CLINICAL SCIENCE

Pterygium Is Related to Short Axial Length

Li Mei Zhang, MD,* Yang Lu, MD, 71} and Lan Gong, MD, PhD7}f

Purpose: To test the hypothesis that pterygium presents with both
refractive and anatomical changes, especially short axial length.

Methods: A retrospective, hospital-based cross-sectional study
included 521 eyes from 521 patients who were enrolled through
a community survey by Shanghai Heping Eye Hospital was
conducted. Patients with primary pterygium in at least 1 eye were
considered the pterygium group, and those with normal eyes were
considered the nonpterygium group. The prevalence and length of
pterygium, refractive characteristics including spherical power, astig-
matism, corneal curvature, and anatomical parameters including axial
length, anterior chamber depth, endothelial cell density, and corneal
thickness were compared between groups.

Results: Five hundred twenty-one eyes of 521 patients (214 men and
307 women) with a mean age of 70.5 = 7.6 years were included in the
study. The prevalence of hyperopia (81.6%, 65.1%, P = 0.001), axial
length (23.1 = 1.2 mm, 24.2 = 2.4 mm, P < 0.001), anterior chamber
depth (2.9 = 0.3 cm, 3.1 £ 0.4 cm, P =0.001), flat K value (42.94 =
2.16 diopters, 43.73 £ 1.48 diopters, P = 0.002), Kmax (51.13 £ 7.74
diopters, 47.49 = 5.62 diopters, P < 0.001), and spherical power (0.97
* 2.40 diopters, —0.82 £ 4.40 diopters, P < 0.001) were statistically
different between the pterygium and nonpterygium groups. Age (r =
—0.21, P =0.025), corneal astigmatism (r = —0.41, P < 0.001), flat K
value (r= —0.39, P < 0.001), and endothelial cell density (r = —0.33,
P =0.001) were all negatively correlated with the length of pterygium.
The prevalence of pterygium and severe pterygium over 3 mm were
statistically different according to the severity of hyperopia (P <
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0.001) and axial length (P < 0.001). Stratified x? analysis showed that
axial length, rather than hyperopia, was a related factor to pterygium
(odds ratio = 5.23, 95% confidence interval: 2.50-10.93).

Conclusions: We conclude from our study that the prevalence of
pterygium is related to small eye size. SDF-1/CXCR4 signaling may
play a vital role in pterygium and shorter axial length. Further study
focused on SDF-1/CXCR4 signaling will be needed.
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terygium, one of the most common eye disorders, is an

inflammatory and proliferative growth of fibrovascular
tissue that extends across the limbus and invades the cornea. With
a prevalence ranging from 0.7% to 33% globally,! this disease
may be afflicting as many as 200 million people in the world.?
Symptoms vary from no symptoms to a large mass. In severe
cases, pterygium can seriously impair vision quality because of
irregular astigmatism and physical occlusion of the visual axis.?

The etiology of pterygium, however, remains poorly
understood. Reported risk factors for developing the disease
included ultraviolet radiation exposure,* race,>® male gen-
der,>7 and oncogenic virus infection, for example, human
papillomavirus®'9 and herpes simplex virus.!-12In most cases,
pterygium affects vision through corneal astigmatism. The
relationship between pterygium and astigmatism has been well
studied. However, in clinical practice, we have found that
pterygium is often accompanied by short axial length or
hyperopia. The link between them is still unknown.

In our settings, patients with pterygium do not undergo
axial length measurement or refraction test; therefore, there is
no evidence to confirm the connection among them. The aim of
this study was to determine whether the presence of pterygium
in the population is indeed related to hyperopia or short axial
length. To the best of our knowledge, this is the first study
detailing the correlation between pterygium and axial length.

PATIENTS AND METHODS
Study Population

This retrospective, hospital-based cross-sectional study
included 521 patients who were enrolled through a community
survey by Shanghai Heping Eye Hospital between January
2018 and September 2018. Patients with primary pterygium in
at least 1 eye were considered the pterygium group, and those
without pterygium were considered the nonpterygium group.
The affected eye in patients with unilateral pterygium, the right
eye in patients with bilateral pterygium, and the right eye in

Cornea * Volume 39, Number 2, February 2020


http://www.corneajrnl.com
mailto:13501798683@139.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Cornea * Volume 39, Number 2, February 2020

Pterygium Is Related to Short Axial Length

nonpterygium group were analyzed. All eligible patients were
identified and included in our study consecutively. Patients
were excluded if any of the following conditions were met:

1. Patients with pseudopterygium, uveitis, keratitis, or
glaucoma in either eye

2. Patients without biometry data

3. Patients with a history of any ocular surgery or trauma

Data Collection

Demographic data including age, sex, onset of ptery-
gium, and medical history were recorded. The demographics
were recorded with detailed eye examination findings. Opto-
metric and anatomic data including the prevalence of hyper-
opia, corneal astigmatism, flat K value (FK), steep K value
(SK), Kmax, visual acuity, best-corrected visual acuity,
spherical power, cylindrical power, axial length, anterior
chamber depth, endothelial cell density, and corneal thickness
were also recorded.

For every study subject, visual acuity, best-corrected
visual acuity, manifest refraction, and slit-lamp examination
were conducted. Standardized slit-lamp examination was
performed by trained ophthalmologists to examine the anterior
segment. Pterygium was defined as an extension of the
conjunctiva onto the clear cornea for which there was no
alternative explanation, for example, pseudopterygium, pin-
guecula, tumor, Terrien marginal corneal degeneration, or
trauma. Length of pterygium, defined as the distance from
the limbus to the edge of pterygium, was also recorded. Central
corneal curvature of each eye was acquired using corneal
topography (Sirius System; C.S.O. Srl, Florence, Italy).
Astigmatism and axial length were obtained using the Zeiss
IOLmaster 500 (Carl Zeiss Meditec AG, Jena, Germany).
Corneal endothelial cell density was calculated using a specular
microscope (specular microscope SP-2000P; Topcon).

Statistical Analysis

A chi-square test was used to compare the prevalence of
hyperopia among patients in the pterygium group and non-
pterygium group. Refractive and anatomical characteristics
were compared using a Mann—Whitney U test. Correlation
between refractive or anatomical characteristics and length of
pterygium was based on the Spearman correlation coefficient.
The prevalence of pterygium among different severities of
hyperopia and spherical power was analyzed using a trend x>
test. A stratified x? test was performed to evaluate the effect of
hyperopia and axial length on the prevalence of pterygium after
controlling confounding factors. All data analyses were per-
formed using IBM SPSS statistical software package version
22 (IBM Co, Chicago).

RESULTS

Demographics in Study Population
A total of 521 eyes from 521 subjects were used. The
overall prevalence of hyperopia was 68.7% (n = 358), of
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which 282 had binocular hyperopia (54.1%), and pterygium
was seen in 21.9% (n = 114). The overall mean age * SD
was 70.5 = 7.6 years with a male:female ratio of 214:307
(Table 1).

Comparison of Refractive and
Anatomical Characteristics

No difference was found in age (P = 0.054) and sex
ratio (P = 0.299) between pterygium and nonpterygium
groups. The prevalence of hyperopia in the pterygium
group was higher than that in the nonpterygium group
(81.6%, 65.1%, P =0.001). Axial length (23.1 = 1.2 mm,
242 * 2.4 mm, P < 0.001) and anterior chamber depth
(2.9 £ 0.3 cm, 3.1 £ 0.4 cm, P =0.001), which indicate
the size of the eye, were shorter in the pterygium group.
FK (P = 0.002), Kmax (P < 0.001), and spherical power
(P < 0.001) were different between groups. No difference
was found in SK (P = 0.40), visual acuity (P = 0.13), best-
corrected visual acuity (P = 0.30), cylindrical power (P =
0.47), axis (P = 0.45), endothelial cell density (P = 0.96),
or corneal thickness (P = 0.10) between groups (Table 2).

Analysis of Correlation Between Refractive or
Anatomical Parameter and Pterygium

Age (Spearman correlation coefficient, r = —0.21,
P = 0.025), corneal astigmatism (Spearman correlation
coefficient, r = —0.41, P < 0.001), FK (Spearman

correlation coefficient, r = —0.39, P < 0.001), and
endothelial cell density (Spearman correlation coefficient,
r=—0.33, P =0.001) were all negatively correlated with
the length of pterygium (see Supplemental Table 1,
Supplemental Digital Content 1, http://links.lww.com/
ICO/A924).

No difference was found in age and sex ratio among
subjects with hyperopia and those without hyperopia.
Interestingly, an increasing trend was found in the
prevalence of pterygium with the increasing number
of eyes with hyperopia using the x? test for trend
(Mantel-Haenszel test, Table 3). When the subjects were
divided according to axial length, the prevalence of any
pterygium and the severe pterygium over 3 mm increased

with decreasing of axial length (P < 0.001,
Mantel-Haenszel test, Table 4).

TABLE 1. Demographic Characteristics

Total 521
Mean age (yrs) 70.5 = 7.6
Male:female ratio 214:307

Pterygium
Overall hyperopia
Binocular hyperopia

114 (21.9%)
358 (68.7%)
282 (54.1%)

Data are presented as mean = SD or number (percentage).
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TABLE 2. Comparison of Refractive and Anatomical
Characteristics

TABLE 3. Demographics and Characteristics of Pterygium in
the Population With Hyperopia

Pterygium Nonpterygium
(n =114) (n = 407) P
Age (yrs) 69.1 =94 709 = 7.0 0.054
Sex 0.299*
Male 42 (36.8%) 172 (42.3%)
Female 72 (63.2%) 235 (57.7%)
Prevalence of hyperopia 81.6% 65.1% (n=265) 0.001*
(n=93)
Corneal astigmatism —2.03 =221 —1.02 £0.87 <0.0017

(diopters)
FK (diopters)
SK (diopters)

4294 =216 4373 = 148  0.002}
4493 = 1.55 4472 £ 1.56 0.407

Kinax (diopters) 51.13 = 7.74 4749+5.62  <0.001f

Visual acuity (logarithm 0.39 *+ 0.32 0.47 = 0.40 0.13}
of the minimum angle
of resolution)

Best-corrected visual 0.23 £ 0.30 0.26 = 0.26 0.307
acuity (logarithm
of the minimum
angle of resolution)

Spherical power 0.97 £ 2.40 —0.82 = 440 <0.001f
(diopters)

Cylindrical power —121 113 —-131=*x125 047}
(diopters)

Axis (degree) 81.17 £ 59.33  76.22 * 39.63  0.457

Axial length (mm) 23.1%x1.2 242 £24  <0.0017

Anterior chamber 29 £0.3 3.1 £04 0.001F
depth (cm)

Endothelial cell density 2600 + 436 2602 = 421 0.967
(cells/mm?)

Corneal thickness (um) 536.65 * 541.56 £ 43.13  0.10%

39.50

*P value based on x? analysis.
tP value based on analysis of the Mann—Whitney U test.

Effect of Axial Length or Hyperopia on
Pterygium After Controlling
Confounding Factors

The prevalence of hyperopia in the pterygium group was
different from that in the nonpterygium group (P = 0.001).
Hyperopia seems to be associated with pterygium with an odds
ratio (OR) value of 2.25 (95% confidence interval [CI]:
1.34-3.78). However, the difference was no longer significant
when stratified x? analysis was performed with 24 mm of axial
length as the cutoff point (P =0.477, AL < 24 mm, OR = 1.31,
95% CI: 0.62-2.79; P =0.332, AL = 24 mm, OR = 0.53, 95%
CIL: 0.14-1.96). After correcting the effect of the confounding
factor of axial length, the corrected P value was 0.924, with an
OR value of 1.03 (95% CI: 0.55-1.93) (Table 5).

The percentage of subjects with an axial length less
than 24 mm in the pterygium group was different from that in
the nonpterygium group (P < 0.001). Short axial length
(<24 mm) was related to pterygium with an OR value of 4.74
(95% CI: 2.62-8.60). The difference, however, was still
significant when stratified x? analysis was performed with
hyperopia as a cofounding factor (P < 0.001, with hyperopia,

142 | www.corneajrnl.com

Binocular Monocular
Hyperopia Hyperopia Nonhyperopia
(n = 282) (n =176) (n =163) P
Age (yrs) 70.8 £ 7.3 714 = 7.1 69.7 = 8.4 0.16
Sex 0.63
Male 114 (40.4%) 35 (46.1%) 65 (39.9%)
Female 168 (59.6%) 41 (53.9%) 98 (60.1%)
Pterygium
Overall 75 (26.6%) 18 (23.7%) 21 (12.9%)  0.003
Length = 34 (21.1%) 7 (9.2%) 9 (5.5%) 0.02
3 mm

Data are presented as mean = SD or number (percentage).

OR = 7.80, 95% CI: 2.38-25.60; P = 0.014, without
hyperopia, OR = 3.13, 95% CI: 1.22-8.02). After correcting
the effect of the confounding factor of hyperopia, the
corrected P value was still less than 0.001, with an OR value
of 5.228 (95% CI: 2.50-10.93) (Table 6).

DISCUSSION

This is the first study to link pterygium to hyperopia and
short axial length. The effect of pterygium on corneal
astigmatism and optical irregularity is well known. The results
of the current study demonstrated that pterygium had an
influence on astigmatism, and this influence was dependent on
the size of pterygium, which means that the larger the size of
pterygium, the more astigmatism it exerts to the ocular surface.
At the anterior corneal surface, a more flattened FK was found
in the pterygium group. However, the difference in SK was not
significant between the 2 groups, as shown by recent
studies.!314

In this study, an increasing trend was found in the
prevalence of pterygium with the severity of hyperopia, which
has a connection with short axial length.'>-19To avoid the effect
of corneal curvature exerts on refractive status, axial length and
anterior chamber depth were deliberately measured to directly
reflect the size of the eye, which was shorter than that in
patients without pterygium. Interestingly, hyperopia seemed to
have an association with pterygium; however, stratified chi-
square analysis showed that hyperopia was not a related factor;
instead, it was just a consequence of short axial length.

TABLE 4. Comparison of Characteristics of Pterygium Among
Different Axial Length

AL =23 23 <AL =26 AL >26
Axial Length (mm) (n = 168) (n =277) (n =70) P
Pterygium
Overall 56 (51.4%) 51 (46.8%) 2 (1.8%) <0.001
Length =3 mm 23 (13.7%) 25 (9.0%) 1(1.4%) <0.001

P value based on analysis of the Mantel-Haenszel test.
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TABLE 5. Effect of Hyperopia on the Prevalence of Pterygium After Controlling the Axial Length (Stratified x? Analysis)

Prevalence of Hyperopia in

Prevalence of Hyperopia in

Axial Length (mm) the Pterygium Group* the Control Group* P ORf 95% CI
<24 mm 89.8% (88/98) 86.3% (207/240) 0.477 1.31 0.62-2.79
=24 mm 31.3% (5/16) 34.1% (57/167) 0.332 0.53 0.14-1.96
Total 81.6% (93/114) 64.9% (264/407) 0.001 225 1.34-3.78
0.924% 1.03§ 0.55-1.93§

*Data are presented as percentage (number of subjects with hyperopia/total number of subjects in the pterygium or control groups).
TOR between prevalence of hyperopia and prevalence of pterygium; P value of homogeneity of the OR test was 0.231 (Breslow—Day).

1P value of the conditional independence test (Cochrane method).
§Mantel-Haenszel Common OR Estimate.

Results from some research studies indicated that a high
proportion of the scleral cell population were myofibroblasts
in treeshrew and guinea pig models with shorter axial
length,!7-18 suggesting that the reduction in axial length
may have been caused by activation of a contractile mech-
anism involving scleral myofibroblasts. Myofibroblasts have
been reported to be present in the sclera of humans and
monkeys.!” Myofibroblasts, just as fibroblasts, are responsi-
ble for the normal renewal of collagen and are likely to act as
scaffolds until a new matrix is synthesized to prevent rapid
expanding of tissue on degrading the matrix with matrix
metalloproteinases.!8-20-21 Excessive activation of myofibro-
blasts can lead to an increase in the transmission of the force
generated by myofibroblasts into the surrounding matrix,
which may cause myofibroblasts to maintain high tension for
a long period of time, resulting in slow tissue growth and
short axial length. Stromal myofibroblasts or fibroblasts also
play a vital role in pterygium progression. SDF-1, probably
produced by resident fibroblasts, can recruit circulating cells
expressing CXCR4 to the surface of the eye where pterygium
is generated. CXCR4-positive cells can be activated and
transformed into myofibroblasts through SDF-1/CXCR4
signaling.'® Unoccupied CXCR4-positive cells may lose their
phenotype over time and become inactive CXCR4-negative
resident stromal fibroblasts. Then, some of these cells may be
eventually transformed into myofibroblasts through a non-
SDF-1-dependent pathway.??

Yet, the origin of pterygium fibroblasts has been a matter
of debate. It is worth mentioning that in a previous study which
first proved the presence of myofibroblasts in pterygium,

myofibroblasts were found in the fibrous adipose tissue near
the nasal conjunctiva around the orbit, rather than in ptery-
gium.>?> Recently, mesenchymal progenitor cells from which
profibrotic  myofibroblasts can also arise through
endothelia—mesenchymal transition have been isolated from
human orbital adipose tissue.>*

Several studies have shown that children who spend
more time outdoors have a lower incidence of myopia and
less axial length elongation.?>2° It also should be noted that
outdoor time and sunlight exposure are related to pterygium.
One likely biological explanation for this association is that
the retina responds to high levels of light by releasing
dopamine, which inhibits axial length growth.3%3! Interest-
ingly, CXCL12, formerly known as stromal cell-derived
factor one alpha (SDF-1a), is one of the few chemokines
located in the central nervous system and can modulate
dopamine transmission through activation of its receptor
CXCR4.3233 CXCLI12 injected into the substantia nigra
enhances extracellular dopamine in the dorsal striatum in
a CXCR4 receptor-dependent way.>*33 In the retina, which is
part of the central nervous system, CXCR4 is required for
survival of embryonic ganglion cells®® and functions as
a morphogen in modulating retinal vasculogenesis.3” Its
interaction with dopamine in the retinal field, however,
remains unclear. Another possible molecular mechanism is
through vitamin D. Although the connection between sunlight
exposure and serum 25-hydroxyvitamin D (25[OH]D) is
clear, a large birth cohort study that enrolled 2666 children
suggested that serum 25(OH)D levels were inversely associ-
ated with axial length even after adjusting for time spent

TABLE 6. Effect of Axial Length on the Prevalence of Pterygium After Controlling the Prevalence of Hyperopia (Stratified x?

Analysis)
Subjects With AL < 24 mm in Subjects With AL < 24 mm in
Hyperopia the Pterygium Group* the Control Group* P ORY 95% CI
Yes 94.6% (88/93) 78.4% (207/264) <0.001 7.80 2.38-25.60
No 47.6% (10/21) 23.1% (33/143) 0.014 3.13 1.22-8.02
Total 86.0% (98/114) 59.0% (240/407) <0.001 4.74 2.62-8.60
<0.001% 5.23§ 2.50-10.93§

*Data are presented as percentage (number of subjects with axial length <24 mm/total number of subjects in the pterygium or control groups).
TOR between short axial length (<24 mm) and prevalence of pterygium; P value of homogeneity of the OR test was 0.206 (Breslow—Day) and 0.222 (Tarone’s).

§Mantel-Haenszel Common OR Estimate.
1P value of the conditional independence test (Cochrane method).

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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outdoors.?® This effect appeared independent of outdoor
exposure and may suggest a more direct role for 25(OH)D
in axial length. It is also worth mentioning that 25(OH)D
upregulates eosinophil surface expression of CXCR4 in
a concentration-dependent manner.3°

The Spearman correlation test showed a negative rela-
tionship between pterygium invasion and endothelial cell
density. Several retrospective studies have confirmed that
pterygium is related to a decrease in corneal endothelial cell
density.*® However, these studies ignore the fact that corneal
endothelial density decreases with age, and most studies have
not ruled out the influence of age to draw this conclusion.
Therefore, it cannot be concluded that the decrease in corneal
endothelial density is necessarily related to pterygium. In this
study, corneal endothelial density was not different between
pterygium and nonpterygium groups, but negatively correlated
with the length of pterygium, which may be because of the
influence exerted by older age. Previous reports revealed
controversial findings regarding age in the presence of
pterygium. Most studies found that increasing age was
associated with any pterygium.®*! The mean age reported in
previous studies was 35 to 60 years old according to different
regions.®*142 Patients in this study were enrolled through
a community survey that examined all residents in an area, not
only those with pterygium were screened. Therefore, the
average age was different from most previous studies. This
explains the result that age was not correlated with the
prevalence of pterygium. Interestingly, decreasing age was
related to the length of pterygium. This may be because the
younger the age, the more viable the fibroblasts, and the more
easily they are activated, the faster the pterygium grows.

There are some drawbacks in this study. Usually,
retrospective study designs are inferior to prospective study
designs because they rely on the accuracy of written records.
Furthermore, the number of patients may not be sufficient. A
larger sample size is needed to obtain more generalized
findings. Time and intensity of exposure to ultraviolet
radiation were not recorded in this study, and therefore, it
could not directly demonstrate the relationship between
outdoor exposure and axial length.

To our knowledge, this study of the relationship
between anatomic data and prevalence of pterygium is the
only one of its kind. Our results show that the prevalence of
pterygium is related to short axial length and anterior chamber
depth. SDF-1/CXCR4 signaling may play a vital role in
pterygium and shorter axial length. Further study focused on
SDF-1/CXCR4 signaling will be needed.
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