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Abstract

Introduction: Patients with astigmatism, especially those with more than two diopters,
appear to have keratoconus as a co-morbidity. Understanding the coexistence of these
two diseases may aid in these patients' early detection and management. Purpose:
The purpose of the present study was to establish the rate of keratoconus among the
patients with >2D astigmatism in Bangladesh. Methods: 80 astigmatic patients >2D
among the age group 10-45 years old participated in this cross-sectional study between
May and August 2024 at Noor Makka and Makka Eye Hospitals, Dhaka, Bangladesh.
Keratoconus and subclinical cases were identified by using corneal topography, slit
lamp, and corneal asymmetry, along with general visual evaluation by an ophthalmology
consultant. Statistical package for the social sciences (SPSS) software was used as the
data analysis tool. Results: This study analyzed the socio-demographic information
and the eye characteristics of people with astigmatism. Out of 80 studied participants,
keratoconus appeared in 65%, mainly from the age group 17-30 (56.25%). Among the
study participants, males and females were 47.50% and 52.50%, respectively. The average
astigmatism level was recorded at 4.697 diopters. The research established a significant
statistical correlation between Keratoconus diagnosis and corneal biomicroscopy (p
=.001) and corneal topography (p = .000), where most of the keratoconus patients
showed thinning patterns in their stromal structure. The research also established a
connection between age and gender to keratoconus. Conclusions: This cross-sectional
study revealed a high prevalence of diagnosed keratoconus among astigmatic patients,
particularly affecting younger individuals.
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Introduction

Astigmatism creates vision problems when the eye takes a football shape
instead of maintaining its circular basketball shape.l'! Vision becomes unclear
for distances both close and far when light refracts inconsistently because of
unusual cornea or lens structures. The two main astigmatism categories involve
horizontal eye alignment, where width exceeds height, and vertical alignment,
where height exceeds width. The disease mechanisms for astigmatism remain
uncertain, however, heredity is a common factor in possible eye illnesses, injuries,
and surgeries of the optical system.!"! Eye specialists use a combination of an eye
chart, a phoropter, an autorefractor, and a keratometer during comprehensive
exams to diagnose astigmatism by measuring vision clarity and the cornea's
curvature. People worldwide experience astigmatism, yet its occurrence shows
substantial differences between different geographic areas. A systematic review
conducted by Zhang et al.?! found that astigmatism prevalence varies between
27% in Northern Western Europe, up to 62% in China along with multiple other
regions such as South Korea (31-58%), Germany (32%), Spain (54%), Japan (54%)
and the United States with rates ranging from 11 to 46%.

In addition to understanding astigmatism's causes, diagnosis, and prevalence,
it is crucial to examine its severity-wise prevalence across different populations
globally. The severity of astigmatism is categorized in diopters, ranging from
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mild (<1.00 diopters), moderate (1.00-2.00), high (2.00-
4.00), and extreme (>4.00 diopters).>! Evidence suggests
that populations with less than 2D astigmatism are more
prevalent in different countries.” However, subjects with
high or extreme astigmatism are not rare. Research by
Heidary et al.¥l established that astigmatism exceeding
2.5 D existed in 22% of the population, but more recent
data from Han et al.”! study identified this condition in
34% of participants. Prospective observational research
at a tertiary eye hospital in Bangladesh found that 5.2%
of patients exhibited astigmatism more significantly
than 2D.IS! The figure matched the results of Miyake et
al.”l, who discovered 5.6% astigmatism above 2D in their
research population.

Astigmatism population may show several types of
coexistence ocular morbidities such as blurred vision,
eye strain, headaches, poor night vision, keratoconus,
and amblyopia ('lazy eye').s! Research indicates that
keratoconus constitutesaleadingvision conditionbecause
of astigmatism.®! The eye condition called keratoconus
makes the front window of the eye, known as the cornea,
progressively thin and bulge outward into a cone shape,
producing improper light refocusing that causes vision
distortion and blurriness."”) High astigmatism leads to
increased Keratoconus development, according to the
studies!''}'2l however, mainly when astigmatism occurs
irregularly or progresses too fast.!''! The risk of developing
keratoconus exists in patients from families with this
condition or receiving an early diagnosis./"?!

In 1736, experts first recognized keratoconus.!"! Its
prevalence varies depending on the group, with less
frequent cases in Caucasians showing below 1,000 in
every 100,000 populations.l'*! Nevertheless, it is more
prevalent in Asian and Middle Eastern regions, hitting
1,500 to 5,000 per 100,000 individuals.'¥ The yearly
incidence of keratoconus is pretty steep in these areas,
too, with about 25 cases out of 100,000 getting it.[">! This
number is way smaller for Caucasians, with just two to
four peeps per 100,000 catching it yearly.'"” Research
suggests ethnicity plays a more prominent role than
geographic location in these differences, as seen in higher
prevalence among Asians and Maori Islanders.['4H6]
The etiology of keratoconus is multifactorial, involving
genetic and environmental factors like eye rubbing,
atopy, and UV exposure.['7'8] Genetic predisposition has
been noted, with some studies suggesting autosomal
dominant inheritance, though autosomal recessive
patterns have also been observed.'s! Keratoconus
significantly affects quality of life, with increased severity
leading to more pronounced difficulties in daily activities
and emotional well-being.!""! Studies/*°! have shown that
patients with keratoconus report lower scores on vision-
related quality-of-life measures, particularly in areas like
general vision, near vision, and peripheral vision. The
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disease's severity, history of surgery, and specific corneal
measurements further exacerbate its impact on quality
of life.l!!

Astigmatism is usually characterized by distortion
of the vision since the cornea or lens is not shaped
correctly. Many studies®"''l have also revealed a directly
proportional correlation between astigmatism higher
than 2D and keratoconus - an uncommon, however,
progressive form of eye ailment that can severely inhibit
vision. Although a vast amount of information relating
to astigmatism is available globally, a research void is
apparent regarding the prevalence of keratoconus in
Bangladesh among those with high astigmatism. Because
of these significant vision-related co-morbidities in
patients with astigmatism and this potential increased
susceptibility to the condition in this population, there
was an evident need for an early detection study. Thus,
the purpose of the present study was to establish the rate
of keratoconus among patients with >2D astigmatism
in Bangladesh to get an idea about demographic and
clinical predictors for keratoconus and make some
practical recommendations for early identification and
management of these patients.

Methods

This cross-sectional study was conducted at Noor
Makka Eye Hospital and Makka Eye Hospital in Dhaka,
Bangladesh, between May and August 2024. A total of 80
patients, aged between 10 and 45 years, with astigmatism
more significant than two diopters (D), were selected as
the study sample. These two hospitals, managed by the
Al-Basar International Foundation, were chosen as the
study sites. The study chose participants using specific
rules for who could join and who could not. People
between 10 and 45 years old with astigmatism above
2D were allowed to participate. The study excluded
those under 10, over 45, or with astigmatism of 2D or
less. Every patient went through a thorough eye check-
up. This check-up looked at their vision using a Snellen
chart, examined their eyes with a special microscope,
and mapped their corneas with a pentacam (4 Map)
device. The diagnosis of keratoconus was confirmed by
analyzing clinical findings and topographic features.
The thickness and elevation maps from the Galilei
System were employed to verify keratoconus cases. This
comprehensive diagnostic process ensured an accurate
assessment of the corneal condition in patients with
significant astigmatism.

The patient's eye was categorically diagnosed
with keratoconus when the slit lamp showed corneal
topography along with paracentral steeping. Other
features, such as stromal thinning, Vogt's striae, anterior
corneal bulging, or Fleischer ring being present, helped
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Table 1. The patients' socio-demographic status and their ocular
characteristics (N= 80)

Frequency Percentage (%)
Keratoconus
Yes 52 65.00
No 28 35.00
Age
10-16 (child) 30 37.50
17-30 (young adult) 45 56.25
31-43 (middle-aged adults) 05 6.25
Mean * Standard Deviation 20.0125+£7.19
Median 19
Gender
Male 38 4750
Female 42 52.50

aid the diagnosis. While examining the counterpart eye
of a patient suffering from keratoconus, if under slit
lamp biomicroscopy, keratometry, and ophthalmoscopy,
showed normal parameters such as asymmetry below
average, bow tie pattern, and skewed radial axes with
tangential maps, then subclinical keratoconus was
established. Patients without these parameters were
diagnosed with normal astigmatism. The data and their
findings were further processed through descriptive
statistics, and the results showcased mean values and
percentages. Furthermore, inferential statistics were
utilized to analyze the patients' demographic parameters
with keratoconus and its prevalence. Analyzing was
performed using SPSS Software version 26.0 (IBM Corp.,
Armonk, NY, USA), yielding a statistical significance at a
p-value of 0.05 or less.

Before conducting the study, ethical approval was
obtained from the Ethics Committee of the Al-Basar
International Foundation to ensure the research adhered
to ethical standards and guidelines. In addition, each
research participant received a complete understanding
of the study's purpose and intended objectives. The
research team outlined the nature of the study together
with data usage information and explained why
participant involvement was essential. The research
team obtained spoken and written consent from
participants who voluntarily participated before they
began their data collection processes. The participants
could ask questions and withdraw without receiving any
adverse consequences. The researchers emphasized that
all registered information would remain confidential
and serve only research functions while stored under
strict privacy protocols. The research team stressed that
they would anonymize the data yet use secure methods
to protect participant privacy during its handling.
By implementing this approach, the participants
fully understood their rights, combined with ethical
protections, strengthening research transparency and
participant trust.
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Results

This section reveals study outcomes that provide a
breakdown of the patient's demographic features and
eye characteristics alongside astigmatism measures,
eye examination reports, and connections between
patient demographics and eye features to Keratoconus
development.

A group of patients exhibits socio-demographic traits
and eye conditions according to the breakdown in Table
1. Keratoconus diagnosis exists in 65% of the subjects,
however, the remaining 35% did not have this condition.
Most patients with keratoconus belong to the young adult
group aged 17-30(56.25%), children aged 10-16 occupied
37.50% of all patients, and middle-aged adults between
31-43 years made up only 6.25% of the population. The
mean age was 20.01 years, with a median of 19 years,
indicating that most patients were young adults. The
standard deviation of 7.19 shows a relatively wide
variation in ages, ranging from 10 to 43 years. Gender
distribution is nearly balanced, with 52.50% female and
47.50% male. These statistics suggest a predominance of
younger individuals with keratoconus and a relatively
equal gender distribution in this population.

In terms of astigmatism, Figure 1 shows the average
level is 4.697 diopters, with a median of 4.625, suggesting
moderate levels of astigmatism in this group. The
standard deviation of 2.022 indicates some variation in
astigmatism levels, ranging from a minimum of 2.25 to
a maximum of 9.5 diopters. These statistics highlight a
diverse age range but a somewhat concentrated range of
astigmatism.

The ophthalmic examination report can be observed
in Table 2, which reveals key insights into the patient's
eye conditions. A majority of patients (63.75%) have
issues affecting both eyes, while 21.25% have problems
in the right eye (OD) and 15% in the left eye (OS). Corneal
biomicroscopy results show that 6.25% of patients have
a Fleischer ring, 65% exhibit stromal thinning, 12.50%
present with Vogt's striae, and 16.25% have normal
findings. Corneal topography patterns vary, with
asymmetric bowtie with inferior steeping being the most

Distribution of patients by astigmatism level

-7

211045 4511070 711095
Figure 1. Distribution of patients according to their astigmatism level (N= 80).
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Table 2. Patient ophthalmic examination report
Frequency Percentage (%)

Eye

Oculus dexter (OD) 17 21.25
Oculus sinister (OS) 12 15.00
Both 51 63.75
Corneal biomicroscopy

Normal 13 16.25
Fleischer ring 5 6.25
Stromal thinning 52 65.00
Vogt's striae 10 12.50
Corneal topography patterns

Asymmetric bowtie 02 2.50
Asymmetric bowtie inferior steeping 25 31.25
ey
Asymmetric bowtie superior 11 13.75
steeping

Oval 02 2,50
Round 06 7.50
Symmetric bowtie 24 30.00

common pattern (31.25%), followed by symmetric bowtie
(30%). Less frequent patterns include asymmetric bowtie
with skewed steepest radial axis (12.50%) and superior
steeping (13.75%). The least common patterns are oval
and asymmetric bowtie, each accounting for only 2.50%.
This data highlights a range of corneal irregularities, with
many patients showing advanced signs of keratoconus.

Table 3 presents the relationship between socio-
demographic variables and keratoconus occurrence.
A significant association is found between age and
keratoconus (p = .023), with younger individuals (10-
16 and 17-30 years) likelier to have keratoconus than
middle-aged adults. The Phi and Cramer's V value of
.308 suggests a moderate relationship between age and
Keratoconus occurrence. Gender is also significantly
associated with keratoconus (p =.044), with males being
more affected (29 cases) than females (23 cases). The Phi
and Cramer's V value of .226 indicates a weak to moderate
relationship. This data suggests that age and gender play
arole in keratoconus prevalence.

Table 4 illustrates the relationship between ocular
characteristics and keratoconus occurrence, showing
strong statistical associations. Corneal biomicroscopy
findings reveal a significant link with keratoconus (p
= .001), where the presence of a Fleischer ring (one
case), stromal thinning (49 cases), and Vogt's striae
(two cases) are strongly associated with keratoconus.
In contrast, most patients with normal corneal findings
(13 cases) do not have keratoconus. The Phi and Cramer's
V value of .632 suggests a strong relationship between
corneal biomicroscopy characteristics and Keratoconus
occurrence.
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Corneal topography patterns also have a highly
significant association with keratoconus (p .000),
with asymmetric bowtie patterns—particularly inferior
steeping (24 cases) and skewed steepest radial axis
(11 cases); being prevalent in keratoconus patients.
Symmetricbowties (19 cases)and round patterns (5 cases)
are common in those without keratoconus. The Phi and
Cramer's V value of .797 indicates a robust relationship
between corneal topography and keratoconus. This data
underscores that specific ocular characteristics are highly
predictive of Keratoconus occurrence.

Discussion

Our study aimed to assess the prevalence of
keratoconus in patients with astigmatism more
significant than two diopters and found that 52 (65%) of
the participants had been diagnosed with keratoconus.
This finding reveals that the prevalence was higher than
those prior studies conducted in different countries.°H!!l
The difference between studies regarding their sample
size and investigative methods has been referred to as
the reason for this difference.’

On the other hand, most respondents were young
adults, with an average age of 20.01 years, and the age
range was from 10 to 43 years. It is similar to other
studies of this nature. For instance, Serdarogullari et al.*?!
studied 65 patients aged 29.9 years, ranging from 15 to
45 years. Similarly, in the study conducted by Shehadeh
et al.??l, the participants' age range was found to be from
17 to 27 years old, with a mean age of 21.1 years, while
Hashemi et al.l''! chose patients aged 20-34 years. All
these studies!''+?2123] emphasize this age bracket, which
agrees with several findings that keratoconus is an age-
related factor in its development. It usually starts after the
teenage years and advances into a mature life. Therefore,
selecting a similar age group in our investigation aligns
with previous research that found this population
highly relevant to understanding keratoconus onset and
progression issues.

Table 3. The relationship between the socio-demographic variables and
keratoconus occurrence

Keratoconus Phi and Cramer’s
V; (approximate
Yes  No Value significance)
Age
10-16 (child) 17 13
17-30 (young adult) 34 11 023 3088 .308: (.023)
31-43 (middle-aged 01 04
adults)
Gender
Male 29 09
044 226 & .226; (.044)
Female 23 19

37



Vision Science and Eye Health Journal

Table 4. The relationship between the ocular characteristics and
keratoconus occurrence

Keratoconus Phi &
P Cramer’s V;
Yes No Value (Approximate
significance)
Corneal biomicroscopy
Normal 00 13
Fleischer ring 01 04 632 & .632;
- .001
Stromal thinning 49 03 (.001)
Vogt's striae 02 08
Corneal topography patterns
Asymmetric bowtie 02 00
Asymmetnc t?owtle o4 01
inferior steeping
Asymmetric bowtie
with skewed steepest 11 00
radial axis 000 797 & 797,
) ) (.000)
Asymmetric bowtie
) . 09 01
superior steeping
Oval 00 02
Round 01 05
Symmetric bowtie 05 19

The degree of astigmatism among this study subjects
ranged between 2.25 and 9.5 diopters, with a significant
mean of 4.697 diopters. Our investigation involved
higher grades of astigmatism compared to that by Zhang
et al.?l, who discussed, in a broad sense, the prevalence
of astigmatism as ranging between 8% and 62%. Zhang's
et al.P!results also showed a high prevalence of with-the-
rule (WTR) astigmatism in younger patients and against-
the-rule (ATR) astigmatism in older patients, consistent
with our young patient population. Heidary et al.* also
found lower astigmatism ranges (1.0-2.5 D), where WTR
astigmatism was most frequent among young patients,
which agreed with our findings.

Han et allP! reported lower astigmatism levels
(average 2.09 D) in patients with congenital cataracts
and found a correlation between astigmatism and
aberrations, which may influence future research on
patients with higher astigmatism levels. Islam et al.[f!
observed ATR astigmatism more frequently in older
populations, while our younger cohort displayed a
higher rate of WTR astigmatism. Miyake et al.”l also
confirmed the prevalence of WTR astigmatism in
younger individuals, further supporting the age-related
trends seen in our study. Our study highlights significant
differences in astigmatism severity, age distribution, and
type, contributing to understanding keratoconus and
high astigmatism in younger patients.

Our corneal biomicroscopy study findings show that
6.25% of patients have a Fleischer ring, 65% exhibit stromal
thinning, 12.25% present with Vogt's striae, and 16.25%
have normal results. The presence of stromal thinning
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in 65% of patients was a decisive factor in diagnosing
keratoconus. These findings align with those of Shakir
et al.l’, where stromal thinning was observed in 21 eyes,
all diagnosed as Keratoconus cases. Similarly, Reinstein
et al.l?4 found that normal eyes had a stromal thickness
progression of 29.9 + 5.4 ym, compared to 60.6 + 25.6 pm
in keratoconus eyes, confirming that stromal thinning
is more pronounced and worsens with the progression
of keratoconus. Zhou and Stojanovic*!also emphasized
stromal thinning as a critical indicator of keratoconus.

Additionally, our study observed Vogt's striae in
ten cases. Of these eyes, only two were diagnosed with
keratoconus. Therefore, the others may be at high risk
for developing subclinical keratoconus. Grieve et al.*®l
identified Vogt's striae as a key indicator of keratoconus,
suggesting that further examinations are necessary for
these patients. Similarly, Shi?’I highlighted the Fleischer
ring, observed in five cases in our study, along with Vogt's
striae, as markers of subclinical keratoconus that warrant
additional diagnostic evaluations.

In our study, corneal topography patterns showed
significant variation, the most common being asymmetric
bowtie with inferior steeping (AB/IS), observed in 31.25%
of cases, followed by symmetric bowtie in 30%. It aligns
with previous research®, though some variations in
pattern prevalence are evident. For instance, an author
found symmetric bowtie to be the most frequent patternin
their study, observed in 49% of patients.°! This discrepancy
could be attributed to differences in study populations and
diagnostic criteria. Similarly, a group of scholars reported
symmetric bowtie as the most frequent pattern (29%)
in their study conducted in Iran!'', and another study
also identified symmetric bowtie as the most prevalent
pattern in 36% of their keratoconus patients.?®! In contrast,
our study identified AB/IS as the second most frequent
pattern, observed in 15 eyes (31.25%). This finding is
consistent with a prior report, which reported AB/IS in
16.7% of their patients.'"'! The prominence of AB/IS in
our study may reflect regional differences or patient
demographics, as studies have shown variability in
topography patterns across different populations.

Less frequent patterns in our study included
asymmetric bowtie with skewed steepest radial axis (AB/
SRAX) in 12.5% of cases and superior steeping (AB/SS) in
13.75%. These patterns have also been documented in
previous studies®M!11281 a]lbeit at varying frequencies. For
instance, a group of researchers found AB/SRAX in 12% of
cases!'"l, aligning closely with our findings. Additionally,
asymmetric bowtie and oval patterns were the least
common, each accounting for 2.5% of cases in our study,
which is similar to the findings of prior research®H28]
who reported low frequencies of these patterns.

The variations in corneal topography patterns
observed in our study, when compared with previous
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research, underscore the importance of regional and
demographic factors in the presentation of keratoconus.
Our findings add to the growing body of literature
by providing additional insights into the distribution
of topography patterns in patients with astigmatism
greater than two diopters. Understanding these patterns
is crucial for early diagnosis and effective management
of keratoconus, particularly in populations at higher
risk for this condition. Further research is warranted to
explore the potential underlying factors contributing to
the differences in pattern distribution across different
studies and regions.

Our study observed a significant association between
age and keratoconus, with younger individuals (10-16
and 17-30 years) more likely to have keratoconus than
middle-aged adults (p = .023). The Phi and Cramer's V
value of .308 suggests a moderate relationship between
age and Keratoconus occurrence. These findings
are consistent with previous research!''M?3  which
has identified younger age as a critical factor in the
development of keratoconus. However, some studies
did not find a significant relationship between age and
keratoconus (p=.1)°M>°I and also reported no significant
association between age and keratoconus in both genders.
Despite these differences, our results support the broader
understanding that keratoconus often manifests in
younger individuals, particularly during adolescence and
early adulthood, which has been documented as a crucial
developmental period for the disorder.

In terms of gender, our study revealed a significant
association with keratoconus (p =.044), with males being
more frequently affected (29 cases) compared to females
(23 cases). The Phi and Cramer's V value of .226 indicates
a weak to moderate relationship between gender and
keratoconus occurrence. Past research!''!3% supports this
discovery that keratoconus affects males more often than
females, however, the studies show varying degrees of
association between gender and disease prevalence. Our
study, along with others, shows male predominance in
keratoconus probably because of genetic, hormonal, and
environmental factors that lead to gender disparities in
incidence rates.

This study showed a significant association between
findings from corneal biomicroscopy: Fleischer rings,
stromal thinning, Vogt's striae, and keratoconus
development, where the p-value was .001. Besides
this, the value of Phi and Cramer's V was .632, proving
a strong positive relationship between keratoconus
and corneal biomicroscopy features. This agrees with
other studies that were conducted previously.?'32133]
Corneal biomicroscopy can hence be concluded to be
a good predictor of the incidence of keratoconus. Our
study further confirmed a strong relationship between
corneal topography patterns and the occurrence of
keratoconus at p =.000 because Phi and Cramer's V value
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was .797, indicating a robust relationship between these
two variables. This agrees with the conclusions of some
previous researchs!'''?8] who included the patterns of
corneal topography among the reliable predictors of the
development of keratoconus.

Nothing is beyond the limitations, and neither is
this study. Our sample size is not significant; thus, the
generalization to the population has certain limitations.
Larger-sized studies conducted across various regions
will most aptly meet the purpose of understanding the
prevalence of keratoconus among high-astigmatism
patients. Moreover, our study had a single geographical
focus and thus is not fully representative of the variability
of Kkeratoconus regarding different populations,
ethnicities, and environmental conditions. Further
research should be extended to larger areas for regional
variation to be confirmed as influencing the prevalence
and characteristics of keratoconus.

Another limitation is that it was a cross-sectional
study. Cross-sectional studies obtain information
simultaneously and do not reveal how Kkeratoconus
progressesinsubjects with highastigmatism. Longitudinal
studies could reveal much about progression over several
years, particularly in youth, where progression occurs
rapidly. In addition, although corneal topography and
biomicroscopic examination played a significant role in
diagnosing, employing newer technology such as corneal
tomography or biomechanical testing could reveal a lot
about subclinical keratoconus and allow early detection.

Finally, even though our study detected significant
correlations between age, gender, and specific corneal
traits concerning keratoconus, several confounding
factors, such as genetic factors, environmental factors
(e.g., UV radiation), and individual patient factors (e.g.,
eye-rubbing habits), could not be addressed in our
study. Accounting for such factors in future studies can
contribute to a deeper understanding of the complex
interrelationships between several factors and the
development of keratoconus.

Conclusions

This cross-sectional study observed Keratoconus rates
among patients with astigmatic diopter measurements
exceeding two. Results indicated that many such patients
had keratoconus, which exceeded the previous study's
findings. Eye examination with corneal topography needs
to be done thoroughly. Early detection of the condition
proves essential because the population most affected
by keratoconus consists of young adults between 10
and 30. Men among the subjects showed higher rates of
keratoconus development compared to women. These
findings highlight the importance of age and gender
specific early examinations followed by interventions to
control eye diseases.
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