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Abstract

While efforts have been made over the years, the exact cause of keratoconus (KC) remains
unknown. The aim of this study was to identify alterations in endogenous metabolites in the tears
of KC patients compared with age-matched healthy subjects. Three groups were tested: 1) Age-
matched controls with no eye disease (N=15), 2) KC — patients wearing Rigid Gas permeable
lenses (N=16), and 3) KC — No Correction (N=14). All samples were processed for metabolomics
analysis using LC-MS/MS. We identified a total of 296 different metabolites of which >40 were
significantly regulated between groups. Glycolysis and gluconeogenesis had significant changes,
such as 3-phosphoglycerate and 1,3 diphopshateglycerate. As a result the citric acid cycle (TCA)
was also affected with notable changes in Isocitrate, aconitate, malate, and acetylphosphate, up
regulated in Group 2 and/or 3. Urea cycle was also affected, especially in Group 3 where ornithine
and aspartate were up-regulated by at least 3 fold. The oxidation state was also severely affected.
Groups 2 and 3 were under severe oxidative stress causing multiple metabolites to be regulated
when compared to Group 1. Group 2 and 3, both showed significant down regulation in GSH-to-
GSSG ratio when compared to Group 1. Another indicator of oxidative stress, the ratio of lactate —
pyruvate was also affected with Groups 2 and 3 showing at least a 2-fold up regulation. Overall,
our data indicate that levels of metabolites related to urea cycle, TCA cycle and oxidative stress
are highly altered in KC patients.
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1. Introduction

Keratoconus (KC) is a hon-inflammatory corneal thinning disease(Krachmer et al., 1984). In
KC, the main characteristic is the deviation from the normal corneal contour and physical
structure that can have devastating effects on the patient's best-corrected visual acuity
(Gordon et al., 2006; Moreira et al., 2007; Wagner et al., 2007; Wahrendorf, 2006). Changes
in corneal biomechanical properties leading to corneal thinning can make the individual
more susceptible to traumatic ocular injury (Al-Hussain et al., 2004). KC s main
characteristic is the cone-shaped corneal protrusion and is seen in all ethnical populations,
but more commonly in the Middle East. Both sexes can be affected, but males more often
than females. The mean age of onset is at 17 years (Bechrakis et al., 1994). The incidence
rate is still debatable, though large studies estimate 50 to 230 cases per 100,000 people in
the general population (Rabinowitz, 1998). Depending on the severity, visual quality can be
so adversely affected as to require surgical intervention.

The origin of the disease remains unknown and research has been extended over the last
decade in order to ultimately unravel the etiology KC and may be able to correct the disease
at its origin in the near future. Many genetics studies are currently on going or have been
completed, but no common gene defect has been (Nielsen et al., 2013). Interestingly, less
than 10% of cases are believed to be of familial origin (Aldave et al., 2006). Other onset
mechanisms include mechanical eye rubbing and contact lens wearing both contributing to
activation of wound-healing mechanisms and signaling pathways (Yeniad et al., 2009).
Biochemical studies have also been performed indicating that the role of proteolytic enzyme
digestion and the involvement of interleukin-1 (I1L-1) are possible causative factors in some
cases of KC(Rabinowitz, 1998).

It is known that the stability and quality of the tear film plays an important role in the optical
quality of the eye (Montes-Mico et al., 2010). In KC there are a number of studies
investigating the proteome of the tear fluids from patients diagnosed with KC compared to
individuals without KC (Cheng et al., 2001; Nielsen et al., 2005; Nielsen et al., 2006;
Srivastava et al., 2006). The most recent and extensive proteome study revealed(Chaerkady
et al., 2013) new as well as previously reported proteins that are regulated in KC patients.
The authors identified proteins from normal donor and KC corneas a total of 932 and 1157
proteins in the corneal epithelium and the stroma, respectively. Previous study on the KC
epithelium detected 200-500 from which 19 were differentially expressed
proteins(Srivastava et al., 2006). Another recent study identified 104 epithelial and 44
stromal proteins(Joseph et al., 2011). Between these studies there are a few proteins that are
consistently been reported and regulated in KC patients. Collagen X1, transketolase, and
TGFBI have all been reported to be decreased (Chaerkady et al., 2013; Cheng et al., 2001;
Joseph et al., 2011) in KC stromal proteome.
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The aim of this study was to identify alterations in tear metabolism of KC patients compared
with age-matched healthy subjects. As Rigid Gas Permeable lenses(RGP) may pose
significant mechanical stress to the cornea, tears from the KC group of patients were
analyzed separately dependent on whether the patients wore RGP lenses. Corneal RGPs has
been shown to induce topographical changes on the cornea in normal control individuals
(Braun and Anderson Penno, 2003),(Wang et al., 2002)] as well as in subjects with KC
(Szczotka et al., 1996). In normal subjects, alterations in corneal curvatures were observed
and were directly related to the number of years of lens wear (Braun and Anderson Penno,
2003; Wang et al., 2002). In KC subjects, alterations in corneal curvature (Hwang et al.,
2010; Zadnik et al., 2005; Zadnik and Multti, 1987), shape (Gundel et al., 1996; Zadnik et
al., 2005; Zadnik and Mutti, 1987), thickness (Jinabhai et al., 2012), and anterior surface
(Jinabhai et al., 2012; Zadnik and Mutti, 1987) have been reported again all linked to the
long term wear of RGPs. A recent study (Romero-Jimenez et al., 2014) has shown short
term corneal changes of RGPs fitted in KC subjects. Authors found that the anterior cornea
flattens and increases in thickness within a 14 day period of RGP wear.

This is the first study, to the author’s knowledge, to identify key metabolites in human tears
for the study of KC disease in order to provide clues for the treatment of the defect.
Furthermore, recent studies linking metabolomics to genomic(Adamski and Suhre, 2013;
Gieger et al., 2008) profiling suggests that there may be even greater opportunities for us to
approach the disease and grasp a greater understanding of the underlying mechanisms
involved.

2. Methods

2.1. Subject recruitment

Thirty patients referred to the Department of Ophthalmology, Aarhus University Hospital
for KC was asked to provide a tear sample for testing. All patients underwent a standard
clinical examination including refraction, measurement of best corrected visual acuity, slit-
lamp examination, and Pentacam HR Scheimpflug tomography. Fifteen patients referred for
refractive surgery for myopia underwent similar examination and served as control group.
Tears were collected in capillary glass tubes from the mid-temporal side of the tear meniscus
and were collected only in the morning hours to ensure consistency. The volume obtain was
on average 5-7ul per patient. Care was taken not to stimulate tear secretion during
collection.

2.2. Pentacam

All individuals participating in the study were examined using the Pentacam HR (Oculus,
Optikgerate GmbH). A variety of values were collected. As shown in Table 1 the mean age
for healthy individuals was 38 (range from 31 to 47 years). For KC individuals that received
RGP treatment the average age was 29.3 (range 21 to 58 years). For KC individuals with no
correction the average age was 29.7 (range 20 to 51). There were no statistically significant
differences in age between the study groups. The mean corneal thickness for the control
group was 551.9, for the RGP treated group was 451 and for the no correction group was
recorded as 455.6 (Table 1). Maximum keratometric (Kmax) average value for the controls
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was 43.9, the RGP group was 53.9 and the No correction group average value was 52.7
(Table 1). Patients with RGP lenses were instructed to leave lenses out for at least one week
prior to tear collection.

2.3. Tear metabolite extraction

All samples were collected and processed as previously reported(Yuan et al., 2012). Briefly,
samples were centrifuged (14,000 g, 10 min, 4°C) in ice-cold 80% MeOH. Supernatants
were incubated on dry ice. Plasma metabolites were extracted from the tear samples twice in
80% ice-cold MeOH. Metabolite extracts were vortexed and centrifuged (14,000 g, 10 min,
4° C). Supernatants were evaporated and stored at —80° C until further analysis.

2.4. Targeted Mass Spectrometry

Targeted mass spectrometry was used for sample processing, as previously
described(Karamichos et al., 2014; Webhofer et al., 2013; Yuan et al., 2012). Briefly,
samples were re-suspended using 20 L HPLC grade water and 5-7 pl was injected into a
hybrid 5500 QTRAP triple quadrupole mass spectrometer (AB/SCIEX) coupled to a
Prominence UFLC HPLC system (Shimadzu, Columbia, MD)(Webhofer et al., 2013). A
total of 256 endogenous water soluble metabolites were analyzed using selected reaction
monitoring (SRM). Some metabolites were targeted in both positive and negative ion mode,
for a total of 289 SRM transitions, using positive/negative ion polarity switching.
Approximately 10-14 data points were acquired per detected metabolite. Samples were
delivered to the mass spectrometer via hydrophilic interaction chromatography (HILIC)
where gradients were run as previously described(Karamichos et al., 2014; Webhofer et al.,
2013; Yuan et al., 2012). Peak areas from the total ion current for each metabolite SRM
transition were integrated using MultiQuant v2.0 software (AB/SCIEX).

2.5. Pathway Enrichment Analysis

Pathway enrichment (representation) analysis was performed using an online freeware
program; Metaboanalyst (www.Metaboanalyst.ca) as previously described(Karamichos et
al., 2014; Webhofer et al., 2013; Yuan et al., 2012). Briefly, we performed the analysis using
only the metabolites that were up or down regulated by 2:1 ratio as indicated by our
statistical analysis. We chose 2:1 ratio cutoff, as previously described(Karamichos et al.,
2014) in order to ensure that we included only the vastly abundant metabolites. Only
metabolites that were present on all biological samples were considered for further analysis.
Data is plotted as fold enrichment in order to highlight those abundant metabolites that are
being affected (Booth et al., 2013).

2.6. Statistics

Data was analyzed for significant variations (p<0.05) using one way ANOVA and Tukey's
multiple comparisons test

2.7. Ethics

Tear collection was considered part of the highly specialized clinical and para-clinical
evaluation of patients referred to the department. The study met the tenets of the Declaration
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of Helsinki. Tear samples were anonymized before analysis. Informed, consent was obtained
from all participants. Permission from the Regional Ethics Committee for the Central
Region of Denmark for tear collection has been obtained.

3. Results

3.1. Pathway Enrichment Analysis

We have identified 296 endogenous water soluble metabolites of which more than 40 were
significantly regulated between groups. Significance was established based on a 2:1 ratio
cutoff. We investigated all three groups: Group 1: Age-matched controls with no eye
disease, Group 2: KC — RGP lenses, and Group 3: KC — No Correction. More specifically,
in Group 1, we found 9 metabolites significantly up-regulated when compared to Group 2
and 3. In contrast, 50 and 48 metabolites were significantly upregulated in Group 2 and 3
respectively.

In Figure 1 the predicted metabolic pathways that are affected based on the raw data is
shown in all three Groups. Only those metabolites that were up regulated by at least 2:1
ration were included in the analysis. Figure 1A shows the predicted metabolic pathways
affected in Group 1. According to P values (shown in red) the most affected pathways are
those of pyruvate, methionine, and glycine-serine and threonine metabolism. Alanine and
malate-aspartate shuttle metabolism were predicted to be significantly affected. All of these
are linked to the TCA cycle regulation(Lane, 2009; Lowenstein, 1969; Monty et al., 2003),
while pyruvate and malate-aspartate shuttle are also involved in glycolysis(Monty et al.,
2003).

Figure 1B shows predicted pathway regulation for Group 2. The three most significant
pathways affected were glycolysis, gluconeogenesis (GNG), and RNA transcription.
Similarly to Group 1, these are all involved in the TCA cycle indicating metabolic regulation
between normal individuals and the ones diagnosed with KC. Furthermore, mitochondrial
electron transport chain and was also affected. Very similar to Group 2, Group 3 predicted
pathways (Figure 1C) included glycolysis, GNG, and urea cycle. Aspartate metabolism and
mitochondrial electron transport chain were fourth and fifth, respectively, most significantly
affected pathways.

Surprisingly the top two pathways between Group 2 and 3 were identical: glycolysis and
GNG. Based on these results we further analyzed the individual metabolites involved in
TCA cycle, glycolysis/=GNG, and urea cycle.

3.2. Metabolites Regulation

Tricarboxylic acid cycle (TCA)—The citric acid cycle is a key component of the
metabolic pathway by which all aerobic organisms generate energy. Its regulation is vital to
cell survival and tissues. We investigated the metabolism of human tears collected from the
three groups. We found several individual metabolites significantly regulated between those
groups that are known for their part in TCA cycle. Three primary metabolites in TCA cycle
were significantly regulated. Isocitrate was significantly up-regulated in Group 2 (Figure 2a;
p<0.05) when compared to Group 1. Opposite pattern was seen with aconitate where Group
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1 showed the highest expression when compared to the other two groups (Figure 2b;
p<0.001). No significant difference was seen between Group 2 and 3. Malate was
significantly up regulated in Group 3 but no significant difference was shown between the
Groups 1 and 2 (p<0.01; Figure 2c). Furthermore, we found several intermediates to be
regulated between groups. Acetylphosphate was one of them and was up-regulated both in
Groups 2 and 3 by 3 and 4 fold respectively (p<0.05; Figure 3a). It is important that TCA
cycle is carefully regulated by the cell. Any dysfunction in TCA cycle large amounts of
metabolic energy would be wasted in the over production of ATP. In our study, ATP was
significantly up-regulated in Group 3 indicating an anomaly on the TCA cycle metabolism
(Figure 3b; p<0.0001). In support of the latter, another intermediate metabolite that was
found to be significantly regulated (Figure 3c; p<0.0001) was Malonyl-CoA. As seen in
Figure 3c the metabolite was barely detected in Groups 2 and 3 when compared to Group 1.
Malonyl-CoA is formed by acetyl-CoA and is a precursor for fatty acids. ATP is also
involved in glycolysis and GNG discussed below.

Glycolysis and Gluconeogenesis—Glycolysis and GNG are vital metabolic pathways
for the survival of the cells. Glycolysis converts glucose into pyruvate and enters the TCA
cycle whereas GNG generates glucose. In our study we found several metabolic
intermediates that are linked to these pathways; 1,3 diphopshateglycerate was significantly
up regulated (Figure 4a) in Groups 2 and 3 (p<0.0001) when compared to Group 1 which
was barely detectable. Group 3 was also significantly lower than Group 2 (p<0.001). This
intermediate metabolite is critical in the formation of ATP(Alberts, 2001; Germann and
Stanfield, 2002) and it correlates with the ATP up regulation shown above (Figure 3b).
Another intermediate metabolite that we found to significantly be upregulated in Group 3
was 3-phosphoglycerate (Figure 4b). It was found significantly upregulated in Group 3 when
compared to both Groups 1 and 2 (p<0.05 and p<0.01 respectively).

Urea cycle metabolism—Three of the primary metabolites in the Urea cycle were
significantly regulated between the three groups. Ornithine showed the highest level
expression in Group 1 and was significantly higher when compared to Groups 2 and 3
(Figure 5a; p<0.01). Interestingly ornithine expression levels were at their lowest on Group
2. Aspartate was only up-regulated Group 3 when compared to Group 1 and Group 2 (Figure
5b; p<0.05).

Oxidation state (redox) metabolism—Previous reports suggested that oxidative stress
is involved in KC(Behndig et al., 2001; Buddi et al., 2002; Gondhowiardjo and van
Haeringen, 1993; Gondhowiardjo et al., 1993; Kenney et al., 2000). Accumulation of
reactive oxygen species (ROS) can damage cells by reacting with proteins, DNA, and
membrane phospholipids. In this study we investigated metabolites that are known to be key
players in oxidative stress. Lactate/pyruvate (L/P) relative ratio is an indicator of oxidative
stress. Increase of this ratio suggests higher oxidative stress levels. In our study, the ratio
was significantly regulated between the three groups. Figure 6a shows ratio regulation on all
three groups. L/P ratio was significantly up-regulated (p<0.0001), at least 2 fold, in both
Group 2 and 3 when compared to Group 1. Another indicator of oxidative stress levels the
Glutathione metabolite. There are two forms of Glutathione: Reduced (GSH) and oxidized
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(GSSG) states. A decreased GSH-to-GSSG ratio is considered indicative of oxidative
stress(Chai et al., 1994; Zitka et al., 2012). In our tear study, the ratio was significantly
lower in Groups 2 and 3 (~2 fold) when compared to Group 1 (Figure 6b; p<0.05 and
p<0.001 respectively), confirming the oxidative stress levels in KC patients even in terms of
tear quality.

4. Discussion

KC seem to be a multifactorial disease(Chaerkady et al., 2013; Kenney et al., 2000) and the
initiation process is still a mystery. The clinical hallmark of KC is corneal thinning and
bulging and results in compromised visual acuity(Rabinowitz, 1998). KC is associated with
a variety of factors and events such as ECM destruction, increased activity of proteolytic
enzymes, decrease of collagen types that normally exist in healthy cornea, and altered
lamellae patterns (Rabinowitz, 1998; Romero-Jimenez et al., 2010). Understanding how all
these mechanisms relate is not easy and we are far from it. It is critical, however crucial to
understand and being able to modulate and control these events, if we are going to prevent
KC pathogenesis.

Over the last decade, increasing number of studies has highlighted the importance of
oxidative stress in KC pathogenesis (Greiner et al., 1985; Karamichos et al., 2014; Kenney
et al., 2000; Risa et al., 2004). Several studies have reported changes in antioxidant status of
KC corneas(Greiner et al., 1985; Kenney et al., 2000; Risa et al., 2004). Some non-
enzymatic antioxidants such as glutathione, cysteine, uric acid, and tyrosine, play a key role
in the regulation of cellular redox status and protection of the cells(Birben et al., 2012).
Arnal and co-authors (Arnal et al., 2011) reported a decreased glutathione content and
overall antioxidant capacity in KC corneas. Saijyothi and co-authors (Saijyothi et al.,
2012)reported decreased levels of glutathione in KC tear film linking oxidative stress in KC
corneas to tear film. We recently reported oxidative stress in HKCs while cultured in a
conventional 2D system or our 3D model (Karamichos et al., 2014). Interestingly our
findings here correlate with our findings using KC-derived cells. KC-derived cells showed
high levels of oxidative stress both in conventional 2D cultures and 3D constructs. The aim
of the current study was to investigate tear metabolism in KC diagnosed subjects that have
been treated differently. We found significant modulation of metabolites that are oxidative
stress indicators such as glutathione.

Metabolomics has been used successfully in ocular diseases (Fu et al., 2011; Greiner et al.,
1985; Klyce, 1981; Nguyen and Bonanno, 2012; Risa et al., 2004) and it is rapidly becoming
important in several disease diagnosis. Using this technique we investigated the metabolic
differences between various groups. We analyzed tears from healthy subjects with no ocular
history and KC patients who were RGP lens wearers and uncorrected KC patients. Our data
indicates almost identical defects between patients with no correction and those fitted with
RGP lenses. RGP lenses can cause mechanical and physiological stress on the cornea that
could lead to changes in tear metabolites (Esgin and Erda, 2002; Holden et al., 1985; Liu
and Pflugfelder, 2000; Miller, 1968). In the study, metabolite changes were however not
affected by RGP lens wear to any major extent. Understanding the metabolic mechanisms
behind KC disease is important if we are going to treat or at least arrest the disease. Our data
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here indicates that there are multiple metabolic differences between healthy and KC
diagnosed subjects, independent of RGP wear.

Another indicator of oxidative stress was affected in KC diagnosed subjects, the TCA cycle.
TCA cycle is a key component of many metabolic pathways. It is involved in synthesis of all
three major groups: lipids, proteins, and carbohydrates (Barnes and Weitzman, 1986). The
end product of this TCA is cellular energy. Inefficient cycling of TCA will lead to altered
redox state. In cornea TCA cycle is the key source of energy required to maintain corneal
transparency and cellular activity (Thies and Mandel, 1985). TCA cycle takes place in
mitochondria and is relatively quiet under normal/healthy state, because of less abundant
mitochondria in corneal epithelium (Friend, 1983; Maurice, 1965). Upon injury however it
becomes activated and can lead to severe problems. In fact, in KC disease, mitochondrial
DNA damage has been reported which agrees with our findings(Atilano et al., 2005). GNG
and glycolysis are part of the same process and are vital in humans for maintaining blood
glucose levels to normal. In cornea, GNG is important as glucose is used as fuel source and
has been linked to wound healing(Nelson and Cox, 2000; Young, 1977). 3-phosphoglycerate
regulated here is part of the Phosphoenolpyruvate or PEP metabolism that was also found to
be significantly regulated in KC diagnosed subjects (data not shown). PEP holds the highest-
energy phosphate bond found in any living organism and it participates in both glycolysis
and GNG. Through metabolism to pyruvate, PEP, generates ATP and again this is indicative
to the energy regulation differences in tears between normal and KC individuals, found here.

Overall our data suggests an altered quality of tears in KC patients that might provide clues
to the progression of the disease. Supporting the latter, we found significant differences in
Urea cycle key metabolites such as ornithine and citrulline. Organisms that cannot remove
ammonia usually have to convert it quickly to another other substance, like urea or uric acid,
in order to prevent toxicity. Insufficiency of the urea cycle is known for some genetic
disorders (Brusilow and Horwich, 2001; Leonard and Morris, 2002). There are many studies
that have suggested various genes associated with KC disease including SOD1, VSX1,
COLB6A1, COL8AL, and MMP9(Nowak and Gajecka, 2011). However none of the follow
up studies has confirmed the role of these genes.

While the tear metabolome can be similar between ocular diseases such as dry eye and KC,
the metabolites on KC patients have never been reported previously. In future studies, it
would be interesting to include multiple ocular diseases and investigate tear metabolome
differences and similarities.

Overall, we present a novel approach for KC investigations and it is certainly promising
since the differences in metabolic activities could potentially suggest a metabolic treatment
for KC disease.

5. Conclusions

Metabolomics measures the metabolite profile in body fluids or tissues and as such provides
a profile of pathways and processes that are activated or altered in those samples. The results
presented in this study strongly support further investigation of metabolomic analysis of
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ocular disease and more specifically KC. We found significant alterations in the oxidation
state as well as the citric acid cycle and urea.
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p-values are in red while the least significant are in yellow and white. A) Predicted
metabolic pathways affected in Group 1 B) predicted pathway regulation for Group 2, and
C) Predicted metabolic pathways affected in Group 3.
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Three groups were tested and analyzed: Group 1: Controls, Group 2: KCRGP, and Group 3:
KC-no correction. Three primary citric acid cycle metabolites were significantly regulated.
(a) Isocitrate was significantly up-regulated in Group 2 (p<0.05). (b) Aconitate showed the
highest expression in Group 1 when compared to the other two groups (p<0.001). No
significant difference was seen between Group 2 and 3. (c) Malate was significantly up
regulated in Group 3 compared to Group 1 and 2 (p<0.01) but no significant difference was

shown between the two.
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Figure 3.
Three groups were tested and analyzed: Group 1: Controls, Group 2: KCRGP, and Group 3:

KC-no correction. Three intermediate citric acid cycle metabolites were significantly
regulated. (a) Acetylphosphate was up-regulated in both Groups 2 and 3 (p<0.05). (b) ATP
was significantly up-regulated in Group 3 (p<0.0001) when compared to Group 1 and 2.
Malonyl-CoA was barely detected in Groups 2 and 3 when compared to Group 1(p<0.0001).
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Three groups were tested and analyzed: Group 1: Controls, Group 2: KCRGP, and Group 3:
KC-no correction. Two intermediate Glycolysis/gluconeogenesis metabolites were
significantly regulated. (a) 1,3 diphopshateglycerate was significantly up-regulated in
Groups 2 and 3 (p<0.0001). Group 3 was also significantly lower than Group 2 (p<0.001).
(b) 3-phosphoglycerate was significantly up regulated in Group 3 when compared to Group
1 (p<0.05) and Group 2 (p<0.01).
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Figure 5.

Three groups were tested and analyzed: Group 1: Controls, Group 2: KCRGP, and Group 3:
KC-no correction. Two primary Urea cycle metabolites were significantly regulated. (a)
Ornithine showed the highest level expression in Group 1 when compared to Groups 2 and 3
(p<0.01). (b) Aspartate was significantly upregulated in Group 3 (p<0.05).
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Figure 6.

Three groups were tested and analyzed: Group 1: Controls, Group 2: KCRGP, and Group 3:
KC-no correction. Two indicators of oxidative stress metabolism were significantly
regulated. (a) Lactate/pyruvate (L/P) was significantly up-regulated (p<0.0001) in both
Group 2 and 3 when compared to Group 1. Reduced (GSH)/oxidized (GSSG) glutathione
ratio (GSH-to-GSSG) was significantly down regulated in Groups 2 (p<0.05) and 3
(p<0.001) when compared to Group 1.
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Table 1
Pentacam data obtained from subjects participated in this study

Summary of the mean ages, corneal thickness (Ct min) and maximum keratometric (Kmax) values for Group
1: Controls, Group 2: KC-RGP, and Group 3: KCno correction. Mean age for Group 1 was 37.2, Group 2 was
29.5, and for Group 3 the average age was 29.6. No statistically significant differences were found. The Ct
min for Group 1 was 551, for Group 2 was 451 and Group 3 was recorded as 455. Both Groups 2 and 3 were
statistically different compared to Group 1 (p<0.05). Kmax average value for the controls was 43.7, the KC-
RGP group was 53.9 and the KC-No correction group average value was 52.7

Age (years) | Ctmin (um) Kmax (D)

Control 38+7.02 551.9+7.96 43.9+0.35

KC-RGP 29.3+9.18 | 451+6.23 53.9+131

KC- No Correction | 29.7 £9.27 455.6 +12.43 | 52.7 +1.46
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