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Abstract:

In our paper, we will discuss the epidemiological differences that are present around the world as it is expected that the difference
may be due to the genetic environment or habitual and nutritional causes.

The word Keratoconus (KC) comes from the Greek words: Kerato (Cornea), and Conos (cone).

Keratoconus is a bilateral noninfectious, non-inflammatory disorder of the eye which results in gradual thinning of the cornea and
distorted vision. It occurs in late childhood to early adulthood.

This degenerative condition of the cornea results in thinning of the stromal layer with consequent forward bulging of the normal
shape cornea into a conical shape due to the structural weakness of the collagen fibers.

The induced abnormal profile leads to high levels of astigmatism, often combined with myopia (Nearsightedness).

Due  to  the  progressive  distortion  of  the  cornea’s  front  surface,  it  may  become  increasingly  difficult  to  correct  the  vision  with
spectacles or contact lenses, and in some patients, it may lead to hydrops formation and corneal opacity.

As we know that the cause is unknown until present day but there is a large epidemiological difference between different areas of the
world and different ethnicities, and there is an increase in the number of cases occurring nowadays in the world which may be due to
technology advancement or better methods of diagnosis.
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1. INTRODUCTION

Keratoconus is a clinical term used to describe the condition in which the cornea assumes a conical shape because of
thinning and protrusion of the corneal stroma, the word comes from the Greek words: Kerato (Cornea),  and Conos
(cone).

Keratoconus  is  a  bilateral  noninfectious,  non-inflammatory  disorder  in  which  cellular  infiltrates  and
neovascularization do not occur. The corneal thinning is the hallmark of this ectatic disorder which results in gradual
thinning of the cornea and distorted vision. It usually begins in late childhood to early adulthood and progress usually
till 35-40 years old. The reduction of vision can vary from mild to severe according to the changes that occur.

This noninflammatory thinning of the corneal stroma will result in the conical shape of the cornea and it involves
usually  central  2/3  of  the  cornea  from which  the  temporal  inferior  para  central  zone  are  involved  most  commonly
leading  to,  a  corneal  protrusion  which  in  turn  lead  to  myopic  shift  and  high  irregular  astigmatism.  This  irregular
astigmatism leads to mild to severe distortion and impairment of vision depending on the degree and location of the
protrusion.

Due to the progressive nature of the disorder, it may become gradually difficult to correct the  vision with spectacles
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or contact lenses. In some patients, it may lead to hydrops formation and corneal opacity, which may require surgical
intervention.

As we know that the cause is unknown until the present day but there is a large epidemiological difference between
different areas of the world and different ethnicities, and there is an increase in the number of cases occurring nowadays
in the world which may be due to technology advancement or better methods of diagnosis like Corneal tomography and
topography which have dramatically improve the sensitivity of the diagnosis and detection of these ectatic disorders.

In our paper, we will discuss the epidemiological differences that are present around the world as it is expected that
the difference may be due to the genetic environment or habitual and nutritional causes

2. DISCUSSION

2.1. Incidence

The incidence of keratoconus differs according to different publications and paper and also it differs according to
the geographical location around the world.

In the Wikipedia, as a general source of information, it is mentioned that the incidence is 1 in 2000 people and 7%
have a family history of the disease.

According to other authors, the frequency is lower, between 0.0003 in Russia than and as high as 2.3% as in the
population studied by Jonas in the Maharashtra region in central India [1].

Higher incidence in other geographical areas was detected in New Zealand and Asir province in Saudi Arabia [1],
and in another study, the prevalence in population based in Israeli Arabs was recorded to be 3.18% (124). This high
incidence in different studies could be partly explained by the high UV exposure of their population [1].

In other areas of the world, the incidence differs as shown by Kennedy in his study in Minnesota USA in 1986 in
which the incidence is 6/1000 [2] and according to Applebaum 4/1000(applebaum1936) [1].

Estimated annual incidence of keratoconus ranges from 50 to 230 cases per 100,000 population [3], elsewhere the
incidence  has  been  estimated  at  1.3/100000/year  in  the  Danish  population  in  Denmark  [4],  Ethnic  differences  are
influential, as a study in UK by Pearson et al demonstrated annual incidence of keratoconus of 19.6/100000 in Asian
and 4.5/100000 in Caucasian communities [5].

This difference in keratoconus between different populations is probably multifactorial in terms of genetic, nutrition
and environmental factors.

The Middle East countries in particular, as well as parts of India, are characterized by hot and sunny climates with
very little rain which is distinctive from the other countries. Therefore, the climate may influence the development of
keratoconus, especially the oxidative damage caused by excessive sun exposure to ultraviolet light [6] rays that may
cause enzymatic change or modulation of the enzymes which gradually lead to change in collagen or there may be a
difference in genetic or inheritance factor in these societies, or there could be a variety in different styles of life with
nutrition that plays a role? There is also the possibility that in these countries the disease affects more the poor people, a
factor known to increase the proportion of chronic diseases [7] (Table 1).

Table 1. Table of Incidence.

Author Location Age Sample Size Prevalence In
100000 Source

Hof Stetter Indianapolis,USA 001-79 13395 500 Population
Tanabe Muroran, Japan 010-60 2601 9 Hospital

Jonas Maharashtra,
India >29 4667 2300 Population

Millodot Jerusalem, Israel 18-54 981 2340 Population
Ljubic Skope, Macedonia - 2254 6.8 Population

Ziaei et al. Yazd, Iran 16-35 536 22.33 Population
Hashemi H Mashed, Iran 22-29 1079 2.4% Students

Santigo France 18-22 670 1190 Army recruits
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Author Location Age Sample Size Prevalence In
100000 Source

Xu et al. Beijing, China 50-93 3166 27 Rural
Hashemi et al. Tehran 20-34 1073 26 Urban volunteer
Godefrooij DA Netherlands 10-40 4million 13.3 Mandatory health insurance data base

Mohammed Othman Egypt 21-36 2116 170 Population

3. RISK FACTORS

As  we  know  that  keratoconus  is  thought  to  be  a  multiple  factorial  disorder.  Multiple  factors  implicated  in  the
pathogenesis  of  keratoconus  include  genetic  and  environmental  factors  among  which  the  following  are  the  most
common.

3.1. Genetic

The high incidence and increasing prevalence of keratoconus are thought to be caused by the better quality and
more advance in diagnostic tools and higher prevalence of people asking for refractive surgery nowadays, that may be
the cause of more cases than have been diagnosed in the past.

Keratoconus  is  thought  to  be  caused  by  a  complex  interplay  of  environmental  and  genetic  factors.  It  is  a
biomechanical  and  biochemical  disorder  [8].

Varying prevalence among groups of different ethnicity living in same geographical location suggests a genetic
basis for the disease, for example, a higher prevalence than the British average has been found in Indian and Pakistani
communities living in UK [9].

Further evidence for genetic basis includes a significant association with consanguinity [10]. 10% of patients with
keratoconus had a family history of the disease compared with just 0.05% of the age-matched control group [11].

Epigenetic modification of normal cornea may result from environmental stressors including toxins and microbial
exposure [12]. They may cause a trigger for the keratoconus development in those patients.

Although the most common type of keratoconus is sporadic, other may show that the keratoconus has hereditary
bases in some cases. The US Collaborative Longitudinal Evaluation of Keratoconus study reported a rate of family
history  of  13.5%,  and  a  study  from Israel-where  the  prevalence  of  KC is  high-reported  a  rate  of  family  history  of
21.74%, which was higher than 13% which we reported previously [12].

Many studies were conducted to find the incidence of familial keratoconus worldwide but they showed different
incidence  values.  The  rate  ranges  from 5% to  27.9% [13  -  17].  In  one  of  the  studies  in  which  a  rate  of  27.9% of
keratoconus  was  found in  at  least  one  person in  the  family,  it  was  further  noted  that  affected  first-degree  relatives
represented 20.5% [13].

Current thinking is that, geographic variation in the prevalence can be explained by specific environmental factors
promoting the expression of the genetic factors related to ethnicity [18].

It seems that an environmental factor may be essential to act as a trigger of the condition in genetically predisposed
individuals. Environmental factors, which have been recognized are eye rubbing, atopy, and UV exposure, although the
relative contribution of all these factors is currently unknown [19].

But the most common interactions between environmental and genetic factors that have been discussed in different
studies are ultraviolet light exposure and eye rubbing [18].

3.2. Ethnic Groups

Keratoconus is  a  worldwide disorder  and the prevalence is  different  among different  ethnic groups in the same
geographical part of the world. This has been supported by numerous epidemiological studies that show ethnicity and
environmental factors are likely to play a major cause in the etiology of the disease.

Until some years ago it was assumed that keratoconus affected all races equally [20]. However, different studies
have illustrated that there is a difference in incidence according to ethnicity.

For example, in Lebanon a high prevalence of 3.3%, in Indian rural areas 2.3%, while there is a lower prevalence in

(Table 1) contd.....



292   The Open Ophthalmology Journal, 2018, Volume 12 Khor Omer

cold north of Denmark, Finland and Russia [8].

Zadnik found prevalence rate of 68.5% in CLEK population, 19.9% in Caucasians black and 8.2% in Hispanics
[21], while Owen found no ethnicity influence in New Zealand [22]. In Singapore, high K reading of cornea possibly
reflecting keratoconus was found to be significantly higher in Indians than in Malays or Chinese [23].

In another study, the prevalence of Keratoconus among Young Arab Students in Israel Data of 314 participants was
analyzed  and  found  to  be  3.18%  (95%  CI,  1.2  to  5.1%)  [24].  The  only  significant  factor  (both  in  univariate  and
multivariate analysis) that was found to be associated with keratoconus was parental consanguinity (OR 5.10, p = 0.02).
In another study, Druze’s and Bedouins had a higher prevalence than Muslims and Christians. However, the differences
were not statistically significant possibly due to the small size of the sample used in the study [24].

3.3. Ultraviolet and Sun Exposure

Ultraviolet  is  regarded  as  one  of  the  main  causes  for  the  development  of  keratoconus  because  of  its  oxidative
damage, this can be illustrated by its high prevalence in hot and sunny areas.

It is proposed that UV light will lead to excessive production of reactive oxygen species within the cornea and that
in cases of keratoconus they lack the ability to process this excess reactive oxygen species which eventually lead to
oxidative stress, cytotoxicity and corneal thinning [8].

Higher prevalence of keratoconus has been identified in Saudi Arabia Iran, New Zealand, Israel and some Pacific
Islands [8]. One of the explanations is high ultraviolet exposure.

Studies demonstrated that UV exposure is important for the development of keratoconus, but other environmental
factors may play a role in determining the prevalence of keratoconus . In a study, Asians living in UK have a prevalence
of KC 7.6 times that of Caucasians suggests that nonenvironmental (i.e. Genetic) factors are predominant .Similarly, in
other studies, the prevalence of keratoconus is much higher in non-Persians (Arab, Turks and Kurds) living in Tehran
(7.6%) than Persians (2.5%) [8].

However, it must be noted that UV radiations might also provide a beneficial effect by inducing auto cross-linking
of corneal collagen, thus mitigating either the development or the progression of the disease [25].

3.4. Eye Rubbing

Eye  rubbing  is  also  regarded  as  another  major  environmental  stressor  in  the  development  of  keratoconus  .It  is
thought to cause corneal injury by the following mechanism: Recurrent epithelial trauma results in the release of matrix
metalloproteinase 1 and 13, interleukin-1 and tumor necrosis factor alpha that lead to stromal remodeling and keratocyte
apoptosis  [8],  This,  in  turn,  may cause  epigenic  modification and will  affect  genetically  susceptible  individuals  by
affecting the gene expression for the development of keratoconus in those individuals .

Another mechanism for causing keratoconus in atopy patients is  increased IOP that may be associated with the
progression of keratoconus, especially in young patients [26].

Interestingly the duration of eye rubbing in patients with keratoconus appears longer than that associated with atopy
[27] possibly explaining why the high percentage of atopic patients do not develop keratectasia due to rubbing.

It is important that how the patient rubs the eye either gently or vigorously [28] and also the duration of the eye
rubbing, for example, the usual length of rubbing in KC patients is much longer (from 10 to 180 seconds) while it is
typically less than 15-second duration of rubbing in allergic or infective disorder [28] and in healthy people without any
eye pathology it is less than 5 seconds.

Tretter showed that keratoconus patients do rub their eyes more often than normal subjects (80% vs 58%) [2], while
the CLEK study showed that 48% of keratoconus patients rubbed both eyes vigorously while 2.2% rubbed one eye.

Direct experimental evidence of an association between keratoconus and eye rubbing has been demonstrated in a
study. A group of volunteers without the disease and not wearing contact lenses who were instructed to rub their eyes in
a controlled fashion for 60 seconds. Later the basal tears were collected before and after eye rubbing and it was found
that levels of MMP-13, IL-6 and, TNF-α were significantly increased after rubbing. It was concluded that persistent eye
rubbing,  which  is  very  common  in  keratoconus  patients,  may  contribute  to  the  progression  of  the  disease  by
continuously  elevated  levels  of  these  proteases,  inflammatory  mediators  and  protease  activity  [29,  30].
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3.5. Gender

There is no clear evidence that keratoconus is affected by the sex of the patient.

Multiple  studies  were  performed  on  gender  difference  in  keratoconus.  They  vary  between  studies,  some
demonstrated  female  predominance  and  other  showed male  predominance  and  some studies  showed no  significant
gender predominance [8]

Certain studies show female predominance such as Amsler in 1961 (65%}. Laqua 1971 (57%) Hammerstein in 1972
(66%) and Jonas in 2009 (53%) [1].

In contrary to this, other studies found a male predominance. This is the case for Pouliquen in 1981 [57%], Street in
1991 (62%) Pobelle-frasson in 2002 (62%) Owen in 2003 (59%) and Fatima (53%) and Ertan (62%) in 2009 [1], while
other studies did not find any difference between male and female [1].

In another study, Fink found that there is a difference in the frequency of familial keratoconus hereditary (17%
female to 11% male) [31].

3.6. Hormonal

Hormones have also been indicated as a possible cause of keratoconus because of association of puberty with the
disease  onset  and  there  have  been  many case  reports  of  stable  keratoconus,  which  all  of  a  sudden  progress  during
pregnancy when there is another surge of hormonal change.

Although it  is  recognized that  sex and hormones affect  the corneal  structure but  there is  no solid evidence that
hormones affect keratoconus progression .Reports of patient populations with keratoconus contain limited information
about how sex hormone modulate the expression of disease [1]. Fink also tried to show a hormonal effect but did not
find any significant difference [31].

3.7. Age

The age is one of the important factors that we depend on, in the diagnosis and management of this disorder because
the progression of the diseases differs according to the age of the patient and the treatment strategy will change also
according to their age.

Keratoconus is regarded as a disease of adolescent between the ages of 20-30, the clinical onset is at puberty and
develops until 3rd to 4th decay (31) the average age is as follows as reported in different literatures:

Pouliquen 1981: 20.4 [32]

Kennedy 1986: 29 years [2]

Tuft1992: 25 years [33]

Zadnik1998: 28 years [21]

Owen 2003: 22.9 years [22]

Saini reported that eye with severe keratoconus present at younger average age (18.8 +/- 5.35 years) than moderate
keratoconus (23.69 +/- 8.07 years) [34].

With age, the progression decrease may be as we know that collagen interfibrillar spacing decreases with age where
collagen bundles become thicker. These structural changes may modify the rigidity and elasticity of the cornea. An
increase corneal rigidity with age could be a hypothesis explaining the decrease of keratoconus with increasing age [1].

In a cohort of 196 patients, in this study, it was demonstrated that, 18 years old was the most frequent age of onset
and in another study by Romagnani it was 15.39 (±3.95). However, most reports give the age of diagnosis, which is
some years after onset because the disease is usually asymptomatic at first. The mean diagnostic age ranged from 20.0
years (±6.4) to 24.05 (±8.97) in most studies [35].

Because of the chronicity of the disease, one will expect to find similar results in older age groups than in younger
ones. But that is not the case, especially after the age of 50 years and this has intrigued many authors [36], although in
one study the number of old keratoconus patients was found to be substantial (697 patients were examined) [37]. Most
of these studies report low percentage of keratoconus patients beyond 50 years, ranging from 7.4% to 15% with one
exception 40% [38 - 40]. The reason may be more advance in diagnostic methods like pentacam and topographies, or it
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may be because there are now more people with an allergy in the general population [41]. Another possibility is that
keratoconus patients have reduced years of living compared to the general population, as has been suggested by some
authors [40, 42] because of an associated fatal condition, for example, mitral valve prolapse [43, 44], obesity [45, 46],
or obstructive sleep apnea [41, 47],  although the mortality rate of a population of KC patients was not found to be
significantly  different  than  that  of  the  general  population  [48].  Nevertheless,  the  question  as  to  what  happens  to
keratoconus patients beyond the age of 50 years remains to be elucidated, possibly by comparing the corneas of older
KC patients with an age-matched control group. [14]

3.8. Atopy

Atopy is regarded as another major cause of keratoconus in most literature.

The first  reported association was by Hilgartner  in  1937 [2]  later  on Brunsting et  al  1955 and later  Galian and
burger in 1958 [35] Spencer and Fisher in 1959 [49].

Lowell and Carroll in 1970 in an analysis study found no significant difference between the incidence of the atopic
trait of keratoconus and control group [50].

In  larger  controlled  study  Rahi  proved  within  a  series  of  182  keratoconus  cases  a  higher  frequency  of  allergic
disease (35%) compared to control group (12%) as well as higher plasma IGE level asthma eczema and hay fever [51].

A recent study in Dundee on 200 patients suffering from keratoconus revealed that; 23% were asthmatic, 14% were
eczematic cases and 30% were suffering from allergic rhinitis [52].

3.9. Parenteral Education

An association  between keratoconus  and low parenteral  education  was  suggested  because  parental  education  is
associated with socioeconomic status [15]. Children living in poverty are brought up in environments with air, water,
and waste contamination problems [16], which are predisposing factors to many health issues including keratoconus. As
a consequence, these children are at risk or suffer from a host of disorders, such as asthma, cancer, hyperactivity, and
obesity [17].

3.10. Floppy eyelid syndrome

Possible association between keratoconus and this syndrome was proposed by few studies [53] but still, there is no
clear evidence for this and may require more research or data.

4. ASSOCIATED WITH CONNECTIVE TISSUE DISORDERS AND SYSTEMIC DISEASE

As we know that collagen fiber I is a part of the connective tissue so when there is an abnormality in the connective
tissue in the body there may be an abnormality in other parts of the body.

4.1. Ehler-Danlos Syndrome

It  is  a  collagen  disorder  of  the  body  so  it  may  also  affect  the  corneal  collagen  and  so  have  an  effect  on  the
development of keratoconus.

Kumming was the first author to claim the association between this disorder and keratoconus. Keratoconus in this
patients remain rare [54].

McDermoitt found only one patient presenting keratoconus among 72 patients who had Ehler -Danlos syndrome
[55].

4.2. Marfan Syndrome

Marfan syndrome is an X linked disorder, in these patients, there is a higher incidence of keratoconus than normal
population  but  the  associated  of  Marfan  syndrome  with  keratoconus  still  remain  relatively  rare  and  not  very  high
percent [56].

4.3. Lonstein Disease

Osteogenic imperfecta is a hereditary disease more commonly known as Lobstein disease which is a bone disorder
affecting  bone  collagen,and  higher  incidence  of  keratoconus  (not  evolving  after  puberty)  was  described  in  some
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Lobstein s disease families [57, 58].

4.4. Mitral Valve Prolapse

Mitral valve prolapse is a condition of the mitral valve of the heart, the exact cause is not known but it is thought
that there is an abnormality in collagen fibers of the mitral valve, so this abnormal collagen fiber may be present in
other collagen fibers in the human body as corneal collagen.

Mitral valve prolapse according to some literature are more frequently associated with keratoconus [59], while for
other literatures like Street there is no association between keratoconus and mitral valve prolapse [60].

Sharif studied mitral valve prolapse prevalence among 50 keratoconus patients this was (53%) was much higher
than that of control group (7%)[30]these results oppose those reported by Street in 1991 [12, 60].

Frasson in 2003 published a study in which a cardiac echography of 50 keratoconus affected patients was carried
out: 22% expressed a mitral valve anomaly (prolapse 4% mitral insufficiency in 10% and mitral regurgitation 8%) this
prevalence  is  4  times  higher  than  in  general  population.  Within  these  patients,  the  genuine  prolapses  identified
concerned patients with a developed phase of the disease [1].

A  possible  hypothesis  that  could  explain  an  association  between  keratoconus  and  mitral  valve  prolapse  is  the
presence  of  some  common  collagen  types  shared  between  these  two  disorders  [8]  which  is  collagen  type  1  that
composes corneal stroma and also mitral valve structure.

4.5. Association with Down Syndrome

Trisomy 21 is regarded as one of the common congenital abnormalities in the world. As we know that multiple
pathologies occur in these patient including eye pathology.

Among the 143 Down syndrome patients studied by Cullen in 1963, 5.5% expressed keratoconus [61], while other
authors  Pierse,  Slusher,  Kenyon have  shown a  higher  incidence  of  acute  keratoconus  cases  among patients  having
undergone ocular traumatism more frequently. Overall the rate of postoperative complications after transplant remains
higher (stich breaking, traumatism, rejection...) compared to general population [1].

On the other hand, it would seem that keratoconus frequency of Down syndrome patient will vary according to the
ethnic  group  studied.  Thus,  a  study  involving  60  Down  syndrome  patients  living  in  Malaysia  discovered  a  higher
incidence of other ocular defects, such as epicanthus, nystagmus or even strabismus. Nevertheless, no keratoconus cases
were found [62]. Conversely, Shapiro found a keratoconus frequency of 15%within a population of 53 Down syndrome
patients of Caucasian origin [63].

4.6. Diabetes

The association with diabetes is analyzed but diabetes prevalence with keratoconus is not higher than in the general
population. On the other hand, diabetes patients develop less severe form [64, 65].

Biochemical property modifications of the cornea due to abnormal glycosylation of stromal collagen fibers of the
cornea of a diabetic was suggested. The protective effect of diabetes in cases of keratoconus could be explained by the
induction of auto cross-linking in the corneal stroma preventing biomechanical weakening of the cornea [1].

5. OTHER OPHTHALMOLOGICAL GENETIC DISORDERS

5.1. Leber Congenital Amaurosis

It is a hereditary disease causing bad eyesight from birth. This disease seems to be more associated with keratoconus
compared to other blinding disease [35]. Repeated ocular rubbing (oculo- digital sign) is definitely a favoring factor,
although a genetic factor could also be the cause [1].

5.2. Corneal Dystrophies

Keratoconus is rarely associated with corneal dystrophies [1].

5.2.1. Endothelial dystrophy

Darlington  reported  a  case  in  which  documented  bilateral  but  asymmetrical  keratoconus  was  associated  with
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unilateral corneal guttata in the more involved eye [66].

5.2.2. Macular Dystrophy

Association with macular dystrophy has been described by several authors. Javadi described two cases of macular
dystrophy associated with keratoconus with histopathological evidence [67 - 69].

5.2.3. Granular Dystrophy

It  can  also  be  associated  with  keratoconus,  in  this  case,  carrying  out  lamellar  transplant  is  preferential  for
keratoconus  in  case  of  dystrophy  deterioration  [1].

5.2.4. Posterior Polymorphous Corneal Dystrophy

This is a rare autosomal dominant bilateral dystrophy of decement membrane. Some cases of keratoconus associated
with PPCD have also been reported in the literature [1].

CONCLUSION

In summary, KC is the most common corneal ectasia and very common corneal disorder with the onset of puberty.
It affects both male and female and all ethnic groups worldwide. But its incident differs from region to region and also
according to ethnicity and both environmental and genetic factors contribute to the pathogenesis of KC. There are many
other factors affecting the disorder like nutritional, hormonal and lifestyle of the patient.

Because keratoconus is a bilateral disorder that affects both eyes but with different severity, and it starts at young
age so it affects an important part of the population which is the young group which is usually in the developing stage
and  an  important  part  of  the  productive  group  of  the  society,  therefore  this  disease  gains  a  special  concern  by  all
ophthalmologist worldwide.

In turn enormous effort and a huge amount of research was done and still ongoing worldwide to know the exact
cause of the disorder.

In the last 10 years, a significant amount of development has been made in the understanding of keratoconus and its
etiology and epidemiology. Newly developed genetic technologies including whole exome or genome sequencing and
genome-wide association technologies have promoted and will continue to improve our knowledge on the pathogenesis
of KC. This advancement will  lead to earlier detection of the disorder and more prompt treatment at an earlier age
which leads to less vision disability and a better outcome for the disorder and better prognosis.

The understanding of the epidemiology will  help us later in the treatment of the disease so important step is  to
identify the cause and the most important is preventing the visual impairment in this important part of the society.
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