form deprivation consistently produces myopia in 

chicks and tree shrews; however, the amount of myopia (for a given 

deprivation regimen) varies among individual animals. Macaque monkeys 

appear more variable (Smith 1991; Smith et al., 1994). The within-species 

variability suggests that individual animals may have a differing susceptibility 

to developing environmentally induced myopia.  

 

Macaque monkeys comprise the animal model most closely related to 

humans (Hung et al., 1995). With the development of a hood that holds 
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lenses in place (Hung et al., 1995), it has become possible to control the 

visual environment during the infantile developmental period and to avoid the 

difficulties of eyelid closure and contact lenses (Hung and Smith 1996; Smith 

et al., 1994). Smith et al. (1999) have shown that form deprivation can cause 

axial myopia in monkeys between the ages of 3.7 and 5 years, which is 

equivalent to 15 to 20 years of age in humans (Tigges et al., 1988). This 

study indicates that distorted retinal imagery can cause myopia beyond the 

age when the eye is thought to be fully developed (Goss and Winkler, 1983).  

 

Smith et al. (2002) studied the effects of brief daily periods of unrestricted 

vision on the degree of form-deprivation myopia in monkeys. Smith et al. 

(2002) found that relatively long periods of form deprivation can be 

compensated by short periods of unrestricted vision. These results indicate 

that the processes or signals that promote axial elongation in monkeys are 

comparatively weak or easily overridden by factors that slow ocular growth. 

Smith et al. (2010) studied the influence of optical defocus on ocular shape 

and the pattern of peripheral refraction in rhesus monkeys. Optically imposed 

defocus can alter the shape and pattern of peripheral refraction in infant 

primates. Like form-deprivation myopia, the effects of optical defocus in 

primates are dominated by mechanisms that integrate visual signals in a 

spatially restricted mode and apply their effect in a regionally selective 

manner (Smith et al., 2010). Clinical models of vision-deprivation myopia in 

humans have also been reported (e.g., Hoyt et al. 1981; Rabin et al. 1981; 

Muramatsu et al., 1982).  
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Inducing myopia in animals by optical defocus is of importance in 

investigating the role of nearwork in myopia development. Positive lenses 

focus an image in front of the retina (myopic defocus) resulting in the 

development of hyperopia by means of reducing the axial length, while 

negative lenses focus an image behind the retina (hyperopic defocus) 

resulting in the development of myopia caused by axial elongation. Chick 

eyes are able to detect the sign of the imposed defocus and direct their eye 

growth to compensate for lenses in the range of - 10 D to + 15 D (Irving et 

al., 1991; Irving et al., 1992). Thickness changes in the choroid of the chick 

eye can produce large changes in refraction. As mentioned earlier, positive 

lenses focus an image in front of the retina, which would cause an increase 

in choroidal thickness; resulting in reduction in axial elongation. Thinning of 

the choroid caused by wearing negative lenses, results in axial elongation 

and development of myopia.  

 

Monkeys respond to binocular treatment with large plus lenses with 

essentially no response, maintaining the slightly hyperopic refractive state 

that is present at the start of lens treatment (Smith et al., 1999). However, if a 

series of low-power plus lenses is used, sequentially increasing the power of 

the lens and allowing time with each lens for the eye to slow its elongation 

rate and become increasingly hyperopic, a substantial hyperopia can be 

produced (Smith et al., 1999).  
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The relative potency of myopic and hyperopic defocus can be demonstrated 

by alternately presenting defocus to the eye during the day, which results in 

chick eyes compensating for the positive lens in preference to the negative 

lens (Winawer and Wallman, 2002). When both myopic and hyperopic 

defocus are presented simultaneously to the retina, the eye emmetropises to 

an end point between the two powers, although the myopic defocus has a 

greater influence on the response (Tse et al., 2007). Recovery from myopia 

has been confirmed in chicks (Troilo and Wallman, 1991), as well as being 

shown to occur in tree shrews (Siegwart and Norton, 1998; McBrien et al., 

1999). However in a primate model of myopia development, the marmoset, 

recovery did not occur, and instead the eyes either remained myopic or 

continued to elongate and become more myopic on removal of the 

deprivation stimulus (Troilo and Judge, 1993). 

 

1.8 The accommodative response of the human eye 

1.8.1 Static behaviour of accommodation 

The accommodative response (AR) of the eye is related to the distance of 

the accommodative stimulus (AS). This is described by the accommodative 

stimulus-response curve (ASRC), which is illustrated in figure 1.8. ASRC can 

be divided into four zones (Ciuffreda and Kenyon, 1983): Zone 1 is a non-

linear region between 0 and 1.5 D approximately. There is a „lead‟ 

accommodative response for the given stimulus, i.e., an over-

accommodation. Through this zone, the response is almost constant and is 

induced by the tonicity of the ciliary muscle, occurring for lower stimulus 
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demands (Charman, 1982). Zone 2 is a linear region where the change in AS 

results in a consequent AR. However, the AR is lower than the AS, thereby 

producing a „lag‟ of accommodative response, at these intermediate stimulus 

levels (Hung and Semmlow, 1980). Zone 3 is a non-linear soft saturation 

region, shows where further increase in the AS, produces a change in AR, 

but this response is progressively smaller than for a similar change in the AS 

compared to Zone 2. Zone 4 describes the region of hard saturation, i.e., any 

further increase in the stimulus does not produce an increased response. 

This zone also defines the „amplitude of accommodation‟, the maximum 

accommodation that can be produced for any given stimulus. 

 

 

Figure 1.8 Accommodation stimulus-response curve (ASRC). A = initial non-
linear region, B = linear region, C = soft saturation, D = hard saturation. After 
Ciuffreda and Kenyon (1983). 
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1.8.1.1 Lag of accommodation and myopia 

Various studies have used different experimental protocols and approaches 

to investigate the accommodative responses of myopes. Gwiazda and 

colleagues (1993) measured the accommodative stimulus-response curves 

(ASRCs) under monocular viewing conditions in emmetropic and early-onset 

myopic children aged between 5 and 17 years. The methods used were 

decreasing distance series (i.e. moving a target closer to the participant), 

negative lens series and positive lens series. Gwiazda et al. (1993) found 

that both emmetropic and early-onset myopic children accommodated 

accurately to real targets at far distances and showed a typical lag of 

accommodation when presented with near targets. They also noticed 

accommodative differences between myopic and emmetropic children at two 

of the closest distances when evaluated using the decreasing distance series 

and negative lens series methods.  

 

Gwiazda et al. (1995) found a reduction in slope of the ASRC and higher lag 

of accommodation at near in progressing myopic children. Hyperopic retinal 

defocus as a result of the lag of accommodation that occurs during near 

visual tasks is believed to play a role in myopia progression (Gwiazda et al., 

1995).  

 

Abbott and colleagues (1998) replicated Gwiazda and co-workers‟ (1993) 

study in myopic adults and found that the accommodation responses of 

emmetropes, early-onset myopes and late-onset myopes were not 
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significantly different from one another, yet the responses of progressing 

myopes differed from those of stable myopes and emmetropes. They also 

found negative lens series to be a better method of detecting accommodative 

inaccuracies between emmetropes and myopes. 

 

Experimental work have been carried out to determine whether lag of 

accommodation at near is a precursor to, or a consequence of, the onset of 

myopia. Portello et al. (1997) measured lag of accommodation in a cohort of 

emmetropic subjects. A significantly greater lag of accommodation was found 

in subjects who later became myopic compared to subjects that remained 

emmetropic. Goss (1991) also found an increase in lag of accommodation 

preceding the onset of myopia.  

 

1.8.2 The dynamic accommodation response 

The term dynamic accommodation describes the response of the 

accommodative system to step-wise changes in the AS or to a sinusoidally 

moving target (oscillating at a known frequency).  

 

1.8.2.1 Sinusoidal accommodative response 

When investigating the dynamic accommodation response to a sinusoidally 

moving target, the accommodative gain and the phase lag of the AR are of 

interest. Figure 1.9 is a representation of the dynamic accommodative 
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response in the human eye. Accommodative gain is calculated by dividing 

the accommodation response amplitude by the target (stimulus) amplitude. 

Phase lag can be determined from the peak of the accommodative stimulus 

to the peak of the accommodative response (point A in figure 1.9). Phase lag 

can also be determined from the trough of the accommodative stimulus to the 

trough of the accommodative response (point B in figure 1.9). Phase lag (in 

degrees) is determined by the formula: 360tDf; where f is the temporal 

frequency of the target; and tD is the time difference between the peak 

(trough) of the stimulus and the peak (trough) of the accommodative 

response (Charman and Heron, 2000). 

 

 

Figure 1.9 Dynamic accommodation response to a sinusoidal moving target. 
A = Peak-to-peak phase lag, B = Trough-to-trough phase lag, C = Amplitude 
of accommodative stimulus, D= Amplitude of accommodation response. 
Accommodative gain = D/C. 
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When the temporal frequency of the oscillating target is increased, an 

increase in phase lag and a decrease in accommodative response gain have 

been observed (Kruger and Pola, 1986; Culhane et al., 1999). Table 1.6 lists 

mean (± 1SD) accommodative gain and phase lag as a function of temporal 

frequency obtained from Kruger and Pola (1986) and Culhane et al. (1999). 

Up to a frequency of 0.1 Hz, an accurate accommodative response is 

present. However, at 0.3 Hz, an increase in phase lag and a decrease in 

accommodative gain can be observed. At 0.6 Hz, a collapse in 

accommodative accuracy is observed. 

 

Table 1.6 Mean (± 1 SD) accommodative gain and phase lag as a function of 
temporal frequency, for a target oscillating in a sinusoidal form. Redrawn 
from Kruger and Pola (1986), and Culhane et al. (1999). 

Temporal 
frequency 

(Hz) 

Kruger and Pola (1986) Culhane et al. (1999) 

Phase lag (°) Gain Phase lag (°) Gain 

0.05   1 ± 3  0.90 ± 0.01 13 0.90 ± 0.05 
0.1   5 ± 5      0.91  9 0.83 ± 0.07 
0.2          15      0.80 ± 0.1 25 0.60 ± 0.11 
0.3 - - 28 0.48 ± 0.13 
0.4 40 ± 5      0.60 ± 0.1 42 0.52 ± 0.02 
0.6 60 ± 1  0.50 ± 0.05 64 0.38 ± 0.04 
0.8   75 ± 15 0.36 ± 0.09 - - 
1.0   90 ± 15 0.30 ± 0.08 - - 

 

1.8.2.2 Accommodative response to step-changes in stimulus 

The dynamics of the accommodative response to various stimuli were 

investigated by Campbell and Westheimer (1960). The response to step 

changes in stimuli were assessed for latency (reaction time), movement time 

(response time) and peak velocity. Latencies of 360 milliseconds and 380 

milliseconds for positive and negative accommodation changes respectively 
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were found. The movement time for the accommodation response was found 

to be independent of the response magnitude as velocity increased with 

response magnitude and was 640 milliseconds for positive and 560 

milliseconds for negative accommodation. This would give a total response 

time of approximately a second. The effects of blur and size cues and blur 

alone were also studied. Where blur plus size information was available, the 

accommodative response was made in one step but where blur alone was 

the stimulus more than one step was made. 

 

Dynamic accommodation to step stimuli were studied by Culhane and Winn 

(1999). In this study latency and response times to step stimuli from near to 

far and far to near (2 to 4 D), following variable periods of fixation of 10, 60 or 

180 seconds were measured in emmetropes, early onset myopes and late 

onset myopes. Reaction times were not significantly different in the three 

groups. Response times lengthened for all groups with increasing prior 

fixation time. Late-onset myopes took significantly longer to respond to the 

near-far step condition (negative accommodation) after the longest prior 

fixation time. 

 

1.8.3 Amplitude of accommodation 

1.8.3.1 The relation between amplitude of accommodation and age 

Amplitude of accommodation (AA) is the amount of accommodation exerted 

to move the focus from the far point to the near point (Ciuffreda, 2006). 
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Extensive studies were conducted on the relation between amplitude of 

accommodation and age (Donders, 1864; Duane, 1909; Turner, 1958). 

Donders (1864) measured the far point   and nearpoint of clear vision for 

subjects between the ages of 10 and 80 years. Duane (1909) investigated 

the AA in more than 1000 subjects between the ages of 8 and 70 years. 

Turner (1958) measured AA in 500 subjects between the ages of 13 and 70 

years. The results of these investigations were very similar to one another; 

where the mean amplitude of accommodation decreased rapidly  up   to  the  

age  of  50  to  52 years and  then  decreased  only slightly during 

subsequent years. Even at the age of 60 years, there still remained 

approximately 1.50 D of accommodation measurable, but much of this was 

due to depth of focus (Hamasaki et al., 1956) (figure1.10). 

 

Figure 1.10 Change of amplitude of accommodation (D) with age. Redrawn 
from Turner (1958). 
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1.8.3.2 The relation between amplitude of accommodation and myopia 

McBrien and Millodot (1986) investigated the differences in AA between 

emmetropes, early-onset myopes, late-onset myopes and hyperopes (figure 

1.11). LOMs exhibited higher AA values compared to other refractive groups 

of similar age. Hyperopes had the lowest amplitude of accommodation. The 

differences found in AA between refractive groups were statistically 

significant. Maddock et al. (1981) also noted that myopes exhibited higher AA 

compared to emmetropes. Furthermore, Fledelius (1981) found myopes to 

exhibit higher AA compared to emmetropes. 

 

Fong (1997) measured refractive error and amplitude of accommodation in 

age, race and occupation matched subjects (N= 696). Myopes were found to 

have significantly lower AA than non-myopes (p = 003). However, Fisher et 

al. (1987) failed to show significant differences in amplitude of ocular 

accommodation between high myopes, low myopes, emmetropes and 

hyperopes. 

 

Figure 1.11 Amplitude of accommodation as a function of refractive error 
type. Redrawn from McBrien and Millodot (1986). 
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1.8.4 Tonic accommodation  

1.8.4.1 Definitions and methods of measurement  

Accommodation has been shown to adopt an intermediate resting position in 

conditions when the visual stimulus is degraded (i.e. an absence of an 

adequate visual stimulus; Rosenfield et al. (1993). Several terms have been 

used to describe this intermediate level of accommodation measured, e.g. 

tonic accommodation (TA), dark focus, dark accommodation  and the resting 

point of focus (Rosenfield et al., 1993).  

 

Leibowitz and Owens (1978) measured the TA of 220 college students using 

laser optometer in complete darkness, and found that the mean value of tonic 

accommodation was 1.52 D (SD 0.77 D, range 0 to 4 D). However, Post et 

al. (1984) suggested that there was an over estimation of TA when using the 

laser optometer, which may be due to the increased mental effort required to 

judge the direction of speckle motion (Gilmartin and Hogan, 1985). With the 

introduction of open-field infra-red autorefractors, these instruments became 

a popular tool for measuring tonic accommodation (McBrien and Millodot, 

1987b; Rosenfield, 1989). Table 1.7 lists TA values reported in adults utilising 

different measurement methods. 
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Table 1.7 Tonic accommodation (D) values reported in adults using various 
measurement methods, listed according to chronological order of publication. 

Mean Range Method Citation 

-0.82 +0.60 to -1.10 Purkinje images Campbell and Primrose (1953) 
-1.52 +0.50 to -4.00 Laser optometer Leibowitz and Owens (1978) 
-1.66 +0.50 to -4.00 Laser optometer Heron et al. (1981) 
-0.71 0 to -2.80 Polarised vernier optometer Simonelli (1983) 
-1.55 +0.32 to -4.19 Laser optometer Gilmartin et al. (1984) 
-1.10 +1.00 to -4.00 Infrared optometer Johnson et al. (1984) 
-1.70 +0.06 to -3.43 Laser optometer Bullimore et al. (1986) 
-1.75 +0.13 to -4.03 Infrared optometer Bullimore et al. (1986) 

-1.07 +0.25 to -2.00 Near retinoscopy Bullimore et al. (1986) 

 

1.8.4.2 The relation between tonic accommodation and refractive error 

Conflicting results have been found between investigators for measurements 

of TA, especially when considering late-onset and progressing myopes.  

 

Some studies have shown that myopes have increased TA levels (Gawron, 

1981; Simonelli, 1983) while other studies report lower TA in myopia 

(Maddock et al., 1981, Ramsdale, 1985). Furthermore, some studies could 

not establish any correlation between TA and myopia (Smith, 1983; Gilmartin 

et al., 1984; Fisher et al., 1987; Whitefoot and Charman, 1992).  

 

Some studies report lower TA in late-onset myopes (McBrien and Millodot, 

1987; Bullimore and Gilmartin, 1987; Bullimore et al., 1988; Jiang, 1995), 

while some studies do not support this finding (Woung et al., 1993; Strang et 

al., 1994; Strang et al., 2000).  
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Table 1.8 shows reported values of TA as a function of refractive error type. 

Rosenfield et al. (1994) suggested that a large population (at least 500 

participants) study would be required in order to clearly determine if there is a 

correlation between tonic accommodation and refractive error.  

 

Table 1.8 Tonic accommodation (D) values (mean ± 1SD) reported in adults, 
divided according to refractive error type. Redrawn from Chen et al. (2003). 

H E M EOM LOM Optometer Reference  

0.28 ± 0.62 0.90 ± 0.57 3.37 ± 1.48 - - Polarised 
vernier  

Gawron (1981) 

1.29 ± 1.25 0.96 ± 0.52 0.73 ± 0.56 - - Laser  Maddock et al.  
(1981) (Cardiff) 

- 1.62 ± 1.15 1.24 ± 0.79 - - Laser  Maddock et al.  
(1981) (Davis) 

1.33 ± 0.49 0.89 ± 0.43 - 0.92 ± 0.61 0.49 ± 0.16 Infrared  McBrien and 
Millodot (1987b) 

- 0.79 ± 0.56 - 0.65 ± 0.46 0.59 ± 0.55 Infrared  Woung et al. 
(1993) 

H= hyperopia, E= emmetropia, M= myopia, EOM= early-onset myopia, LOM= late-onset myopia. 

 

1.8.5 Facility of accommodation 

Accommodative facility is a clinical test for dynamic accommodation. It can 

be assessed by a timed alteration between two lens-induced stimuli (lens 

flipper technique) at a fixed distance and is expressed as a facility rate in 

cycles per minute with one cycle describing an alteration between a positive 

accommodative stimulus (negative lens) to a negative accommodative 

stimulus (positive lens) and back. Testing the facility of the accommodative 

system assesses the dynamics of the accommodative response (latency plus 

response time) and also the ability to respond to blur induced by negative 

lenses when tested with the lens-flipper method. (O‟Leary and Allen, 2001). 

O‟Leary and Allen (2001) measured the facility of accommodation in young 
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adults with myopia and found the mean distance facility to be significantly 

lower in the myopic (11.5 cycles per minute) than in the emmetropic subjects 

(12.9 cycles per minute). This supports the evidence that myopes have an 

abnormal response to blur. Allen and O‟Leary (2006) studied the changes in 

accommodative facility during a 12 month period in a group of 30 myopes 

and 34 non-myopes. Facility of accommodation and lag of accommodation 

were found to be a risk factors of myopia progression. 

 

1.9 Heterophoria and myopia   

Esophoria at near is implicated in the aetiology of myopia. In a retrospective 

study by Goss (1991), children who became myopic were found to be more 

esophoric at near compared to children who remained emmetropic. The 

difference was statistically significant (p < 0.001). A retrospective study by 

Chung and Chong (2000), shows that myopic adults were exhibited more 

esophoric at near compared to emmetropes.  

 

The Correction of Myopia Evaluation Trial (COMET) study (Gwiazda et al., 

2004) investigated the effect of progressive addition lenses and single vision 

lenses on accommodative lag, heterophoria and progression of myopia in 

469 children. Esophoria at near and higher accommodative lag were found to 

be associated with myopia. This is due to the reduced accommodation 

exerted by esophoric children to reduce accommodative convergence. This 

results in hyperopic defocus during nearwork which would lead to myopia 

progression. A significant treatment effect using progressive addition lenses 
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was shown for larger accommodative lags with esophoria (mean = 0.64 D), 

which supports the theory that progressive addition lenses may reduce the 

progression of myopia by reducing the amount of hyperopic defocus 

experienced by children. 

 

1.10 Blur adaptation   

The depth of focus is a term used to represent the range of defocus that can 

be applied to an optimally focused image in which the observer detects no 

change in optical clarity (Bennett and Rabbetts, 1998). Depth of focus, which 

is measured in dioptres, provides a measurement of the blur sensitivity of an 

observer. Blur sensitivity is a result of the combination of the optical depth of 

focus and the neural ability to detect and interpret levels of blur (Wang and 

Ciuffreda, 2006). When discussing the response of the human visual system 

to defocus, the terms depth of focus and blur sensitivity are usually used 

interchangeably.  

 

Rosenfield and Abraham-Cohen (1999) used a Badal optometer and a 

bipartite target to measure the limits of depth of focus (i.e. blur sensitivity) 

under cycloplegia. The participants were instructed to view the stationary 

target and report when this side first appeared “clearer or darker” than the 

moveable portion. A significantly greater dioptric range within which blur was 

not appreciated was found in the myopes (± 0.19 D in myopes compared to ± 

0.11D in emmetropes). Rosenfield and Abraham-Cohen (1999) discuss this 

finding in relation to larger lags of accommodation found in myopes. 
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Blur adaptation is a term used to define the improvement in visual resolution 

(i.e. visual acuity) after exposure to a period of defocus (Mon-Williams et al., 

1998). Mon-Williams and colleagues (1998) used +1.00 DS convex lenses to 

induce defocus in a group of 15 emmetropic young adults. After 30 minutes 

of adaptation to +1.00 D defocus lenses, the mean defocused visual acuity 

had improved by - 0.12 and - 0.094 logMAR units for the right and left eyes 

respectively. The improvement in defocused visual acuity has been observed 

in myopes following a period of uncorrected viewing (Pesudovs and Brennan, 

1993; Rosenfield et al., 2004). Radhakrishnan and colleagues (2004) 

observed that the use of positive lenses to induce defocus would produce 

equal reduction in visual performance in emmetropes and myopes. However, 

when using negative (concave) lenses, the authors observed myopes to 

retain better visual acuity levels than emmetropes.  

 

Cufflin and colleagues (2007b) used a +1.00 DS lens over the best distance 

correcting lenses to induce defocus for a 30 minute period in a group of 

emmetropes, early-onset myopes and late-onset myopes. After 30 minutes of 

myopic defocus (i.e. blur adaptation), the authors observed a statistically 

significant improvement in visual acuity (mean improvement of -0.07 ± 0.07 

logMAR). However, this improvement in defocused visual acuity was not 

refractive error dependant, with all refractive groups exhibiting similar 

magnitude of improvement in visual acuity (i.e. visual resolution). Cufflin and 

colleagues (2007a) also observed an improvement in defocused visual acuity 

in a group of emmetropes (mean improvement of -0.20 ± 0.18 logMAR) and 

early-onset myopes (mean improvement of -0.26 ± 0.17 logMAR) following a 
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45 minute adaptation period to a +3.00 DS lens. However, blur adaptation did 

not affect the steady-state accommodative responses or the accommodative 

stimulus-response function gradient, concluding that myopes will have 

accurate accommodative response to a stationary target following a period of 

defocus. 

 

Cufflin and Mallen (2008) investigated the dynamic accommodative 

responses to a step-wise change in target vergence, and to sinusoidal 

change in target vergence following blur adaptation to 0.00 DS, + 1.00 DS 

and + 3.00 DS lenses for a period of 30 minutes. The study was conducted 

on 6 emmetropes, 6 early-onset myopes, and 6 late-onset myopes. Group-

averaged peak-to-peak phase lag increased from 27.94 ± 9.14° for 0.00 D 

adaptation up to 40.25 ± 16.42° and 46.87 ± 16.99° for +1.00 D and +3.00 D 

adaptation, respectively. However, phase lag measured from the trough of 

the target demand to the trough of the accommodation response was not 

affected by blur adaptation. Neither blur adaptation nor refractive group were 

found to have an effect on the accommodative gain. Blur adaptation has 

shown to increase the accommodation response time, and accommodative 

response magnitude to a step change in target vergence demand. The 

authors concluded that low myopes would observe an improvement in visual 

acuity after a period of removing the refractive correction. Also, myopes 

would have an increase in dynamic accommodation responses after 

returning to the full refractive correction. 
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1.11 Diurnal fluctuations in ocular components, intraocular pressure 

and central corneal thickness   

 

1.11.1 Diurnal variations in Intra-ocular pressure (IOP) 

There appears to be a relationship between myopia and higher IOP values 

(e.g., Abdalla and Hamdi, 1970; Tomlinson and Phillips, 1970). However, the 

role of IOP in myopia development is still unclear in terms of whether IOP is a 

precursor to axial length growth or a consequence of increased globe size 

(Song et al., 2008). Diurnal variations in IOP has been reported by several 

studies (e.g., Liu et al., 2002; Liu et al., 2005; Wilson et al., 2006; Read et al., 

2008). All the studies agree that IOP is at maximum upon awakening and 

gradually decreases during the day, after which it increases during the night 

time. Read et al. (2008) found this reported diurnal pattern of IOP change in 

emmetropes. They suggested that changes in IOP account for 14% of the 

diurnal changes in axial length found in emmetropes. However, in a group of 

participants with refractive correction ranging between -2.75 D and +1.00 D 

(Wilson et al., 2006), there was no direct correlation between changes in IOP 

and changes in AL. It would be of interest to investigate the relation between 

diurnal changes in IOP and diurnal changes in axial length in a group of 

myopes, and to compare the results with findings obtained from emmetropes 

(Read et al., 2008). 
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1.11.2 Twenty-four hour variation in axial length  

Literature available from animal studies on diurnal variations in AL is 

equivocal; some species exhibit a nocturnal increase in AL (e.g. rabbit; Liu 

and Farid, 1998), while others show a nocturnal decrease (e.g. chicken; 

Weiss and Schaeffel, 1993). Studies on AL variations in humans are limited. 

Stone et al. (2004) investigated the change in AL (measured using partial 

coherence interferometry) between 7 am and 12 midnight in seventeen 

subjects with an age range of 7 to 53 years. The results show that the AL 

exhibited diurnal fluctuation with the maximum length found between midday 

and early afternoon, which decreased with the progression of day. The 

magnitude of change in AL was 0.0271 ± 0.0119 mm. However, some of the 

participants failed to demonstrate any changes in AL during the day, which 

was attributed to the wide range of age and refractive errors within the 

cohort.  

 

Of importance to this thesis is the work of Read and colleagues (2008) on 

variations of AL in emmetropes.  Read et al. (2008) investigated the 24-hour 

fluctuations of axial length in a group of emmetropes with an age range of 20 

to 27 years. AL demonstrated significant changes during the day with a 

maximum peak at midday (between 11:00 and 13:00), which gradually 

decreased to reach a minimum before sleep. AL was not measured during 

sleep but was found to increase upon awakening compared to before sleep. 

The mean amplitude of axial length change was 0.046 +/- 0.022 mm. The 

changes in AL in this group of emmetropes are illustrated in figure 1.12.  
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Figure 1.12 Twenty-four hour variations of axial length, central corneal 
thickness and anterior chamber depth in emmetropes. All values are 
expressed as the average difference from the daily mean at each 
measurement session. Redrawn from Read and colleagues (2008). 

 

1.11.3 Diurnal variation in anterior chamber depth central corneal thickness  

Several studies have reported that the central corneal thickness (CCT) varies 

throughout the day; where the thickness tends to increase overnight with the 

maximum CCT measured upon awakening which is attributed to corneal 

swelling (Kiely et al., 1982; Holden and Mertz, 1984; Harper et al., 1996; 

Read et al., 2008; Read and Collins, 2009). ACD also exhibits diurnal 

changes where it is found to be maximum in the morning and minimum in the 

evening (Mapstone and Clark, 1985). Read et al. (2008) found that ACD was 

greatest in the evening prior to sleep and least upon wake up in a group of 

emmetropes. Changes in ACD and CCT during a 24-hour period in 
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emmetropes are shown in figure 1.13. These changes in ACD can be 

explained by concurrent changes in CCT (Read and Collins, 2009). The 

reduction in ACD upon wakening is caused by a forward movement of 

anterior corneal surface accompanied with a backward movement of 

posterior corneal surface as illustrated in figure 1.13.  

 

Figure 1.13 The relation between change in central corneal thickness (CCT) 
and anterior chamber depth (ACD). Redrawn from Read and Collins (2009). 
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1.12 Aims and Scope 

The main aim of this thesis is to investigate the prevalence of refractive error 

in young adults aged 17 to 40 years in the Middle East. To the author‟s 

knowledge this is the largest cross-sectional study of refractive error in the 

Middle East. Risk factors of myopia such as the type of occupation, level of 

education and family history of myopia will be investigated. In addition, 

biometric and oculomotor correlates of refractive error will be investigated. 

The correlation between refractive error and optical components of the eye 

will be studied using A-scan ultrasound biometry. Tonic accommodation, 

amplitude of accommodation and near heterophoria measurements were 

taken to determine the correlation between the above mentioned parameters 

and refractive error. As there are contradicting studies on the relation 

between tonic accommodation, amplitude of accommodation and myopia. 

Furthermore, the relation between esophoria at near and myopia would be 

confirmed in larger sample study. 

 

There is a compelling evidence for a high prevalence of myopia in university 

students and certain occupations with high nearwork demand compared to 

the general population. As data on the prevalence of refractive error in 

Jordanian adults are available (Mallen et al., 2005a); the prevalence of 

refractive error in a university student cohort and occupations with high 

nearwork demand (textile workers and video display terminal users) will be 

investigated and compared with established data from the general 

population. 
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It has been shown that the axial length of the eye varies during the day in 

emmetropes (Read et al., 2008). However, data available on the diurnal 

variation of the axial length in myopes are limited and controversial. Failure to 

demonstrate a variation in axial length during the day in a previous study (Liu 

et al., 2005) may be attributed to the measurement resolution of ocular 

ultrasonography (0.15 mm) being larger than magnitude of axial length 

change (0.046 +/- 0.022 mm), taken using the Zeiss IOLMaster 

(measurement resolution= 0.01 mm). In this thesis the Zeiss IOLMaster (Carl 

Zeiss, Jena, GmbH) will be utilised to investigate the magnitude and pattern 

of diurnal axial length variation in early-onset myopes and late-onset myopes, 

and to compare the variations, if any, with reported variation in emmetropes.  

 

Vera-Diaz et al. (2003) noted that myopes exhibit higher phase lags and 

lower accommodative gain compared to emmetropes in response to a 

sinusoidally moving target. This thesis will expand the work of Vera-Diaz et 

al. (2003) by investigating the differences in dynamic accommodative 

response to a sinusoidally moving target between early-onset myopes and 

late-onset myopes. In addition, the work of Cufflin and Mallen (2008) on blur 

adaptation effects on dynamic accommodative responses will be expanded 

by studying blur adaptation effects on dynamic accommodation responses 

using a +2.00 DS defocusing lens. The blur adaptation effect will be 

investigated for a target oscillating at 0.2 Hz and 0.3 Hz. Furthermore, the 

effect of intense prolonged nearwork on the dynamic accommodative 

response will be studied. 
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Chapter 2. Instrumentation and Apparatus 

 

This chapter describes the apparatus used in the experimental chapters. 

Commercially available equipment is discussed and any modifications are 

explained. Diagrams, digital images, and screenshots of the apparatus have 

been included. This chapter includes the results of clinical evaluation of the 

Grand Seiko GR-3100K autorefractor- autokeratometer. Furthermore, 

reliability and repeatability assessment of the tonic accommodation function 

within the Grand Seiko GR-3100K are discussed.  

 

2.1 Visual Acuity Measurement using ETDRS Original Charts 

The Snellen chart, which was first introduced in 1862 Hermann Snellen 

(Bennett, 1965), is used in almost all the ophthalmic and optometric practices 

because it is readily available as well as quick and easy to perform. However, 

there are several disadvantages of Snellen charts such as variability in 

number of letters per line, variations of legibility of letters (Bailey and Lovie, 

1976). Early Treatment of Diabetic Retinopathy Study (ETDRS) charts were 

developed based on the recommendations of National Academy of Sciences 

– National Research Council (Ferris et al., 1982). There are three ETDRS 

charts available: R, 1 and 2 (figure 2.1). The ETDRS charts were used to 

assess the visual acuity of participants throughout the whole experiments as 

it is considered to be the gold-standard for visual acuity measurement 

(Hussain et al., 2006) and the ETDRS charts are recommended for use in 

optometric research (Ferris et al., 1982).  
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Figure 2.1 ETDRS charts (Precision Vision, La Salle, Illinois).  (a) Chart R is 
recommended for use during a refraction. (b) Chart 1 is used to determine 
the final post-refraction visual acuity in the right eye (c) Chart 2 is used to 
determine the final post-refraction visual acuity in the left eye. Images are 
courtesy of Precision Vision, La Salle, Illinois. 

 

2.2 Refraction and Keratometry measurement using Grand Seiko GR-

3100K 

Autorefractors are of importance in the optometric practice, as they provide 

an objective assessment of the refractive error of the patients. Previous 

studies have shown that autorefractors provide reliable (compared to 

subjective refraction) and repeatable measurements (e.g., Kinge et al., 1996; 

Elliott et al., 1997). The repeatability of autorefractors compared to subjective 

refraction is improved with more recent models (Bullimore et al., 1998) 

compared to previous models (Rosenfield and Chiu, 1995).  
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Autorefractors are mainly of 2 types: closed-field and open field. Closed field 

autorefractors are widely used in clinical practice and utilise an internal 

fixation target coupled with a lens fogging mechanism to relax 

accommodation (Yeow and Taylor, 1989). Open-field autorefractors provide 

a binocular view of real targets (usually at a distance of 6 metres) through a 

view window (Mallen et al., 2001). Open-field autorefractors are invaluable in 

research involved with continuous recording of accommodation (Wolffsohn et 

al., 2001; Sheppard and Davies, 2010). 

 

The Grand Seiko GR-3100K (Grand Seiko Co. Ltd, Fukuyama, Japan) is an 

infra-red closed-view autorefractor/autokeratometer. The autorefractor 

provides objective measurement of refractive errors (sphere, cylinder and 

axis), while the autokeratometer measures the corneal curvature and 

orientation (axis). Figure 2.2 provides a front view (examiner‟s side) of the 

GR-3100K, while figure 2.3 provides the optical layout of the autorefractor. 

The GR-3100K is an integral unit, with the main body mounted on a base 

(Figure 2.2). The base is provided with a movable chin rest on the patient‟s 

side and a locking mechanism on the examiner‟s side. The GR-3100K 

provides readings within the range of ± 25 D sphere, ± 10 D cylinder in 0.01, 

0.12 and 0.25 D steps. It also takes corneal radius of curvature readings in 

the range of 5-10 mm in 0.01 mm increments, and provides cylindrical axis in 

1° steps. Minimum pupil size for measurement is 2.3 mm, and measurements 

can be made for interpupillary distances up to 85 mm. 
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Figure 2.2 Examiner‟s view of the Grand-Seiko GR-3100K autorefractor-
autokeratometer (Grand Seiko Co. Ltd, Fukuyama, Japan). LCD= Liquid 
Crystal Display, IOL= Intra-Ocular Lens. 

 

Calculation of the refractive error is achieved in two stages. For the first 

measurement, a ring target of infrared light is imaged after reflecting off the 

retina (figure 2.4a). The reflected ring image is brought to focus by rapidly 

moving a lens on a motorised track. The image ring is digitally analysed in 

multiple meridians to calculate the sphero-cylindrical prescription. For 

subsequent measurements, the image ring is substituted with three arcs of 

infra-red light (figure 2.4a). The corneal radius of curvature mire is calculated 

by image analysis of a ring of infrared light reflected off the cornea (figure 

2.4b), with the diameter measured in three meridians separated by 60°. 
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Figure 2.3 Optical layout of Grand-Seiko Gr-3100K autorefractor-
autokeratometer. Technical information was provided by Grand Seiko Co. Ltd 
(Fukuyama, Japan). In the diagram: 1. Peripheral keratometry light source, 2. 
Illuminating light source, 3. Floodlight lens (1), 4. Keratometry light source, 5. 
View window lens, 6. Half mirror (1), 7. Field lens, 8. Mirror, 9. Diaphragm, 
10. Imaging lens (1), 11. CCD Sensor (1), 12. Half mirror (2), 13. Relay lens,             
14. Target, 15. Target light source, 16. Perforated mirror, 17. Mask (1), 18. 
Floodlight lens (2), 19. Mask (2), 20. Refractor light source, 21. Imaging lens 
(2), 22. CCD sensor (2). 

 

Figure 2.4 Schematic presentation of the projected infra-red light ring on (a) 
the retina for refractive error measurement, and (b) on the cornea for corneal 
curvature radius measurement. Also shown, the shape and size of infra-red 
target for (a) refractive error types and (b) corneal curvature radius. Diagrams 
redrawn from information provided by Grand Seiko Co. Ltd (Fukuyama, 
Japan). 
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2.2.1Clinical evaluation of the Grand Seiko GR-3100K autorefractor 

Methods 

Fifty four office workers (61 % male) participated in this study. The research 

followed the tenets of the Declaration of Helsinki and informed consent was 

obtained from all the participants. All examinations were conducted under the 

supervision of an ophthalmologist, and with the presence of a female nurse 

when female participants were examined. As the difference between 

subjective refraction and autorefraction may alter with age (Joubert and 

Harris, 1997), participants varied in age from 18 to 55 years (average: 29.81 

± 9.09 years, median age = 28.5). All participants had routine (non-

cycloplegic) distance refraction by an optometrist who was masked from the 

subjects‟ habitual prescription. Retinoscopy was performed followed by 

cross-cylinder to determine both the axis (in 2.5º increments) and power (in 

0.25 D increments) of the cylindrical component. Best sphere and binocular 

balancing was used to refine the spherical component of the prescription (in 

0.25 D increments). The endpoint was achieved with the maximum positive 

spectacle prescription consistent with optimum visual acuity. Keratometry 

was carried out on all participants by the same optometrist, using a Javal-

Schiotz style keratometer (Topcon, Japan). The eyepiece was refocused 

prior to the commencement of each reading. Measurements of corneal radius 

(in 0.05 mm increments) and axis (in 2.5º increments) were taken for 

principal meridians that lay approximately along both horizontal (between 0-

44º and 136-180º) and vertical (between 45-135º) meridians of the eye. 
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The same optometrist then performed autorefraction and keratometry with 

the GR-3100K autorefractor/keratometer on all participants. Subjective 

refraction and manual keratometry was performed prior to 

autorefraction/keratometry, which allowed the optometrist to be masked from 

the objective results, thus avoiding any operator bias. Participants viewed the 

target inside the instrument. Five measurements were then taken from each 

eye and the results printed. Intersession repeatability of autorefraction and 

keratometry was calculated from the difference between the original results 

and measures taken at a subsequent session 7 to 10 days later in 50 of the 

108 eyes. 

 

The differences between measures (the mean difference between the 

objective and subjective values), standard deviation, and 95% confidence 

intervals (standard deviation x ± 1.96) were calculated (Bland and Altman, 

1986). Keratometry readings were compared along the horizontal and vertical 

meridians. Analysing cylindrical components can be problematic (Bullimore et 

al., 1998), therefore the sphere, cylinder and axis were converted into a 

vector representation (Thibos et al., 1997): 

• a spherical lens of power equal to the mean spherical equivalent (sphere + 

[cylinder / 2]) 

• a Jackson cross-cylinder at axis 0º with power J0 (- [cylinder / 2] cos[2 x 

axis]) 

• a Jackson cross-cylinder at axis 45º with power J45 (- [cylinder / 2] sin[2 x 

axis]). 
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Results 

The refractive error of the sample, as represented by subjective refraction, 

ranged from -7.75 to +4.50 DS mean spherical equivalent (mean: -1.30 ± 

2.21 DS). The maximum amount of astigmatism was -3.50 DC (subjective 

refraction). The corneal curvature of the sample, as represented by 

subjective Javal-Schiotz keratometry, ranged from 6.70 mm to 8.50 mm 

(mean: 7.57 ± 0.27 mm). On average, the mean GR-3100K autorefractor 

measured more negative components to those found by subjective refraction 

(mean spherical equivalent: difference, -0.15 ± 0.24 DS; F = 41.77; p < 0.01; 

spherical component: difference, -0.10 ± 0.23 D; F = 20.94; p < 0.01; see 

figure 2.5).  

 

Figure 2.5 Difference between the results found by the GR-3100K 
autorefractor and subjective refraction plotted against the mean for mean 
spherical equivalent and spherical component (N=108 eyes). The mean 
spherical component bias is indicated by the solid line and the 95% 
confidence limits are indicated by the dotted lines. 
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Mean autorefractor cylindrical components (figure 2.6 and 2.7) were also 

found to be more negative than subjective refraction vectors (cylindrical 

component: difference, -0.10 ± 0.21 DC; F = 26.73; p < 0.01; J0: difference, -

0.06 ± 0.25 D; F = 8.33; p < 0.01; however, there was no significant 

difference in J45 : difference, 0.02 ± 0.25 D; F = 0.29; p = 0.59). 

 

Figure 2.6 Difference in cylindrical component between the GR-3100K and 
subjective refraction compared with the mean (N=108 eyes). The mean bias 
is indicated by the solid line and the 95% confidence limits are shown by the 
dotted lines.  

 

The axis of the cylindrical powers measured by autorefraction was generally 

quite good; 87% were within ± 15º (see table 2.1). However, when only 

cylindrical components of ≥ 0.75 D were analysed, 95% were within ± 15º 

(see table 2.1). Cylinder powers of ≥ 0.75 D are increasingly likely to have a 

significant effect on vision if they are significantly off axis. 
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Figure 2.7 Difference in the vectors J0 and J45 between the GR-3100K and 
subjective refraction compared with the mean (N= 108 eyes). The mean bias 
for the J0 vector is indicated by the solid line and the 95% confidence limits 
are shown by the dotted lines. The mean bias and 95 % confidence limits for 
the J45 were slightly less. 

 

Table 2.1 Comparison of the cylindrical axes as measured by the GR-3100k, 
and by subjective refraction. 

 
All prescriptions with a 

cylindrical components (N= 60) 
Prescriptions with a cylindrical 

component ≥ 0.75 on subjective (N= 21) 

± 5° 45 (75 %) 17 (81 %) 

± 10° 50 (83 %) 20 (95 %) 

± 15° 52 (87 %) 20 (95 %) 

   

 

Corneal curvature (figure 2.8) as measured by the GR-3100K was similar 

(horizontal: difference, -0.00 ± 0.05 mm; F = 0.33; p = 0.57; vertical: 

difference, 0.01 ± 0.08 mm; F = 3.06; p = 0.08) to that found by Javal-Schiotz 

keratometry. The measurements of axis were less reliable than the measures 
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of corneal radius. Thirty-two percent of autorefractor axes were within ± 5º, 

70% were within ± 10º, 86% were within ± 15º, and 96% were within ± 20º of 

Javal-Schiotz keratometry axes. 

 

Figure 2.8 Difference in corneal radius (horizontal and vertical) between the 
GR-3100K and Javal-Schiotz keratometry compared with the mean (N=108 
eyes). The solid line indicates the mean bias for the vertical meridian, and the 
95% confidence limits are shown by the dotted line. Mean bias and 95% 
confidence limits were less in the horizontal meridian. 

 

Intrasession repeatability was assessed by observing the standard deviation 

of the results between the five repeated readings taken on each participant in 

one session (Bullimore et al., 1998). The average intrasession repeatability 

was 0.14 D for the spherical component, 0.09 D for the cylindrical 

component, 0.15 for the mean spherical equivalent, 0.09 for the J0 vector, 

and 0.09 for the J45 component of the prescription. 
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Repeated measures conducted in 50 eyes of the original 108 were similar in 

terms of the mean spherical equivalent (difference of 0.01 ± 0.05 D; F = 2.97; 

p = 0.09), and the spherical component (difference of 0.01 ± 0.05 D; F = 

1.72; p = 0.20). The cylindrical component was also similar (difference of 

0.07 ± 0.03 D: F = 2.66; p = 0.11). The J0 cylindrical vector was only slightly 

different (J0: difference of -0.08 ± 0.24 D; F = 4.99; p = 0.03), but the J45 

vector was similar (J45: difference of 0.01 ± 0.22 D; F = 0.03; p = 0.86). Over 

98 % of keratometric measures were within ± 0.10 mm for both horizontal 

and vertical meridians (horizontal difference of 0.00 ± 0.02 mm; F = 2.61; p = 

0.11; vertical difference of 0.00 ± 0.01 mm; F= 3.75; p = 0.06). None of the 

repeated measures were found to be statistically significantly different from 

the initial data collected. Table 2.2 includes a summary of mean differences 

in intersession autorefraction/keratometry repeatability. 

 

Table 2.2 Difference in refractive components of GR-3100K autorefractor 
prescription between sessions. 

 
Sphere 

 (D) 
Cylinder  

(D) 

Mean 
Spherical 
equivalent 

(D) 

J0  

(D) 
J45  
(D) 

Horizontal 
radius 
(mm) 

Vertical 
radius 
(mm) 

Mean 
difference 

0.01 0.07  0.01  -0.08 0.01 0.00 0.00 

SD of 
difference  

0.05 0.03 0.05 0.24 0.22 0.02 0.01 

± 0.25 D 
(%) 

100 % 100 % 100 % 
_ _ _ _ 

        

J0= Jackson cross-cylinder at axis 0°, J45= Jackson cross-cylinder at axis 45°. 
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The GR-3100K appears to correlate well with subjective refraction. The mean 

spherical equivalent refraction and cylindrical power measured slightly more 

negative compared to subjective refraction; however, this was not a clinically 

significant difference. Keratometric components were also very similar, 

measuring very slightly more negative in the horizontal compared to the 

vertical meridian. Keratometric axes, however, were slightly less reliable. 

Intersession repeatability was excellent with all components measuring close 

to the original measurements. 

 

2.3 Refraction and Keratometry measurement using Shin-Nippon 

NVision-K 5001 

 

The Shin-Nippon NVision-K 5001 (ShinNippon, Tokyo, Japan), also branded 

as Grand Seiko WR-5100K, is an infra-red open-field autorefractor and 

autokeratometer (Davies et al., 2003). Figure 2.9 provides a side-view of the 

NVision-K 5001. There are three measurement modes in the NVision-K: 

autorefractometry alone, autokeratometry alone, and both autorefraction and 

autokeratometer simultaneously. Calculation of the refractive error is 

achieved in two stages similar to the method utilised by the Grand Seiko GR-

3100K. For the first measurement, the reflected ring image is brought to 

focus by rapidly moving a lens on a motorised track. The image ring is 

digitally analysed in multiple meridians to calculate the sphero-cylindrical 

prescription. For subsequent measurements, the image ring is substituted 

with three arcs of infra-red light (Davies et al., 2003). 
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Figure 2.9 Side view of Shin-Nippon NVision-K 5001 (ShinNippon, Tokyo, 
Japan). 

 

The NVision-K 5001has a static measurement range of ± 22 DS and ± 10 DC 

in 0.12 and 0.25 D steps for sphere and cylinder powers, and in 1° 

increments for cylindrical axis. Back vertex distances of 0, 10, 12, 13.5 and 

mm can be utilized. Keratometry measurement is provided in 0.01 mm steps 

with a range of 5.0 to 10.0 mm. The NVision-K 5001 was used in this thesis 

to subjectively measure the refractive error of the participants in Chapters 4 

and 5. The Grand Seiko WR-5100K (Grand Seiko Co. Ltd, Fukuyama, 

Japan) was used to measure tonic accommodation values in a dark room 

(section 2.4).  
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2.4 Tonic accommodation measurement using Grand Seiko GR-3100K 

Tonic accommodation (TA) is a term used to describe the intermediate level 

of accommodation measured under so called 'stimulus free' conditions 

(Rosenfield et at., 1993). TA can be induced in experimental setup by 

opening the accommodative feedback loop. Probably the easiest way of 

removing all optical stimuli in order to open the accommodative loop is by 

placing the participant in complete darkness (McBrien and Millodot, 1987b). 

An alternative way of opening the accommodative loop and removing all 

optical stimuli is for the subject to view an illuminated empty-field or Ganzfeld 

(Westheimer, 1957). A 0.5 mm pinhole was found to inhibit the blur-stimulus 

to accommodation by way of increasing the depth-of-focus of the eye. 

Several studies have used this technique to open-loop the accommodative 

mechanism (Ward and Charman, 1985, 1987). Woung et al. (1993) managed 

to open the accommodation loop by placing a + 8.00 D lens over an 

autorefractor, and TA measurements were commenced after 5 minutes of 

placing the + 8.00 D lens. The blur caused by the lens was deemed sufficient 

to open the accommodation loop, as it represented the effect of bright empty 

field. Furthermore, Mallen et al. (2005b) used a 0.2 cycles per degree (Cpd) 

Difference of Gaussian target to open the accommodative loop. The 

Difference of Gaussian target does not stimulate blur-driven accommodation. 
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Tonic accommodation values for each eye were taken using the "Tonic 

Accom." function available in Grand Seiko GR-3100K autorefractor and 

autokeratometer (Grand Seiko Co. Ltd, Fukuyama, Japan). The TA 

measurements were taken for 3000 Middle Eastern young adults in chapter 

3. Tonic accommodation measurements were done directly after taking the 

refractive error of the subject, in room light. The "Tonic Accom." function was 

chosen from the menu and a new screen was displayed. Figure 2.10a shows 

the screen of the autorefractor at the beginning of the measurement 

procedure. Measurement was done automatically by the autorefractor which 

was preset to a fogging amount of +8.00 D, and time for fog fixation of 5 

minutes.  The measurement started after the alignment of the central target 

to the subject's eye. Alignment was done manually by the examiner and 

when alignment was achieved, measurement started automatically. First the 

amount of refractive error correction was measured and the result as 

spherical equivalent of refraction in Dioptre sphere was displayed on the 

screen. The "Tonic Accom." function displays refraction results in 0.01 steps. 

Then the target was moved by the amount of fog set; +8.00 D, and the timer 

to measure remaining fog fixation started. After the measurements were 

done, the results were displayed on the screen (figure 2.10b). Tonic 

accommodation values were calculated by subtracting the refractive error 

correction after fogging from refractive error correction before fogging.  
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Figure 2.10 The screen of Grand Seiko GR-3100K as it appears in (a) the 
beginning of the procedure for tonic accommodation and (b) tonic 
accommodation result at the end of measurement. SE is the spherical 
equivalent value of correction of refractive error. TA is the refractive error 
correction after fogging. T-S is the amount of tonic accommodation. Image 
retrieved from Grand Seiko GR-3100K operation manual number RB-456-
B02G. 

 

2.4.1 Evaluation of the TA measurement function of the GR-3100K 

The built-in function of TA measurement of the GR-3100K is similar to the 

method used by Woung et al. (1993) (+ 8.00 D lens over the autorefractor 

reading). However, it is of importance to assess the validity and repeatability 

of this instrument, for its potential use in experiments involved in opening the 

accommodation loop. This is accomplished by comparing tonic 

accommodation values obtained by the GR-3100K with tonic accommodation 

values obtained in the dark (i.e. dark focus) using an Infra-red open field 

autorefractor (Grand Seiko WR-5100K, Grand Seiko Co. Ltd, Fukuyama, 

Japan). 
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Methods 

Eighty participants (50% males) were recruited, with an average age of 20.26 

± 0.99 (median age = 20, range 19 to 22 years). The research adhered to the 

tenets of the declaration of Helsinki, and consent was obtained from all the 

participants. All examinations were conducted under the supervision of an 

ophthalmologist, and with the presence of a female nurse when female 

participants were examined. The study was conducted in a 7x8 metres room, 

free of furniture except of the instruments used for the research. The room‟s 

windows were covered with a roller blind and a thick black curtain. For the 

GR-3100K measurement, the test was conducted with the room lights on 

(250 lux) using the "Tonic Accom." function as described in the previous 

section, with six readings being taken.   

 

For the dark focus measurements, initial baseline objective refraction (6 

readings) with the WR-5100K was measured where participants were asked 

to observe the smallest line visible binocularly without refractive correction at 

a distance of 6 m with the room lights switched on. Unaided visual acuity of 

some participants (mainly early-onset myopes) was less than 6/60, therefore 

participants were asked to observe a spotlight. The room lights were turned 

off for 10 minutes, and then six readings of dark focus were taken. Tonic 

accommodation (i.e. dark focus) was calculated by subtracting the mean 

spherical equivalent of the distance refractive error from the mean dark focus 

measurement.  
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The validity of the GR-3100K method for measuring TA was assessed by 

comparing the TA values obtained by the GR-3100K with TA values obtained 

by the WR-5100K open field autorefractor in a dark room. The biases 

between measures (the mean difference, standard deviation and 95% 

confidence intervals) were calculated (Bland and Altman, 1986).  Intersession 

repeatability of the TA function in GR-3100k was assessed by repeating the 

experiment on all the participants, 7 to 10 days later.  

 

Results  

Figure 2.11 shows the difference in the mean tonic accommodation between 

GR-3100K and WR-5100K compared with the mean tonic accommodation. 

There appears to be no clinically significant bias in the accuracy of the mean 

GR-3100K tonic accommodation measurement. There was a statistically 

significant difference of 0.02 D in TA between the two methods (F(1, 79) = 

29.63, p < 0.01), with GR-3100K giving a slightly higher TA values (mean TA 

± 1SD = 0.94 ± 0.55 D) compared to WR-5100K (mean TA ± 1SD = 0.92 ± 

0.55 D). The mean TA values for each refractive group obtained by the two 

methods are presented in table 2.3. 

 

The repeatability of the GR-3100k TA function was observed in two ways. 

Intrasession repeatability was assessed using repeated measures ANOVA 

within-subject reading number, the assumption of sphericity was violated, 

thus Greenhouse-Geisser adjustments were applied. There was no 

significant difference between the readings (F(5, 75) = 0.93, p=0.46). The 
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difference in TA between the measurement sessions (i.e. intersession 

variability) was 0.001 D, this difference was not statistically significant (F(1, 79) 

=  2.66, p = 0.11). 

 

Figure 2.11 Difference in tonic accommodation between the GR-3100K and 
WR-5100K compared with the mean (N = 80 eyes). The solid line indicates 
the mean bias and the 95% confidence limits are shown by the dotted lines. 

 

Table 2.3 Tonic accommodation values (mean ± 1SD) per refractive group 
for GR-3100K and WR-5100K. 

 GR-3100K WR-5100K 

Early-onset myopes 
(N=20) 

 1.02 ± 0.69 0.99 ± 0.68 

   

Late-onset myopes 
(N=20) 

 0.55 ± 0.19 0.52 ± 0.18 

   

Emmetropes 
(N=20) 

 0.91 ± 0.45 0.90 ± 0.45 

   

Hyperopes 
(N=20) 

 1.26 ± 0.51 1.26 ± 0.50 
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2.5 RAF Rule 

RAF rule is also known as RAF Near Point Rule and RAF Binocular gauge 

and is commonly used in the clinical practice (Adler, 2004). The “push-up” 

method using an RAF rule (Keeler Ltd, Windsor, UK) (figure 2.12) was 

employed to measure the amplitude of accommodation. The “push-up” 

method has been described and utilised by McBrien and Millodot (1986) to 

investigate the differences in amplitude of accommodation among the 

refractive groups. The RAF rule is considered to be a standard instrument for 

measuring amplitude of accommodation in UK optometric practice (Adler, 

2004).  

 

Figure 2.12 RAF rule (Keeler Ltd, Windsor, UK). 

 

2.6 Maddox Wing 

Heterophoria at near was measured using a Maddox Wing (Keeler Ltd., 

Windsor, UK) (figure 2.13). A standard procedure for near heterophoria 

measurement was conducted using the Maddox Wing (Elliott, 2003). Several 
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methods can be used to eliminate fusion so as to achieve dissociation of 

eyes, allowing measurement of the phoria. The question of reliability of the 

several methods of heterophoria measurement has been investigated by 

Scobee and Green (1947). Results obtained by Maddox Wing agree well with 

other techniques for measuring near heterophoria (Chung and Chong, 2000). 

 

Figure 2.13 Maddox Wing, used for near heterophoria measurement. 

 

2.7 A-Scan Biometry using Echoscan US-800 (Nidek) 

One of the earliest methods to measure the length of the eye was the X-ray 

technique (Rushton, 1938). In his much-cited work, Stenström (1948) used 

the X-ray technique to measure the axial length of the eye in 1000 

participants. However, the X-ray method is not practical in the clinical setting 

and the dangers of exposure to X-ray outweigh its use for measuring the 

axial length of the eye. A photographic technique has been proposed by 
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Perkins and co-workers (1976). This technique was found to over-estimate 

AL measurements compared to A-scan ultrasonography (Grey et al., 1977).  

 

Ophthalmic ultrasound was first introduced as a diagnostic tool by Mundt and 

Hughes (1956). A-scan ultrasound is mainly used for intraocular lens power 

calculations, however it has been used extensively in research to measure 

ocular dimensions (i.e., ACD, LT, VCD and AL). The A-scan ultrasound 

technique was used in the current study to determine the dimensions of the 

ocular components in a sample of 3000 Middle Eastern young adults. This 

technique had been used previously in studies conducted in other Middle 

Eastern countries; Saudi Arabia (Osuobeni, 1999) and Jordan (Mallen et al., 

2005a). A-scan ultrasonography is usually conducted by placing the tip of the 

probe over the anaesthetised cornea. Twelker and colleagues (1997) 

suggested placing the probe over the closed eyelid to avoid contact with the 

cornea. However, this technique produced reliable results only for ACD 

measurements. In the United Kingdom there is a concern for contracting 

variant Creutzfeldt-Jakob disease (vCJD) from contaminated probe tips 

(Cass et al., 2002). Variation of the technique using disposable covers (Cass 

et al., 2002) and cling film (Rani et al., 2003) has been suggested. In the 

countries where this study has been conducted (Egypt, Iraq, Jordan, 

Lebanon, Saudi Arabia and Syria), there are no reported cases of vCJD 

(Arguin et al., 2008).  
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The reflected sound wave from an obstacle is termed an echo. If the speed of 

the sound in the medium it travels is known, also if the time it takes for the 

echo to be reflected from the obstacle is calculated, then the distance 

between the sound source and the obstacle can be measured. Sounds of 

frequencies above 20 kiloHertz are termed ultrasonic. A-scan 

ultrasonography utilises the reflective properties of ultrasonic waves to 

measure the optical components of the eye (i.e. anterior chamber depth, lens 

thickness, citreous chamber depth and axial length (Coleman et al., 2006). 

The principle of ophthalmic ulrasonography is illustrated in figure 2.14.   

 

Figure 2.14 Principle of sound wave reflection utilised in ophthalmic 
ultrasonography. distance = speed of the sound wave multiplied by the time 
taken to travel from source to optical surface and back to detector. 

 

Ultrasound waves are produced by the piezoelectric transducer found in the 

probe tip. The probe tip contains a piezoelectric crystal, that contract or 

expands when an electric charge is applied. The electric field applied to the 

piezoelectric crystal causes it to flex, thus producing a sound wave that 

travels to the ocular tissues. The reflected sound wave will also cause the 

piezoelectric crystal to flex, producing an electrical signal which is detected 

by the instrument and displayed as axial length measurements (Coleman et 

al., 2006). Figure 2.15 shows a schematic presentation of the probe tip 

illustrating the piezoelectric crystal. 
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Figure 2.15 Schematic presentation of the A-scan ultrasound probe tip. 
Technical information provided by Nidek Co. Ltd., Gamagori, Japan. LED= 
Light Emitting Diode. 

 

Examples of a typical ultrasound output are shown in figure 2.16. Figure 

2.16a shows an example of a good scan, where there are 5 well defined 

peaks: 1. posterior corneal surface peak, 2. a peak from the anterior lens 

capsule, 3. a posterior lens capsule peak, 4. a peak from the internal limiting 

membrane of the retina, and 5. the scleral echo which usually comprises 

multiple peaks. Figure 2.16 b shows an example of an incorrect a-scan 

reading. It can be seen clearly that the lenticular echoes are distorted and 

shortened, and the retinal peak is ill defined. This may occur due to a 

misalignment of the probe or setting the gain too high. The gain function is to 

increase tissue penetration of the ultrasound beam and to increase the 

sensitivity of the instrument, however this may lead to a decrease in 

resolution as clearly shown in figure 2.16b. 
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Figure 2.16 A-scan ultrasound output. (a) An example of a good a-scan 
output, the echo from each tissue is well defined. (b) shows an example of an 
incorrect scan, notice the thinned and shortened spikes, and ill-defined retinal 
echo. ACD= anterior chamber depth, LT= lens thickness, VCD= vitreous 
chamber depth. 

 

One of the most common errors in A-scan includes corneal compression, 

where an excessive pressure on the cornea is exerted. This leads to the axial 

length being artificially too short, as a result of decrease in anterior chamber 

depth. However, with practice, one can easily avoid this error, also the 

instrument provides a beep sound when the probe sufficiently touches the 

cornea, indicating that further compression is unnecessary. If the gain is set 

too high, or if the probe is misaligned this may result in reduction in axial 

length output. 
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Figure 2.17 Front view of the Echoscan US-800 ultrasound (Nidek Co. Ltd., 
Gamagori Japan). 

 

In the study conducted on Middle Eastern adults (chapter 3), biometric 

components of the eye (anterior chamber depth, lens thickness, vitreous 

chamber depth and axial length) were measured using A-scan 

ulrasonography technique (Echoscan US-800, Nidek Co. Ltd, Gamagori, 

Japan) (figure 2.17). The Echoscan US-800 is equipped with a hand-held 10 

MHz transducer probe, and provides measurement resolution of ± 0.1 mm for 

axial length. The Echoscan US-800 assumes the velocity of sound to be 

1550 metres per second (m/s) for axial length measurement, 1532 m/s for 

anterior and vitreous chamber depths, and 1641 m/s for lens thickness 

measurement. The A-scan probe was sterilised with an 70% Isopropyl 

alcohol swab (Becton, Dickinson and Company, USA) before use with each 

participant. Corneal anaesthesia was achieved after instillation of one drop of 

0.4% benoxinate hydrochloride (Novesin; Novartis, Hettlingen, Switzerland). 

The participant was asked to look at a single 1.0 logMAR-size letter 
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(equivalent to 6/60 in Snellen) in the visual acuity chart from a distance of 4 

metres, as it has been found to be the optimum fixating condition for 

obtaining accurate measurements (Steele el al., 1992).  The lids were held 

apart using the fingers of the examiner, avoiding excess pressure that may 

be exerted on the globe (Osuobeni, 1999). The probe was placed on the 

cornea, avoiding excess pressure. Three A-scan readings were taken and 

the average was calculated and used for subsequent analysis (Raj et al., 

1998). 

 

Future studies in the Middle East may benefit from the use of non-contact 

methods for biometry measurements (e.g., IOLMaster, Carl Zeiss, Jena, 

GmbH; or Lenstar LS 900 Biometer, Haag-Streit AG, Switzerland). The 

IOLMaster utilises the principle of partial coherence interferometry 

(Santodomingo-Rubido et al., 2002), while the Lenstar LS 900 biometer uses 

optical low-coherence reflectometry (Buckhurst et al., 2009; Holzer et al., 

2009). 

 

2.8 IOLMaster (Carl Zeiss) 

A-scan ultrasonography has been the “gold standard” for axial length 

measurement for quite a time. However, it has several drawbacks including 

the need of local anaesthesia to the cornea, and the potential of compressing 

the cornea resulting in artificially short AL readings. The IOLMaster (Carl 

Zeiss, Jena, GmbH) is a non-contact instrument that measures the axial 

length of the eye, anterior chamber depth and corneal radius measurement 
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(figure 2.18). Being non-contact, the IOLMaster overcomes the drawbacks of 

the traditional ultrasound technique. Furthermore, the IOLMaster has higher 

measurement resolution (0.01 mm) compared to A-scan ultrasound (0.15 

mm), and has been found to provide valid and repeatable measurements of 

the axial length of the eye, anterior chamber depth and corneal radius (Lam 

et al., 2001; Santodomingo-Rubido et al., 2002).  

 

Figure 2.18 IOLMaster (Carl Zeiss) (a) side view, (b) patient‟s side. 

 

The IOLMaster utilises the principle of partial coherence interferometry 

(Hitzenberger, 1991) to measure the axial length of the eye. In this system, a 

laser diode emits an infra-red light of wavelength equal to 780 μm that has a 

high spatial coherence and a short coherence length. The infra-red light is 

split into two equal coaxial beams by the beam splitter. The beams are 
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reflected into the eye via two mirrors. One mirror is stationary while the other 

moves forward and backward causing a Doppler shift of the light frequency of 

the beam reflected from it. Both beams enter the eye and reflection takes 

place at the cornea and the retina. The path difference between the beams 

reflected from the cornea and those reflected from the retina is twice the 

optical length of the eye. On leaving the eye, the difference in frequency 

between the coaxial beams is measured by a photodetector. An accurate 

measurement of the length between the cornea and the retina is obtained by 

relating the displacement of the first mirror to the detected signals. As the 

laser light is reflected from the retinal pigment epithelium, whereas 

ultrasound is reflected from the internal limiting membrane, a conversion 

factor is used by the instrument software to calculate the axial length 

(Santodomingo-Rubido et al., 2002). 

 

To measure the corneal radius of curvature, the „KER‟ mode is used. The 

participant fixates at a yellow target while six points of infra-red lights are 

reflected from the air/tear film interface (figure 2.18b). The targets are 

positioned in a hexagonal form with a diameter of 2.3 mm. The separation 

between opposite pairs of points is measured internally by the instrument 

software and the corneal radius is calculated from three fixed meridians. The 

participant is asked to blink prior the commencement of the measurement. 

Any point that is not verified by the instrument is displayed as an X. Three 

readings were taken as per the manufacturer‟s recommendation. For anterior 

chamber depth measurement, the „ACD‟ mode is selected. The participant 

observed a yellow fixation light and the IOLMaster directs a 0.7 mm width slit 



115 
 

beam of light through the anterior segment of the eye at 38° to the visual 

axis. The distance between the anterior corneal pole and the surface of the 

crystalline lens is measured. As the measurement includes the corneal 

thickness, the calculation of the actual anterior chamber depth by the 

software requires the input of corneal radii. One measurement will provide 

five readings, which are averaged and displayed automatically. Axial length is 

measured using the „ALM‟ mode. The participant is asked to fixate a red light, 

and a spot and line must be aligned by the examiner prior the reading is 

taken. An indicator of the quality of the measurement is provided as a signal 

to noise ratio (SNR), which is displayed along with the visual axis. Any SNR 

less than 2.0 deemed the axial length measurement to be unsatisfactory, as 

per the manufacturer‟s recommendations. 

 

The stability of eye position is of importance in obtaining repeatable 

measurements. The alignment design of the IOLMaster allows the readings 

to be consistently taken along the visual axis, which contributes to its high 

repeatability. On the other hand, the alignment of the A-scan ultrasound 

probe is operator dependant, and it may be difficult to ensure that all 

measurements are made along the same axis. Owing to its high precision 

and excellent repeatability, the IOLMaster was utilised in this thesis to 

monitor the variation of the axial length and anterior chamber depth over a 

24-hour period. 
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2.9 Bausch & Lomb Orbscan IIz Anterior Segment Analyzer 

The Orbscan IIz Anterior Segment Analyzer (B&L, Orbtek Inc., USA)  (figure 

2.19) instrument utilizes a combination of a slit scanning technique and 

Placido disc image acquisition to determine a three-dimensional 

topographical plot for the anterior and posterior corneal surfaces. The 

Orbscan IIz is a reliable method of measuring CCT (Cairns and McGhee, 

2005) and corresponds well with results from ultrasonic pachymetry and 

rotating Scheimpflug camera (Pentacam) (Amano et al., 2006). 

 

 

Figure 2.19 Orbscan IIz corneal topographer (patient‟s side). 

 

 Acquisition of corneal data with Orbscan IIz comprises an image capture of 

the Placido disc reflection from the anterior cornea followed by capture of 40 

corneal slit images (20 from the right and 20 from the left). The Placido mires 

and the scanning slits are shown in figure 2.20A and 2.20B respectively. The 

slit beams (12.5 mm in height, 0.3 mm in width) are incident upon the cornea 

at 45° from the instrument axis. Two hundred and forty points along each slit 
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edge are analyzed to generate over 9000 data points over a maximum 10-

mm corneal diameter. The series of two-dimensional corneal section images 

are then processed automatically by the Orbscan IIz software, which, in 

combination with the Placido disc image data, are used to produce a range of 

colour-coded topographic representations (maps) of the cornea, e.g., 

curvature maps, elevation maps and pachymetry maps. 

 

Figure 2.20 Placido disk mires (A) and scanning slits (B) as projected on the 
cornea by the Orbscan IIz. Images taken and modified from Orbscan IIz user 
manual. 

 

The Orbscan IIz was used to monitor the variations of central corneal 

thickness in EOMs and LOMs, as it provided a non-contact method for 

measuring CCT, which did not require the use of a topical anaesthetic and 

did not affect the corneal surface by accidental compression caused by 

conventional ultrasound pachymetry. The instrument was aligned with the 

eye using the joystick. The participant was instructed to look at the red 

blinking fixation light. Figure 2.21 shows the proper alignment of the eye. At 

the end of the measurement session, a topographic map of central and 

peripheral pachymetry measurement was obtained. 
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Figure 2.21 Correct alignment of the 2 half slits, converging in the centre of 
the Placido disk image and forming an S shape. Image adapted and modified 
from Orbscan IIz user manual, courtesy of Prof. F. Sayegh. 

 

2.10 Keeler Pulsair intelliPuff tonometer 

Tonometry is the technique used to measure the intraocular pressure (IOP) 

of the eye, recorded in mmHg. High IOP levels have been associated with 

myopia (Abdalla and Hamdi, 1970; Tomlinson and Philips, 1970). IOP diurnal 

variations account for 14% of variations in axial length in emmetropes (Read 

et al., 2008).  

 

Goldmann Aplanation Tonometer (GAT) is considered the “gold standard” for 

measuring IOP in clinical practice (Kumar et al., 2006). GAT needs to be 

mounted on a slit-lamp, a topical anaesthetic should be applied on the 

cornea and a fluorescin dye should be used. IOP measurement using GAT is 

usually affected by CCT (Kniestedt et al., 2008). The dynamic contour 

tonometer (DCT) is a non-applanation, contact tonometer designed to be 

largely independent of the structural properties of the cornea (i.e. CCT) 

(Kanngiesser et al., 2005). The DCT has a specially designed tip with a 
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concave contact surface of 10.5 mm radius that matches the contour of the 

cornea. Pressure on both sides of the cornea is equalized as the cornea 

takes the tip contour, and a pressure-sensitive area in the centre of the 

contour surface with a built-in microprocessor provides a direct and 

continuous trans-corneal measurement of IOP that is independent of corneal 

properties.  

 

Non-contact tonometers (e.g., Pulsair intelliPuff tonometer (Keeler, Windsor, 

UK) rely on the same principle of the Goldmann Aplanation Tonometer 

(Kniestedt et al., 2008). In the Pulsair intelliPuff tonometer (Figure 2.22), a jet 

of air (air puff) is produce by the tonometer. When the cornea is flattened by 

the air puff, a beam of light is reflected from the cornea and received by a 

photocell. The time necessary to flatten the cornea, related to the force of the 

air puff, corresponds to the IOP. The IOP values are directly displayed on a 

digital readout. Ogbuehi and Almubrad (2008) found the Keeler Pulsair 

EasyEye tonometer to be reliable in a group of normo-tensive young adults. 

The Pulsair intelliPuff tonometer was used, as per the manufacturer‟s 

instructions, to monitor the 24-hour variation in IOP in a group of early-onset 

myopes and late-onset myopes. The Pulsair intelliPuff tonometer has the 

advantage that it can be used without topical anaesthesia, without the risk of 

ocular infection and without affecting the corneal surface (e.g., corneal 

abrasion).  
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Figure 2.22 Pulsair intelliPuff tonometer (Keeler, Windsor, UK). (a) main body 
and handpiece (b) patient‟s side of the handpiece (c) examiner‟s side of the 
handpiece. Image adapted and modified from Keeler Pulsair intelliPuff user 
manual.  

 

2.11 Shin-Nippon SRW-5000 open view autorefractor 

The Shin Nippon SRW-5000 autorefractor (Shin-Nippon, Tokyo, Japan) is an 

infra-red (IR) open-filed binocular view autorefractor (figure 2.23). The SRW-

5000 has a static measurement range of ± 22 D sphere and 10 D cylinder 

0.125 D or 0.25 D steps, and in 1° steps for axis orientation of the principle 

meridians. Back vertex distance can be set to either: 0, 10, 12, 13.5, 15 or 
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16.5 mm. The minimum pupil size required for correct operation is 2.9 mm 

(Mallen et al., 2001). 

 

Figure 2.23 (a) External side view of the Shin-Nippon SRW-5000 and (b) 
optical layout. Optical layout redrawn from Mallen et al. (2001). 

 

Calculation of the refractive error is achieved in two stages. For the first 

measurement, the reflected image of the infra-red ring is brought to focus by 

rapidly moving a lens on a motorised track. The image ring is digitally 

analysed in multiple meridians to calculate the sphero-cylindrical prescription. 

For subsequent measurements, the image ring is substituted with three arcs 
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of infra-red ring for the SRW-5000. The measurement ring diameter is larger 

in myopic eyes, smaller in hyperopic eyes and elongated along the myopic 

meridian in astigmatism (Mallen et al., 2001). 

 

The SRW-5000 has been shown to produce valid objective measures of 

refractive error in both adults (Mallen et al., 2001) and children (Chat and 

Edwards, 2001). The SRW-5000 was used in chapter 5 to record dynamic 

accommodation measurements. This method has been described and 

evaluated by Wolffsohn et al. (2001).  The details for use of the SRW-500 in 

continuous recording of accommodation are provided in the next section. 

 

2.12 Use of Shin-Nippon SRW-5000 autorefractor for continuous recording of 
accommodation 

The SRW-5000 can be modified to record dynamic accommodation 

measurements. In the static measurement mode, an IR ring is imaged on the 

retina for 250 msec, then the image is analysed and the refractive error is 

recorded. If the “sales mode” is selected, by depressing the measurement 

switch at the start-up of the autorefractor, this would allow the ring to be 

illuminated permanently.  Thus, the size and shape of the resultant retinal 

reflection can be continuously analysed. Myopic refraction or an increase in 

the accommodation response magnitude would result in an increase in the 

ring diameter. If the refractive error is compensated (using ultra thin soft 

contact lenses) any increase in the ring diameter can be attributed to 

accommodation.  
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The video image of the retinal reflection from the internal video camera can 

be extracted via BNC cable connected to points TP5 and TP16 on the SRW-

5000„s circuit board (Wolffsohn et al., 2001). This would allow the extraction 

of the internal video signal prior the addition of alignment, vertex distance 

and refractive error information. The video image is captured by an IMAQ 

PCI-1409 image acquisition card (National Instruments, Texas, USA) 

installed in an IBM compatible personal Computer (Pentium III 733 MHz, Dell 

Inc, Texas, USA, running Windows© 2000 operating system, Microsoft 

Corporation, Washington, USA). The image is then displayed on the personal 

computer using the Measurement and Automation Explorer (MAX, National 

Instruments, Texas, USA) and can be manipulated into National Television 

Systems Committee (NTSC) format (figure 2.24 a). Then a control panel for 

modifying the contrast and absolute black and white luminance values of the 

NTSC image is used (figure 2.24 c). This is done for each participant to aid 

the process of measuring the ring diameter.    

 

The NTSC signal is then converted into a binary signal (figure 2.25b) using 

the Labview© software (Version 6.i, National Instruments, Texas, USA) 

which measures the diameter of the infrared image ring at a sampling rate of 

60 Hz, and has been designed to produce a measurement of the 

accommodation response (Wolffsohn et al., 2001). The program measures 

the ring diameter in the horizontal meridian from the left outer edge and right 

side inner edge of the binary image ring (figure 2.24b). This will minimise the 

changes in ring diameter when the autorefractor is defocused longitudinally 

or the eye is looking slightly off axis. Focussing errors of up to 5 mm along 
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the visual axis were found to affect the ring measurement by less than 0.05 

D, and lateral shifts in eye position were found to reach 0.25 D only when the 

shift was more than 10° (Wolffsohn et al., 2001). The program then 

calculates the width of the ring in pixels and converts this value to dioptres. 

 

 

Figure 2.24 (a) The NTSC video image captured from the SRW-5000 circuit 
board, and displayed on the personal computer. (b) Binary ring image used 
for measuring accommodative change, the distance d is measured in pixels 
and converted to dioptres. (c) Control panel for modifying the contrast and 
absolute black and white luminance values of the NTSC image. 
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Prior to commencement of the measurement session, the SRW-5000 is 

aligned with the participant‟s eye and the NTSC image is viewed through 

Measurement and Automation Explorer (National Instruments). The black 

and white luminance levels are set manually to provide the best contrast for 

the image as possible (figure 2.24c). Once the NTSC adjustment is set, the 

control panel of the Labview© is used to run the system (figure 2.25) and 

both the NTSC and binary image can be seen simultaneously (figure 2.25a). 

The clarity of the binary ring image is ensured by altering the threshold level 

(figure 2.25c) and the central alignment markers are removed by increasing 

the „erosions‟ level (figure 2.25d). With the participant fully corrected and 

viewing a target at 6 m, 50 static readings are taken to give a baseline 

measurement of the binary ring diameter (figure 2.25j), and this would be the 

raw width (figure 2.25g). This baseline measurement is manually inserted 

into the calibration panel (figure 2.25i). Once the system has been set for the 

participant, and prior to commencement of measurements, the Excel 

spreadsheet filename to which the data will be stored is input into the control 

panel (figure 2.25b). The dynamic recording of accommodation is initiated 

(figure 2.25h), and a graphical representation of the response magnitude (in 

dioptres) is derived from the change in ring diameter and will appear in the 

blue panel (figure 2.25e). The signal from the target is presented in figure 

2.25f. When the experiment is finished, the data recorder is stopped (fig 

2.25h) and all of the accommodation data will be recorded automatically to a 

designated Microsoft Excel spreadsheet.   
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Figure 2.25 Control panel for continuous recording of accommodation. a.  
displays the NTSC and binary images of the IR measurement ring, b. sets 
the spreadsheet filename to which the data will be stored, c. sets the edge 
detection threshold (0 to 250), d. sets the erosion levels to remove centration 
markers, e. graphical representation of the dynamic accommodation 
response, f. graphical representation of the signal from function generator, g. 
actual diameter of binary ring image, h. start/stop recording accommodation, 
i. diameter of binary ring image during distance fixation input by user, j. 
control for 50 static readings of ring width for calibration, k. time duration, 
which is stored with the accommodation data.  

 

2.13 Sinusoidal changes in target vergence 

 

Chapter 5 investigates the dynamic accommodation response of 

emmetropes and myopes to an oscillating target. Continuous movement of 

the target between the demands of -2.00 and -4.00 D was achieved using a 
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Bryans 29000 X-Y plotter coupled with a Feedback SFG606 Sweep function 

generator which was used to drive the X-Y plotter (figure 2.26). The target 

was viewed via a + 5 D Badal lens system (figure 2.26) and the target 

position oscillated along the visual axis with a mean vergence of -2.00 D and 

a minimum demand of -2 D and a maximum demand of -4 D. The target 

consisted of a group of high contrast letters of 0.18 logMAR size. 

 

Figure 2.26 Target arrangement for sinusoidal changes in target vergence 
between -2 and -4 D. 

 

Monocular blur-driven accommodation response is usually investigated with 

the targets presented within a Badal lens system (Atchison et al., 1995). In its 

simple form, the Badal optometer consists of positive lens placed at the 

anterior focal plane of the eye (Badal, 1876). The Badal system allows for the 

target image vergence to be directly proportional to the distance between the 

target and the first focal point of the Badal lens, also the angular size of the 

image is independent of target vergence. Figure 2.26 shows the arrangement 
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of a + 5 D Badal lens system as used in chapter 5 to present the 

accommodative target. The second focal point of the Badal lens is placed at 

the corneal apex which would allow for the size and contrast cues to be 

relatively constant when the target vergence is changed. This would limit the 

accommodative response to blur alone.  

 

The function generator signal was used to drive the x-axis of the X-Z plotter, 

in order to control movement of the plotter carriage along the visual axis. The 

function generator was set to produce a symmetrical sinusoidal output 

waveform. Chapter 5 involves the studying of dynamic accommodation 

response to a sinusoidally moving target at frequencies of 0.2 Hz and 0.3 Hz.  

These frequencies were achieved by altering the frequency level and type in 

the function generator. 

 

The signal from the function generator was interfaced with the personal 

computer via the National Instruments BNC 2090 interface rack. This 

connection allows the Labview© program to monitor in real time the position 

of the X-Y plotter carriage during the experiment. This feature allowed 

simultaneous recording of the participant‟s accommodative response to the 

dynamic stimulus. 
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Chapter 3. Biometric and Oculomotor Correlates of 
Refractive Error in the Middle East 

 

3.1 Introduction 

3.1.1 General Introduction 

Myopia is a major threat for visual health across the world. It is responsible 

for around 75% of the refractive error-related ocular complications (Casson et 

al., 2007; You et al., 2010), with serious social and economical 

consequences (Rein et al., 2006). Uncorrected refractive errors are the main 

cause of low vision and the second cause of blindness in the world, with an 

estimated average of 153 million people suffering from vision impairment as 

a result of uncorrected refractive error (Resnikoff et al., 2008). 

 

Visual impairment as a result of myopia can be rectified by simply using 

negative correcting lenses (Foran et al., 2002; Robaei et al., 2006). 

Nevertheless, myopia is considered a major public health issue as all 

myopes are burdened with the cost of refractive correction for the extent of 

their lives (Edwards 1998; Rose et al., 2001). Javitt and Chiang (1994) 

estimated the annual cost of myopia correction in the Unites States at 

approximately US$4.6 billion. Visual impairment as a result of uncorrected 

refractive error adversely affects the global economy, with an estimated loss 

of US$268 billion each year (Smith et al., 2009). Apart from the financial 

impact of myopia, the quality of life is negatively affected by uncorrected 
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myopia as a result of increased risk of falls, accompanied by depression and 

loss of social independence (Taylor 2007). 

 

3.1.2 World-Wide prevalence of myopia  

Myopia is considered the most common ocular abnormality (Fan et al., 2004) 

with many studies available regarding the prevalence rates and epidemiology 

of myopia (Hyman, 2007). It is difficult to ascertain a true figure for the 

prevalence of myopia in the worlds‟ population, and different studies show a 

wide variation in the prevalence of the condition, which can be attributed to 

the differing methodologies employed which includes definition of myopia in 

terms of dioptres (i.e. cut-off point), and method used to obtain refractive data 

(i.e. cycloplegic versus non-cycloplegic refraction) and to the constitution of 

the populations investigated (Morgan and Rose, 2005). The Refractive Error 

Study in Children (Negrel et al., 2000) is an international study that employed 

standardised methods and consistent definitions to assess the prevalence of 

refractive error in children from China, Nepal and Chile. Future studies on the 

prevalence of myopia in adults from different countries need to employ 

similar methods and definitions. Prevalence data on high myopia is less 

represented in publications than for overall myopia prevalence. The 

prevalence of high myopia (over -6.00 DS; Edwards, 1998) in the general 

population has been found to be around 1% (Fan et al., 2004) to as high as 

21% (Lin et al., 2004).  
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Figures for the prevalence rates from around the world vary from as low as 

1.2 to 2.9% in Nepal (Garner et al., 1999; Pokharel et al., 2000), to as high as 

84% in Taiwan (Lin et al., 1999). Prevalence of myopia in South East Asia is 

very high and is thought to have reached to "epidemic" levels (Grosvenor, 

2003). In Hong Kong, the prevalence of myopia in young adults was above 

70% (Goh and Lam, 1994). In Japan, prevalence of myopia was 

approximately 65.6 % in young adults (17 years of age) (Matsumura and 

Hirai, 1999). In Singapore, myopia among male military recruits ranged from 

65 % in participants of Malay origin to 82% in participants of Chinese origin 

(Wu et al., 2001). Findings of myopia in Singapore are considered amongst 

the highest in the world. Studies conducted in other parts of Asia show lower 

prevalence of myopia compared to Hong Kong or Singapore. Prevalence of 

myopia in Indians above 15 years of age was around 20% (Dandona et al., 

1999). In Bangladesh, around 22% of adults aged 30 years or over were 

found to be myopic (Bourne et al., 2004). Myopia was found in 36.5% of 

Pakistani adults (30 years of age and over) (Shah et al., 2008). 

 

In the United States and Europe, the prevalence of myopia is less compared 

to reported prevalence in South East Asia. In the United States of America, 

myopia was found in approximately 25% of the population according to the 

National Health and Nutrition Examination Survey conducted in the between 

the years 1971 and 1972 (Sperduto et al., 1983). However a more recent 

survey conducted between the year 1999 and 2004 shows that myopia 

prevalence has increased to 41.6%, despite adopting the same assessment 

technique (Vitale et al., 2009). In a recent study conducted in Germany, 
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myopia was found in 41.3% of adults aged 18 to 35 years (Jobke et al., 

2008). In Norway, myopia was found in around 35% of the adults (Kinge et 

al., 1998; Midelfart et al., 2002). Even less findings of myopia were reported 

in a recent study in Denmark, where myopia was found in only 12.8% of 

Danish military conscripts (Jacobsen et al., 2007).  

 

Very few data are available regarding the prevalence of myopia in the Middle 

East. In two studies done in Saudi Arabia (Osuobeni, 1999) and Jordan 

(Mallen et al., 2005a), almost half of the young adults in these countries were 

myopic. It is not possible to draw conclusions about the prevalence of myopia 

in adults in the Middle East based on the results of these two studies alone, 

as they represent the prevalence of refractive error in urban areas and 

excluding the rural areas. Osuobeni (1999) collected data on university 

students and staff from the city of Riyadh, while Mallen et al. (2005a) 

recruited Jordanian adults from workplaces and higher education 

establishments from major cities in Jordan. Morgan and Rose (2005) noted 

that it is very difficult to get a true random sample representative of the 

general population. There is a need for a large-scale cross-sectional study to 

investigate the prevalence of refractive error in Middle Eastern populations. 

 

3.1.3 Structural correlates of myopia 

Stenström (1948) who studied the relationship between ocular components 

and refraction in a sample of 1000 adults aged 20 to 35 years, found a strong 

correlation between axial length and refraction (r = - 0.76). Corneal radius 
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showed a weaker correlation with refraction, with a correlation coefficient of r 

= +0.18. Therefore, Stenström concluded that the axial length is the structural 

component that plays the biggest role in determining the refractive status of 

the eye. Re-analysing Stenström‟s data, Carroll (1981) found a nearly perfect 

linear relationship between axial length and refraction. 

 

McBrien and Millodot (1987a) investigated the differences in ocular 

components between age and sex matched groups of 30 emmetropes and 

30 late-onset myopes. Vitreous chamber elongation was the most statistically 

significant parameter related to late-onset myopia, while no correlation was 

found in corneal curvature measures. Bullimore and colleagues (1992) also 

found a significant difference in vitreous chamber depth and axial length 

between emmetropes and late-onset myopes, with no significant differences 

between the groups in anterior chamber depth or lens thickness. 

 

Grosvenor and Scott (1993) investigated refractive error and ocular 

component changes in a 3-year longitudinal prospective study. During the 3-

year period, mean spherical equivalent refraction shifted towards myopia for 

all three refractive error groups (i.e. emmetropia, early-onset myopia and 

late-onset myopia). All three groups showed refractive error change to be 

significantly correlated with changes in vitreous chamber depth and axial 

length. The authors could not find a statistically significant correlation 

between other ocular parameters with the increase in myopia.  
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McBrien and Adams (1997) investigated adult-onset and adult-progression of 

myopia over a period of 2 years in a sample of 251 clinical microscopists 

(age range 21 to 63 years). There was a shift towards myopia by 0.37 D in 

39% of the eyes that were initially hypermetropic. Of initially myopic 

participants, 48% progressed further into myopia by 0.37 D. The myopic shift 

was associated with vitreous chamber elongation. No change was noted in 

corneal radius, lens thickness or anterior chamber depth. There appears to 

be conclusive evidence from both cross-sectional and longitudinal studies 

that myopia develops and progresses during the early adult years due to an 

uncompensated vitreous chamber elongation, with little or no change in the 

other ocular components except for possibly corneal refractive power. 

 

3.1.4 Genetic aspects of myopia development  

High heritability rates have been found in a number of studies, with minimal 

environmental influence implicated in refractive error development amongst 

twins (e.g., Hammond et al., 2001; Lyhne et al., 2001; Dirani et al., 2006). 

Variance in refractive error has been shown to be due to additive genetic 

effects whereas variance in ocular biometrics such as anterior chamber 

depth and axial length have been shown to be due to dominant genetic 

effects (Hammond et al., 2001; Lyhne et al., 2001; Dirani et al., 2006). 

 

While twin studies provide valuable insight into the heritability of myopia, they 

are not readily applicable to the general population. The results of a number 

of studies have shown that parents with myopia are more likely to have 
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children with myopia (e.g., Liang et al., 2004; Jones et al., 2007). The 

proportion of children who are myopic when neither parent is myopic is in the 

range of 6.3% to 8%, rising up to 22.5% with one myopic parent, and up to 

42% if both parents are myopic, implicating genetic inheritance as a 

developmental factor for myopia in the general population (Mutti et al., 2002). 

However, two parents with high myopia pass on significantly more myopia 

than one parent with high myopia, but only when high myopia is developed 

by their children, indicating a predilection for the inheritance of high myopia 

compared to low or moderate myopia (Liang et al., 2004).  

 

3.1.5 Role of nearwork and occupation in myopia development and 

progression 

Modern day society has created a social and economic environment which 

poses frequent demands upon the human visual system in the form of 

sustained periods of close work. A strong association has been detected 

between myopia onset and progression and intensive near work demands 

(Adams and McBrien, 1992; Midelfart et al., 1992; McBrien and Adams, 

1997). College, university and military academy students are probably the 

most accessible groups for investigation. 

 

Several cross-sectional studies have explored near-work as a factor in the 

variance of refractive error. Angle and Wissmann (1980) investigated this 

relationship and showed that nearwork can explain at least a part of the 

variance of myopia. Measures of nearwork in this study were years of 
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schooling completed, time spent reading in a typical day and reading 

achievement scores. The authors suggest that the small part of the variance 

of myopia attributable to nearwork may mean that biological processes 

explain the remainder or that the measures of nearwork exposure used were 

too crude to show the real importance of nearwork in myopia development. 

Rosner and Belkin (1987) studied the association between myopia, 

intelligence and years in schooling in a large sample of Israeli males. They 

reported a strong association between both intelligence and schooling 

although there was no assessment of the amount of near-work undertaken. 

 

Several cross-sectional studies have found a relation between myopia and 

occupations that require intense nearwork demand. In Japan, myopia was 

found to be more prevalent in „clerical‟ and „management‟ occupations 

(Shimizu et al., 2003). These occupations are known to require long hours of 

nearwork such as reading or video display terminals use. In Victoria, 

Australia (Wensor et al., 1999), myopia was found to be more prevalent in 

„Professionals‟ and Clerks‟ (30.3% and 27.7% respectively) compared to 

„Tradespeople‟ (9.4%). Also in the Tajnong Pagar Survey, myopia was found 

to be more prevalent in „near work occupation‟ (Wong et al., 2002).  

 

The previously discussed studies have been cross-sectional in design, 

aiming to identify the association between near-work and the presence of 

myopia by comparing near-work habits in myopes and non-myopes. 

However, if myopia development was associated with near-work, the 



137 
 

relationship should exist before the onset of myopia. Other studies have 

looked at near-work habits in those individual becoming myopic or with 

progressing myopia. Recent longitudinal studies have shown that adult 

myopia progression continues into early adulthood (O'Neal and Connon, 

1987; Zadnik and Mutti, 1987; McBrien and Adams, 1997; Kinje et al., 2000; 

Bullimore et al., 2002; Loman et al., 2002). The average progression in the 

general adult population can be more than -1.00 D over a five-year period 

(Bullimore et al., 2002). The progression rate in particular United Kingdom 

microscopists group can be up to - 0.75 D over a 2 year-period (McBrien and 

Adams, 1997). This data lead to the possibility that the myopia can entirely 

develop or continue to progress well into adulthood (Fledelius, 1995a). While 

the relationship between higher myopia prevalence and occupations with 

extensive near work demands is well documented, it is still unclear as to how 

the nearwork causes myopia progression.  

 

3.1.6 Autonomic correlates of myopia 

Various researchers have attempted to correlate accommodation differences 

with refractive error to show whether myopia develops as a result of an 

abnormal accommodative system or if the accommodative system undergoes 

a change owing to a myopic shift in refractive error. 
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3.1.6.1Tonic accommodation 

Tonic accommodation (TA) is a term used to describe the intermediate 

dioptric position adopted by the accommodative system in the absence of an 

adequate visual stimulus (Rosenfield et al., 1993). It has been shown that 

myopes have increased TA levels (Gawron, 1981; Simonelli, 1983) while 

other studies report lower TA in myopia (Maddock et al., 1981, Ramsdale, 

1985). Furthermore, some studies could not establish any correlation 

between TA and myopia (Smith, 1983; Gilmartin et al., 1984; Fisher et al., 

1987; Whitefoot and Charman, 1992). Some studies report lower TA in late-

onset myopes (McBrien and Millodot, 1987; Bullimore and Gilmartin, 1987; 

Bullimore et al., 1988; Jiang, 1995), while some studies do not support this 

finding (Woung et al., 1993; Strang et al., 1994; Strang et al., 2000).  

 

Chen and colleagues (2003) suggested that the inconsistency of TA values 

reported for the refractive error groups may be due to one or more factors 

that affect the measurement of TA, which include: refractive error criteria, 

instrumentation, viewing conditions, mental effort, surround propinquity and 

inter-subject variability. Rosenfield et al. (1994) suggested that a large 

population (at least 500 participants) study would be required in order to 

clearly determine if there is a correlation between tonic accommodation and 

refractive error. 
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3.1.6.2 Amplitude of accommodation 

Higher amplitudes of accommodation have been found in low myopes 

compared with high myopes and both myopic groups have been found to 

have higher amplitudes of accommodation than emmetropes and hyperopes 

(Maddock et al., 1981). McBrien and Millodot (1986) assessed 

accommodative response in four refractive groups and reported a reduced 

mean gradient for the accommodative stimulus-response function in late-

onset myopes compared to emmetropes and early-onset myopes. However, 

the accommodative responses of emmetropes, early-onset myopes and late-

onset myopes did not significantly differ in a study by Abbott et al. (1998), but 

a reduced accommodative response was noted in the progressing myopes. 

 

3.1.6.3 Heterophoria and myopia 

Ocular vergence, during sustained near vision, may be implicated in the 

aetiology of myopia. A retrospective study by Chung and Chong (2000), 

shows that patients who exhibited esophoria at near were more myopic 

compared to those with orthophoria or exophoria. Goss (1991) collected 

retrospective data from a group of children before and after the onset of 

myopia, and for a group of children who remained emmetropic. The mean 

near-point heterophoria was measured and found to be 1.0 esophoria for the 

'became myopic' group and 2.0 exophoria for the 'remained emmetropic' 

group. The difference was statistically significant (p < 0.001). The Correction 

of Myopia Evaluation Trial (COMET) study (Gwiazda et al., 2004) assessed 

treatment effect interactions for different variables for 469 children. A 
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significant treatment effect was shown for larger accommodative lags with 

esophoria (mean = 0.64 D) and for larger accommodative lag with closer 

working distances (mean = 0.44 D) but not for large lags with hours of near-

work (mean = 0.42 D). Nearwork was assessed at the start of the study from 

a journal kept by the participants and was expressed as dioptre-hours. This 

suggests that the amount of lag during near-work is important, not quantity of 

near-work alone. 

 

3.1.7 Aims 

The main aim of this study was to investigate the prevalence of refractive 

error in a group of Middle Eastern young adults (N = 3000 participants). The 

study was conducted on adults aged 17 to 40 years who are nationals of the 

following Arab countries: Egypt, Jordan, Iraq, Lebanon, Saudi Arabia and 

Syria. To the author‟s knowledge, this study is the largest cross-sectional 

study of the prevalence of refractive error in the Middle East.  

 

The relationship between current myopia level and the type of occupation, 

level of education and family history of myopia is investigated. As data is 

available on the prevalence of refractive error in Jordan (Mallen et al., 

2005a), university students, textile workers and video display terminal users 

were recruited to investigate the prevalence of myopia in these occupational 

groups and compare them with prevalence rate obtained from the population 

based study conducted by Mallen et al. (2005a). Furthermore, data from 

university students in Saudi Arabia were also obtained.  
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Biometric and oculomotor correlates of refractive error were investigated. 

Ocular biometry data was taken to investigate the correlation between 

refractive error and optical components of the eye. Furthermore, tonic 

accommodation, amplitude of accommodation and near heterophoria 

measurements were taken for all the participants, to determine the 

correlation between the above mentioned parameters and refractive error. 
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3.2 Methods 

3.2.1 Participants 

A total of 3000 adults (1552 males and 1448 females), aged between 17 and 

40 years (median age 29 years) participated in this study. All participants 

were nationals of the following Arab countries: Egypt, Jordan, Iraq, Lebanon, 

Saudi Arabia and Syria. All participants were of Arab origin, and the sample 

was homogenous in terms of ethnicity, as there was no ethnic variation 

between the countries or within the same country. As all these countries 

share similar tribes and a lot of the participants had relatives from other 

countries within the group of countries chosen in the study.  

 

Age and sex distribution for each nationality are presented in table 3.1. All 

subjects had negative ocular history of amblyopia, strabismus, ocular disease 

or ophthalmic surgery. In addition all participants had best-corrected visual 

acuity of 0.00 logMAR (20/20, 6/6) or better using an Early Treatment of 

Diabetic Retinopathy Study (ETDRS) chart (Precision Vision, La Salle, 

Illinois). 
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Table 3.1 Distribution of age (median and range) for each nationality, with 
subdivision into male and female groups. 

Country Males Females Both 

N Age N Age N Age 

Median (Range) Median (Range) Median (Range) 

Egypt 219 30 (22-39) 196    31.50 (22-40) 415 31 (22-40) 

Iraq 208 33 (21-40) 225 33 (18-40) 433 33 (18-40) 

Jordan 432     26.50 (18-38) 350 28 (18-38) 782 27 (18-38) 

Lebanon 189 32 (18-40) 226 31 (17-40) 415 32 (17-40) 

Saudi Arabia 266 20 (18-23) 240 20 (18-22) 506 20 (18-23) 

Syria 238 33 (24-40) 211 33 (19-40) 449 33 (19-40) 

All 1552 28 (18-40) 1448 29 (17-40) 3000 29 (17-40) 

 

 

Participants from Egypt, Iraq, Lebanon and Syria were employees and 

workers recruited from banks, construction sites, factories, laboratories, 

medical establishments, offices and schools. These institutions were chosen 

based on their proximity to the measurements facilities, and based on the 

information provided by the Census Bureau that a high percentage of the 

employees were within the age group required for the study. All participants 

were approached at random within each institution and were asked to 

participate in the study. At some occasions the management of the institution 

circulated a flyer to all the employees providing details of the study and 

contact details if the employee wished to participate in the study. Iraqi 

subjects were also selected from Iraqis residing in Amman, Jordan. 
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Jordanian participants were selected from the following groups: 

1. University students from the cities of Amman and Irbid approached at 

random on campus. All students were Jordanian nationals enrolled in 

a full-time undergraduate course leading to a Bachelor degree.  

2. Customer service employees (N = 193) of a telecommunication 

company. The employees‟ jobs require the use of visual-display 

terminals (VDT) for at least 6 hours per working day. 

3. Quality control inspectors (N = 341) in a textile factory. These 

employees are required to visually inspect the fabric for any 

workmanship defects. The working distance between the eyes and the 

product is less than 30 cm. 

 

Participants from Saudi Arabia were university students from the cities of 

Riyadh and Jeddah. After obtaining the approval of the University security, 

almost every student, if possible, were approached on campus at the main 

gate during before the beginning of the first lecture (around 7:30 am) and 

were asked to participate in the study. All the clinical procedures were 

performed in an ophthalmology clinic. A male family member was allowed to 

accompany the female participants as per their request. 

 

This study has been approved by the Jordan University Hospital Medical 

Ethical Committee, and Professor Fouad Sayegh was assigned as a 

supervisor during the whole period of data collection. The Tenets of The 
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Declaration of Helsinki were observed in this study. Participants were 

provided with information sheets in both Arabic and English languages, and 

informed consent was obtained from all the participants. All tests were 

carried out under the direct supervision of an ophthalmologist (Professor 

Fouad Sayegh) and with the presence of a female nurse (during the 

examination of female participants). A family member was allowed to be 

present in the examination room upon the request of some female 

participants. 

 

3.2.2 Apparatus 

Non-cycloplegic objective measurement of refractive error for every subject 

was obtained using Grand Seiko GR-3100K autorefractor and 

autokeratometer (Grand Seiko Co. Ltd, Fukuyama, Japan). Keratometry 

readings were taken simultaneously with refractive error readings. The Grand 

Seiko GR-3100K autoref-keratometer employs image analysis system to 

calculate refractive errors, and provide readings within the range of ± 25 D 

sphere, ± 10 D cylinder in 0.01, 0.12 and 0.25 D steps. It also takes corneal 

radius of curvature readings in the range of 5-10 mm in 0.01 mm increments, 

and provides cylindrical axis in 1° steps. The Grand Seiko GR-3100K autoref-

keratometer has been used in a general population study of refractive errors 

distribution in Jordan (Mallen et al., 2005a). The instrument was calibrated 

frequently as per the manufacturer‟s instructions using the model eye 

provided.  
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Tonic accommodation values for each eye were taken using the "Tonic 

Accom." function available in Grand Seiko GR-3100K autorefracto-

keratometer (Grand Seiko Co. Ltd, Fukuyama, Japan). Tonic accommodation 

measurements were taken directly after refractometry.  

 

Monocular amplitude of accommodation (with the fellow eye occluded) was 

measured using an RAF rule (Keeler Ltd., Windsor, UK). Heterophoria at 

near, with best distance correction, was measured using a Maddox Wing 

(Keeler Ltd., Windsor, UK). Results obtained by Maddox Wing agree well 

with other techniques for measuring near phoria (Chung and Chong, 2000). 

 

Ocular biometry measurements (anterior chamber depth, crystalline lens 

thickness, vitreous length and axial length) were taken using A-scan 

ultrasound (Echoscan US-800, Nidek Co. Ltd., Gamagori, Japan). The 

Echoscan US800 is equipped with a hand-held 10MHz transducer probe, and 

provides measurement resolution of ± 0.1 mm for axial length. A-scan 

applanation ultrasonography was used in previous general population studies 

in the Middle East (Osuobeni, 1999; Mallen et al., 2005a). 

 

 

 

 



147 
 

3.2.3 Procedure 

Non-cycloplegic objective measurement of refraction error was taken Grand 

Seiko GR-3100K autorefractor and autokeratometer (Grand Seiko Co. Ltd, 

Fukuyama, Japan). The participant was instructed to look at the internal 

fixation target of the autorefractometer. In order to relax the accommodation 

during refraction measurement, the autorefractometer utilises an automatic 

fogging mechanism incorporated within the autorefractor (Mallen et al., 

2005a). Five readings were obtained and the average was calculated and 

used for analysis. Central corneal radius of curvature (in mm) was 

simultaneously measured with the refraction measurement.  

 

Biometric components of the eye (anterior chamber depth, lens thickness, 

vitreous chamber depth and axial length) were measured using A-scan 

ulrasonography technique (Echoscan US800, Nidek Co. Ltd, Gamagori, 

Japan). Corneal anaesthesia was achieved after instillation of one drop of 

0.4% benoxinate hydrochloride (Novesin; Novartis, Hettlingen, Switzerland). 

The participant was asked to look at a single 1.0 logMAR-size letter 

(equivalent to 6/60 in Snellen) in the visual acuity chart from a distance of 4 

metres (Steele el al., 1992).  The lids were held apart using the fingers of the 

examiner, avoiding excess pressure that may be exerted on the globe 

(Osuobeni, 1999). The probe was placed on the cornea, avoiding excess 

pressure. Three A-scan readings were taken and the average was calculated 

and used for subsequent analysis (Raj et al., 1998). A-scan biometry was 

measured at the end of the examination.  
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Tonic accommodation measurements were done directly after taking the 

refractive error of the subject, in room light. The "Tonic Accom." function was 

chosen from the menu and a new screen was displayed, as shown in figure 

3.1. The figure shows that tonic accommodation is set on "Auto". However, 

fogging amount and time can be changed using the buttons in the right of the 

screen. 

 

Figure 3.1. The screen of Grand Seiko GR-3100K as it appears when "Tonic 
Accom." Function is chosen. The arrows in the figure describe each part of 
the screen.  

 

Measurement was done automatically by the machine which was preset to a 

fogging amount of +8.00 D, and time for fog fixation of 5 minutes.  The 

measurement started after the alignment of the central target to the subject's 

eye. Alignment was done manually by the examiner and when alignment was 

achieved, measurement started automatically. First the amount of refractive 

error correction was measured and the result as spherical equivalent of 

refraction in Dioptre sphere was displayed on the screen. The "Tonic 

Accom." function displays refraction results in 0.01 steps. Then the target 

was moved by the amount of fog set; + 8.00 D, and the clock to measure 

remaining fog fixation started. After the measurements were done, the results 

were displayed on the screen. Tonic accommodation values were calculated 
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by subtracting the refractive error correction after fogging from refractive error 

correction before fogging.  

 

A standard procedure for near heterophoria measurement, with best distance 

correction, was conducted using a Maddox Wing (Keeler Ltd, Windsor, UK) 

(Elliott, 2003). The “push-up and push down” method using an RAF rule 

(Keeler Ltd, Windsor, UK) was employed to measure the amplitude of 

accommodation. The participant was fitted with best distance correction at a 

back vertex distance of 12 mm, and was asked to hold the handle at the end 

of the instrument and lightly place the instrument on the bridge of the nose. 

The subject was asked to move the chart slide till the N5 letters were clear. 

The distance was reduced till the target became blurry, then the distance was 

increased (the target moved backward until the subject reported that the 

target became clear again).The procedure was repeated three times on each 

eye (with the fellow eye occluded) and the mean value (in Dioptres) of the 

“push down” position was taken as the amplitude (McBrien and Millodot, 

1986). The RAF rule is considered to be a standard instrument for measuring 

amplitude of accommodation in UK optometric practice (Adler, 2004), and 

has been used previously to investigate the differences in amplitude of 

accommodation among the refractive groups (McBrien and Millodot, 1986). 

However, unlike the study conducted by McBrien and Millodot (1986) the 

effectivity of the spectacle correction was not accounted for. 
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3.2.4 Analysis 

All results were entered into Microsoft Excel spreadsheet 2007 © and data 

were analysed using SPSS version 16.0 (SPSS Inc., Chicago, Illinois). Data 

from the right eye were used unless otherwise stated. For the purpose of 

analysis, refractive error groups were defined as follows:  

1. Emmetropia (E); refractive error between +0.50 D and -0.50 D 
inclusive in both principal meridians. 

2. Myopia (M); spherical equivalent of refraction (SER) less than -0.50 
DS. 

3. Hyperopia (H); SER more than +0.50 DS. 

 

Spherical equivalent of refraction (SER) was calculated as sphere + ½ 

cylinder. 

 

Cases of astigmatism were identified by the presence of a cylindrical 

correction of -0.75 DC or more (Mallen et al., 2005a).  

 

Myopic participants were subdivided into early-onset myopes (EOM; onset 

age before the age of 15) and late-onset myopes (LOM; age of onset after 15 

years of age).  

 

Binary logistic regression using Backward stepwise (Likelihood Ratio) 

method was employed to identify the risk factors of myopia. Odds ratio (OR) 

and 95% confidence interval (CI) were calculated.  
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3.3 Results 

There was a high correlation (r = 0.934, p < 0.01) between the right eye‟s and 

the left eye‟s spherical equivalent of refraction (SER) data. Also paired 

samples two-tailed t-test showed no significant difference in SER between 

the two eyes (t = 1.078, p = 0.281). Initial analysis of the rest of the variables 

showed similar results for the right eye and the left eye. Results obtained 

from the right eye were used for analysis, unless otherwise stated. Mean (± 1 

SD) SER and optical component values for the whole sample are presented 

in table 3.2, with subdivision according to gender.  

 

3.3.1 Gender and myopia 

Table 3.2 Refractive and biometric data (mean ± 1 SD) for all participants 
subdivided according to gender. 

  Males  
(N = 1552) 

Females  
(N = 1448) 

All 
(N = 3000) 

    
SER (DS)*  -1.25 ± 1.15  -0.98 ± 1.26  -1.12 ± 1.21 

CR (mm)
‡
   7.65 ± 0.15   7.65 ± 0.13   7.65 ± 0.14 

ACD (mm)
‡
   3.33 ± 0.20   3.32 ± 0.20   3.32 ± 0.20 

LT (mm)
‡
   3.65 ± 0.14   3.65 ± 0.13   3.65 ± 0.14 

VCD (mm)* 16.36 ± 0.68 16.19 ± 0.71 16.28 ± 0.70 

AL (mm)* 23.77 ± 0.74 23.61 ± 0.76 23.69 ± 0.76 

    
*Difference is significant at the 1% level. 

‡
No statistically significant difference. 

 

The study sample was divided into 51.73% males (N = 1552) and 48.27% 

females (N = 1448). Males exhibited higher values of myopia (t = -6.22, p < 

0.01), also had longer vitreous chamber depth and axial length (t = 6.75, p < 

0.01; t = 5.81, p < 0.01 respectively). There was no significant difference in 

mean corneal radius (t = -1.18, p = 0.24), anterior chamber depth (t = 1.51, p 
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= 0.13), and lens thickness (t = 0.11, p = 0.92). Difference in age between 

the two groups just reached significance (t = -2.05, p = 0.04). 

 

3.3.2 Frequency distribution of SER and AL 

Mean (± 1 SD) of SER for the whole sample was -1.12 (± 1.21) DS,   ranging 

from -7.13 DS to +6.50 DS. The distribution of SER for the right eye of the 

whole sample is illustrated in figure 3.2. By visual inspection, SER 

demonstrated marked leptokurtosis with a peak between plano and -1.00 DS,  

and a marked skewness towards higher myopia values. The mean (± 1 SD) 

of spherical component of refraction was -0.87 ± 1.20 DS, ranging from -6.75 

D to 6.75 D. Regarding the cylindrical component of refraction, mean (± 1 

SD) was   -0.49 ± 0.39 DC, ranging between plano and -2.50 DC. 

 

Figure 3.2 Frequency distribution of spherical equivalent refraction for the 
whole sample. Data presented for right eyes only. 
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The distribution of axial length for the right eyes of the whole sample is 

shown in figure 3.3. Axial length was normally distributed (Kolmogorov-

Smirnov = 1.11,   p = 0.16) with a mean (± 1 SD) of 23.69 ± 0.76 mm, 

ranging between 20.89 mm and 26.87 mm. 

 

 

Figure 3.3 Frequency distribution of axial length for the whole sample. Data 
presented for right eyes only. 

 

Corneal radius of curvature (CR) of the right eyes ranged between 6.86 mm 

and 8.20 mm. The range of anterior chamber depth (ACD) for the whole 

sample was 2.36 mm to 4.05 mm. Lens thickness (LT) ranged between 3.15 

mm to 4.51 mm in the right eyes of the whole sample. Vitreous chamber 

depth (VCD) ranged between 13.67 mm and 19.08 mm. 
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3.3.3 Prevalence of refractive error in the whole sample 

The prevalence of myopia (M), emmetropia (E) and hyperopia (H) in the 

whole sample was 58.13%, 37.30% and 4.57%, respectively. Refractive error 

was not equally distributed between genders, X2 (2, N = 3000) = 98.25, p < 

0.01. Males had a higher prevalence of myopia (66.8%, N = 1036) compared 

to females. The prevalence of emmetropia in the male group was 29.5% (N = 

458), while hyperopia was found in 3.7% of the male population (N = 58). 

Myopia was less prevalent in females (48.9%, N = 708), with higher 

prevalence of emmetropia (45.6%, N = 661) and hyperopia (5.5%, N = 79) 

found in the females group. 

 

Table 3.3 Mean optical components (± 1 SD) as a factor of refractive error 
group. 

  Myopia 
(N = 1744) 

Emmetropia 
(N = 1119) 

Hyperopia  
(N = 137) 

    
CR (mm)   7.63 ± 0.13   7.66 ± 0.14   7.75 ± 0.13 

ACD (mm)   3.35 ± 0.19   3.28 ± 0.21   3.23 ± 0.16 

LT (mm)   3.64 ± 0.13   3.66 ± 0.14   3.72 ± 0.15 

VCD (mm) 16.62 ± 0.60 15.87 ± 0.48 15.23 ± 0.52 

AL (mm) 24.07 ± 0.64 23.26 ± 0.51 22.43 ± 0.62 

AL:CR          3.15 ± 0.09   3.04 ± 0.08   2.90 ± 0.08 

 

Group-averaged SERs (± 1 SD) for myopes and hyperopes were as follows: 

+1.38 ± 1.19 DS (all hyperopes), +1.52 ± 1.36 DS (female hyperopes), +1.20 

± 0.87 DS (male hyperopes); -1.84 ± 0.97 DS (all myopes), -1.90 ± 1.01 DS 

(female myopes), -1.81 ± 0.94 DS (male myopes). Mean (± 1 SD) of optical 

components values in the refractive groups are presented in table 3.3. 

ANOVA and Scheffe‟s post-hoc test showed a statistically significant 
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difference (p < 0.01) between the refractive groups for CR (F(2,2997) = 53.30); 

ACD (F(2,2997) = 53.77); LT (F(2,2997) = 18.52); VCD (F(2,2997) = 871.89), AL 

(F(2,2997) = 970.41); AL:CR (F(2,2997) = 978.44). 

 

Age of first refractive correction was used to estimate the age of onset of 

myopia (Fledelius, 1995b). Myopia was divided into early-onset myopia 

(EOM) in which age of onset was earlier than 15 years, and late-onset 

myopia (LOM) where age of onset was 15 years or later (McBrien and 

Millodot, 1986). According to this classification, 34.06% of the myopes (N = 

594) were LOMs and 28.27% were EOMs (N = 493). The rest of the myopes 

(N = 657, 37.67%), with an average SER (± 1 SD) of -1.17 ± 0.32 DS, could 

not be classified under the two categories because either the participants 

could not recall the age of first refractive correction or they had never worn 

correction.  

 

Table 3.4 Mean and standard deviation of the age of myopia onset, refractive 
and biometric data for early-onset myopes and late-onset myopes.  

  Early-onset myopia 
(N = 419) 

Late-onset myopia 
(N = 668) 

   
Onset age (years) 10.30 ± 2.32 19.72 ± 3.77 

SER (DS)*  -2.69 ± 1.20  -1.96 ± 0.71 

CR (mm)
‡
   7.63 ± 0.11   7.63 ± 0.14 

ACD (mm)
‡
   3.38 ± 0.19   3.38 ± 0.19 

LT (mm)
‡
   3.62 ± 0.14   3.64 ± 0.13 

VCD (mm)* 16.92 ± 0.66 16.66 ± 0.56 

AL (mm)* 24.42 ± 0.70 24.11 ± 0.57 

AL:CR*   3.20 ± 0.09   3.16 ± 0.09 

     
*Difference is significant at the 1% level. 

‡
No statistically significant difference. 
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Independent samples two-tailed t-tests showed that EOMs had significantly 

higher values of spherical equivalent refraction (t = -12.20, p < 0.01) and 

higher AL:CR ratio (t = 6.90, p < 0.01). EOMs also had longer vitreous 

chamber depth and axial length (t = 6.72, p < 0.01; t = 7.80, p < 0.01 

respectively). There was no significant difference in mean corneal radius (t = 

0.13, p = 0.90), anterior chamber depth (t = 0.00, p = 0.90), and lens 

thickness (t = -1.43, p = 0.99). 

 

3.3.4 Prevalence of refractive error per country 

Table 3.5 shows the prevalence of refractive groups in each country with 

subdivision into male and female groups. Results of one-way ANOVA and 

Scheffe‟s post-hoc revealed no significant difference in SER (F(3, 1708) = 0.37, 

p = 0.77) between Iraqis, Lebanese, Egyptians and Syrians. Mean SERs (± 1 

SD) for these countries were as follows: -1.00 ± 1.24 DS (Iraq), -1.03 ± 1.08 

DS (Lebanon), -0.95 ± 1.38 DS (Egypt), and -0.98 ± 1.18DS (Syria). Further 

analysis revealed no significant difference between these countries for CR 

(F(3, 1708) = 0.35, p = 0.79),  ACD (F(3, 1708) = 0.67, p = 0.57), LT (F(3, 1708) = 

0.14, p = 0.94), VCD (F(3, 1708) = 0.54, p = 0.66) and AL (F(3, 1708) = 0.31, p = 

0.82).  

 

Chi-square test revealed that refractive error was not equally distributed, X2 

(10, N = 3000) = 37.16, p < 0.01. Prevalence of myopia in Jordan and Saudi 

Arabia was higher compared to other countries, this would be explained by 

the fact that the sample obtained from Jordan and Saudi Arabia are mainly 
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from students and selected occupations. Refractive error was not equally 

distributed for either males (X2 (10, N = 1552) = 24.51, p < 0.01) or females 

(X2 (10, N = 1448) = 36.27, p < 0.01). Jordanian females and Saudi males 

had the highest prevalence of myopia.  

 

Jordan had higher prevalence of myopia compared to Lebanon (X2 (2, N = 

1197) = 8.38, p = 0.02), Iraq (X2 (2, N = 1215) = 9.67, p < 0.01), Egypt (X2 (2, 

N = 1197) = 23.06, p < 0.01), Syria (X2 (2, N = 1231) = 13.45, p < 0.01). 

Saudi Arabia had higher prevalence of myopia compared to Lebanon (X2 (2, 

N = 921) = 7.45, p = 0.02), Iraq (X2 (2, N = 939) = 8.48, p = 0.01), Egypt (X2 

(2, N = 921) = 19.24, p < 0.01), Syria (X2 (2, N = 955) = 11.11, p < 0.01).  

 

There was no significant difference in the distribution of myopia between 

Jordan and Saudi Arabia, X2 (2, N = 1288) = 0.43, p = 0.81. Furthermore, 

refractive error was equally distributed between the following countries: 

Egypt, Syria, Iraq and Lebanon (X2 (6, N = 1712) = 4.34, p = 0.63). 

 

Table 3.5 Distribution of emmetropia (E), myopia (M) and hyperopia (H), 
subdivided according to gender for each country. 

 

Country

E M H E M H E M H 

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Egypt 72 (33 %) 136 (62 %) 11 (5 %) 85 (43 %) 88 (45 %) 23 (12 %) 157 (38%) 224 (54 %) 34 (8 %)

Iraq 58 (28 %) 137 (66 %) 13 (6 %) 108 (48 %) 106 (47 %) 11 (5 %) 166 (38 %) 243 (56 %) 24 (6 %)

Jordan 117 (27 %) 305 (71 %) 10 (2 %) 156 (44 %) 148 (53 %) 10 (3 %) 273 (35 %) 489 (62 %) 20 (3 %)

Lebanon 63 (33 %) 113 (60 %) 13 (7 %) 96 (42 %) 121 (54 %) 9 (4 %) 159 (38 %) 234 (57 %) 22 (5 %)

Saudi Arabia 81 (30 %) 183 (69 %) 2 (1 %) 128 (53 %) 103 (43 %) 9 (4 %) 184(36 %) 311 (62 %) 11 (2 %)

Syria 67 (28 %) 162 (68 %) 9 (4 %) 113 (54 %) 81 (38 %) 17 (8 %) 180 (40 %) 243 (54 %) 26 (6 %)

Males Females All
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3.3.5 Current myopia level and it relation to age of onset of myopia 

Only 36.6% of the participants (N = 1099) reported wearing correction in the 

form of contact lenses or spectacles. Males comprised 58.4% (N = 642) of 

the subjects, while the rest (N = 457, 41.6%) were females. All participants 

who did not wear a correction were given a prescription and were advised to 

wear spectacles. Only 8.8% (N = 12) of the hyepropes reported wearing 

correction compared to 62.3% (N = 1087) of the myopes. Mean age of first 

myopic correction (± 1 SD) was 16.09 ± 5.64 years (for all the participants); 

16.33 ± 5.44 (for males); 15.75 ± 5.90 (for females). There was no significant 

difference in the age of first myopic correction between males and females (t 

= 1.68, p < 0.09). Mean SER (± 1 SD) for myopes wearing correction was -

2.25 ± 1.00 DS, with a range between -0.625 DS and -7.125 DS. Regarding 

myopes who did not wear a correction, mean SER (± 1 SD) was -1.18 ± 0.32 

DS, ranging between -0.625 DS and -2.625 DS.  The difference in average 

SER between correction wearing and non-correction wearing participants 

was statistically significant (t = -26.63, p < 0.01).  

 

Figure 3.4 shows the number and percentage of myopes in every onset age 

group, while figure 3.5 shows the mean (± 1 SD) of the current myopia level. 

The difference in mean SER between these groups was significant (F(5, 1081) = 

31.38, p < 0.01). Scheffe‟s post-hoc revealed no significant difference in SER 

between the (5-9 years) group and the (10-14 years) group. Range of SERs 

for each onset-age group was as follows: -7.125 to -0.75 DS (5-9 years 

group), -6.625 to -0.625 DS (10-14 years group), -4.625 to -0.625 DS (15-19 
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years group), -3.75 to -0.625 DS (20-24 years group), -3.625 to -0.75 DS (25-

29 years group), -1.875 to -0.875 DS (30-35 years group). Among the onset-

age groups, there was no difference in average CR (F(5, 1081) = 1.42, p = 

0.21), ACD (F(5, 1081) = 1.34, p = 0.25), and LT (F(5, 1081) = 0.85, p = 0.52). 

However, there were significant differences in VCD (F(5, 1081) = 9.62, p < 0.01) 

and AL (F(5, 1081) = 12.88, p < 0.01). Scheffe‟s post-hoc test revealed no 

significant difference in VCD and AL between the (5-9 years) group and the 

(10-14 years) group. 

 

The majority of the participants (71.67%) reported wearing correction before 

the age of 20, and more than one-third of the participants started wearing 

correction between the ages of 15 and 19 (figure 3.4). There was a weak but 

statistically significant correlation (r = 0.32, p < 0.01) between age of onset 

and current myopia value. This indicates that the earlier in life the participant 

reported wearing correction, the more myopic he/she would be.  
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Figure 3.4 Number of myopes in each myopia age of onset group. 

 

 

 

Figure 3.5. Current myopia values in each onset-age group. 
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3.3.6 Effect of age on ocular biometry 

Table 3.6 Refractive and biometric data for all subjects subdivided according 
to age group.  

  17-22 
(N=817) 

23-28 
(N=661) 

29-34 
(N=913) 

35-40 
(N=609) 

     
SER (DS)

†
  -1.27 ± 1.22  -1.21 ± 1.29  -1.12 ± 1.18  -0.84 ± 1.11 

CR (mm)
‡
   7.66 ± 0.14   7.65 ± 0.15   7.65 ± 0.14   7.64 ± 0.13 

ACD (mm)
*
   3.38 ± 0.21   3.32 ± 0.20   3.30 ± 0.19   3.27 ± 0.18 

LT (mm)
*
   3.63 ± 0.13   3.66 ± 0.13   3.65 ± 0.14   3.68 ± 0.14 

VCD (mm)
†
 16.42 ± 0.68 16.29 ± 0.74 16.24 ± 0.70 16.13 ± 0.64 

AL (mm)
†
 23.82 ± 0.75 23.71 ± 0.78 23.65 ± 0.76 23.57 ± 0.72 

                *Difference is significant at the 1% level. 
†
Significant difference at the 5% level.  

          ‡
No statistically significant difference. 

 

Similar to the classification of Mallen and colleagues (2005a), the sample 

was divided into 4 age groups and the results of refractive and biometric data 

were compared. The results are presented in table 3.6. One-way analysis of 

variance (one-way ANOVA) and Scheffe‟s post-hoc test were used to 

compare refraction and biometric measurements among the age groups. Age 

showed a significant effect on ACD and LT (F(3, 2996) = 37.54, 14.02 

respectively, both p < 0.01). ACD tends to decrease with age while LT seems 

to increase with age. VCD and AL were less affected by increase in age. The 

age group (17-22 years) had the longest VCD and AL (p < 0.05) while the 

age group (35-40 years) had the shortest. CR does not seem to be affected 

with age (F = 16.73, p = 0.11). The age group (17-22 years) was the most 

myopic while the age group (35-40 years) was the least myopic (p < 0.01). 

SER had a weak but statistically significant correlation with age (r = 0.12, p < 

0.01), which indicates that the eye tends to become less myopic or that 

hyperopia increases with the progression of age. This apparent reduction in 
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myopia seems to be accompanied with reduction in AL, as the AL showed a 

negative correlation with age (r = - 0.11, p < 0.01). 

 

3.3.7 Astigmatism 

Participants were considered to have astigmatism if the cylindrical 

component of refraction was at least -0.75 DC (Mallen et al., 2005a). Only 

26.07% of the sample (N=782) had astigmatism with an average cylinder of -

0.98 DC (SD = 0.38). Regarding corneal toricity, only 189 (6.3%) had corneal 

astigmatism of at least -0.75 DC, with a mean of -1.31 DC (SD = 0.69). 

Participants with astigmatism were classified into with-the-rule (WTR), 

against-the-rule (ATR) and oblique (OBL) groups using the following cylinder 

axis ranges: WTR, 180 ± 30 degrees; ATR, 90 ± 30 degrees; OBL, 45 ± 15 or 

135 ± 15 degrees. The results of refractive astigmatism and corneal 

astigmatism are shown in table 3.7a and b respectively.  

 

Table 3.7 a Types of refractive astigmatism of the right eyes of the whole 
sample. 

  WTR ATR OBL 

N 288 272 222 

%  36.83% 34.78% 28.39% 

Astigmatism (DC)
‡
  -0.99 ± 0.40  -0.97 ± 0.43  -0.98 ± 0.39 

Age (years)*         27.14 ± 5.87 29.03 ± 6.01 28.74 ± 5.95 
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Table 3.7 b Types of corneal astigmatism of the right eyes of the whole 
sample. 

  WTR ATR OBL 

    N 122 31 36 

%  64.55% 16.40% 19.05% 

Astigmatism (DC)
‡
  -1.28 ± 0.59  -1.29 ± 0.43  -1.42 ± 1.10 

Age (years)*         23.94 ± 4.85 27.58 ± 6.80 25.25 ± 5.78 

WTR: with-the-rule, 180° ±30°. ATR: against-the-rule, 90° ± 30°. OBL: oblique, 45° ± 15° and 
135° ± 15°. *Difference is significant at the 1% level. 

‡
No statistically significant difference. 

 

Maximum astigmatic values were: -2.50 DC for WTR and OBL, -2.25 DC for 

ATR.   Average astigmatic values did not differ between these groups (F(2, 779) 

= 0.27, p = 0.76). Amount of astigmatism did not correlate significantly with 

participant‟s age (r = 0.003, p = 0.92). However, there was a relation between 

age and type of astigmatism, where participants in the WTR group were 

younger compared to ATR and OBL astigmats (F(2, 779) = 8.12, p < 0.01).   

 

Similar trends were observed when corneal cylinder orientation is used to 

classify astigmats (table 3.7b). Based on corneal toricity, WTR astigmats 

were younger compared to ATR and OBL groups (F(2, 186) = 9.58, p < 0.01). 

Amount of corneal astigmatism was not different between these groups (F(2, 

186) = 0.60, p = 0.55). Amount of corneal astigmatism failed to show a 

significant correlation with age (r = - 0.10, p = 0.15).   

 

3.3.8 Anisometropia 

Anisometropia was defined as a difference in SER between right and left 

eyes. Analysis was done using 1 and 2 DS classifications for anisometropia. 
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Prevalence of anisometropia was 3.4% (N = 101) using the 1 DS 

classification, and 0.03% (N = 10) using the 2 DS classification. 

Anisometropia was also subdivided into anisomyopia (both eyes myopic), 

anisohyperopia (both eyes hyperopic), antimetropia (one eye hyperopic and 

one eye myopic), uniocular myopia (one eye myopic, fellow eye emmetropic), 

and uniocular hyperopia (one eye hyperopic, fellow eye emmetropic). 

According to the 1 and 2 DS classification systems, respectively, the number 

of participants in each sub-classifications of anisometropia was as follows: 

anisomyopia, 41 and 5; antimetropia, 0.6 and 0.5%; anisohyperopia, 2 and 1; 

uniocular myopia, 34 and 0; uniocular hyperopia, 12 and 0. Age did not have 

a significant effect on the degree of anisometropia (r = -0.09, p = 0.81). 

 

Linear regression analyses were applied to the absolute differences in SER 

and biometric data between the eyes of individuals exhibiting at least 2 D of 

anisometropia. Correlation coefficients (r) were as follows: mean CR -0.14, 

ACD -0.12, LT 0.55, VCD -0.70, AL -0.78. Correlations between VCD and 

anisometropia, and AL and anisometropia were statistically significant (p < 

0.05).  

 

Ray tracing analysis, based on a model eye with a corneal refractive index of 

1.3375 (Bennett and Rabbetts, 1998), was used to calculate the total 

potential contribution of differential corneal curvature to the overall degree of 

anisometropia (Mallen et al., 2005a). For cases of anisometropia of 2 D or 

more, absolute mean corneal power difference between right and left eyes 

was 0.37 D. The mean difference in SER for these cases was 2.40 DS. The 
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highest case of anisometropia identified was 4.75 D (SER: right -3.125 DS, 

left +1.620 DS). In this case an AL difference of 1.14 mm was evident 

between the eyes, with the myopic eye being the longest. 

 

3.3.9 Ocular biometry 

Table 3.8 Pearson‟s correlation coefficient and linear regression analysis of 
spherical equivalent refraction and ocular components of the eye. Results 
presented are of the right eyes of all participants. 

Ocular 
component 

Correlation coefficient Slope Intercept 

(r) p (m) (c) 

CR (mm)  0.16 < 0.01  0.02  7.67 

ACD (mm) -0.19 < 0.01 -0.04  3.28 

LT (mm)  0.10 < 0.01  0.01  3.67 

VCD (mm) -0.75 < 0.01 -0.43 15.79 

AL (mm) -0.77 < 0.01 -0.49 23.16 

AL:CR -0.79 < 0.01 -0.07   3.01 

     

 

Linear regression analyses were applied to data from right eyes. Table 3.8 

shows regression analysis coefficients for biometric measurements of ocular 

components against spherical equivalent refractive error. Figure 3.6 is a 

scatter plot of CR against SER for right eyes. Figure 3.7 shows a scatter plot 

of ACD against SER. A scatter plot of LT against SER is shown in figure 3.8. 

Figures 3.9 and 3.10 show scatter plots of VCD and AL against SER, 

respectively. There was strong negative correlation between spherical 

equivalent of refraction and vitreous chamber depth and axial length. This 

indicates that myopic eyes will exhibit longer vitreous chamber depths and 

axial lengths. A weak but significant negative correlation is found between 

anterior chamber depth and spherical equivalent of refraction. Corneal radius 

and lens thickness showed weak but significant positive correlation with 
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spherical equivalent of refraction.  This indicates that myopes will exhibit 

steeper corneas and thinner lenses compared to emmetropes or hyperopes.

  

Multiple regression analysis was conducted using refractive error as the 

dependant variable and biometric components of the eye (i.e., CR, ACD, LT, 

VCD and AL) as independents variables. CR accounted for only 2.4% of the 

variance, while ACD and LT accounted for 5.2% and 1.5%, respectively. 

VCD accounted for 56.7% of the variance while AL accounted for 58.5% of 

the variable. If AL (which anatomically includes ACD, LT and VCD) and CR 

are combined, they would account for 60.8% of the variance. 

 

Figure 3.6 Scatter plot and linear regression of mean corneal radius (mm) 
against spherical equivalent refraction (DS). 
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Figure 3.7 Scatter plot and linear regression of anterior chamber depth (mm) 
against spherical equivalent refraction (DS). 

 

 

Figure 3.8 Scatter plot and linear regression of lens thickness against 
spherical equivalent refraction. 
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Figure 3.9 Scatter plot and linear regression of vitreous chamber depth (mm) 
against spherical equivalent refraction (DS). 

 

 

Figure 3.10 Scatter plot and linear regression of axial length (mm) against 
spherical equivalent refraction (DS). 
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Figure 3.11 Scatter plot and linear regression of axial length to corneal radius 
ratio (AL:CR) against spherical equivalent refraction (DS). 

 

The axial length:corneal radius ratio had the strongest correlation with 

spherical equivalent (r = -0.79, p < 0.01). The negative sign means that if the 

spherical equivalent decreases (more myopic), the axial length:corneal radius 

ratio increases. 

 

3.3.10 University students 

University students accounted for 27.3% of the sample (N = 819). University 

students were divided into 430 males (52.5%) and 389 females (47.5%). 

Mean  (± 1 SD) of age for all the students was 20 ± 1.39 years, with a median 

of 20 years and range between 18 and 23 years. Both male and female 

students had a median age of 20 years. Myopia was found in 60.8% of the 
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students (N=498), while emmetropia was present in 36.5% (N = 299) and 

only 2.7% of the students (N=22) were hyperopes. The distribution of SER 

for the right eyes of all the university students is presented in figure 3.12. 

SER is heavily skewed towards higher myopia values with a range between 

+2.50 DS and -6.625 DS. 

 

 

Figure 3.12 Frequency distribution of spherical equivalent refraction for the 
right eyes of the university students cohort. 

 

Mean (± 1 SD) of age, SER and optical components of the eye for males and 

females are shown in table 3.9. There was no significant difference in mean 

age between males and females (t = 0.46, p = 0.65). Also, there was no 

significant difference in SER (t = -1.80, p = 0.07), CR (t = 0.81, p = 0.42), 
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ACD (t = -0.66, p = 0.65) or LT (t = 1.66, p = 0.10). Males had longer VCD (t 

= 2.38, p = 0.02) and longer AL (t = 2.46, p = 0.01). 

 

Table 3.9 Age, refractive and biometric data for university students 
subdivided according to gender. 

  Males Females 

   N, % 430, 52.5% 389, 47.5% 

Age (years)
 ‡
 20.02 ± 1.39 19.97 ± 1.39 

SER (DS)
 ‡
  -1.33 ± 1.17  -1.18 ± 1.20 

CR (mm)
 ‡
   7.66 ± 0.15   7.65 ± 0.13 

ACD (mm)
 ‡
   3.37 ± 0.20   3.38 ± 0.21 

LT (mm)
‡
   3.64 ± 0.13   3.63 ± 0.13 

VCD (mm)
†
 16.47 ± 0.67 16.36 ± 0.68 

AL (mm)
†
 23.88 ± 0.73 23.75 ± 0.74 

†
Difference is significant at the 5% level. 

‡
No statistically significant difference. 

 

In the group of university students, spherical equivalent of refraction 

correlated most significantly with vitreous chamber depth (r = -0.75, p < 0.01) 

and axial length (r = -0.78, p < 0.01). CR had a weak but statistically 

significant positive correlation with SER (r = 0.15, p < 0.01), while ACD had a 

negative correlation with SER (r = -0.16, p < 0.01).  

 

Prevalence of myopia was highest in fourth year students (table 3.10), and 

mean SER increased significantly towards higher myopia with every year 

spent in the university (F(3,815) = 8.42, p < 0.01). This increase in SER towards 

myopia with progression of years of studying is accompanied with an 

increase in VCD (F(3,815) = 10.67, p < 0.01) and an increase in AL (F(3,815) = 

8.28, p < 0.01). The difference between groups regarding ACD just reached 
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significance (F(3,815) = 2.84, p = 0.04). There was no significant difference 

between the groups in CR (F(3,815) = 1.68, p = 0.17) or LT (F(3,815) = 1.00, p = 

0.40).  

 

Refractive error was not equally distributed in the cohort of university 

students, X2 (6, N = 819) = 14.27, p = 0.03. Myopia was more prevalent in 2nd 

year students compared to 1st year students, X2 (2, N = 485) = 6.39, p = 0.04. 

Myopia was also more prevalent in 3rd year students compared to 1st year 

students, X2 (2, N = 390) = 9.37, p < 0.01. Furthermore, myopia was more 

prevalent in 4th year students compared to 1st year students, X2 (2, N = 294) 

= 5.78, p = 0.04.  

 

Myopia was equally distributed between 2nd year and 3rd year students, X2 (2, 

N = 525) = 1.37, p = 0.50. Myopia was also equally distributed between 2nd 

year and 4th year students, X2 (2, N = 429) = 0.54, p = 0.76. Furthermore, 

myopia was equally distributed between 3rd year and 4th year students, X2 (2, 

N = 334) = 0.95, p = 0.62. 
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Table 3.10 SER, optical components (mean ± 1 SD) and type of refractive 
error as a function of university enrolment year. 

  First year Second year Third year Fourth year 

     N, % 175, 21.37 % 310, 37.85 % 215, 26.25 % 119, 14.53 % 

E; N,% 69, 39.4 % 111, 35.8 % 80, 37.2% 39, 32.8 % 

H; N,% 11, 6.3 % 7, 2.3 % 2, 0.9 % 2, 1.7 % 

M; N,% 95, 54.3 % 192, 61.9 % 133, 61.9 % 78, 65.5 % 

SER (DS)*  -0.94 ± 1.00  -1.23 ± 1.10  -1.38 ± 1.24  -1.59 ± 1.40 

CR (mm)
 ‡
   7.66 ± 0.15   7.64 ± 0.14   7.67 ± 0.14   7.67 ± 0.15 

ACD (mm)
†
   3.35 ± 0.19   3.38 ± 0.19   3.38 ± 0.22   3.42 ± 0.22 

LT (mm)
 ‡
   3.63 ± 0.15   3.64 ± 0.14   3.64 ± 0.12   3.62 ± 0.09 

VCD (mm)* 16.25 ± 0.65 16.37 ± 0.64 16.50 ± 0.67 16.66 ± 0.71 

AL (mm)* 23.63 ± 0.69 23.79 ± 0.71 23.90 ± 0.75 24.03 ± 0.79 

*Difference is significant at the 1% level. 
†
Significant difference at the 5% level.                           

‡
No statistically significant difference. 

 

Regarding the use of refractive correction in form of glasses or contact 

lenses, 327 students reported wearing correction, all the students were 

myopic, and this represents 76.4% of the myopic students. No hyperopic 

student reported wearing any correction. The students were asked to recall 

the age they first wore correction for their refractive error, which was 

considered the age of onset of myopia (Iribarren et al., 2009). The number of 

myopes at each onset-age is shown in figure 3.13. A total of 154 students 

(47.1%) reported wearing correction at the age of 15 or later. Mean age of 

first correction was as follows:  13.12 ± 4.06 years (all myopic students); 

13.34 ± 3.81 years (male students); 12.84 ± 4.36 years (female students), 

with no significant difference in mean age of first correction between males 

and females (t = 1.09, p = 0.28). The mean current myopia as a function of 

age of first correction (prescription) is shown in figure 3.14. There was a 

significant correlation between age of onset and current myopia level (r 
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=0.41, p < 0.01), with higher current myopia values found with earlier age of 

first lens correction. 

 

Figure 3.13 Age at first lens prescription (years) among myopic university 
students (right eye data). 

 

 

Figure 3.14 The relation between current myopia (right eye) and age at first 
prescription (years) for the university students. 
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Table 3.11 Refractive error types, mean (± 1 SD) spherical equivalent of 
refraction and optical components of the right eyes in the university students 
compared to the rest of the population. 

  University students 
(N = 819) 

Rest of population 
(N = 2181) 

Difference between 
the two groups 

SER (DS)*  -1.26 ± 1.19  -1.07 ± 1.22 t = -3.84 p < 0.01 

CR (mm)
‡
   7.66 ± 0.14   7.65 ± 0.14 t = 1.79 p = 0.07 

ACD (mm)*    3.38 ± 0.20   3.30 ± 0.19 t = 9.56 p < 0.01 

LT (mm)*    3.63 ± 0.13   3.66 ± 0.14 t = -4.78 p < 0.01 

VCD (mm)* 16.42 ± 0.67 16.22 ± 0.70 t = 6.95 p < 0.01 

AL (mm)*  23.82 ± 0.74 23.65 ± 0.76 t = -5.52 p < 0.01 

E; N, (%) 299, (36.5 %) 820, (37.6 %)   

H; N, (%) 22, (2.7 %) 115, (5.3 %)   

M; N, (%) 498, (60.8 %) 1246, (57.1 %)   

EOM; N, (% of M) 173, (34.7 %) 246, (19.7 %)   

LOM; N, (% of M) 154, (30.9 %) 514, (41.3 %)   

     
*Difference is significant at the 1% level. 

‡
No statistically significant difference. SER= 

spherical equivalent refraction, CR= corneal radius, ACD= anterior chamber depth, LT= lens 
thickness, VCD= vitreous chamber depth, AL= axial length. E= emmetropia, H= hyperopia, 
M= myopia, EOM= early-onset myopia, LOM= late-onset myopia.  

 

Table 3.11 shows a comparison between the university students and the rest 

of the population regarding prevalence of refractive error types, and mean 

SER and biometric measurements of optical components. The university 

students were more myopic and had longer eyes. Refractive error was not 

equally distributed, X2 (2, N = 3000) = 10.30, p < 0.01. The prevalence of 

myopia was slightly higher in university students. Late-onset myopia was 

more prevalent in the rest of the population compared to university students; 

this indicates that a part of myopia starts late in life (adult-onset myopia). 

 

Table 3.12 shows a comparison between participants with highest and lowest 

educational level regarding prevalence of refractive error types, and mean 

SER and biometric measurements of optical components. University students 
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were not included in this classification. Participants with highest educational 

were more myopic (t = 9.86, p < 0.01), had longer eyes (AL) (t = -7.09, p < 

0.01) and longer vitreous chambers (t = -8.69, p < 0.01). 

 

Refractive error was not equally distributed, X2 (4, N = 3000) = 96.75, p < 

0.01. University students were found to be more myopic compared to 

participants who only had a high school degree, X2 (2, N = 1995) = 31.80, p < 

0.01. Participants who attained a higher education degree (Bachelor degree 

or higher) were more myopic compared to university students, (X2 (2, N = 

1824) = 23.50, p < 0.01, and participants who only had a high school degree, 

(X2 (2, N = 2181) = 86.56, p < 0.01. 

 

Table 3.12 Distribution of refractive errors, mean spherical equivalent of 
refraction and optical components of the right eyes as a factor of educational 
level attained. 

  High school University students Higher education 

N 1176  819 1005 

SER (DS)*  -0.84 ± 1.02  -1.26 ± 1.19  -1.34 ± 1.37 

CR (mm)
‡
   7.65 ± 0.13   7.66 ± 0.14   7.65 ± 0.15 

ACD (mm)*   3.27 ± 0.19   3.38 ± 0.20   3.33 ± 0.19 

LT (mm)
†
   3.66 ± 0.14   3.63 ± 0.13   3.65 ± 0.14 

VCD (mm)* 16.10 ± 0.67 16.42 ± 0.67 16.36 ± 0.75 

AL (mm)* 23.54 ± 0.71 23.82 ± 0.74 23.77 ± 0.80 

E; N, (%) 546, (48.47 %) 299, (36.5 %) 274, (27.26 %) 

H; N, (%) 60, (5.1 %) 22, (2.7 %) 55, (5.48 %) 

M; N, (%) 570, (48.47 %) 498, (60.8 %) 676, (67.26 %) 

EOM; N, (% of M) 97, (17.02 %) 173, (34.7 %) 149, (26.14 %) 

LOM; N, (% of M) 199, (34.91 %) 154, (30.9 %) 315, (55.26 %) 

    
*Difference is significant at the 1% level. 

†
Significant difference at the 5% level.                      

‡
No statistically significant difference. 
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3.3.11 Occupation and myopia 

The prevalence of each refractive error type as a function of occupation is 

presented in table 3.13. Refractive error was not equally distributed between 

the occupations, X2 (16, N = 3000) = 437.14, p < 0.01. Healthcare providers 

(physicians, nurses, pharmacists and optometrists) exhibited the highest 

prevalence of myopia. Unemployed participants were less myopic compared 

to healthcare providers (X2 (2, N = 404) = 95.90, p < 0.01), Clerks (X2 (2, N = 

542) = 60.68, p < 0.01), and construction workers (X2 (2, N = 555) = 79.82, p 

< 0.01).   

 

Myopia was more prevalent in healthcare providers compared to participants 

working in the education sector (X2 (2, N = 351) = 7.56, p = 0.02), 

construction workers (X2 (2, N = 575) = 7.23, p = 0.03), clerks (X2 (2, N = 

562) = 137.38, p < 0.01), students (X2 (2, N = 1033) = 37.51, p < 0.01), 

services providers (X2 (2, N = 623) = 204.86, p < 0.01), and factory workers 

(X2 (2, N = 552) = 25.10, p < 0.01). 

 

Myopia was more prevalent in construction workers compared to students 

(X2 (2, N = 1184) = 19.02, p < 0.01), services providers (X2 (2, N = 774) = 

206.04, p < 0.01), and factory workers (X2 (2, N = 703) = 9.18, p = 0.01). 

Myopia was more prevalent in clerks compared to students (X2 (2, N = 1171) 

= 8.17, p = 0.02), and services providers (X2 (2, N = 761) = 171.44, p < 0.01). 
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There was no significant difference in the prevalence of myopia between 

participants who worked in the education sector and the construction sector 

(X2 (2, N = 502) = 3.24, p = 0.2) or clerks (X2 (2, N = 713) = 1.70, p = 0.43). 

Furthermore, there was no significant difference in the prevalence of myopia 

between participants who worked in factories and students (X2 (2, N = 1162) 

= 0.85, p = 0.65), or clerks (X2 (2, N = 690) = 2.98, p = 0.23). 

 

Table 3.13 Refractive error types per occupational group. 

  E 
 (N, %) 

H 
(N, %) 

M  
(N, %) 

EOM 
 (N, % of M) 

LOM  
(N, % of M) 

Clerks 98, 28% 9, 2.57% 243, 69.43% 38, 15.64% 125, 51.44% 

Construction 87, 23.97% 8, 2.20% 268, 73.83% 31, 11.57% 83, 30.97% 

Education  32, 23.02% 0, 0% 107, 76.98% 33, 30.84% 49, 45.79% 

Factories 115, 33.73% 10, 2.93% 216, 63.34% 43, 19.91% 89, 41.20% 

Healthcare  31, 14.62% 6, 2.83% 175, 82.55% 43, 24.57% 68, 38.86% 

Sales 80, 46.78% 15, 8.77% 76, 44.45% 16, 21.05% 34, 44.74% 

Services 264, 64.23% 54, 13.14% 93, 22.63% 29, 31.18% 39, 41.94% 

Students 300, 36.54% 22, 2.68% 499, 60.78% 173, 34.67% 154, 30.86% 

Unemployed 112, 58.33% 13, 6.77% 67, 34.90% 13, 19.40% 27, 40.30% 

      
 

 

Average SER and biometric measurements of optical components for each 

occupation are presented in table 3.14. Results of one-way ANOVA reveal 

significant differences in mean SER (F(8, 2991) = 45.71, p < 0.01), CR (F(8, 2991) 

= 2.44, p < 0.01), ACD (F(8, 2991) = 21.11, p < 0.01), LT (F(8, 2991) = 5.13, p < 

0.01), VCD (F(8, 2991) = 37.46, p < 0.01), and AL (F(8, 2991) = 30.22, p < 0.01). 

Scheffes post-hoc test revealed no significant difference in mean SER 

between unemployed participants and those working in the services sector   

(p = 0.60), or between health care providers and Clerks (p = 0.88). 
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Table 3.14 Mean (± 1 SD) of SER and ocular components as a function 
occupational group. 

  SER 
(DS)  

CR 
(mm) 

ACD 
(mm) 

LT (mm) VCD 
(mm) 

AL (mm) 

Clerks 
 (N = 350) 

-1.45 
(1.18) 

7.67 
(0.17) 

3.65 
(0.13) 

3.65 
(0.13) 

16.48 
(0.75) 

23.80 
(0.80) 

Construction 
(N = 363) 

-1.05 
(0.77) 

7.63 
(0.13) 

3.28 
(0.17) 

3.67 
(0.14) 

16.21 
(0.53) 

23.65 
(0.59) 

Education  
(N = 139) 

-1.75 
(1.17) 

7.63 
(0.13) 

3.65 
(0.13) 

3.65 
(0.13) 

16.44 
(0.67) 

23.91 
(0.67) 

Factories 
(N = 34) 

-1.32 
(1.18) 

7.65 
(0.13) 

3.64 
(0.13) 

3.64 
(0.13) 

16.30 
(0.71) 

23.77 
(0.76) 

Healthcare 
(N = 212) 

-1.65 
(1.45) 

7.69 
(0.12) 

3.35 
(0.18) 

3.65 
(0.14) 

16.51 
(0.76) 

24.00 
(0.81) 

Sales 
(N = 171) 

-0.76 
(1.16) 

7.64 
(0.13) 

3.66 
(0.15) 

3.66 
(0.15) 

16.07 
(0.66) 

23.49 
(0.73) 

Services 
(N = 11) 

-0.37 
(1.17) 

7.65 
(0.14) 

3.67 
(0.15) 

3.67 
(0.15) 

15.88 
(0.65) 

23.30 
(0.76) 

Students 
(N = 821) 

-1.26 
(1.18) 

7.66 
(0.14) 

3.63 
(0.13) 

3.63 
(0.13) 

16.42 
(0.67) 

23.82 
(0.74) 

Unemployed 
(N = 192) 

-0.63 
(1.00) 

7.66 
(0.13) 

3.26 
(0.13) 

3.68 
(0.13) 

16.02 
(0.55) 

23.45 
(0.63) 

 

 

A separate analysis was conducted on employees of a telecommunication 

company and quality control workers at a textile factory, the results are 

presented in table 3.15. All employees in both groups were residents of 

Amman, Jordan, quality control workers only had a high school degree (12 

years of education), while customer service employees had a university 

degree or higher (at least 16 years of education).  

 

Customer service employees in the telecommunication company work 8 

hours a day, 6 days a week mainly using video display terminals or reading 

reports printed on paper, both tasks are conducted at a distance of 

approximately 40 cm. The working distance was measured using a 
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measuring tape for all the employees, and confirmed by measuring the 

working distance on fifty employees 3 days later. Quality control workers in 

the textile factory spend the same duration at work, the nature of the job is to 

visually inspect the fabric for any workmanship defects. The working distance 

between the eyes and the product is less than 30 cm.  

 

Quality control workers were older than customer service employees; the 

difference in age between the two groups was statistically significant (t = -

10.38, p < 0.01). Despite the differences in age, level of education and the 

nature of the jobs between the two groups, the difference in mean SER 

between two groups was statistically insignificant (t = -1.59, p = 0.11) with 

similar prevalence of myopia between the two groups, X2 (2, N = 531) = 1.92, 

p = 0.38. However, customer service employees reported wearing correction 

for myopia later in life compared to quality control workers  (t = 4.34, p < 

0.01).  
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Table 3.15 Differences between customer service employees of a 
telecommunications company and quality control workers at a textile factory. 

 
  

Telecommunications 
(N = 193) 

Textile factory 
(N = 341) 

Age (years)* 28.15 ± 3.08 31.69 ± 4.14 

SER (DS) 
‡
  -1.49 ± 1.30  -1.32 ± 1.18 

E; N, (%) 57, (29.53 %) 115, (33.72 %) 

H; N, (%) 6, (3.11 %) 10, (2.93 %) 

M; N, (%) 130, (67.36 %) 216, (63.34 %) 

EOM; N, (% of M) 16, (12.31 %) 43, (19.91 %) 

LOM; N, (% of M) 78, (60 %) 89, (41.20 %) 

Wearing correction; N, (%) 95, (49.22 %) 133, (39 %) 

Age of 1
st

 correction(years)* 20.93 ± 5.83 17.40 ± 6.20 

Educational level attained College/University High school 

   ‡
 No significant difference. * Difference is significant at the 1% level. 

 

3.3.12 Risk factors of myopia 

The time (hours per week) spent on watching TV, reading and using 

computer was compared between the refractive groups in the university 

students and the whole sample. The results are shown in table 3.17. The 

correlation between spherical equivalent of refraction and number of hours 

per week spent on watching TV, reading and visual display terminal (VDT) 

use for the university students and the whole sample are shown in table 3.16. 

There was no significant difference (F(2, 816) = 0.62, p = 0.54) between the 

refractive groups regarding watching TV among the university students. 

However, in the whole sample there was a small but statistically significant 

difference (F(2, 2997) = 3.61, p = 0.03); where hyperopes tend to spend more 

time watching TV compared to emmetropes and myopes.  
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Table 3.16 The relation (Pearson‟s r) between spherical equivalent of 
refraction and number of hours per week spent on watching TV, reading and 
visual display terminal (VDT) use for the university students and the whole 
sample. 

 Watching TV Reading VDT use 

    University students  
(N = 819) 
 

r = 0.02  
(p = 0.57) 

r = -0.14  
(p < 0.01) 

r = -0.10  
(p < 0.01) 

Whole sample 
(N = 3000) 

r = 0.02  
(p = 0.27) 

r = -0.20  
(p < 0.01) 

r = -0.24  
(p < 0.01) 

    
 

Regarding time spent on reading, there was significant difference between 

the refractive groups in both university students (F(2, 816) = 11.33, p < 0.01) 

and the whole sample (F(2, 816) = 38.79, p < 0.01). For VDT work, whole 

sample F= 57.66, p < 0.1; Students F = 2.83, p = 0.06. In the university 

students, there was no gender difference on time spent on watching TV (t = -

1.00, p = 0.31), reading (t = 0.90, p = 0.37) or using VDT (t =-0.65, p = 0.51). 

For the whole sample, males and females spent equal time on watching TV (t 

= 1.31, p = 0.19), however males spent more time using VDTs (t = -3.43, p < 

0.01), whereas females spent more time reading (t = 3.09, p < 0.01). 

 

Table 3.17 Differences between refractive error types in number of hours per 
week spent on watching TV, reading and use of visual display terminal 
(VDT). Data presented for the university students and the whole sample. 

  Myopia Emmetropia Hyperopia 

Watching TV 
(Hours/week) 

University students 
‡
 15.50 ± 5.63 15.83 ± 5.28 16.55 ± 5.53 

Whole sample 
†
 16.34 ± 6.61 16.71 ± 6.96 17.83 ± 6.12 

Reading 
(Hours/week) 

University students * 21.21 ± 5.94 19.78 ± 5.39 16.55 ± 5.53 

Whole sample * 15.70 ± 9.10 13.35 ± 8.04 10.88 ± 6.29 

VDT use 
(Hours/week) 

University students 
‡
 15.46 ± 6.00 14.39 ± 6.40 15.59 ± 8.06 

Whole sample * 14.43 ± 13.67   9.37 ± 12.23   8.33 ± 11.54 

*Significant at the 1% level, 
†
Significant at the 5% level, 

‡
no significant difference. 
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Participants were asked about their family history of myopia. Most of the 

participants confused myopia with hyperopia or presbyopia. Thus the 

following terms were given to describe myopia: nearsightedness, short-

sightedness, or the case where you need correction to see far but not near. 

Also, if participants reported that their parents started wearing correction after 

age of 40 years or that their parents only wear glasses just to help them read 

or see small near objects, the parents refractive status was considered to be 

presbyopia and was recorded as negative history of myopia. The results of 

family history of myopia are presented in table 3.18.   

 

Table 3.18 Family history of myopia. 

  1 

(N = 924) 

2 

(N = 355) 

3 

(N = 609) 

4 

(N = 706) 

5 

(N = 214) 

6 

(N = 192) 

SER (DS) -0.36 ± 
0.81 

-1.05 ± 
1.13 

-1.07 ± 
1.15 

-1.63 ± 
0.98 

-1.72 ± 
1.13 

-2.55 ± 
1.42 

E; N, (%) 640, 
(69.3 %) 

143,  
(40.3 %) 

178,  
(29.2 %) 

106,  
(15 %) 

45,  
(21 %) 

7,  
(3.6 %) 

H; N, (%) 85,  
(9.2 %) 

17,  
(4.8 %) 

29,  
(4.8 %) 

5,  
(0.7 %) 

1,  
(0.5 %) 

0,  
(0 %) 

M; N, (%) 199, 
(21.5 %) 

195,  
(54.9 %) 

402,  
(66 %) 

595,  
(84.3 %) 

168,  
(78.5 %)  

185,  
(96.4 %) 

1= No family history, 2= At least 1 sibling but no parent, 3= 1 parent only, 4= 1 parent and at 
least 1 sibling, 5= Both parents only, 6= Both parents and at least 1 sibling.                            
ANOVA; F(5, 2994) = 222.89, p < 0.01.  

 

Refractive error was not equally distributed between the groups, X2 (10, N = 

3000) = 881.78, p < 0.01. In general, myopia was more prevalent in 

participants who had positive family history of myopia compared to negative 

history of myopia. Negative family history of myopia was found in 30.8% of 

the participants, where prevalence of myopia was only 21.54% compared to 

a myopia prevalence of 96.35% for those who reported that both parents and 
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at least one sibling were myopic, the difference is statistically significant    (X2 

(2, N = 1279) = 134.28, p < 0.01). Prevalence of myopia was lower in 

participants who reported negative history of myopia compared to those who 

reported that both parents were myopic (X2 (2, N = 1138) = 259.55, p < 0.01). 

Prevalence of myopia was also lower in participants who reported negative 

history of myopia compared to those who reported that only the siblings were 

myopic (X2 (2, N = 1279) = 134.28, p < 0.01).  

 

Myopia was equally distributed in participants who reported that 1 parent and 

at least 1 sibling and participants who reported that only the parents were 

myopic, X2 (2, N = 920) = 4.43, p = 0.11. Prevalence of myopia was higher in 

participants who reported that both parents and at least 1 sibling were 

myopic compared to just only the parents, X2 (2, N = 406) = 28.48, p < 0.01.  

 

Results of family history of myopia for EOMs and LOMs are presented in 

table 3.19. EOM and LOM were not equally distributed between the groups, 

X2 (5, N = 1087) = 21.69, p < 0.01. EOM was more prevalent in the group of 

both parents and at least one sibling compared to those who reported no 

family history of myopia, X2 (1, N = 254) = 4.31, p = 0.04.  

 

There was no significant difference between those who reported negative 

family history of myopia compared to those who reported that only the 

siblings were myopic, X2 (1, N = 201) = 1.82, p = 0.18. There was no 
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significant difference between those who reported negative family history of 

myopia compared to those who reported that only one parent was myopic, X2 

(1, N = 196) = 1.14, p = 0.29. Furthermore, there was no significant 

difference between participants who reported that only one parent is myopic 

compared to participants who reported that both parents were myopic, X2 (1, 

N = 303) = 3.98, p = 0.05. 

 

Table 3.19 Family history of myopia for early-onset myopes and late-onset 
myopes. 

 Early-onset myopia 
(N = 493) 

Late-onset myopia 
(N = 594) 

 No family history 36 (7.3 %) 45 (7.6 %) 
 At least 1 sibling but no parent 42 (8.5 %)  78 (13.1 %) 
1 parent only  76 (15.4 %) 112 (18.8 %) 
1 parent and at least 1 sibling 178 (36.1 %) 232 (39.1 %) 
Both parents only  60 (12.2 %) 55 (9.3 %) 
Both parents and at least 1 sibling 101 (20.5 %)  72 (12.1 %) 

 

Youth-onset myopia may be defined as myopia occurring before the age of 

18, while adult-onset myopia occurs at the age of 18 or after (Iribarren et al., 

2004). In the current study, a total of 666 myopes reported wearing correction 

before the age of 18, 49.1% (N = 327) of the youth-onset myopes had at 

least 1 myopic parent. There were 421 myopes who can be classified as 

adult-onset myopes. Of adult-onset myopes, 47.03% (N = 198) reported 

having at least 1 myopic parent, the difference between adult-onset myopes 

and youth-onset myopes was not statistically significant (p = 0.51). 

 

Binary logistic regression was used to assess the risk factors of myopia 

(Table 3.20). The risk of myopia increases with use of VDTs and reading. 



186 
 

Females tend to have lower myopia compared to males. Participants working 

in the services sector have lower odds of having myopia, while health care 

providers, workers in factories and construction have higher odds of myopia. 

The odds of myopia increase if both parents are myopic. 

 

Table 3.20 Risk factors of myopia in binary logistic regression analysis. 

Variable Odds ratio (OR) 95% Confidence interval  

VDT use  1.03                1.02 – 1.04 
Reading  1.05                1.03 – 1.07 
Age  0.97                0.94 – 1.00 
Gender

a
   

Female  0.55                0.45 – 0.68 
Occupation

b
   

Health sector  4.29                2.44 – 7.57 
Construction  3.91                2.42 – 6.32 
Factories  3.18                2.04 – 4.97 
Services  0.47                0.30 – 0.74 
Family history of myopia

c
   

1 parent only 12.71 8.63 –18.74 
Both parents 18.02              13.70 – 23.70  
a
Reference group= Male. 

b
Reference group= Unemployed. 

c
Reference group= No family history of myopia. 

 

3.3.13 Tonic accommodation and amplitude of accommodation 

Tonic accommodation (TA) and amplitude of accommodation (AA) were 

measured in all participants. There was strong correlation between right and 

left eye TA, r = 0.96, p < 0.01; and AA, r = 0.98, p < 0.01. There was no 

significant difference in TA values between males (TA= 0.72 ± 0.41D), and 

females (TA= 0.75 ± 0.42 D) (t = -1.66, p = 0.1). Mean (± 1 SD) AA and TA 

values as a function of refractive error groups are presented in table 3.21. 

There was statistically significant difference in AA values between 

emmetropes, myopes and hyperopes (F(2,2997) = 169.22, p < 0.01). Scheffe‟s 
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post-hoc test revealed that the difference between emmetropes and 

hyperopes was not statistically significant (p = 0.22). ANOVA and Scheffe‟s 

post-hoc test revealed significant differences in TA between all the refractive 

error groups (F(2,2997) = 80.57, p < 0.01). 

 

Table 3.21 Mean (± 1 SD) of amplitude of accommodation and tonic 
accommodation for emmetropes, myopes and hyperopes. Values obtained 
from right eyes of the whole sample. 

 Amplitude of 
accommodation (D) 

Tonic  
accommodation (D) 

Age 
(years) 

Myopia 8.56 ± 1.91 0.69 ± 0.40 27.96 ± 6.09 

Emmetropia 7.35 ± 1.75 0.75 ± 0.40 28.61 ± 6.43 

Hyperopia 7.06 ± 1.44 1.15 ± 0.56 29.80 ± 6.04 

 

 

Table 3.22 The effect of age on group-averaged amplitude of 
accommodation and tonic accommodation for the right eyes of the whole 
sample. 

Age group N Age  
(years) 

 Amplitude of 
accommodation (D) 

Tonic  accommodation 
(D) 

17-22 817 19.93± 1.34  9.99 ± 1.32 0.80 ± 0.44 

23-28 661 26.39 ± 1.40  8.57 ± 1.36 0.81 ± 0.50 

29-34 913 31.71 ± 1.62  7.39 ± 1.14 0.66 ± 0.38 

35-40 609 36.41 ± 1.16  5.82 ± 1.04 0.66 ± 0.31 

 

 

The effect of age on amplitude of accommodation and tonic accommodation 

was studied by comparing the means of both parameters among the four age 

groups. The results are shown in table 3.22. There was significant difference 
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between the 4 age groups for both amplitude of accommodation (F(3, 2996) = 

1485.58, p < 0.01), and tonic accommodation (F = 29.78, p < 0.01).  

Amplitude of accommodation tends to decrease with age (r = -0.78, p < 

0.01). However, there was a weak relation between TA and age (r = -0.16, p 

< 0.01). Figure 3.15 shows a scatterplot and linear regression of amplitude of 

accommodation (D) against age (years).  

 

Figure 3.15 A scatterplot of amplitude of accommodation (D) against age 
(years) for all participants (N = 3000).  

 

3.3.14 Tonic accommodation and amplitude of accommodation in 

participants aged 25 years or less 

To aid comparison with previous studies (McBrien and Millodot, 1986, 

1987b), a separate analysis for amplitude of accommodation and tonic 

accommodation was conducted on participants aged 25 years or less. There 

were 991 participants aged 25 years or less, divided into 521 males and 470 

females.  
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There was no significant difference in mean SER between males (SER= -

1.32 ± 1.17) and females (SER= -1.17 ± 1.23) (t =-1.95, p = 0.51). Mean AA 

(± 1 SD) for the whole group was 9.81 ± 1.40 D, with no significant difference 

between males (9.85 ± 1.37 D) and females (9.76 ± 1.43 D) (t = 1.02, p = 

0.31). Mean TA (± 1 SD) for the whole group was 0.81 ± 0.45 D, with males 

having slightly less TA (0.78 ± 0.44 D) compared to females (0.84 ± 0.45 D) 

(t = -1.95, p = 0.03). AA values ranged between 6 and 13 D for the whole 

group. Figure 3.16 shows the distribution of TA for the whole group. Tonic 

accommodation ranged between 0.02 D and 3.56 D, with 70.43% of TA 

ranging between 0 D and 1D. 

 

Figure 3.16 Frequency distribution of tonic accommodation for the right eyes 
of participants aged 25 years or less. 

 

Mean (± 1 SD) AA and TA values as a function of refractive error groups are 

presented in table 3.23, and presented graphically in figure 3.17 (AA) and 
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figure 3.18 (TA). There was statistically significant difference in AA values 

between the refractive groups (F(3,786) = 169.22,  p< 0.01). Scheffe‟s post-hoc 

test revealed that the difference between emmetropes and hyperopes was 

not statistically significant (p = 0.70). There was statistically significant 

difference in TA values between the refractive groups (F(3, 786) = 21.14, p < 

0.01). Scheffe‟s post-hoc test revealed that the difference between 

hyperopes and early-onset myopes was not statistically significant (p = 0.33). 

 

Table 3.23 Amplitude of accommodation and tonic accommodation values for 
the refractive groups in participants aged 25 years or less.  

Refractive 
group 

N Amplitude of 
accommodation (D) 

Tonic  
accommodation (D) 

Age  
(years) 

SER  
(DS) 

EOM 216 10.08 ± 1.16 0.94 ± 0.51 20.82 ± 2.15 -2.70 ± 1.14 

LOM 179 10.83 ± 1.25 0.62 ± 0.34 20.88 ± 2.02 -1.93 ± 0.68 

E 369   9.03 ± 1.29 0.81 ± 0.43 20.76 ± 2.19 -0.30 ± 0.24 

H 26   8.73 ± 1.00 1.11 ± 0.52 20.04 ± 2.49 1.09 ± 0.53 

 

 

Figure 3.17 Amplitude of accommodation (mean ± 1 SD) of each refractive 
group for participants aged 25 years or less. 
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Figure 3.18 Tonic accommodation (mean ± 1 SD) of each refractive group for 
participants aged 25 years or less. 

 

3.3.15 Relationship between heterophoria and myopia 

Table 3.24 shows type and amount (mean ± 1 SD) of horizontal heterophoria 

at near, with best correction, for the whole sample as a function of refractive 

error groups. ANOVA and Scheffe's post-hoc test revealed significant 

differences in heterophoria at near between the three refractive groups (F(3, 

2339) = 488.06, p < 0.01), with early-onset myopes exhibiting highest amount 

of esophoria, whereas hyperopes had the most exophoria at near. 
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Table 3.24 Horizontal heterophoria at near (mean ± 1 SD) as a function of 
refractive group for the whole sample. 

  EOM LOM E H 

N 493 594 1119 137 

Heterophoria (Δ) 1.65 ± 1.36 eso 1.20  ± 1.10 eso 0.32 ± 1.06 exo 1.18 ± 1.74 exo 

eso=esophoria. exo=exophoria. 

 

Table 3.25 Mean (± 1 SD) spherical equivalent of refraction for the right eyes 
of the whole sample as a function of horizontal heterophoria at near. 

 Exophoria Orthophoria Esophoria 

N 617 1018 1365 

SER (DS) -0.46 ± 0.92 -0.46 ± 0.79 -1.91 ± 1.12 

 

Mean (± 1 SD) of SER of each phoric status is presented in table 3.25. The 

result of ANOVA shows a significant difference in SER between the groups, 

however, Scheffe‟s post-hoc revealed no difference between exophoric and 

orthophoric participants (p = 0.99). Participants were divided on basis of near 

heterophoria into 3 groups: esophoria, exophoria between 0 and 6 Δ, and 

exophoria more than 6 Δ (Chung and Chong, 2000), data are presented in 

table 3.26. There was a significant difference in mean between the groups 

(F(2, 2997) = 828.06, p < 0.01), however, Scheffe‟s post-hoc test revealed no 

significant difference between the two exophoric groups (p = 0.07).  
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3.4 Discussion 

 
The prevalence of refractive error among the countries investigated was 

similar. Prevalence of myopia ranged from 54% in Egyptians and Syrians to 

56% in Iraqis and 57% in Lebanese. The samples from the above mentioned 

countries were similar in terms of size, age and gender distribution, 

occupation and level of education (i.e. self reported highest degree attained). 

Although the differences in mainstream educational system or number of 

working hours per week between the countries were not investigated, there is 

no apparent difference between the countries regarding the level of myopia. 

This is interesting as there are reports of differences in prevalence of myopia 

among different ethnic groups within the same country (e.g., Wu et al., 2001).  

 

The prevalence of myopia in the currently studied Arab countries is similar to 

the prevalence of myopia reported previously in Jordan (53.71%; Mallen et 

al., 2005a) and Saudi Arabia (54.67% of males, 38.96% of females; 

Osuobeni, 1999). The distribution of spherical equivalent refraction (SER) 

was leptokurtic, skewed towards myopia with a peak between plano and -

1.00 DS. Similar distribution of SER was found in Jordanian adults (Mallen et 

al., 2005a). In the current study, all the participants can be classified as 

Middle Eastern or Arab, except of Egyptians who are classified as North 

African according to the Australian Standard Classification of Culture and 

Ethnic Groups (Azizoglu et al., 2011). However, this study would consider all 

the participants from the various countries as Middle Eastern. 
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The current observed prevalence of myopia is similar to previously reported 

levels of myopia in certain Western countries (e.g., Jobke et al., 2008; Vitale 

et al., 2009). However, the prevalence and magnitude of myopia in the 

current Middle Eastern sample is lower compared to South East Asian 

countries (e.g., Goh and Lam, 1994; Wu et al., 2001), where myopia is 

thought to have reached epidemic levels (Grosvenor, 2003). Children (Lam et 

al., 2004) and adults (Wu et al., 2001) of Chinese descent are known to have 

higher prevalence of myopia compared to other ethnic groups (i.e. non-

Chinese) following similar educational system within the same country. This 

suggests a genetic predisposition to myopia in people of Chinese origin. 

However, Edwards (2004) suggested that environmental factors (i.e. amount 

of nearwork) would explain the higher myopia in Chinese young adults. 

Edwards and Lam (2004) noticed that the older generations had lower 

myopia level compared to the younger generation, which could not be 

explained by age differences alone. Edwards and Lam (2004) noted that the 

older generations were not exposed to the same level of myopiogenic 

conditions (i.e. intense nearwork) compared to the younger generations 

which would explain the higher prevalence of myopia in the younger 

generation. It is of importance to investigate the level of myopia in Middle 

Eastern children and older adults (above age of 40 years) to enable 

comparisons with other populations.  

 

The refractive error distribution of Middle Eastern children has not yet been 

the subject of comprehensive investigation. In Jordanian school students 

(age range 12 to 17 years) (Khader et al., 2006), myopia was found in 17.6% 
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of the students. However, the data were sourced from medical records after 

self-disclosure of myopia. Lithander (1999) observed that the prevalence of 

myopia (≥ -1.00 D) rose from 0.56% in 6-year-olds to 5.16% in 12-year-olds. 

Myopia (≥ -0.50 D) was found in 14.9% of students (age range 10 to 15 

years) from Middle Eastern origin (mainly Lebanese) residing in Australia 

(Azizoglu et al., 2011). It is of importance to investigate the prevalence of 

refractive error in Middle Eastern children, using standardised methods and 

consistent definitions similar to those employed by the Refractive Error Study 

in Children (Negrel et al., 2000). 

 

In the current study, males were found to be significantly more myopic 

compared to females. This could be attributed to the fact that more males 

were involved with high nearwork jobs and have higher education degrees. 

Males also had longer axial length and vitreous chamber depth. However 

other biometric components (i.e. CR, ACD and LT) were found to be similar 

between males and females. Higher AL values in males may be explained by 

the higher myopic SER, although physical height may account for this 

increase in AL (Wong et al., 2001). However as measures of physical height 

and body weight were not evaluated in this study, further comparison is not 

possible. The initial design of this study had considered including 

measurements of height and weight, but in the pilot study conducted on 

university students, only a few participants agreed to provide such data. 

Some students even refused to sign consent form to participate in the study, 

unless the height and weight section along with the section on 

socioeconomic status were removed. This is attributed to cultural issues in 
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Middle Eastern populations (Moughrabi, 1978). Thus the study design had to 

be changed and measurements of height and weight, and socioeconomic 

status were removed. 

 

Differences in all biometric measurements were found between the refractive 

groups (emmetropia, myopia and hyperopia). Myopes had steeper corneal 

radius, thinner crystalline lenses, deeper anterior chamber, longer vitreous 

chamber depth and axial length. This is in agreement with previous findings 

in the Middle East (Osuobeni, 1999; Mallen et al., 2005a). Axial length 

exhibited a high correlation with SER, and variations in AL were mediated by 

changes in VCD, which agrees with other global findings that myopia 

(McBriens and Adams, 1997) and hyperopia (Strang et al., 1998) are mainly 

axial in nature. Grosvenor and Scott (1994) investigated the relationship 

between axial length to corneal radius ratio (AL:CR) and refraction, and 

found that AL:CR had a strong correlation with SER. In the current study, 

AL:CR ratio showed the strongest correlation with the spherical equivalent of 

refraction which agrees with previous reports (e.g., Osuobeni, 1999; Mallen 

et al., 2005a). They found that the emmetropic eye had an (AL/CR) ratio of 

3.00. Multiple linear regression revealed that CR accounted for only 2.4% of 

the variance in SER while VCD and AL accounted for 56.7% and 58.5% of 

the variance respectively. If AL (which anatomically includes ACD, LT and 

VCD) and CR are combined, they would account for 60.8% of the variance. 

This is in agreement with previous findings that the AL and CR combined 

would account for most of the variance in SER (Grosvenor and Scott, 1994; 

Strang et al., 1998).  
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AL:CR ratio was highest in myopes and lowest in hyperopes, which is in 

agreement with the findings of Grosvenor and Scott (1994). However, it is 

interesting to note that emmetropes had relatively higher AL:CR ratio (mean 

of 3.04) compared to suggested norm for emmetropes (3.00) (Grosvenor and 

Scott, 1994). Grosvenor (1988) suggested that an emmetropic eye exhibiting 

a high AL:CR ratio is at risk of developing myopia. It would be of interest to 

follow a sample of emmetropes exhibiting high AL:CR ratio and compare 

them to emmetropes having „normal‟ (i.e. lower) AL:CR ratios, in order to 

investigate the differences in adult-onset myopia and progression towards 

myopia between the two groups. 

 

Differences in mean SER, VCD and AL were found between early onset 

myopes and late onset myopes. No differences in CR, ACD and LT were 

observed between the two refractive groups. This is in agreement with 

previous findings that adult-onset myopia is of lower magnitude 

(Goldschmidt, 1968) and is due mainly to axial elongation (mainly through 

VCD elongation) but not changes in corneal curvature (Adams, 1987; 

Fledelius, 1995a; Jiang and Woessner, 1996). Regarding anisometropia, the 

main structural correlate of anisometropia is difference in AL between the two 

eyes mediated by elongation of VCD, which is in agreement with previous 

studies (Logan et al., 1995, 2004; Mallen et al., 2005a). 

 

With-the-rule astigmatism was more prevalent than against-the-rule (ATR) 

and oblique (OBL) astigmatism. This has also been reported in adults of 
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similar age range (e.g., Goh and Lam, 1994; Mallen et al., 2005a). There was 

a shift towards ATR astigmatism with increasing age, which has also been 

documented in previous studies (e.g., Fledelius, 1984; Fledelius and 

Stubgaard, 1986), this has been attributed to changes in the upper eyelid 

tone with age which would affect the vertical meridian of the cornea (Anstice, 

1971). 

 

There was a hyperopic shift in refractive error (i.e. a decrease in myopia) with 

increase in age. Re-analysis of data from Beaver Dam Eye Study, the 

Baltimore Eye Survey, and the Framingham Offspring Eye Study by Mutti 

and Zadnik (2000) has shown a decrease in myopia with increasing age in 

older adults. Interestingly, there was a significant increase in crystalline lens 

thickness accompanied by a decrease in anterior chamber depth. This has 

also been reported in Jordanian adults (Mallen et al., 2005a).  

 

Higher myopia levels were observed in participants with a higher level of 

education. There was a significant increase in mean SER towards myopia in 

participants who attained a Bachelor degree level or higher (at least 16 years 

of education) compared to participants who only had a high school degree 

(12 years of education). The prevalence of myopia increased from 48.47% in 

participants with a high school degree to 67.26% in participants with a higher 

education degree. This is in agreement with other studies that found higher 

levels of myopia to be related with higher level of education (e.g., Katz et al., 

1997; Wensor et al., 1999; Shimizu et al., 2003). 
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In general, there was an increase in the level of myopia with increasing level 

of study in university students. This increase in myopia is mainly 

accompanied by increases in vitreous chamber depth and axial length. The 

mean difference in SER between first year students and fourth year students 

is about 0.65 D towards myopia. As this is study is cross sectional in design, 

it is not possible to state that myopia increases with advanced years of 

education. However, the results of longitudinal studies conducted on 

university students support this observation. In a longitudinal study 

conducted on Portuguese university students, there was a shift towards 

myopia in 23% of the sample, accompanied by an increase in vitreous 

chamber depth and axial length (Jorge et al., 2007). In a study carried out on 

optometry university students, myopia progressed by -0.37 D during their first 

year of study (Jiang et al., 2005).  

 

Kinge and Midelfart (1999) conducted a 3-year study on Norwegian 

engineering students, where myopia prevalence increased from 48% to 65%, 

with an increase of -0.52 D in the mean refraction of the sample. It is of 

interest that the difference between first year and fourth year students in 

mean refraction in the current study is close to the increase observed in the 

study by Kinge and Midelfart (1999). Further analysis by Kinge et al. (1999) 

revealed that the myopic increase in SER observed in the students, as 

reported by Kinge and Midelfart (1999), was accompanied by an increase of 

axial length by 0.34 mm and an increase of 0.27 mm in vitreous chamber 

depth. In the current study there is a difference of 0.48 mm in axial length 
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and 0.42 mm in vitreous chamber depth between first year students and 

fourth year students. 

 

There are several cross sectional studies reporting a higher prevalence of 

myopia in particular occupational groups. Usually these occupations involve 

tasks that are associated with intensive amounts of near work (Goldschmidt, 

1968; Parssinen, 1987; Nyman, 1988; Adams and McBrien, 1992; Simensen 

and Thorud, 1994; Wensor et al., 1999; Wu et al., 1999; Wong et al., 2000; 

Wong et al., 2002; Shimizu et al., 2003). The current study also found that 

occupations with high nearwork demand (e.g., educators, health care 

providers, clerks) had higher prevalence of myopia compared to occupations 

with low nearwork demand (e.g., salespersons, services providers, and 

unemployed). Binary logistic regression analysis has shown that health 

service providers, workers in factories and in construction have high odds of 

myopia compared to services providers who have lower odds of myopia. 

Workers in the construction sector are highly educated (hold a bachelor 

degree in civil engineering). 

 

Goldschmidt (1968) reported that textile workers had a high prevalence of 

myopia. Simensen and Thorud (1994) reported that 90% of a sample of 

Norwegian textile workers were myopic. The textile workers were involved in 

textile quality control at a working distance of 30 cm. Lower prevalence of 

myopia (63.34%) was found in Jordanian textile workers. Nevertheless, this 

level of myopia is higher compared to the prevalence of myopia in the 
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Jordanian population (Mallen et al., 2005a). Lam (1997) reported that quality 

control workers had significant myopia progression (increase of -0.43 D) over 

a 2-year period. It would be interesting to monitor the progression of myopia, 

if any, in Jordanian textile workers. 

 

In a group of Jordanian customer service employees who mainly use video 

display terminals during their working day, a similar average SER and similar 

prevalence of myopia was found, compared to textile workers. In comparison 

with the textile workers, the customer service employees were younger and 

attained a higher level of education. Despite the differences in age, education 

and nature of job, the level of myopia was similar among the two 

occupational groups. The working distance for both groups was similar. The 

working distance of the near task is thought to be associated with myopia 

progression; the shorter the working distance, the greater the 

accommodative demand and the greater the amount of myopia progression. 

Hyperopic retinal defocus as a result of the lag of accommodation that occurs 

during near visual tasks is believed to play a role in myopia progression (e.g., 

Gwiazda et al., 1993; Gwiazda et al., 1995). Greater accommodative lag at 

near has been also shown to be associated with myopia progression (Allen 

and O'Leary 2006).  

 

Higher myopia values were associated with positive family history of myopia. 

Negative family history of myopia was found in 30.8% of the participants, 

where prevalence of myopia was only 21.54% compared to a myopia 
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prevalence of 96.35% for those who reported that both parents and at least 

one sibling were myopic. The results of a number of studies have shown that 

parents with myopia are more likely to have children with myopia (Liang et 

al., 2004; Jones et al., 2007). A recent study conducted on Greek military 

conscripts (Konstantopoulos et al., 2008) has shown myopia to be related 

with positive history of myopia, though nearwork and higher educational level 

were found to be related to myopia. In the current study the level of myopia in 

the parents was not assessed, also the level of education and type of 

occupation of the parents were not recorded. Future studies on myopia in the 

Middle East can include the abovementioned data to provide a clearer picture 

for the level of contribution of genetic and environmental factors in refractive 

error development.  

 

To the author's knowledge, this is the first study to use the Grand Seiko GR-

3100K for measurement of tonic accommodation. The GR-3100K tonic 

accommodation function has been validated in chapter 2. The GR-3100K 

uses a +8.00 D blurring lens applied for 5 minutes to eliminate visual stimuli. 

This method has been utilised before to open the accommodative loop 

(Woung et al., 1993). It is worth mentioning that using the GR-3100K to 

measure TA is very convenient, not time consuming (only 5 minutes to 

achieve stimulus-free state compared to 8 minutes used in the dark room 

method, McBrien and Millodot, 1987b), and eliminates the need for correcting 

lenses or dark room conditions, which can be easily used in the clinical 

practice setting. 
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McBrien and Millodot (1987b) used infrared optometer to study the relation 

between tonic accommodation and refractive errors, and the results of this 

study in participants 18 to 25 years of age are similar to their results with 

reduced range and reduced average in the current study. This study, which is 

currently the largest study to investigate the relation between TA and 

refractive error, established that a relation exists between the type of 

refractive error and TA. Hyperopes exhibited higher TA values compared to 

late-onset myopes. However, whether differences in TA occur secondary to 

myopia development is not clear as this study did not investigate the 

longitudinal changes in TA before and after occurrence of myopia. 

 

There was a significant reduction in amplitude of accommodation with age. 

This is in agreement with the classical studies of Donders (1864), Duane 

(1912) and Turner (1958). Amplitude of accommodation varied as a function 

of refractive error type. Amplitude of accommodation was highest in late-

onset myopes and lowest in hyperopes. This maybe attributed to the fact that 

the effectivity of spectacle correction was not accounted for unlike the study 

of McBrien and Millodot (1986), although the current results generally agree 

with the results found by McBrien and Millodot (1986). However, the 

implication of this on myopia development and progression is not known as 

this study was cross-sectional in design and did not investigate 

accommodative responses before and after the onset of myopia. 
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Results of the current study show that corrected myopes were more 

esophoric at near compared to emmetropes or hypermetropes. A similar 

observation was found in previous studies investigating the relationship 

between near phoria posture and refractive errors (Goss and Jackson, 1996; 

Chung and Chong, 2000). In this study, the Maddox Wing device was used to 

measure near phoria, similar to the method used by Chung and Chong 

(2000), which has been shown to be a reliable tool for measuring near phoria 

(Scobees and Green, 1947). The esophoria at near could be a result of 

increased accommodative response which produces excess accommodative 

convergence (Goss and Rosenfield, 1998). Scheiman and Wick (1994) found 

higher lags of accommodation in subjects with near-esophorias. A high lag of 

accommodation at near and reduced accommodative response will produce 

hyperopic defocus, which may initiate axial elongation and induce myopia 

(Goss and Wickham, 1995; Hung et al., 1995; Wallman and McFadden, 

1995). 

 

This study has confirmed previous findings from around the globe that 

myopia is associated with higher educational level and occupations that 

require intense amount of nearwork. However, the role of hereditary factors 

cannot be ignored as higher myopia was associated with a positive family 

history of myopia, where 96.4% of the participants who reported to have two 

myopic parents and one sibling were myopic compared to the prevalence of 

only 21.5% in participants who reported negative history of myopia.  
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This study has confirmed that there are differences between the refractive 

error groups regarding tonic accommodation values, amplitude of 

accommodation and degree of esophoria at near. Although this confirmed the 

presence of such differences in a large sample, whether these changes 

occur before the onset of myopia or as a result of myopia progression is 

unknown due the cross-sectional design of the study. This study has also 

found that the tonic accommodation function found in the GR-3100K 

autorefractor can be useful in future studies involved with TA measurements. 

 

To date, this is the largest cross-sectional study on the prevalence of 

refractive error, and the biometric correlates of refractive error in Middle 

Eastern populations. This study has shown that the level of myopia in this 

part of the world is similar to findings from the West. However, myopia level 

in the current Middle Eastern cohort is lower compared to reports from the 

Far East. Refractive errors represent one of the leading causes of correctable 

vision impairment and blindness in the world with an estimated 2 billion 

people affected (Kempen et al., 2004). It has been reported that uncorrected 

refractive error is one of the leading causes of visual impairment and 

blindness in Saudi Arabia (Tabbara and Ross-Degnan, 1986) and Lebanon 

(Mansour et al., 1997). This study has shown, along with previous studies in 

the Middle East (Osuobeni, 1999; Mallen et al., 2005a), that almost half of 

the young adults in the Middle East suffer from myopia. There is a need for 

national-based studies on the prevalence of refractive error, where all ages 

are included to allow the governments to implement future strategies 

involving ocular health care. As noted from this study, there is a limited 
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number of myopic participants who were wearing a correction in form of 

contact lenses and spectacles. National awareness campaigns on the 

importance of proper refractive correction in improving the quality of life are 

needed. 
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Chapter 4. Twenty-four hour variation of axial length and 
anterior eye biometrics in myopes 

 

4.1Introduction 

4.1.1General Introduction 

Several studies have shown that there is an increase in the prevalence of 

myopia in several parts of the world, especially in Asia where myopia is 

thought to have reached epidemic levels (Grosvenor, 2003). Genetics, the 

visual environment, gene-environment interaction and other factors can 

contribute to the development of myopia; the exact relationship between the 

factors is currently unknown (Saw et al., 2000). What is clear, however, is 

that the principal structural factor in myopia is axial elongation of the globe 

(Gilmartin, 2004).  

 

Studies on animals‟ eyes may aid in understanding the mechanisms of visual 

functions in humans. However, studies on the 24-hour variations of axial 

length (AL) in animals are equivocal, with some species showing a nocturnal 

increase in AL (e.g. rabbit; Liu and Farid, 1998), while others show a 

nocturnal decrease (e.g. chicken; Weiss and Schaeffel, 1993). There are 

even age-dependent differences within the same species (e.g. the common 

marmoset; Nickla et al., 2002). In the common marmoset, the juvenile 

monkeys (age range = 24 – 52 days) show diurnal increase in AL; which is 

related to EOM in humans, in contrast with the adolescents (age range = 327 
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– 572 days); which is related to LOM in humans, where AL decreases during 

the day. 

 

4.1.2 Variations in axial length (AL) 

There is a limited number of studies on 24-hour variations of AL in the human 

eyes. In a study conducted by Liu and co-workers, (2002), AL was measured 

by A-scan ultrasonography along with intraocular pressure (IOP) in a group 

of myopes (myopia more than -4.00 D), and compared the results to a group 

of emmetropes and myopes of less than -2.00 D. The study failed to report 

any change in AL during the 24-hour period in both groups.   

 

Stone and co-workers (2004) investigated the change in AL (measured using 

partial coherence interferometry) between 7 am and 12 midnight in 17 

subjects, age range 7-53 years. The results show that the AL exhibited 

diurnal fluctuation with the maximum length found between midday and early 

afternoon, which decreased with the progression of day. Some of the 

subjects failed to show changes in AL during the day. This was attributed by 

the authors to the wide range of age and refractive errors within the cohort.  

 

Read and colleagues (2008) studied the 24-hour fluctuations of axial length 

in a group of emmetropes with an age range of 20 to 27 years. AL 

demonstrated significant changes during the day with a maximum peak at 

midday, which gradually decreased to reach a minimum before sleep. AL 
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was not measured during sleep but was found to increase upon awakening 

compared to before sleep. It would be of interest to investigate the AL 

variations in myopes and to compare them to emmetropes, if any. 

 

4.1.3 Changes in intraocular pressure (IOP) 

Diurnal variations in IOP has been reported by several studies (Liu et al., 

1998; Liu et al., 2002; Liu et al., 2005; Wilson et al., 2006; Read et al., 2008). 

All the studies agree that IOP is at maximum upon awakening and gradually 

decreases during the day, after which it increases during the night time. This 

nocturnal increase in IOP is „endogenous‟ and does not seem to be affected 

by light at night (Liu et al., 1999). Read et al. (2008) found this reported 

diurnal pattern of IOP change in emmetropes. They suggested that changes 

in IOP can partially contribute to the changes in axial length found in 

emmetropes. However, in a group of participants with refractive correction 

ranging between -2.75 D and +1.00 D (Wilson et al., 2006), there was no 

direct correlation between changes in IOP and changes in AL.  

 

The amount of nocturnal change in IOP seems to be different between the 

refractive groups. In a study by Liu and co-workers (2002), moderate to high 

myopes exhibit nocturnal increase in IOP that is markedly reduced compared 

to emmetropes and low myopes. Loewen and colleagues (2010) observed 

that hyperopes exhibit larger nocturnal increase in IOP compared to 

emmetropes and myopes. This difference in IOP change between 

emmetropes and myopes is also found in animals (e.g. chicken; Nickla et al., 
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1998). It would be of interest to measures changes in IOP during a 24-hour 

period and relate these changes to changes in AL in a group of myopes and 

compare the obtained results with previous results published in emmetropes. 

 

4.1.4 Fluctuations of central corneal thickness and anterior chamber depth 

Central corneal thickness (CCT) has been reported to exhibit diurnal 

changes, where the thickness tends to increase overnight with the maximum 

CCT measured upon awakening which is attributed to corneal swelling (Kiely 

et al., 1982; Holden and Mertz, 1984; Harper et al., 1996; Read et al., 2008; 

Read and Collins, 2009). Anterior chamber depth (ACD) exhibits diurnal 

changes where it is found to be maximum in the morning and minimum in the 

evening (Mapstone and Clark, 1985). Read et al. (2008) found that ACD was 

greatest in the evening prior to sleep and least upon wake up. These 

changes in ACD can be explained by concurrent changes in CCT (Read and 

Collins, 2009). The reduction in ACD upon wakening is caused by a forward 

movement of anterior corneal surface accompanied with a backward 

movement of posterior corneal surface, (Read and Collins, 2009). It is of 

interest to investigate the diurnal changes in ACD and CCT in myopes and 

compare them to the changes reported in emmetropes. If differences were 

found between emmetropes and myopes, this would suggest that differences 

in corneal stretching may be found between emmetropes and myopes.  
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4.1.5 Aims 

The aim of this study is to investigate the variations in axial length over a 24 

hour period in a group of low to moderate myopic young adults. It would be of 

interest to observe whether AL variation reported in emmetropes where 

found in myopes. Furthermore, as several differences between EOMs and 

LOMs were reported (e.g., amplitude of accommodation, tonic 

accommodation), it would be of interest to investigate if there are differences 

in amount and pattern of changes in AL between EOMs and LOMs. However, 

the implications of these changes, if any, would not be understood as this is a 

cross-sectional study, where all the participants are adults. Additional 

measures of intraocular pressure, central corneal thickness and anterior 

chamber depth will be made in order to make comparisons with previous 

findings in emmetropes, in order to relate the changes that may occur in AL 

with changes in IOP, CCT and ACD. 
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4.2 Methods 

4.2.1 Participants 

Twenty-one participants (10 males and 11 females), aged 19 to 29 years 

took part in the study. All the participants had a spherical equivalent 

refraction of at least 0.50 D of myopia. The participants were students from 

the University of Bradford who volunteered to take part in the study. 

Participants were recruited by sending emails to all the students in the 

university by the University of Bradford International Office. The emails 

provided full details of the experiment and contact address if the student 

wished to participate. Furthermore, flyers were given to as many persons as 

possible near the entrance of Richmond Building and J. B. Priestley Library in 

the University of Bradford for a period of 24 days.  

 

The participants had no previous history of ocular surgery, amblyopia or 

ocular disease. The residences of all participants were within 5 minutes walk 

of the laboratory, to ensure easy access to the measurement facilities. The 

subjects were asked to report the age at which they first wore refractive 

correction for myopia (see table 4.1). The subjects were then classified 

accordingly into two refractive groups: early-onset myopes (EOM) where the 

age of onset of myopia was less than 15 years, and late-onset myopes 

(LOM) where the age of onset of myopia was 15 years or older. Informed 

consent was obtained from all participants after thorough written and verbal 

explanation of the procedure, and all participants were treated in accordance 

with the Declaration of Helsinki.  
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All participants underwent a conventional subjective refraction (astigmatism 

confirmed by Jackson crossed-cylinder, and spherical error confirmed by the 

most positive or least negative lens that provided best visual acuity); see 

table 4.1, and had best corrected visual acuity of 0.00 logMAR (20/20) or 

better measured by logMAR visual acuity chart prior to the start of the 

experiment. Two subjects were found to be wearing contact lenses and they 

were asked to remove the lenses 24 hours prior the experiment and not wear 

them until the experiment was completed. All subjects were asked to refrain 

from consuming alcohol and caffeine 24 hours prior and during the 

experiment period, due to the effect that these substances may have on IOP 

(Weih et al., 2001; Kang et al., 2008). However, it is not easy to control 

caffeine consumption as many food and drinks contain caffeine. Thus the 

participants were asked not to consume mainly coffee, tea and carbonated 

beverages (soda), as these beverages are known to contain high amounts of 

caffeine.  

 

Table 4.1. Age, mean refractive error, and age of first refractive correction for 

experimental participants.  

 EOM LOM All 

N 11 10 21 

Age ± SD (years) 24.2 ± 3.1 25.2 ± 3.9 24.7 ± 3.4 

Mean SER ± SD (DS) -5.45 ± 1.73 -2.44 ± 1.11 -4.02 ± 2.10 

Age of first refractive 
correction ± SD (years) 

10.3 ± 2.2 16.9 ± 2.3 13.4 ± 4.0 

EOM= early-onset myopes. LOM= late=onset myopes. 
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4.2.2 Apparatus 

Shin-Nippon NVision-K 5001 autorefractor was used to provide objective 

measurement of refraction. Shin-Nippon NVision-K 5001 is an open-field 

autorefractor that has shown to give reliable and highly repeatable results 

(Davies et al., 2003). Zeiss IOLMaster (Carl Zeiss, Jena, GmbH) was used to 

measure axial length, anterior chamber depth and corneal radius of 

curvature. The IOLMaster is a non-contact instrument and provides high 

precision (0.01 mm) measurements of AL, based on partial coherence 

interferometry (Santodomingo-Rubido et al., 2002).  

 

Keeler Pulsair EasyEye Tonometer (Keeler Ltd., UK) was used to measure 

the intraocular pressure. The Pulsair EasyEye is a non-contact tonometer 

that does not require local anaesthesia and has been shown to produce 

repeatable, reliable measurement of IOP in non-glaucomatous subjects 

compared to Goldmann applanation tonometer which is considered the gold 

standard (Ogbuehi and Almubrad, 2008).  

 

Central corneal thickness was measured using a scanning-slit corneal 

topographer; Orbscan IIz (B&L, Orbtek Inc., USA). The Orbscan IIz is a 

reliable method of measuring CCT and corresponds well with results from 

ultrasonic pachymetry and rotating Scheimpflug camera (Pentacam) (Amano 

et al., 2006). 
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4.2.3 Procedure 

The experiment was conducted over the period of ten days. Measurements 

were made on the right eye. The measurements were taken during the 

course of six sessions which were at the following times: 09:30±1hour, 13:30 

± 1hour, 17:30 ± 1hour, 21:30 ± 1hour, 07:30 ± 1hour next day, and 09:30 ± 

1hour next day. Participants were requested to report to the morning session 

(07:30 ± 1hour next day) within 15 minutes of waking up. All the participants 

had a regular sleeping pattern between 11:00pm and 7:00am. However, the 

level of ambient lighting during sleep or if the participants woke up during the 

night were not controlled or recorded. 

 

Objective measurement of refraction was made using a Shin-Nippon 

NVision-K 5001 autorefractor. The participants were asked to look at a blank 

wall located at 6 metres from the autorefractor. Five measurements were 

taken at each session, and the average of these readings was recorded. 

Spherical equivalent refraction (SER) was calculated as sphere + ½ cylinder.  

 

Axial length was measured using a Zeiss IOLMaster (Carl Zeiss, Jena, 

GmbH). The IOLMaster measurement of axial length is defined as the 

distance between the anterior corneal surface and retinal pigment epithelium. 

Five readings of AL were made at each session. The IOLMaster provides an 

assessment of the signal-to-noise ratio (SNR) alongside each AL 

measurement as an indicator of reliability. Any reading with an SNR of less 

than 2.0 was rejected and repeated, as per the manufacturer‟s instructions.  
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Corneal radius of curvature (CR) was also measured using the IOLMaster. 

Three readings were taken and the average CR was recorded. Subjects were 

asked to blink prior each measurement to ensure an even distribution of the 

tear film. One measurement of ACD was taken by the IOLMaster, which 

automatically averages five individual readings. 

 

IOP was measured using Keeler Pulsair EasyEye Tonometer (Keeler Ltd., 

UK). The tonometer was first applied at the palm of the hand, and a sample 

“puff” was produced using the „demo button‟ on the arm of the tonometer. 

One or two measurements were taken but not recorded to demonstrate to the 

participant the softness of the “puff” and to alleviate any concern. After the 

demonstration, five measurements of IOP were taken for each eye and the 

average was recorded.  

 

Central corneal thickness (CCT) was measured using a scanning-slit corneal 

topographer; Orbscan IIz (B&L, Orbtek Inc., USA). The participants were 

asked to blink prior the start of the test, then keep the eye open and not blink 

during the test period. Two measurements were taken and the average was 

recorded (Wickham et al., 2005). 
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4.2.4 Analysis 

Data were analysed using Statistical Package for the Social Sciences 

(SPSS) version 15. One-way ANOVA was used to determine the differences 

in parameters between the two refractive groups (EOMs and LOMs). 

Repeated measures ANOVA was used to test the change in each parameter 

for every session. 
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4.3 Results 

Table 4.2 presents the average (± 1 SD) ocular parameters for EOMs and 

LOMs separately, and all subjects combined. One-way ANOVA was used to 

test for differences between these parameters in the EOM and LOM 

groupings.  

 

Table 4.2. Mean ocular parameters for EOM, LOM and all participants. 
Results of one-way ANOVA between EOMs and LOMs. 

 EOM LOM All EOM vs LOM 

AL (mm)    25.74 ± 0.89 24.60 ± 0.64 25.19 ± 0.96 p = 0.003 

CR (mm)  7.65 ± 0.27  7.75 ± 0.18  7.70 ± 0.23 p = 0.328 

CCT (mm)  0.566 ± 0.043  0.561 ± 0.040  0.564 ± 0.041 p = 0.754 

ACD (mm)  3.86 ± 0.21  3.79 ± 0.20  3.83 ± 0.20  p = 0.476 

IOP (mmHg)   13.80 ± 1.30   13.70 ± 2.90   13.80 ± 2.20 p = 0.919 

 

 

Table 4.3. Twenty four hour variation in ocular parameters for EOM, LOM 
and all participants. Results of one-way ANOVA between EOMs and LOMs. 

 EOM LOM All EOM vs LOM 

AL (mm) 0.044 ± 0.020 0.048 ± 0.021 0.046 ± 0.020 p = 0.642 

CR (mm) 0.045 ± 0.027 0.053 ± 0.028 0.049 ± 0.027 p = 0.508 

CCT (mm) 0.012 ± 0.006 0.012 ± 0.005 0.012 ± 0.005 p = 0.851 

ACD (mm) 0.110 ± 0.071 0.088 ± 0.034 0.100 ± 0.056 p = 0.386 

IOP (mmHg) 2.7 ± 0.6 2.6 ± 1.3 2.7 ± 1.0 p = 0.772 

 

 

  



219 
 

Table 4.3 presents the average (± 1 SD) twenty-four hour variation in AL, CR, 

CCT, ACD and IOP for EOMs and LOMs separately, and all subjects 

combined. Twenty-four hour variation was defined as the maximum value 

recorded for a given parameter minus the minimum value. This was 

calculated for each participant, and then averaged across EOM and LOM 

groupings, and across the whole cohort (all participants). Again, one-way 

ANOVA was used to test for differences between these parameters in the 

EOM and LOM groupings. 

 

 

Figure 4.1 Change in AL (mm) from daily average versus time of day (hours) 
for EOM and LOM. Error bars represent ± 1 standard deviation (SD). 
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Figure 4.1 shows a plot of the mean change in AL from baseline (calculated 

as the AL at each measurement session minus the whole day average of AL 

measurements for a particular participant) against time in hours from the 

initial measurement. Separate plots are presented for EOMs and LOMs. 

Repeated measures ANOVA (within-subjects factor of time) with Bonferroni 

correction for multiple comparisons revealed significant change in AL with 

time of day (F(5,100) = 3.910, p = 0.003).  

 

Regarding EOMs, the difference in AL between the 09:30 session and 13:30 

session was not statistically significant (F(1,10) = 4.63, p = 0.06). There was no 

statistically significant difference in AL change between the 13:30 session 

and 17:30 session (F(1,10) = 0.55, p = 0.48). Moreover, there was no 

significant difference in AL change between the 17:30 session and 21:30 

session (F(1,10) = 0.45, p = 0.52). However, the difference in AL between the 

21:30 session and 07:30 session was statistically significant (F(1,10) = 5.49, p 

= 0.03). On the other hand, there was no significant difference in AL change 

between the 07:30 session and 09:30 (next day) session (F(1,10) = 4.34, p = 

0.06).  

 

Regarding LOMs, the difference in AL between the 09:30 session and 13:30 

session was not statistically significant (F(1,9) = 1.31, p = 0.28). There was no 

statistically significant difference in AL change between the 13:30 session 

and 17:30 session (F(1,9) = 0.11, p = 0.74). Moreover, there was no significant 

difference in AL change between the 17:30 session and 21:30 session (F(1,9) 
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= 4.56, p = 0.06). However, the difference in AL between the 21:30 session 

and 07:30 session was statistically significant (F(1,9) = 10.68, p = 0.01). On the 

other hand, there was no statistically significant difference in AL change 

between the 07:30 session and 09:30 (next day) session (F(1,9) = 0.26, p = 

0.62). 

 

Figure 4.2 plots mean change in IOP from baseline (calculated using the 

same method as that adopted for AL) against measurement time. Repeated 

measures ANOVA (within-subjects factor of time) with Bonferroni correction 

for multiple comparisons revealed significant change in IOP with time of day 

(F(5,100) = 4.636, p = 0.001) for the whole sample.  

 

Regarding EOMs, IOP exhibited a statistically significant decrease between 

the 09:30 session and 13:30 session (F(1,10) = 18.95, p < 0.01). However, 

there was no statistically significant difference in IOP change between the 

13:30 session and 17:30 session (F(1,10) = 0.24, p = 0.64). Moreover, there 

was no statistically significant difference in IOP change between the 17:30 

session and 21:30 session (F(1,10) = 2.22, p = 0.17). There was no statistically 

significant difference in IOP change between the 21:30 session and 07:30 

session (F(1,10) = 1.36, p = 0.27). Furthermore, there was no statistically 

significant difference in IOP change between the 07:30 session and 09:30 

(next day) session (F(1,10) = 4.18, p = 0.07). 
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Regarding LOMs, IOP exhibited a statistically significant decrease between 

the 09:30 session and 13:30 session (F(1,9) = 3.86, p = 0.04). However, there 

was no statistically significant difference in IOP change between the 13:30 

session and 17:30 session (F(1,9) = 0.13, p = 0.73). Moreover, there was no 

statistically significant difference in IOP change between the 17:30 session 

and 21:30 session (F(1,9) = 0.71, p = 0.42). There was no statistically 

significant difference in IOP change between the 21:30 session and 07:30 

session (F(1,9) = 0, p = 1). Furthermore, there was no statistically significant 

difference in IOP change between the 07:30 session and 09:30 (next day) 

session (F(1,9) = 0.71, p = 0.42). 

 

 

Figure 4.2 Change in IOP (mmHg) from daily average versus time of day 
(hours) for EOM and LOM. Error bars represent ± 1 standard deviation (SD). 
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Kumar et al. (2006) noted that a change of 0.01 mm in CCT would result in a 

change in IOP of 2.9 mmHg. In the current study, a change of around 3 

mmHg in IOP was associated with a difference of 0.012 mm in CCT; this is 

equivalent to a change of 3.48 mmHg in IOP per 0.01 mm change in CCT. 

Thus, the variations in CCT noted in this study may account for the change in 

IOP. It has been noted that corneal hysteresis, which is a direct measure of 

biomechanical properties, may more fully describe the relation between IOP 

measurements and corneal resistance compared to CCT (Kotecha et al., 

2009).  

 

Kotecha and co-workers (2009) found that between 9:00 am and 5:00pm, 

corneal hysteresis was reduced by 0.4 mmHg which was associated with a 

decrease in IOP of approximately 0.7 mmHg. In the current study, IOP was 

reduced by an average of 0.8 mmHg between 9:00 am and 5:30pm. Thus, 

diurnal changes in IOP could be explained by diurnal changes in corneal 

hysteresis.  

 

Diurnal changes in aqueous humour volume cannot account for the diurnal 

changes that occur in IOP, as the diurnal changes in both parameters are not 

in harmony (Mapstone and Clark, 1985). Furthermore, the nocturnal increase 

in IOP is unlikely to be related to changes in intraocular fluid volume, as 

aqueous volume exhibits a nocturnal decrease of around 8 μm, rather than 

an increase in volume. 
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Figure 4.3 plots change in CCT from baseline against time in hours from the 

initial measurement. Central corneal thickness varied significantly as a 

function of time of day for the whole sample (repeated measures ANOVA; 

F(5,100) = 4.064, p = 0.002).  

 

Figure 4.3 Change in CCT (mm) from daily average versus time of day 
(hours) for EOM and LOM. Error bars represent ± 1 standard deviation (SD). 

 

Regarding EOMs, CCT exhibited a statistically significant decrease between 

the 09:30 session and 13:30 session (F(1,10) = 6.48, p < 0.01). However, there 

was no statistically significant difference in CCT change between the 13:30 

session and 17:30 session (F(1,10) = 0.02, p = 0.91). Moreover, there was no 

statistically significant difference in CCT change between the 17:30 session 

and 21:30 session (F(1,10) = 0.26, p = 0.62). There was no statistically 

significant difference in CCT change between the 21:30 session and 07:30 

session (F(1,10) = 2.74, p = 0.13). Furthermore, there was no statistically 
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significant difference in CCT change between the 07:30 session and 09:30 

(next day) session (F(1,10) = 4.49, p = 0.06). 

 

Regarding LOMs, CCT increased between the 09:30 session and 13:30 

session, however, the change was not statistically significant (F(1,9) = 0.04, p 

= 0.85). There was no statistically significant difference in CCT change 

between the 13:30 session and 17:30 session (F(1,9) = 4.93, p = 0.05). 

Moreover, there was no statistically significant difference in CCT change 

between the 17:30 session and 21:30 session (F(1,9) = 0.52, p = 0.49). There 

was no statistically significant difference in CCT change between the 21:30 

session and 07:30 session (F(1,9) = 4.48, p = 0.06). However, CCT showed a 

statistically significant decrease between the 07:30 session and 09:30 (next 

day) session (F(1,9) = 6.44, p = 0.03). 

 

Change in ACD from baseline against time from the initial measurement is 

presented in figure 4.4. Anterior chamber depth showed a small but 

statistically significant variation during the 24 hour period (repeated 

measures ANOVA; F(5,100) = 3.000, p = 0.014).  

 

Regarding EOMs, ACD did not exhibit a statistically significant change 

between the 09:30 session and 13:30 session (F(1,10) = 0.01, p = 0.76). 

Moreover, there was no statistically significant difference in ACD change 

between the 13:30 session and 17:30 session (F(1,10) = 1.45, p = 0.26). 
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Furthermore, there was no statistically significant difference in ACD change 

between the 17:30 session and 21:30 session (F(1,10) = 0.1, p = 0.76). There 

was no statistically significant difference in ACD change between the 21:30 

session and 07:30 session (F(1,10) = 0.14, p = 0.72). Furthermore, there was 

no statistically significant difference in ACD change between the 07:30 

session and 09:30 (next day) session (F(1,10) = 2.12, p = 0.16). 

 

 

Figure 4.4 Change in ACD (mm) from daily average versus time of day 
(hours) for EOM and LOM. Error bars represent ± 1 standard deviation (SD). 

 

Regarding LOMs, ACD increased between the 09:30 session and 13:30 

session, however, the change was not statistically significant (F(1,9) = 1.31, p 

= 0.28). There was no statistically significant difference in ACD change 

between the 13:30 session and 17:30 session (F(1,9) = 0.11, p = 0.74). 
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Moreover, there was no statistically significant difference in ACD change 

between the 17:30 session and 21:30 session (F(1,9) = 4.56, p = 0.06). On the 

other hand, there was a statistically significant difference in ACD change 

between the 21:30 session and 07:30 session (F(1,9) = 10.68, p = 0.01). 

However, ACD did not show a statistically significant change between the 

07:30 session and 09:30 (next day) session (F(1,9) = 0.26, p = 0.62). 

 

 

Figure 4.5 Total variation in AL (mm) (maximum AL minus minimum AL) 
versus SER (D) for EOMs and LOMs.  

 

 

Figure 4.5 shows a scatter plot of total variation in AL (maximum AL minus 

minimum AL) recorded during the 24 hour period against SER for EOMs and 

LOMs. Regression analysis revealed a poor correlation between these 

parameters for the whole sample (r = 0.109, p = 0.637). Further analyses 
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were conducted to calculate the correlation of AL variation with SER and 

baseline AL for EOMs and LOMs separately. These analyses failed to reveal 

any significant correlations (EOMs: total AL variation versus baseline AL r = - 

0.402, p = 0.220; total AL variation versus baseline SER r = 0.163, p = 0.631. 

LOMs: total AL variation versus baseline AL r = 0.426, p = 0.220; total AL 

variation versus baseline SER r = - 0.151, p = 0.678). 

 

Figure 4.6 presents the change in AL (relative to daily average AL) in relation 

to change in IOP (relative to the daily average IOP). Data presented are for 

all participants at all measurement sessions. There were no statistically 

significant correlation between the changes in these variables (r = -0.010, p = 

0.912). 

 

Figure 4.6 Change in IOP (mmHg) (IOP minus daily average IOP) against 
change in AL (mm) (AL minus daily average AL). 

  



229 
 

4.4 Discussion 

As expected, a significant difference in baseline axial length was observed 

between EOM and LOM participants, due principally to the higher level of 

myopia in the EOM group. Other biometric parameters and IOP were not 

significantly different between EOMs and LOMs (see Table 4.2). The pattern 

of IOP variations observed in this study is similar to patterns published for 

emmetropes (Read et al., 2008), and myopes (Liu et al., 2002). Furthermore, 

the amount of change (i.e. maximum minus minimum) in IOP during the 24-

hour period was similar to that reported by Liu and colleagues (2002). The 

Keeler Pulsair Easyeye tonometer provided a non-contact method of 

measuring IOP thus did not disrupt the corneal epithelium. It has been shown 

that the Pulsair Easyeye provided reliable and accurate results in a group of 

non-glaucomatous, normotensive young adults (Ogbuehi and Almubrad, 

2008). 

 

Several studies agree that myopes exhibit higher IOP levels compared to 

emmetropes and hyperopes, and this elevated IOP is related to higher 

glaucoma incidences in myopes (Abdalla and Hamdi, 1970; Tomlinson and 

Phillips, 1970). It is necessary to be cautious when considering the average 

IOP results in the emmetropic group obtained by Abdalla and Hamdi (1970), 

as their definition of emmetropia includes mild myopia and hyperopia (up to 2 

Dioptres in both refractive groups). In comparison, Tomlinson and Phillips 

(1970) had a stricter definition of the three refractive groups, which is 

consistent with definitions used in recent studies on prevalence of myopia in 
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different populations (Osuobeni, 1999; Logan et al., 2005; Mallen et al., 

2005a). The results of the average IOP in myopes from this study are less 

than those reported in emmetropes by Read and co-workers (2008) who 

used the dynamic contour tonometer (DCT). Doughty and Zaman (2000) 

noted that a 1 mmHg change in IOP would be seen with only 0.015 mm 

change in CCT. In the current study, a change of around 3 mmHg in IOP was 

associated with a difference of 0.012 mm in CCT. This highlights the fact that 

the Keeler pulsair easyeye is not the ideal method of obtaining IOP 

measurements. The DCT is a digital, non-applanation, contact tonometer 

designed to be largely independent of the structural properties of the cornea 

(mainly corneal thickness), possibly providing IOP measurements that are 

closer to the true IOP compared to other tonometers where corneal thickness 

may affect the IOP measurement (Kanngiesser et al., 2005). 

 

In keeping with the study by Read et al. (2008), we have observed a small, 

but statistically significant variation in the axial length of the eye during the 

course of a 24 hour period. It is interesting to note that our average recorded 

variation in AL for the cohort as a whole (0.046 mm) is the same as the 

average variation found by Read and colleagues (2008), indicating some 

consistency in this parameter and its measurement. Read et al. (2008) used 

the Zeiss IOLMaster to measure axial length variations in emmetropes, the 

same instrument was also used in this study to measure AL variation in 

myopes.  Liu and colleagues (2002) failed to show such a variation, which 

may be due to their use of A-scan ultrasonography, since the fluctuations in 

axial length found by ourselves and others (Stone et al., (2004) and Read et 
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al., (2008)) are less than the measurement resolution of this technique. This 

highlights the considerable advantage afforded by the use of partial 

coherence interferometry for the measurement of small variations in ocular 

biometric parameters. 

 

Absolute variations (i.e. maximum AL versus minimum AL) in ocular 

biometric parameters and IOP over the 24 hour period were not significantly 

different between EOMs and LOMs (see Table 4.3), and the degree of 

variation failed to correlate significantly with either the baseline AL or the 

SER in both EOM and LOM participants. This suggests that the degree of 

refractive error and the overall eye size do not contribute to variation in AL 

over short-term periods of time. We also failed to observe a correlation 

between change in AL from the daily average value and change in IOP from 

daily average.  

 

Read and colleagues (2008) found that 14% of the daily variation in AL could 

be accounted for by concurrent changes in IOP in emmetropes; we have not 

found this relationship in myopes. Our use of a pneumotonometer for 

measurement of IOP may account for our inability to detect this subtle 

relationship, since the dynamic contour tonometer used by Read and 

colleagues (2008) is independent of corneal thickness. Change in IOP may 

not necessarily be associated with a change in AL. For example, in the 

Common Marmoset (Nickla et al., 2002), nocturnal increase in IOP was 

accompanied by an increase in AL only in adolescent monkeys but not in the 
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juveniles. Juvenile monkeys exhibited a diurnal increase in AL followed by a 

nocturnal decrease in AL.    

 

Loewen and colleagues (2010) studied the relation between axial length and 

IOP changes in emmetropes, hyperopes and myopes. Their results show that 

hyperopes had higher 24-hour variations in IOP compared to emmetropes 

and myopes. Furthermore, they noticed that the diurnal change in AL failed to 

account for the change in IOP. This would indicate that the stretching effect 

of increase in IOP might not be the sole cause of AL elongation; other factors 

are involved in axial length changes that would lead to myopia development. 

 

In their study of emmetropes, Read et al. (2008) observed a peak in AL 

around midday, followed by a fall in AL to a minimum in the late evening, 

then a rise in AL following sleep. Our data show a different pattern of AL 

fluctuation during a 24 hour period in early-onset myopic individuals, with a 

decrease in AL being noted following sleep. Conversely, late-onset myopic 

participants showed a similar pattern of AL variation to the emmetropic 

participants studied by Read and colleagues (2008).  

 

This is an interesting finding. One possible explanation for our results may be 

related to the small but statistically significant effect of accommodation on 

axial length. Mallen and colleagues observed a transient increase in the axial 

length of the eye with accommodation that was greater in early-onset myopic 
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participants compared to emmetropes (Mallen et al., 2006). Mallen and 

colleagues (2006) did not study transient accommodation-induced changes 

in AL in late-onset myopes, thus precluding further comparison. However, a 

more recent study by Woodman and colleagues (2010) on axial length 

changes following nearwork, shows that axial elongation in emmetropes is 

similar to late-onset myopes in comparison with early-onset myopes where 

markedly larger increase in AL was observed.  

 

Mallen and colleagues (2006) suggested that differences in axial elongation 

between emmetropes and myopes may be due to differences in ocular 

rigidity between the two refractive groups. Woodman and colleagues (2010) 

hypothesised that the differences in transient axial elongation among the 

refractive groups may be attributed to the variable effect of ciliary muscle 

movement on the sclera between the refractive groups. The results of this 

study suggest that there may be physiological and anatomical differences in 

ocular rigidity and the effect of ciliary muscle movement on sclera might be 

different between EOMs and LOMs.  

 

The work of Oliveira et al. (2005) and Bailey et al. (2008) indicate that 

increase in the ciliary muscle thickness is related to longer axial length and 

higher amount of myopia. As noted earlier, EOMs have longer eyes (higher 

AL) compared to LOMs. Mutti (2010) suggested that accommodation may 

affect the ciliary muscle in the growing eye which would affect the shape of 

the eye and result in myopia development. Furthermore, Mutti (2010) 
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hypothesised that the thickened ciliary muscle may affect the mechanical 

properties that control the equatorial expansion required for the maintenance 

of the emmetropic state of the eye.  

 

 All the participants in the current study were university students, and data 

were collected during the revision period before the summer examinations. 

We propose that intense near work carried out during the evening may have 

induced a transient axial stretch, perhaps based on ciliary muscle 

contraction, and thus altered the relationship seen between IOP and axial 

length variation observed by Read and colleagues (2008) in emmetropes. 

This is worthy of further investigation, along with a concurrent study of ocular 

rigidity in these participants. 

 

Changes in CCT and ACD are similar to those reported in emmetropes 

(Read et al., 2008). CCT showed a diurnal decrease followed by a nocturnal 

increase where thickness reached maximum upon waking up.  On the other 

hand, ACD demonstrated a diurnal increase then a nocturnal decrease. The 

decrease of ACD in the morning is resultant of increase of CCT due to 

corneal swelling upon waking up (Read et al., 2008). Thus, variations in CCT 

and ACD seem to be similar among individuals regardless of refractive error 

differences; at least within the age limits of this study and that of Read et al. 

(2008).  
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This study revealed that early-onset myopes exhibit a different pattern in 

diurnal axial length variations in comparison of late-onset myopes. Further 

studies are required where all refractive errors (emmetropia, hyperopia and 

myopia) should be included. Also, the stability of myopia progression should 

be considered when selecting the participants. Furthermore, a large sample 

would be required and use of dynamic contour tonometry is recommended to 

provide more reliable IOP results. The effect of accommodation should also 

be considered and controlled among participants. 
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Chapter 5. Effect of Nearwork and Blur Adaptation on 
Dynamic Accommodation Responses 

 

5.1Introduction 

5.1.1 Dynamic accommodation response to an oscillating target 

If the eye is presented with a target oscillating at a certain frequency, the 

accommodation would exhibit a response at the same frequency and the 

phase lag and accommodative gain of this response can be calculated 

(Campbell and Westheimer, 1960). Accommodative gain is calculated by 

dividing the accommodation response amplitude by the target amplitude (or 

stimulus amplitude). Phase lag (in degrees) is determined by the formula: 

360tDf (Charman and Heron, 2000). If a periodic sinusoidal accommodation 

stimulus is presented, with a temporal frequency (f) cycles per second (i.e. 

the peaks will be separated by a time 1/f seconds), the corresponding 

accommodation response would have the same temporal frequency (f) but 

the response peaks are slightly delayed in time (by tD seconds). In each full 

temporal period of the sinusoidal change, the phase changes by 360 

degrees. Expressed as a fraction of the period 1/f (in seconds), the time lag 

tD, in seconds, is tD/(1/f) of a period, i.e. the fractional period is equal to tDf. 

Since a whole period is a phase lag of 360, a fraction tDf of a period is 

equivalent to a phase lag of 360tDf, in degrees.  

 

An increase in phase lag and a decrease in accommodative response gain 

have been noted with increase in temporal frequency of the oscillating target 
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(Kruger and Pola, 1986). This was also evident in a later study by Culhane 

and colleagues (1999). Up to a frequency of 0.1 Hz, an accurate 

accommodative response is present. However, at 0.3 Hz, an increase in 

phase lag and a decrease in accommodative gain can be observed. At 0.6 

Hz, a collapse in accommodative accuracy is observed. Table 5.1 shows a 

summary of the values of accommodative gain and phase lag as a function of 

temporal frequency as found by Kruger and Pola (1986) and Culhane et al. 

(1999). 

 

Table 5.1 Reported differences in mean (± 1 SD) accommodative gain and 
phase lag as a function of temporal frequency, for a target oscillating in a 
sinusoidal form. Redrawn from Kruger and Pola (1986), and Culhane et al. 
(1999). 

Temporal 
frequency (Hz) 

Kruger and Pola (1986) Culhane et al. (1999) 

Phase lag (°) Gain Phase lag (°) Gain 

0.05   1 ± 3  0.90 ± 0.01 13 0.90 ± 0.05 
0.1   5 ± 5      0.91  9 0.83 ± 0.07 
0.2          15      0.80 ± 0.1 25 0.60 ± 0.11 
0.3 - - 28 0.48 ± 0.13 
0.4 40 ± 5      0.60 ± 0.1 42 0.52 ± 0.02 
0.6 60 ± 1  0.50 ± 0.05 64 0.38 ± 0.04 
0.8   75 ± 15 0.36 ± 0.09 - - 
1.0   90 ± 15 0.30 ± 0.08 - - 

 

 

5.1.2 Blur adaptation effects on the accommodative response 

The induction of myopic defocus (through the use of positive lenses) is 

known to cause a decrease in visual acuity, where a +2.00 DS lens reduce 

Snellen visual acuity to an average level of 6/36 (Thorn and Schwartz, 1990). 

However, this reduction in visual acuity does not remain constant, as this 

observed deterioration in visual acuity is diminished with increasing exposure 
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time to blur (Pesudovs and Brennan, 1993). Improvement in deteriorated 

visual acuity after extended exposure to defocus is termed blur adaptation 

(Mon-Williams et al., 1998). The induced myopic defocus is analogous to the 

situation where myopic observers remove the refractive correction and 

observe a target positioned further than the accommodation far point. Indeed, 

Pesudovs and Brennan (1993) observed an enhancement in visual acuity 

after 90 minutes of uncorrected vision. Convex lenses were used in several 

studies to investigate blur adaptation (e.g., Mon-Williams et al., 1998; George 

and Rosenfield, 2004; Cufflin et al., 2007a, 2007b; Cufflin and Mallen, 2008). 

 

Of importance to the current study is the work done by Cufflin and Mallen 

(2008) on blur adaptation effects on dynamic accommodative responses. 

Cufflin and Mallen (2008) investigated the dynamic accommodative 

responses to a step-wise change in target vergence, and to sinusoidal 

change in target vergence following blur adaptation to 0.00 DS, + 1.00 DS 

and + 3.00 DS lenses for a period of 30 minutes. The study was conducted 

on 6 emmetropes, 6 early-onset myopes, and 6 late-onset myopes. Group-

averaged peak-to-peak phase lag increased from 27.94 ± 9.14° for 0.00 D 

adaptation up to 40.25 ± 16.42° and 46.87 ± 16.99° for + 1.00 D and + 3.00 

D adaptation, respectively. However, phase lag measured from the trough of 

the target demand to the trough of the accommodation response was not 

affected by blur adaptation. Neither blur adaptation or refractive group were 

found to have an effect on the accommodative gain. Blur adaptation has 

shown to increase the accommodation response time to a step change in 

target vergence demand. The authors concluded that low myopes would 
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observe an improvement in visual acuity after a period of removing the 

refractive correction. Also, myopes would have an increase in dynamic 

accommodation responses after returning to the full refractive correction. 

 

5.1.3 Nearwork accommodative aftereffects 

Sustained nearwork with cognitive demand was found to be a factor in the 

development of myopia in youth and adulthood (McBrien & Adams, 1997; 

Hepsen et al., 2001; Saw, 2003). Myopes are more susceptible to nearwork 

accommodative aftereffects, such as nearwork-induced transient myopia 

(e.g., Ciuffreda and Wallis, 1998; Ciuffreda and Lee, 2002; Ciuffreda and 

Vasudevan, 2008). A clinical feature of the onset and progression of myopia 

has been accommodative inaccuracy during near vision in children (Gwiazda 

et al., 1993). Greater lags of accommodation have been observed in 

emmetropic children prior to developing myopia (Goss, 1991; Rosenfield et 

al., 2002), while other studies report that the greater lag of accommodation 

accompanies the development of myopia rather than precedes it (Gwiazda et 

al., 1993). Abbott et al. (1998) suggested that constant accommodative lag 

for near targets might provide a hyperopic error signal which would trigger 

axial elongation of the eye to compensate for this effect. Of importance to this 

study is the effect of sustained nearwork on dynamic accommodation 

response. Mallen et al. (2005b) could not establish a change in closed-loop 

accommodation lag following a 3-minute intense nearwork. It would be 

interesting to investigate whether prolonged nearwork may demonstrate an 

effect on dynamic accommodation responses. 
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5.1.4 Aims 

In this study, differences between refractive error groups in regard to 

accommodative response to a sinusoidally moving target are investigated. 

The accommodative response will be investigated with the target oscillating 

at frequencies of 0.2 Hz and 0.3 Hz, with a demand between -2 D and -4 D.          

In addition, the work of Cufflin and Mallen (2008) will be expanded by 

studying blur adaptation effect on dynamic accommodation responses using 

a +2.00 DS defocusing lens. A +2.00 DS defocusing lens represents 

uncorrected myopia of -2.00 D, which is a level of myopia that would most 

likely need constant wear of correction. Thus it would be of interest to 

investigate the effect of short periods of not wearing the spectacles (blur 

adaption) on visual acuity of these myopes. The blur adaptation effect will be 

investigated for a target oscillating at 0.2 Hz and 0.3 Hz. Furthermore, the 

work of Mallen et al. (2005b) will be expanded by studying the effect of 

sustained nearwork for a prolonged period (30 minutes) on sinusoidally-

modulated dynamic accommodation.  
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5.2 Methods 

5.2.1 Participants 

Eighteen students from the University of Bradford participated in the study. 

Around 200 students were approached at random and were asked to 

participate in the experiment, however only 25 students agreed to participate. 

The students who refused to participate felt that the experiment may be 

tedious and could not confirm that they could attend all four sessions. Out of 

the 25 students initially recruited, seven did not attend all the sessions, thus 

they were excluded, leaving only 18 participants who completed all the 

sessions. Previous studies on dynamic accommodation responses reported 

sample sizes similar to the current sample size. For example, Culhane and 

Winn (1999) recruited 21 participants to study the effect of nearwork on 

dynamic accommodation response. Cufflin and Mallen (2008) recruited 18 

university students to study the effect of blur adaptation on dynamic 

accommodation response.  

 

All participants signed a consent form prior the experiment, and the study 

followed the tenets of the Declaration of Helsinki. The participants were 

divided into six emmetropes, six early-onset myopes (myopia onset before 

age of 15 years) and six late-onset myopes (myopia onset after age of 15 

years) (table 5.2). The participants had no previous history of ocular surgery, 

amblyopia or ocular disease, and required cylindrical refractive error 

corrections of < 0.50 DC. All myopes were fully corrected with a daily-

disposable ultra-thin spherical soft contact lenses (Bioclear 1Day, Sauflon 
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Pharmaceuticals Ltd., Twickenham, England) throughout the experiment. 

The myopic participants were asked to wear the contact lenses for at least 1 

hour prior to commencement of each experiment session. Slit-lamp 

biomicroscopy was used to assess the condition of the anterior segment of 

the eye prior to and following contact lens wear, to ensure proper lens fitting 

and absence of adverse reaction (i.e. irritation) to contact lenses. 

 

Table 5.2 Participants demographics, SER and biometry data (mean ± 1SD). 

 Emmetropes  
(N = 6) 

Early-onset myopes  
(N = 6) 

Late-onset myopes  
(N = 6) 

Male: Female 4:2 3:3 1:5 
Median age (years) 21 24.5 23 
Age range (years) 19-30 20-30 20-27 
SER (DS)  -0.03 ± 0.33  -3.97 ± 1.00  -1.69 ± 0.90 
CR (mm)   7.82 ± 0.25   7.67 ± 0.18   7.78 ± 0.41 
ACD (mm)   3.53 ± 0.34   3.93 ± 0.27   3.64 ± 0.15 
AL (mm) 23.36 ± 0.83 25.44 ± 0.84 24.11 ± 0.64 

SER= spherical equivalent refraction, CR= corneal radius, ACD= anterior chamber depth,      
AL= axial length. 

  

5.2.2 Apparatus 

The Shin-Nippon SRW-5000 autorefractor (Shin-Nippon, Tokyo, Japan) was 

used in continuous mode to record the accommodation responses, whilst 

retaining the ability to measure static refractive error (Wolffsohn et al., 2001). 

The SRW-5000 internal video signal was extracted via BNC cable, and 

interfaced with an IBM compatible personal computer (PIII, 733 MHz, Dell 

Inc, Texas, USA) via a IMAQ PCI-1409 image acquisition card (National 

Instruments, Texas, USA), which was running Labview© version 6.i with 

IMAQ Vision software (National Instruments, Texas, USA). Ocular 

accommodation recordings and target positioning data were stored 
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automatically in a designated Microsoft Excel spreadsheet upon completion 

of data capture. 

 

A target consisting of a group of high contrast letters of 0.18 logMAR size 

(equivalent to a spatial frequency of 19.82 Cpd; Tunnacliffe, 1993) was 

viewed via a +5 DS Badal lens system (figure 5.1). Depth of focus was found 

to decrease as the spatial frequency was increased (Legge et al., 1987; 

Marcos et al., 1999). The effect of spatial frequency on depth of focus can be 

attributed to the effect of defocus on the modulation transfer function 

(Charman and Jennings, 1976). The higher spatial frequencies are 

attenuated (reduced) to a greater level per dioptre of defocus compared to 

the lower spatial frequencies. Thus the lower spatial frequencies are more 

flexible to the effects of blur and hence they possess a higher depth of focus. 

The Badal system allows for the target image vergence to be directly 

proportional to the distance between the target and the first focal point of the 

Badal lens, also the angular size of the image is independent of target 

vergence (Atchison et al., 1995).  
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Figure 5.1 Target presentation within the Badal system. f= focal length of the 
lens, x= distance of target from it respective focal point. X‟= distance of 
image from its respective focal point. 

 

The target position oscillated (at frequencies of 0.2 Hz and 0.3Hz) along the 

visual axis between a minimum demand of -2 D and a maximum demand of       

-4 D, using a Bryans 29000 X-Y plotter coupled with a Feedback SFG606 

Sweep function generator which was used to drive the X-Y plotter.  
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5.2.3 Procedure 

The experiment was divided into four sessions, each session separated by at 

least 4 hours. Session 1, included refractive error assessment, biometry 

measurements, contact lens fitting and training on viewing the oscillating 

target within the Badal system. In session 2, dynamic accommodation 

responses were recorded for the target oscillating at 0.2 Hz, then 0.3 Hz. For 

each frequency, the recording lasted for approximately 100 seconds. 

 

Session 3 comprised measurement of dynamic accommodation after 

adaptation to defocus (i.e. blur adaptation) to a +2.00 DS lens. Blur 

adaptation was achieved by 30 minute lens wear whilst viewing a stimulus at 

a distance of 1 metre. Cufflin et al. (2007b) found an improvement in 

defocused visual acuity by the end of a 30 minute period of myopic defocus 

using +1.00 D lens. The adaptation was conducted monocularly (right eye), 

with the non-tested eye occluded in a trial frame. Any residual refractive error 

correction (or contact lens over-refraction in myopes) was added to the trial 

frame, in addition to a +3.00 D lens to induce an amount of myopic defocus 

equivalent to +2.00 D defocus at infinity. George and Rosenfield (2004) have 

shown that convex lenses induced blur adaptation in emmetropes and 

myopes. A DVD film was presented on a video display terminal at a viewing 

distance of 1 metre. Participants were instructed to maintain viewing of the 

screen for the duration of the adaptation period (i.e. 30 minutes). The video 

display terminal was in the same room where accommodation response was 

measured. The participant‟s defocused visual acuity was recorded using an 
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Early Treatment of Diabetic Retinopathy Study (ETDRS) chart to ensure that 

blur adaptation occurred. The acuity was scored on a letter-by-letter basis, 

with each correct letter worth 0.02 logMAR units. At the end of the session, 

measurement of the dynamic accommodation response (at 0.2 Hz and 0.3 

Hz) was commenced within seconds, where the non-tested eye kept 

occluded. 

 

In session 4, nearwork effects on the dynamic accommodation response was 

studied. Participants were instructed to play a Sudoku game presented on a 

53.9 by 47.1 mm liquid crystal display (LCD) screen for a duration of 30 

minutes at a distance of 40 cm. The participant viewed the screen 

monocularly, with the fellow eye occluded. The distance between the 

observer‟s eye and the screen was checked regularly by a measuring tape. 

At the end of the session, the non-tested eye was kept occluded and 

measurement of accommodation response started within seconds. 

 

5.2.4 Analysis 

Participants were instructed to blink normally during the accommodation 

recordings. Blinks and other artefacts that caused disruption of the 

accommodation signal were filtered using a 3-level filter developed by Cufflin 

(2007). The filters were applied to the data using Microsoft Excel 

spreadsheet formulae. Readings above +6 D or below -6 D were removed by 

the first filter. The second filter removed all differences of more than 0.45 D 

between consecutive readings. This velocity of response is not achievable by 
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the human accommodation system (Campbell and Westheimer, 1960), and 

therefore this must represent a blink or fixation loss. The third filter is a 

smoothing function used to remove high temporal frequencies. This was 

achieved by a moving average of a number of spreadsheet cells. The results 

of the filtering process are illustrated in figure 5.2.  

 

The target demand, magnitude of accommodation response and phase lags 

were calculated using algorithms developed by Cufflin (2007). 

Accommodation increase was recorded when a data point was preceded by 

three consecutive rises in accommodation and succeed by consecutive falls 

in accommodation. Reduction in accommodation was measured using the 

inverse algorithm. Only accommodation changes moving in the same 

direction as target movement were included in the accommodation response. 

A mixed design ANOVA using SPSS 17.0 (SPSS Inc., Chicago, IL) was 

employed. Repeated measures were change in target frequency, blur 

adaptation, and nearwork, while refractive error group was the between 

group factor. 
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Figure 5.2 An example of data before and after application of filters. In (a) the 
pre-filtered data contains a lot of spikes as a result of blinking. In (b) the blink 
artefacts were removed and the data was smoothened. Filters developed by 
Cufflin (2007).  
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5.3 Results 

The properties of the accommodation response to a target oscillating at 

frequencies of 0.2 Hz and 0.3 Hz are shown in table 5.3. There was no 

significant difference between the refractive error groups regarding peak 

phase lag at 0.2 Hz frequency (F(2,15) = 0.70, p = 0.51). However, there was a 

difference that just reached significance between the refractive groups in 

peak lag at 0.3Hz (F(2,15) = 4.07, p = 0.04). Post-hoc test revealed that late-

onset myopes had a slightly higher peak lag (p = 0.04) compared to early-

onset myopes. However, there was no significant difference between 

emmetropes and early-onset myopes (p = 0.37), or between emmetropes 

and late-onset myopes (p = 0.40).  

 

Table 5.3 Baseline characteristics of dynamic accommodation response to a 
target moving at 0.2 Hz and 0.3 Hz, with subdivision according to refractive 
error group. 

         Peak to peak phase lag (°)                  Trough to trough phase lag (°) Gain 

 0.2 Hz 0.3 Hz 0.2 Hz 0.3 Hz 0.2 Hz 0.3 Hz 

EOM 41.16 ± 5.56 50.03 ± 11.44     37.81 ± 16.61 48.98 ± 10.27 0.85 ± 0.16    0.81 ± 0.11 

LOM   47.96 ± 13.59  67.84 ± 7.70      36.28 ± 9.91 67.16 ± 12.37 0.84 ± 0.13  0.68 ± 0.09  

E   40.28 ± 15.54 59.16 ± 12.66     37.45 ± 8.61    51.89 ± 6.09 0.95 ± 0.17 0.79 ± 0.13 

All  
subjects 

  43.12 ± 12.12 59.01 ± 12.61 37.18 ± 11.50 56.01 ± 12.42 0.88 ± 0.16 0.76 ± 0.12 

EOM= Early-onset myopes, LOM= Late-onset myopes, E= Emmetropes. 

 

Peak-to-peak phase lag was found to be significantly affected by the increase 

in target frequency (F(1,16)= 33.88, p<0.01) but not refractive group (F(2,15) = 

1.66, p= 0.22). Mean phase lags increased from 43.12 ± 12.12° for 0.2 Hz 
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frequency to 59.01 ± 12.61° for 0.3 Hz frequency. Figure 5.3 illustrates the 

differences in phase lag between the two frequencies settings, with 

subdivision according to refractive error group.  

 

Figure 5.3 Peak to peak phase lag for 0.2 Hz and 0.3 Hz conditions. Error 
bars: + 1 standard deviation. 

 

There was no significant difference between the refractive error groups 

regarding trough lag at 0.2 Hz level (F(2,15) = 0.63, p = 0.97). However, 

difference between the refractive groups was significant at the 0.3 Hz level 

(F(2,15) = 5.81, p = 0.01). Post-hoc test revealed that late-onset myopes had a 

slightly higher trough lag (p = 0.02) compared to early-onset myopes. 

However, there was no significant difference between emmetropes and early-

onset myopes (p=0.88), or between emmetropes and late-onset myopes (p = 

0.06). Trough-to-trough phase lag demonstrated an increase in magnitude 

with increasing target frequency (F(1,16) = 22.88, p < 0.01), however this was 

not dependant on subjects‟ refractive error (F(2,15) = 2.40, p = 0.12). There 

was no significant difference in accommodative gain between the refractive 
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groups at the 0.2 Hz level (F(2,15) = 0.97, p = 0.40), or the 0.3 Hz level (F(2,15) = 

2.56, p = 0.11). Accommodative gain demonstrated a statistically significant 

decrease with increasing stimulus frequency (F(1,16) = 17.93, p < 0.01), 

however this was not dependant on subjects‟ refractive error (F(2,15) = 2.26, p 

= 0.14). 

 

The properties of the post-blur adaptation accommodation response are 

shown in table 5.4. Blur adaptation caused an increase in peak phase lag 

from baseline measurements (table 5.3) for the 0.2 Hz level (F(1,16)= 6.48, 

p=0.02), but this was not dependant on subject‟s refractive error (F(2,15) = 

0.37, p = 0.70). The increase in peak phase lag was also evident at the 0.3 

Hz level (F(1,16) = 8.17, p = 0.01). This increase in peak lag was not not 

dependant on subjects‟ refractive error (F(2,15) = 3.26, p = 0.07). Figure 5.4 

illustrates the effect of blur adaptation on peak-to-peak phase lag compared 

to baseline measurements for the two frequencies settings, with subdivision 

according to refractive error group. Figure 5.5 illustrates the effect of blur 

adaptation on trough-to-trough phase lag compared to baseline 

measurements for the two frequencies settings, with subdivision according to 

refractive error group.   Figure 5.6 illustrates the effect of blur adaptation on 

trough-to-trough phase lag compared to baseline measurements for the two 

frequencies settings, with subdivision according to refractive error group. 

Figures 5.7 and 5.8 show individual differences in peak phase lag following 

blur adaptation to +2.00 D for the 0.2 Hz and the 0.3 Hz respectively. 
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Table 5.4 Characteristics of dynamic accommodation response to a target 
moving at 0.2Hz and 0.3 Hz after blur adaptation to +2.00 D defocus. 

       Peak to peak phase lag (°)                  Trough to trough phase lag (°) Gain 

 0.2 Hz 0.3 Hz 0.2 Hz 0.3 Hz 0.2 Hz 0.3 Hz 

EOM 54.88 ± 18.44 72.96 ± 19.27 41.61 ± 22.20  62.69 ± 16.31 0.78 ± 0.21 0.77 ± 0.16 

LOM 53.51 ± 20.68 77.52 ± 10.41 49.79 ± 13.03 67.26 ± 22.10 0.70 ± 0.14 0.74 ± 0.14 

E 52.46 ± 15.80 58.71 ± 19.46 35.21 ± 8.96 56.48 ± 16.48  0.98 ± 0.21 0.86 ± 0.21 

All  
subjects 

53.62 ± 17.33 69.73 ± 17.90 
  42.20 ± 

16.01 
62.14 ± 17.95 0.82 ± 0.21 0.79 ± 0.17 

EOM= Early-onset myopes, LOM= Late-onset myopes, E= Emmetropes. 

 

Blur adaptation did not have an effect on trough-to-tough phase lag at the 0.2 

Hz level (F(1,16) = 1.25, p = 0.28) and refractive group was found to have no 

effect (F(2,15) = 1.04, p = 0.38). Furthermore, trough lag was not affected by 

blur for the 0.3Hz condition (F(1,16) = 1.49, p = 0.24) and refractive error group 

was found to have no effect (F(2,15) = 0.64, p = 0.54). Blur adaptation did not 

have an effect on accommodative gain at the 0.2 Hz level (F(1,16) = 1.30, p = 

0.30) and subjects‟ refractive error was found to have no effect (F(2,15) = 2.00, 

p = 0.18). Furthermore, gain was not affected by blur for the 0.3 Hz condition 

(F(1,16) = 0.47, p = 0.51) and not dependant on subjects‟ refractive error was 

found to have no effect (F(2,15) = 0.73, p = 0.50). 
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Figure 5.4 Change in peak to peak phase lag form baseline measurements 
(i.e. unadapted) following 30 minutes adaptation to a +2.00 D defocus (i.e. 
blur adaptation). Data presented for 0.2 Hz and 0.3 Hz settings. Error bars: + 
1 standard deviation. 

 

 

Figure 5.5 Change in trough to trough phase lag form baseline 
measurements (i.e. unadapted) following 30 minutes adaptation to a +2.00 D 
defocus (i.e. blur adaptation). Data presented for 0.2 Hz and 0.3 Hz settings. 
Error bars: + 1 standard deviation.     
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Figure 5.6 Change in accommodative gain form baseline measurements (i.e. 
unadapted) following 30 minutes adaptation to a +2.00 D defocus (i.e. blur 
adaptation). Data presented for 0.2 Hz and 0.3 Hz settings. Error bars: + 1 
standard deviation. 

 

 

Figure 5.7 A comparison of the increases in peak to peak phase lag following 
adaptation to +2.00 D defocus for target oscillating at a frequency of 0.2 Hz. 
Points located above the solid line show a larger phase lag following 
adaptation to defocus.   
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Figure 5.8 A comparison of the increases in peak to peak phase lag following 
adaptation to +2.00 D defocus for target oscillating at a frequency of 0.3 Hz. 
Points located above the solid line show a larger phase lag following 
adaptation to defocus. 

 

The properties of the post-nearwork accommodation response are shown in 

table 5.5. Nearwork did not cause an increase in peak phase lag from 

baseline measurements (table 5.3) for the 0.2 Hz level (F(1,16) = 2.03, p = 

0.17) and refractive group was found to have no effect (F(2,15) = 0.23, p = 

0.80). Peak lag was not affected by nearwork for the 0.3 Hz condition (F(1,16) 

= 1.08, p = 0.32) and refractive group did not have an effect (F(2,15) = 2.61, p 

= 0.11). 
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Table 5.5 Characteristics of dynamic accommodation response to a target 
moving at 0.2Hz and 0.3 Hz after 30 minutes of intense nearwork at 40 cm. 

     Peak to peak phase lag (°)                  Trough to trough phase lag (°) Gain 

 0.2 Hz 0.3 Hz 0.2 Hz 0.3 Hz 0.2 Hz 0.3 Hz 

EOM 50.10 ± 10.88 65.71 ± 15.98   44.49 ± 14.81 56.64 ± 17.44 0.91 ± 0.17 0.74 ± 0.25 

LOM 
 51.00 ± 
13.30  

73.09 ± 13.76 52.53 ± 9.41 60.47 ± 11.52 0.69 ± 0.12 0.83 ± 0.23 

E 44.45 ± 7.75 51.35 ± 13.87 35.04 ± 5.69 46.65 ± 12.90 0.94 ± 0.22 0.92 ± 0.11 

All 
subjects 

48.52 ± 10.65 63.38 ± 16.54   44.02 ± 12.42 54.56 ± 14.61 0.85 ± 0.20 0.83 ± 0.21 

EOM= Early-onset myopes, LOM= Late-onset myopes, E= Emmetropes. 

 

Nearwork produced a small change in trough phase lag at the 0.2 Hz level 

(F(1,16) = 6.81, p = 0.02). Post-hoc test revealed that the difference was only 

significant for early-onset myopes (p = 0.04). On the other hand, trough lag 

was not affected by nearwork for the 0.3 Hz condition (F(1,16) = 0.17, p = 0.68) 

and refractive error group was found to have no effect (F(2,15) = 1.77, p = 

0.21).  

 

Nearwork did not have an effect on accommodative gain at the 0.2 Hz level 

(F(1,16) = 1.98, p = 0.17) and refractive group was found to have no effect 

(F(2,15) = 0.58, p = 0.46). Furthermore, gain was not affected by blur for the 

0.3 Hz condition (F(1,16) = 2.46, p = 0.14) and refractive error group was found 

to have no effect (F(2,15) = 0.56, p = 0.58). 
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5.4 Discussion 

Increase in stimulus frequency from 0.2 Hz to 0.3 Hz affected the 

characteristics of the dynamic accommodative response. Peak-to-peak 

phase lag and trough-to-trough phase lag both exhibited a significant 

increase with increases in temporal frequency of the stimulus. On the other 

hand, accommodative gain was significantly reduced from a group mean of 

0.88 (± 0.16) to 0.76 (± 0.12) as temporal frequency increased. This is in 

agreement with previous studies, increase in phase lag and decrease in 

accommodative gain were observed with increasing temporal frequency of an 

oscillating target (Kruger and Pola, 1986; Culhane et al., 1999).  

 

Determination of increase or decrease in target demand and accommodative 

response was determined by algorithms developed by Cufflin (2007) as it is 

difficult to gain meaningful information from raw accommodation data. 

Previous studies have used graphical presentation (i.e. bode plots) to 

determine increase (decrease) in target demand and accommodative 

response (e.g., Campbell and Westheimer, 1960; Tucker and Charman, 

1979; Heron and Winn, 1989). Mean phase lag values observed in this study 

are slightly higher than those obtained by Kruger and Pola, (1986) and 

Culhane et al. (1999). The difference in target presented between the current 

study (a 4X4 Sloan letters) and the aforementioned studies (Maltese cross) 

maybe a factor. Culhane et al. (1999) instructed the participants to fixate on 

the intersection of the cross, while the participants in the current study were 

instructed to look at the letters in the upper line and to keep the stimulus 
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clear during the experiment. Thus a lack of fixed fixation point may be a 

factor. In order to produce changes in target size, Kruger and Pola (1986) 

induced changes in target size by sinusoidally changing the aperture of an 

iris diaphragm. However, this method was not utilised in the current 

experiment. Cufflin and Mallen (2008) observed longer latency times 

recorded using algorithms in comparison with studies utilising graphical 

presentation. The authors stated that the use of algorithms allowed for more 

objective determination of increase and decrease in accommodation 

responses. 

 

It has been noted that myopes exhibit higher phase lags and lower 

accommodative gain compared to emmetropes (Vera-Diaz et al., 2003). The 

results of this study could not confirm these findings. Although late-onset 

myopic participants had higher phase lags and lower gains compared to 

other refractive groups, the difference was not statistically significant. This 

observed difference in late-onset myopes may be attributed to the fact that 

myopia in this group is progressing and has not yet stabilised. Related to this, 

greater lags of accommodation have been observed in adult progressing 

myopes compared with those with stable myopia (Abbott et al., 1998; Vera-

Diaz et al., 2003). Vera-Diaz et al. (2003) did not provide details of the 

magnitude of myopic error and type of myopia present in their sample, which 

would limit comparison. Further studies are needed to investigate the 

differences between refractive error groups in the dynamic accommodation 

response to an oscillating target. Using G*Power analysis program (Faul et 

al., 2007), a post hoc power analysis revealed a sample power (1-Beta) of 
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0.39, using alpha level of 0.05. This would indicate that current sample size 

(N = 18) would produce a „medium‟ effect. A priori power analysis, 

considering the 1-Beta power of 0.39, revealed that a sample size of 75 

would produce a 1-Beta power of 0.95, which is considered the optimum 

sample power. Thus, a larger sample size (N = 75), divided into 25 

emmetropes, 25 early-onset myopes and 25 late-onset myopes, is required 

as sampling error may occur due to the increased effect of outliers in a small 

sample. 

 

Radhakrishnan et al. (2004b) investigated the effect of blur induced by 

positive and negative defocusing lenses on visual acuity in 12 myopes and 

12 non-myopes during cycloplegia. Non-myopes showed a symmetrical 

reduction in visual acuity with positive and negative lenses, however, the 

myopic group showed less acuity loss with negative lenses compared with 

positive lenses. The magnitude of visual acuity loss was lower with negative 

lenses in myopes compared with nonmyopes. No significant difference in 

visual acuity with positive lenses was found between myopes and 

nonmyopes. In the current study, positive defocusing lenses were used, thus 

the response to blur of the participants would not be affected. Radhakrishnan 

et al. (2004a) also looked at the loss of contrast sensitivity with positive and 

negative defocus under cycloplegia. Asymmetry in the loss of contrast 

sensitivity with positive versus negative lenses was greater in the myopes 

than in the non-myopes. Defocus by negative lenses caused less loss of 

contrast sensitivity particularly at intermediate spatial frequencies. However, 

at high spatial frequencies, contrast sensitivity loss was found to be similar 
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with equal amounts of positive and negative defocus. The use of a high 

spatial frequency target in the current study would not have affected the 

results as contrast sensitivity is equally affected by positive and negative 

defocus at high spatial frequencies. 

  

Blur adaptation to a +2.00 DS defocus lens was found to significantly 

increase phase lag measured from the peak of the stimulus demand to the 

peak of the accommodative response. This increase in peak phase lag was 

observed at both frequencies of 0.2 Hz and 0.3 Hz. However, this post-blur 

increase in phase lag was not dependant on subject refractive error. This is 

in agreement with previous findings of Cufflin and Mallen (2008), where blur 

adaptation increased peak phase lag, with no interaction with refractive error 

type.  

 

If the phase lag was measured from the trough of the stimulus demand to the 

trough of the accommodation response, blur adaptation was found not have 

an effect. This suggests that there is a direction specific effect of blur 

adaptation on the accommodation response. This is in agreement with the 

results obtained by Cufflin and Mallen (2008). Furthermore, blur adaptation 

failed to have an effect on the accommodative gain. Cufflin and Mallen 

(2008) also observed that in step-changes in target vergence, blur adaptation 

did not affect the accommodation response time for decreasing 

accommodative demands. In the current study, blur adaptation did not alter 

the accommodative gain, which agrees with the results obtained by Cufflin 
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and Mallen (2008). The authors suggested that the sinusoidally moving target 

has a high „predictive nature‟ which would explain the high accommodative 

gain. In order to remove this predictive cue, a system may be designed 

whereby the temporal frequency and amplitude of a function generator could 

be varied randomly (within pre-determined limits) whilst measuring 

accommodation responses. 

 

The final experiment in this study investigated the effect of intense nearwork 

on dynamic accommodation responses. In general, nearwork did not 

demonstrate a significant effect on peak-to-peak (or trough-to-trough) phase 

lag. Only early-onset myopes demonstrated a statistically significant increase 

in peak phase lag at the 0.2 Hz frequency. Accommodative lag was not 

affected by intense nearwork. It has been observed that high nearwork 

demand (3 D) for a period of 3 minutes did not affect the accommodation lag 

to a stationary target (Mallen et al., 2005b). As the study of Mallen et al. 

(2005b) involved investigation of the role of synmpathetic inhibition in 

accommodation, this would preclude further comparison, as autonomic 

nervous system profiling was not considered in this study.  

 

Of relevance to the current study is the work of on effect of nearwork on step-

wise change in target demand. Culhane and Winn (1999) observed that late-

onset myopes had longer accommodative response time to near-to-far step 

change in target vergence following adaptation to 3 minutes of nearwork. 

Conversely, early-onset myopes demonstrated a shorter response time for 
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far-to-near modulations. Emmetropes did not demonstrate a difference in 

reaction time after nearwork adaptation. It is not easy to compare the current 

results with the findings of Culhane and Winn (1999), as the highly predictive 

nature of the oscillating target may not allow for differentiating between the 

refractive error types. A working of distance of 40 cm would induce 

accommodation of + 2.50 D. The effect of this is similar to adding defocusing 

positive lens in the blur adaptation experiment. This may be true regarding 

the case of trough lag and accommodative gain findings, where in both 

viewing conditions (i.e. blur adaptation and nearwork) the accommodative 

gain and trough lag did not demonstrate a post-task change. 

 

Several studies have shown that difference in cognitive demand produces 

significant changes in the accommodative response (e.g., Kruger, 1980). 

Bullimore and Gilmartin (1988) investigated the relationship between mental 

effort, sympathetic innervation and accommodative response over a range of 

dioptric stimuli on emmetropes under closed loop conditions. Under cognitive 

demand conditions the mean accommodative response to the 1 D stimulus 

increased, the response was similar to a 3 D stimulus that did not involve any 

cognitive effort. Bullimore and Gilmartin (1988) proposed that task distance 

can influence the direction of accommodative shift and that sympathetic 

inhibition can adjust the effect of mental effort on a near accommodative 

response. Wolffsohn et al. (2003) investigated the effect of cognitive effort on 

near-work induced transient myopia in early-onset myopes, late-onset 

myopes and emmetropes. EOMs were more susceptible to the effect of 

cognitive demand on the accommodative response compared to other 
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groups. The near target used in the current study involves cognitive demand 

which would have affected the accommodative response of the participants, 

especially early-onset myopes. Only EOMs demonstrated a statistically 

significant increase in peak phase lag after the nearwork demand session 

which would be explained by the fact that EOMs are more susceptible to 

cognitive effort. Thus, further experiments are needed where dynamic 

accommodation response to nearwork is be measured with a passive 

cognitive task and compared to an  active cognitive task. 

 

This study has confirmed previous findings on the effect of increase of 

temporal frequency on phase lag and accommodative gain. Furthermore, 

previous results of effect of blur adaptation on dynamic accommodation 

response were expanded. However, a difference between refractive error 

groups was not observed regarding phase lag and accommodative gain. 

Most of the previous studies conducted on dynamic accommodation 

responses, including the current study, suffer from the lack of a large sample 

size, also comparison may be hindered due to variations in myopia 

classification, type of target presented and duration of the accommodative 

measurement.  

 

One limitation of the current study is the relatively short period of time 

between sessions (between 4 hours and 24 hours). Rosenfield et al. (2003) 

noted that the effect of blur adaptation remained for at least 48 hours and up 

to 72 hours. In order to increase participants‟ compliance, the current study 
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did not allow for such a time difference between sessions, which may have 

affected the outcome of the study, as the participants may have still been 

blur-adapted prior to the start of consequent sessions. Future studies should 

allow for at least 72 hours between sessions to ensure that adaptation to blur 

from the previous session has fully dissipated. 

 

Further studies are needed where a large sample size, preferably of seventy 

five participants, would provide a higher statistical power, as the effect of 

outliers would be minimised. Autonomic nervous system profiling would also 

be of use. Furthermore, in studying the effect of nearwork on dynamic 

accommodation, the same target type and duration need to be applied for 

both step-changes and oscillatory changes in target vergence. 
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Chapter 6. Conclusions and Proposals for Future Work 

 

6.1 Conclusions from the present studies 

The main experimental work of this thesis has been a cross-sectional study 

of the prevalence of refractive error and the biometric correlates of refractive 

error in Middle Eastern adults of working age. The current observed 

prevalence of myopia is similar to previously reported levels of myopia in 

some parts of Europe (e.g., Germany; Jobke et al., 2008) and the United 

States (Vitale et al., 2009). However, the prevalence and magnitude of 

myopia in the current Middle Eastern sample is lower compared to South 

East Asian countries (e.g., Hong Kong; Goh and Lam, 1994). Differences in 

all biometric measurements were found between the refractive groups 

(emmetropia, myopia and hyperopia), with myopes exhibiting steeper corneal 

radius, thinner crystalline lens, deeper anterior chamber, longer vitreous 

chamber depth and axial length. Axial length exhibited a high correlation with 

SER, and variations in AL were mediated by changes in VCD, which agrees 

with other global findings that myopia (McBriens and Adams, 1997) and 

hyperopia (Strang et al., 1998) are mainly axial in nature. Myopia was 

associated with a higher level of education, occupations with a high nearwork 

demand and positive family history of myopia; all of which have been 

identifies as risk factors of myopia development and progression (Saw et al., 

2000). In keeping with previous studies, differences in near-point 

heterophoria and static accommodative responses (amplitude of 

accommodation and tonic accommodation) were observed between the 
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refractive error groups. To date, this is the largest cross-sectional study of the 

prevalence of refractive error in the Middle East. 

 

Diurnal variations in the axial length of the eye have been observed in 

emmetropes (Read et al., 2008) using the Zeiss IOLMaster which is based 

on partial coherence interferometry (Santodomingo-Rubido et al., 2002). 

Using the same measurement technique and similar study protocol, diurnal 

variations in axial length of similar magnitude to those reported in 

emmetropes were observed in myopes recruited in the current thesis. 

However, the pattern of the diurnal variation in axial length was significantly 

different between early-onset myopes and late-onset myopes. This is the first 

study of its kind to report differences in diurnal axial length fluctuations 

between early-onset myopes and late-onset myopes. However, the 

implications of such differences on refractive error development are still 

unknown. 

 

This thesis also attempted to replicate the work of Vera-Diaz et al. (2003) on 

a smaller scale to investigate if there is a difference in dynamic 

accommodative responses between early-onset myopes and late-onset 

myopes. However, this thesis failed to find a significant difference in either 

phase lag or accommodative gain between the refractive error types. This 

study also attempted to expand the work of Cufflin and Mallen (2008) on blur 

adaptation effects on dynamic accommodative responses to sinusoidally 

oscillating target. In keeping with Cufflin and Mallen (2008), a significant 
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increase in phase lag was observed after 30 minute adaptation to myopic 

defocus using +2.00 D refractive blur. This increase in phase lag was 

observed at the 0.2 Hz level and 0.3 Hz level. The final part of the study 

investigated the effect of intense prolonged nearwork on the dynamic 

accommodative response to sinusoidally oscillating target. Nearwork did not 

cause a significant change in phase lag or accommodative gain. It has been 

suggested that the highly predictive nature of the oscillating target may 

masked the effect of nearwork, if present.  

 

6.2 Critical analysis of the present work 

This study has investigated the prevalence of refractive error in young adults 

from five Middle Eastern countries: Egypt, Iraq, Jordan, Lebanon, Saudi 

Arabia and Syria. Plans were laid for investigating the prevalence of 

refractive error in other countries such as Bahrain, Kuwait, Qatar, Oman and 

Yemen. However, logistical problems did not allow obtaining data from these 

countries. These problems include obtaining a travel visa to the 

aforementioned countries and the high financial cost as this study was self-

funded with no external financial support. Furthermore, the issue of sampling 

bias may be of concern, as the current study does not represent the 

prevalence of refractive error in adults residing in rural areas. Geographical-

based differences in the prevalence of myopia have been observed in both 

adults and children (for a review see He et al., 2009). The current study was 

restricted to urban areas as it was not feasible to move all the instruments 

into rural areas. Also, a general lack of appropriate clinical facilities in rural 



268 
 

areas in comparison to the selected urban locations would have created 

further methodological problems.  

 

Chapter 4 investigated the twenty-four hour variation of axial length in early-

onset myopes and late-onset myopes. It was assumed that all the 

participants had a regular sleeping pattern between 11:00pm and 7:00am. 

However, the level of ambient lighting during sleep or if the participants woke 

up during the night were not controlled or recorded. These factors were 

controlled for by Read and colleagues (2008) by placing the participants in 

individual darkened rooms within the research facility. Such facility could not 

be obtained in the Bradford School of Optometry and Vision Science, where 

the current study was conducted. However, Liu and colleagues (1999) could 

not detect an effect on the pattern or magnitude of nocturnal variation in 

intraocular pressure when the subjects were exposed to intermittent periods 

of light exposure (2500 lux) during the sleeping period. Thus, it is unlikely that 

the lack of control of level of ambient lighting during sleep would have 

affected the outcome of the current study. Furthermore, due to the lack of 

such sleep facility, nocturnal variations in the axial length were not recorded. 

It would be of interest to investigate the nocturnal changes in axial length, as 

it has been noted earlier that the intraocular pressure exhibits a significant 

variation during the night with the peak observed in the late phase of the dark 

period. 

 



269 
 

Chapter 5 investigated the effect of blur adaption and nearwork on sinusoidal 

modulated dynamic accommodation. Mean phase lag values observed in this 

study are slightly higher than those obtained by Kruger and Pola, (1986) and 

Culhane et al. (1999). The difference in target presented between the current 

study (a 4X4 Sloan letters) and the aforementioned studies (Maltese cross) 

maybe a factor. Accommodative lag was not affected by intense nearwork. It 

has been observed that high nearwork demand (3 D) for a period of 3 

minutes did not affect the accommodation lag to a stationary target (Mallen et 

al., 2005b). As the study of Mallen et al. (2005b) involved investigation of the 

role of sympathetic inhibition in accommodation, this would preclude further 

comparison, as autonomic nervous system profiling was not considered in 

this study. Thus, a larger sample size (N = 75), divided into 25 emmetropes, 

25 early-onset myopes and 25 late-onset myopes, is required as sampling 

error may occur due to the increased effect of outliers in a small sample. This 

is based on post hoc power analysis using G*Power analysis program (Faul 

et al., 2007). In the current study, blur adaptation did not affect the 

accommodative gain, which agrees with the results obtained by Cufflin and 

Mallen (2008). Cufflin and Mallen (2008) suggested that the sinusoidally 

moving target has a high „predictive nature‟ which would explain the high 

accommodative gain. Furthermore, the results obtained for the nearwork 

effect on dynamic accommodation could be due to the fact that the near task 

involved cognitive demand, which would have caused the response observed 

by EOMs compared to other groups; as EOMs are more susceptible to 

cognitive demand aftereffects compared to other groups (Wolffsohn et al., 

2003). 
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6.3 Proposals for future work 

6.3.1 Prevalence of refractive error in rural and urban adults in the Middle 

East 

Further studies are required to investigate the prevalence of refractive error 

in Middle Eastern populations. The current study was conducted on Middle 

Eastern adults of working age residing in urban areas. Previous studies have 

shown that myopia is less prevalent in rural areas compared to urban 

industrialised parts of the same country (e.g., He et al., 2009). It would be of 

interest to investigate the prevalence of refractive error in rural areas of the 

Middle East with an age range similar to the one adopted in the current 

study. As noted earlier, it is difficult to obtain a sample that truly represents 

the general population (Morgan and Rose, 2005). Future studies in the 

Middle East would benefit from the experience of the Refractive Error Study 

in Children (Negrel et al., 2000), where a stratified, clustered random 

sampling method was adopted to investigate the prevalence of refractive 

error in China, Nepal, Chile and India. However, a work of such scale would 

need the collaboration of the relevant authorities in Middle Eastern countries, 

and would require team work rather than individual work.  

 

As noted earlier, data on height, weight and socioeconomic status could not 

be obtained due to cultural issues in Middle Eastern populations. These data 

may be obtained in future studies, if these studies are conducted along with 

public health screening programs, where participants would be willing to 

reveal such sensitive data. It would be worth mentioning that some potential 
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participants (mainly pre-presbyopic females) were not recruited in the current 

study as they refused to reveal their age, citing from most of them that it is 

inappropriate for a lady to reveal her age unless necessary.  

 

6.3.2 Prevalence of refractive error in Middle Eastern children and their 

parents 

The refractive error distribution of Middle Eastern children has not yet been 

the subject of comprehensive investigation. It would be of importance to 

assess the prevalence of refractive error and visual anomalies in Middle 

Eastern children. Figure 6.1b shows a flowchart of a proposed study design 

to study the prevalence of refractive error in children from different Middle 

Eastern countries. This study design has been adopted from the design used 

by the Refractive Error Study in Children (Negrel et al., 2000). However, data 

on height, weight and ocular biometry are included in the proposed design. 

 

The proposed study on Middle Eastern children would also include collecting 

refractive and biometric data from the parents. A proposed protocol for 

collecting data from adults, which is based on the protocol used by Wong et 

al. (2000, 2001, 2002), is presented in figure 6.1a. Stratified, clustered 

random sampling would be required to attain a sample representative of the 

general population. This would be accomplished with the cooperation of 

Census Bureaus in the relevant countries. 
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6.3.3 Prevalence of refractive error in older adults in the Middle East 

Another study that may be conducted is the prevalence of refractive error and 

ocular anomalies in Middle Eastern older adults. This would give a true figure 

of the prevalence of age-related ocular diseases (e.g., cataract, glaucoma, 

age-related macular degeneration) in older adults in the Middle East.             

A proposed protocol for collecting data from older adults is presented in 

figure 6.1a. 

 

6.3.4 Changes in ocular biometric measurements during the onset and 

progression of myopia in university-age adults  

An increase in the level of myopia with increasing level of study in university 

students was observed. As this study is cross sectional in design, it is not 

possible to state that myopia increases with advanced years of education. A 

longitudinal study is required to investigate the progression of myopia in 

university students. The use of non-contact methods for biometry 

measurements (e.g., IOLMaster, Carl Zeiss, Jena, GmbH; or Lenstar LS 900 

Biometer, Haag-Streit AG, Switzerland) will be helpful as this will eliminate 

the use of local anaesthetics, furthermore, the higher resolution of these 

instruments (± 0.01 mm, repeatability= 0.04 mm for IOLMaster versus 0.006 

mm for Lenstar LS 900) compared to A-scan ultrasonography (± 0.15 mm) 

will allow for detection of smaller changes in axial length that may be masked 

by the relatively low resolution of ultrasound biometry. 
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Figure 6.1 Flowcharts for proposed studies on the prevalence of refractive 
error and ocular anomalies in (a) adults and (b) children in the Middle East.  
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6.3.5 Pattern and magnitude of diurnal axial length variation in stable and 

progressing myopes  

In chapter 4, the diurnal variation in axial length for early-onset myopes and 

late-onset myopes was investigated. It has been shown that age-based 

differences in diurnal axial length variations are evident in the common 

marmoset (Nickla et al., 2002). To understand the effect of diurnal axial 

length variation in myopia development, the diurnal variations in AL in 

children need to be investigated and compared with diurnal variations in 

adults. Diurnal variations in AL can measured along with variations in depth 

of focus of the eye. This may be helpful in determining the blur fluctuations 

during the day. Also, it would be of interest to investigate the differences, if 

any, in axial length variations between stable and progressing myopes, which 

would allow understanding the effect of diurnal axial variation on myopia 

progression in adults.  

 

Previous studies, including the current study on diurnal variation of ocular 

biometric components were conducted using the Zeiss IOLMaster, which 

does not provide data on the crystalline lens thickness. Read and Collins 

(2009) proposed that variations in anterior chamber depth are mediated by 

changes in the central corneal thickness. However, if the Lenstar LS 900 

Biometer (Haag-Streit AG, Switzerland) is used in future studies, the diurnal 

variations in crystalline lens thickness can be monitored and their relative 

effect on changes in anterior chamber depth can be observed. 
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6.3.6 Eliminating predictive cues in studies involved with dynamic 

accommodative response to sinusoidally oscillating target 

In chapter 5, blur adaptation did not alter the accommodative response gain 

to a sinusoidal target. Cufflin and Mallen (2008) suggested that the 

sinusoidally moving target has a high „predictive nature‟ which would explain 

the high accommodative gain obtained in the current study. Using a target 

that oscillates sinusoidally is useful in studying the reflex accommodative 

response in the human eye. In order to remove this predictive cue, a system 

may be designed whereby the temporal frequency and amplitude of a 

function generator could be varied quasi-randomly whilst measuring 

accommodation responses. This study also failed to establish differences in 

dynamic accommodative responses between emmetropes and myopes. A 

larger sample size is required as sampling error may occur due to the 

increased effect of outliers in a small sample. 
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6.4 Concluding statement 

This thesis has examined the prevalence of refractive error, and the biometric 

correlates of refractive error in Middle Eastern populations. To date, this is 

the largest cross-sectional study on the prevalence of refractive error in 

Middle Eastern adults of working age. This thesis confirmed findings from 

previous studies in other parts of the world that myopia is associated with a 

number of factors, though the exact role of each factor in the development of 

myopia is still not clear. Furthermore, this thesis demonstrated that the 

magnitude of diurnal variation in axial length is similar in emmetropes and 

myopes. However, the pattern of axial length change during the day is 

different between early-onset myopes and late-onset myopes. This thesis 

also found evidence for differences in dynamic accommodative responses to 

sinusoidally oscillating targets between early-onset myopes and late-onset 

myopes. A number of recommendations for further work in the prevalence of 

refractive error in the Middle East are suggested along with further research 

on diurnal axial length variations and dynamic accommodative responses in 

early-onset myopes and late-onset myopes.  
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Appendix 1. Subject information sheets, consent forms and sample 
data record sheets 

 
Appendix 1.1 Biometric and Oculomotor Correlates of Refractive Error 
in the Middle East. Subject Information Sheet. 

Biometric and oculomotor correlates of refractive error in the Middle East 

Subject Information Sheet: 

You are invited to participate in a research study conducted by Yazan Gammoh, who is a 
PhD student from the Optometry Department at University of Bradford. Dr. Edward Mallen is 
his faculty supervisor for this project. Since Dr. Mallen is in England and will not be available 
during the study, Prof. Dr. Fouad Sayegh will be the acting supervisor in Jordan. This 
experiment will provide information on the refractive errors and its correlates in adults of 17 
to 40 years of age in the Middle East. Please take your time to read the information below 
before signing the consent form. 

The experiment will last for approximately one hour. If you wear contact lenses, please take 
them off at least 4 hours prior the start of the experiment. 
Visual acuity and refractive power of the eye will be tested. Another test called A-scan will 
measure the length of the eye and its components. In order to perform this test, one drop of 
an ophthalmic drug called Novesin

®   will be instilled in each eye. Novesin
® 

is a prescription-
only medicine and is only used by ophthalmologists or under their supervision to cause a 
temporary anaesthesia (numbness) of the cornea. The use of Novesin

®
 is essential to 

perform the A-scan test. All these tests will be performed under the supervision of the 
ophthalmologist. 
 
    
Potential risks and discomforts 

Upon the insertion of Novesin
® 

drop on your eye, you may feel a slight discomfort (burning 
sensation) which will disappear in a few seconds. The numbness caused by the eye drops 
will disappear in about 30 minutes. During this time, you should abstain from rubbing your 
eyes, to avoid a trauma to the cornea. The use of the eye drops will not affect your vision, 
and you can drive or perform your daily activities without any inconvenience. 

Confidentiality  

Any information that is obtained in connection with this study and that can be identified with 
you will remain confidential and will be disclosed only with your permission or as required by 
law. Confidentiality will be maintained by means of a code number to let Mr Gammoh and Dr. 
Mallen know who you are.  

Information that can identify you individually will not be released to anyone outside the study. 
Mr Gammoh will, however, use the information collected in his dissertation and other 
publications. Any information used for publication or education will not identify you 
individually.  

Participation and withdrawal 

You can choose whether or not to be in this study. If you volunteer to be in this study, you 
may withdraw at any time without consequences of any kind. You may also refuse to answer 
any questions you do not want to answer.   There is no penalty if you withdraw from the 
study and you will not lose any benefits to which you are otherwise entitled. 

Enquiries 

If you have any enquiries about this experiment you may contact Mr Gammoh at the 
following email address: Y.S.S.Gammoh@bradford.ac.uk                                       Page 1/2      
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Informed Consent Form: 

Participant‟s consent: 

Please circle as appropriate: 

1. I have read the subject information sheet about the biometric and oculomotor 

correlates of refractive error in the Middle East and I agree to participate in this 

experiment. 

Yes                        No 
 

2. I understand that my personal information such as my name will be treated with 

confidentiality and only a code number will be used in the results analysis. 

Yes                        No 
 

3. I was given the chance to ask any question related to the experiment before I sign 

this consent. 

Yes                        No 
 

4. I understand that my participation in this experiment is voluntary and I have the right 

to withdraw my consent and discontinue my participation in the experiment at any 

time without any penalty. 

                                                    Yes                        No 

   

 

 

     Name:                                            Date:                             Signature: 

______________________          ______________          _________________ 

 

 

 

Researcher‟s approval: 

I have accurately read out the information sheet to the potential participant, and to the best 
of my ability made sure that the participant understands the purpose, procedures and risk of 
the experiment. I confirm that the participant was given an opportunity to ask questions 
about the study, and all the questions asked by the participant have been answered correctly 
and to the best of my ability. 

Name:                                            Date:                             Signature: 

______________________          ______________          _________________ 

 

 

 

 

Page 2/2  
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Appendix 1.2 Biometric and Oculomotor Correlates of Refractive Error 
in the Middle East. Subject Information Sheet (Arabic Version). 

 
 

Biometric and oculomotor correlates of refractive error in the Middle East 
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Appendix 1.3 Biometric and Oculomotor Correlates of Refractive Error 
in the Middle East.Patient Record Form 
 

Middle East Study Patient Record Form 

 
 
 

Date: 
   
Subject number: 
 
Age: 
    
Gender: (circle)        M                F 
 
Nationality: 
      
Occupation: 

 
Level of education: 

 
Number of hours per week: 

 
-Watching TV: 
-Reading: 
-Computer use: 

 
Family History of wearing glasses: 

 Yes / No Distance / Near How long Prescription 
(If available) 

Mother     

Father     

Brother(s)     

Sister(s)     

 
Since when does the subject wear glasses? 

 
Visual acuity:   SC    OD                               OS                        OU 

 
             CC    OD                               OS                        OU 
 

Lensometry: 

 Sphere Cylinder axis 

Right    

Left    

 
Auto refraction: 

 Sphere Cylinder axis 

Right    

Left    

 
 
 

Page 1/2                                                                                         
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Keratometry: 

Right Dioptre Radius of Curvature X 

K1    

K2    

 

Left Dioptre Radius of Curvature X 

K1    

K2    

 
 
 
Tonic Accommodation:                OD                                 OS 
 
Amplitude of Accommodation:    OD                                 OS 
 
Maddox wing:         
 
 
A-scan findings: 

 Right Left 

Anterior chamber depth   

Lens Thickness   

Vitreous chamber depth   

Axial Length   

 
 
Slit lamp finding after biometry: 
 
Redness: Yes / No 
 
Corneal abrasion: Yes / No 
 
 
 
Comments:  
 
 
 
 
 
 
Investigator’s signature: ______________ 
 
 
Ophthalmologist’s signature: ______________ 

 
 
 
 
 
 
 

Page 2/2 
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Appendix 1.4 Effect of Nearwork and Blur Adaptation on Dynamic 
Accommodation Responses. Subject Information Sheet 
 
 

Sinusoidal-modulated dynamic accommodation and its relation to myopia 
 

Subject Information Sheet: 
 
This experiment will investigate the relation between myopia and dynamic accommodation 
responses.  
 
The study will be conducted on emmetropic (normal sighted) and myopic (short-sighted) 
subjects. If you are myopic please wear your contact lenses for the experiment. You will be 
requested to tell your date of birth, and the age at when you started wearing your first 
correction (spectacles and/or contact lenses).  
 
The experiment is comprised of three sessions: 
 
Session 1 will last approximately 10 minutes where you will look at a small letter target that 
moves back and forth.  
 
Session 2 will be around 40 minutes. You will be asked to play a Sudoku game for 30 
minutes on a computer screen, then session 1 procedure will be repeated.  
 
In session 3, you will be asked to watch a DVD on a screen for 30 minutes while wearing a 
blurring lens. Then the same test done in session 1 will be repeated. A variety of DVDs will 
be provided, please feel free to bring your own. 
 
The principal investigator will be Yazan Gammoh, PhD student under the supervision of Dr 
E. Mallen. If you have any questions please email: 
Y.S.S.Gammoh@bradford.ac.uk 

 
:Subject Consent Form 

 
 

Please circle as appropriate: 
1. I have read the subject information sheet about the relation between sinusoidal-

modulated dynamic accommodation and myopia and I agree to participate in this 

experiment. 

Yes                        No 

2. I understand that my personal information such as my name will be treated with 

confidentiality and only a code number will be used in the results analysis. 

Yes                        No 
3. I was given the chance to ask any question related to the experiment before I sign 

this consent. 

Yes                        No 

4. I understand that my participation in this experiment is voluntary and I have the right 

to withdraw my consent and discontinue my participation in the experiment at any 

time. 

Yes                        No 
 

 
Name:                                            Date:                             Signature: 
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Appendix 1.5 Effect of Nearwork and Blur Adaptation on Dynamic 
Accommodation Responses. Patient Record Form 

 
 
 

Dynamic Accommodation Study Patient Record Form 
 

 
Date:                                                         
 
Subject number: 
 
Excel 

®
 file code: 

 
Date of Birth: 
    
Gender:              M                F 
 
Age of first correction: 
 

 
Distance over- refraction: 

 Sphere Cylinder axis Visual Acuity 

Right     

Left     

 
 
Auto-refraction: 

 Sphere Cylinder axis 

Right    

Left    

 
Keratometry: 

Right Radius of Curvature X 

K1   

K2   

 

Left Radius of Curvature X 

K1   

K2   

 
Zeiss IOLMaster findings: 

 Right Left 

Anterior chamber depth   

Axial Length   

 
 
Slit lamp findings at the end of experiment: 
 
Redness: Yes / No         Corneal abrasion: Yes / No 
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Appendix 1.6 Twenty-four hour variation of axial length and anterior eye 
biometrics in myopes. Subject Information Sheet. 
 
 
 
 

Diurnal variation of the refractive power, axial length, intraocular pressure, anterior 
chamber depth and central corneal thickness in myopia 

 
Subject Information Sheet: 
This experiment will investigate the diurnal variation of refractive error, ocular biometry, intra 
ocular pressure and corneal thickness in myopia (short-sightedness). The study will be 
conducted on myopic (short-sighted) subjects.  
 
You will be requested to tell your date of birth, and the age at when you started wearing your 
first correction (spectacles and/or contact lenses).  
  
Twenty four hours prior to the experiment you are requested to do the following: 

1. Do not consume alcohol or beverages that contain caffeine. 
2. If you wear contact lenses please take them off.  
 

The experiment is comprised of six sessions: 
Session 1: 9:30 am, Session 2: 13:30, Session 3: 17:30, Session 4: 21:30, 
Session 5: 7:30 am next day, Session 6: 9:30 am next day. 
 
The principal investigator will be Yazan Gammoh, PhD student under the supervision of Dr 
E. Mallen. If you have any questions please email: 
Y.S.S.Gammoh@bradford.ac.uk 
_______________________________________________________________ 
 
Subject Consent Form: 
 
Please circle as appropriate: 

5. I have read the subject information sheet about the diurnal variation of ocular 

parameters in myopia and I agree to participate in this experiment. 

Yes                        No 
6. I understand that my personal information such as my name will be treated with 

confidentiality and only a code number will be used in the results analysis. 

Yes                        No 

7. I was given the chance to ask any question related to the experiment before I sign 

this consent. 

Yes                        No 

8. I understand that my participation in this experiment is voluntary and I have the right 

to withdraw my consent and discontinue my participation in the experiment at any 

time without any penalty. 

Yes                        No 
 
 
 

Name:                                            Date:                             Signature: 
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Appendix 1.7 Twenty-four hour variation of axial length and anterior eye 
biometrics in myopes. Study Patient Record Form 

 
 

 
Diurnal Variations Study Patient Record Form 

 
Subject number: 
 
Session number: 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Auto-refraction: 
 

Reading  OD   OS  

 Sphere Cylinder Axis Sphere Cylinder Axis 

1       

2       

3       

4       

5       

 
 
 
Keratometry: 
 

Reading  OD   OS  

 K1 K2 Axis K1 K2 Axis 

1       

2       

3       

4       

5       

 
 

 
 

 
 

Page1/2 

To be filled before the first session  

To be recorded on the first session copy only 

Date:                                                         

 

Subject number: 

 

Date of Birth: 

    

Gender:              M                F 

 

Age of first correction: 

 

Visual acuity:   SC    OD                               OS                        OU 

 

             CC    OD                               OS                        OU 
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Anterior chamber depth: 
 

Session OD OS 

1   

2   

3   

4   

5   

          
  
Axial length: 
 

Reading OD OS 

1   

2   

3   

4   

5   

          
 
Central corneal thickness: 
 

Reading OD OS 

1   

2   

 
 
Intraocular pressure: 
 

Reading OD OS 

1   

2   

3   

4   

5   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Page2/2 
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Appendix 2. Method for blink removal and accommodative response 
peak/tough determination 

 

This appendix describes the blink removal formulae and algorithms used in 

chapter 5 to determine the peak/trough of target demand and 

accommodative response, as developed by Cufflin (2007). 

 

Appendix 2.1 Blink removal formulae   

Table A2.1 contains six columns of real data from subject (s12) which shows 

the raw data and the filtering process. The columns are as follows: 

1. Column (A) is the raw time (i.e. absolute time). 

2. Column (B) is the normalised time (i.e. relative time). 

3. Column (C) is the raw (unfiltered) accommodation data.  

The formulae will be explained using row 4 as the example. 

 

Table A2.1 Accommodation response data 

COLUMN A B C D E F 

ROW 
Absolute 

Time 
Relative 

Time 
Raw Acc. 

Data 
Filter 1 Filter 2 

Moving 
Average 

1 3.204 0 3.233 3.233 3.233 3.233 

2 3.245 0.041 3.188 3.188 3.188 3.210 

3 3.295 0.091 3.061 3.061 3.061 3.160 

4 3.335 0.131 3.025 3.025 3.025 3.09133 

5 3.655 0.161 3.074 3.074 3.074 3.05333 

6 3.405 0.201 3.068 3.068 3.068 3.05566 

7 3.445 0.241 11.982 3.055 3.055 3.06588 

8 3.485 0.281 3.404 3.404 3.404 3.17588 

9 3.525 0.321 11.533 3.175 3.175 3.21185 

10 3.555 0.351 3.261 3.261 3.261 3.28029 

Acc.= accommodation. 
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4. Column D is the first level of filtering and cell D4 is described by the 

following formula, where n = the total number of accommodation data 

points: 

 

=IF(C4<1+(AVERAGE(C1:Cn),IF(C4>AVERAGE(C1:Cn)-

1,C4,AVERAGE(C1:C3)),AVERAGE(C1:C3))  

 

The first filter is used to highlight all readings larger then the mean 

accommodation response ± 1 D. All readings that are within this acceptable 

limit are placed in the cell without alteration. Upon identifying such data, the 

point is replaced by the average of the three data points immediately 

preceding it. 

 

5. Column E is the second level of filtering. The cell E4 can be described 

by the formula: 

 

=IF(OR(D4-D3 >0.45,D4-D3<-0.45),AVERAGE(D1:D3),D4) 

 

The second filter compares the difference between consecutive data points. 

Any changes in accommodation of greater than 0.45 D between two 

consecutive data points is considered to be a blink or other artefact. If there 
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is a difference of more than 0.45 D, the data point will be replaced by the 

average of the three proceeding accommodation values. 

 

6. Column F is a smoothing function known as a moving average. This 

function is used to manipulate high temporal frequencies that are 

believed to be artefacts. This moving average will preserve the 

number of data points while tempering the high frequency artefacts. 

Cell F4 can be described by the standard moving formula function of: 

 

=AVERAGE(E2:E4) 

 

 

 

 

 

 

 

 

 

  



337 
 

Appendix 2.2 Algorithms used to determine the peak/trough 

Table A2.2 contains an extract of the accommodation data for a sinusoidal 

change in accommodation demand. The extract includes the point where the 

target demand reaches a maximum (4 dioptres) and also the point where the 

subsequent accommodation response reaches a maximum.  

Table A2.2 Target demand, accommodation response data 

A B C D E F 

Time 
(seconds) 

Target 
demand 

(D) 

Acc. 
response 

(D) 

Time of 
target 
peak 

Time of 
response 

peak 

Peak 
response 
magnitude 

100.635 3.98 2.72 
   

100.705 3.99 2.89 
   

100.765 4.00 2.99 100.765 
  

100.825 3.98 3.02 
   

100.875 3.97 2.99 
   

100.935 3.95 2.93 
   

100.985 3.93 2.83 
   

101.045 3.91 2.77 
   

101.095 3.88 2.74 
   

101.156 3.85 2.72 
   

101.206 3.81 2.73 
   

101.266 3.76 2.77 
   

101.316 3.72 2.86 
   

101.376 3.67 2.94 
   

101.426 3.61 3.03 
   

101.486 3.56 3.07 
 

101.486 3.0773333 

101.536 3.50 3.03 
   

101.596 3.43 2.95 
   

101.646 3.37 2.88 
   

      Acc.= accommodation. 

Column (A) is directly imported from the continuous accommodation 

recording program. Column (C) is the filtered accommodation data as 

described in section A2.1.  
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Target demand formula: 

Column (B) is derived directly from the target voltage output signal from the 

X-Y plotter. The voltage output is converted into a demand vergence using 

the following formula: 

 

Target demand (dioptres) = 0.9251x + 3.012 

 

Where x = the X-Y plotter output signal in volts.   

 

Target peak algorithm: 

Column D identifies the time that the peak target demand was reached. The 

formula in cell D4 is: 

 

=IF(AND(B4-C3>=0,B3-C2>=0,B2-B1>=0,B4-B5>=0,B6-B7>=0,B8-B9>=0, 

B4>2.999),A4,"") 

 

If the value in B4 is preceded by consecutive rises in target demand and 

succeeded by consecutive falls in demand, AND the demand of B4 exceeds 

3.999 D, then the corresponding time value will be placed in cell D4. If these 

criteria are not met, then cell D4 will be left blank. This formula has identified 
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that the peak in target demand occurred at 100.765 seconds, which is placed 

in cell D3. 

 

Accommodation peak algorithm: 

Column E identifies the point when the peak of the subsequent 

accommodation response is reached. The formula in cell E4 is: 

 

=IF(AND(C4-C5>0,C5-C6>0),(IF(AND(B4-B3>=0,B3-B2>=0,B2-B1>=0,B4-

B5>=0,B5-B6>=0,B6-B7>=0,B4>B3,B4>B5),A4,"")),"") 

 

The first part of the formula (AND(C4-C5>0,C5-C6>0) determines that the 

peak of the target demand has been reached. The second part of the formula 

determines that the accommodation response is preceded by consecutive 

rises and succeeded by consecutive falls in accommodation response 

respectively. If these criteria are fulfilled, then the time of this data point is 

recorded in column E.   

 

The same formula is used to identify the response magnitude of the 

accommodation peak. However, the corresponding value in column C is 

recorded, rather than the time value from column A. 
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The same formulae were inverted, and used to identify the minimum 

accommodation responses following the accommodation target demand 

minimum. The magnitude values from the peak and trough responses were 

used to calculate the accommodative gain.  

 

The lag in seconds between the peak target demand and the peak of the 

accommodation response was multiplied by 360 x 0.2 for the 0.2 Hz level, 

and 360 x 0.3 for the 0.3 Hz level to calculate the peak-to-peak phase lag in 

degrees.  

 

The lag in seconds between the trough target demand and the trough of the 

accommodation response was multiplied by 360 x 0.2 for the 0.2 Hz level, 

and 360 x 0.3 for the 0.3 Hz level to calculate the trough-to-trough phase lag 

in degrees. 

 

These measures of phase lag and accommodative gain were calculated for 

six recorded peaks in order to obtain an average value for each 

measurement condition. 
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Appendix 3. Complete data set in CD 
 

The accompanying disc (CD) contains all of the data from the experiments 

detailed in chapters 2 - 5. The following is a brief description of the folders 

and spreadsheet files contained on the disc.  

Please note:  

1. All file pathways assume that the CD is viewed via drive E. 

2. All files were written using Microsoft Excel 2007, and are not 

compatible with Microsoft Office 2003 suite. Please use Microsoft 

Office 2007 suite. 

3. There are 4 folders in the CD, each folder is labelled according to the 

chapter it is related to.  Folders labelled Chapter 2, Chapter 3, and 

Chapter 4 contains the complete data set relevant to each chapter. 

Chapter 5 contains three subfolders, which are described below. 

 

E:\Chapter 2: This folder contains 2 Excel files. 

GR-3100K evaluation.xlsx contains data of clinical evaluation of the GR-

3100K autorefractor-autokeratometer. 

Tonic accommodation.xlsx contains data of clinical evaluation of tonic 

accommodation function of the GR-3100K autorefractor. 
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E:\Chapter 3: This folder contains 3 Excel files. 

Abbreviations key.xlsx contains a key to the abbreviations used in the folder. 

Chapter 3 data.xlsx contains the whole data for the 3000 participants from 

chapter 3.  

Chapter 3 demographics.xlsx contains the participants demographics, with 

an abbreviations key. 

 

E:\Chapter 4: This folder contains 2 Excel files. 

Chapter 4 data.xlsx contains data for all parameters measured (i.e. axial 

length, intraocular pressure, central corneal thickness, anterior chamber 

depth) each on a separate worksheet. 

Chapter 4 demographics.xlsx contains the demographics for each subject.  

 

E:\Chapter 5: This folder contains the data from chapter 5 and contains 3 

subfolders. 

E:\Chapter 5\Demographics+abbreviations key: This subfolder contains a 

spreadsheet that has worksheet that details the subjects demographics and a 

second worksheet that provides a key to abbreviations used in the 

spreadsheet. 
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E:\Chapter 5\Early-onset myopes: This folder contains data for early-onset 

myopes, six subfolders are present, and each subfolder is labelled with the 

subject code as found in the demographics sheet. Each subject folder 

contains six spreadsheets, one for each testing condition. 

 

E:\Chapter 5\Late-onset myopes: This folder contains data for late-onset 

myopes, six subfolders are present, and each subfolder is labelled with the 

subject code as found in the demographics sheet. Each subject folder 

contains six spreadsheets, one for each testing condition. 

 

E:\Chapter 5\Emmetropes: This folder contains data for emmetropes, six 

subfolders are present, and each subfolder is labelled with the subject code 

as found in the demographics sheet. Each subject folder contains six 

spreadsheets, one for each testing condition. 
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