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ABSTRACT: Astigmatism is caused by the irregular curvature of the eye’s cornea, affecting how light is refracted. Though 
astigmatism has been researched, and its effects are understood well, etiology is not fully characterized, and there are few effective 
treatment options. This review will characterize the current literature on the etiology and treatments of astigmatism and identify 
gaps for future research. Both genetic and environmental components contribute to the development of astigmatism. In our review, 
we found several genes with evidence of association with the development of astigmatism, including PDGFRA, FRAP1, SHH, 
and VAX-2. Additionally, we identified a few genes with mixed evidence of their connection to the development of astigmatism. 
We also identified evidence indicating that environmental factors, such as birth during periods of increased sunlight exposure 
and specific age-related variables, significantly influence the outcomes. In our review, we identified specific gaps in astigmatism 
etiology research. These gaps include the lack of clinical trials and limited additional research on these factors. Adding more 
GWAS studies that are wide in range can allow us to pinpoint a robust and evidence-backed cause of astigmatism. This review 
summarizes the current literature on astigmatism’s genetic, environmental, and age-related factors and identifies gaps for future 
research.  
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� Introduction
Astigmatism is a common refractive abnormality that has af-

fected millions of individuals worldwide. In the United States 
alone, it affects 1 in 3 people.¹ Astigmatism is caused by the 
irregular curvature of the eye’s cornea, affecting how light is 
refracted and ultimately resulting in distorted vision.² While 
astigmatism can arise from irregularities in either the cornea or 
the lens, this review will focus specifically on corneal astigma-
tism. If left uncorrected, astigmatism can lead to blurred vision, 
eye strain, and, in severe cases, contribute to amblyopia, espe-
cially in children. Though astigmatism has been researched and 
its effects are understood well, the etiology is not fully char-
acterized, and there are few effective treatment options. This 
review will characterize the current literature on the etiology of 
astigmatism and identify gaps for future research.
� Discussion
Genetic Components of Astigmatism: 
The genes PDGFRA, FRAP1, SHH, and VAX-2 have a rel-

evant link to the development of astigmatism. Other instances 
of relevance are recorded but have little to no link to the devel-
opment of astigmatism.³ 

Though little research has been conducted into its direct 
effect on astigmatism, the PDGFRA protein-coding gene 
plays a known role in corneal curvature. Genome-wide asso-
ciation studies (GWAS) are commonplace in genetic research 
that use large quantities of genomic data to identify associa-
tions between genotypes and phenotypes. One major GWAS 
meta-analysis involving five Asian cohorts (N = 8513) demon-
strated that a cluster of single-nucleotide polymorphisms 
(SNPs) called rs7677751 located on PDGFRA was linked 

to the relevance of abnormal corneal curvature.⁴ It is known 
that irregular corneal curvature causes astigmatism due to the 
distortion of the eye’s focus and uneven light refraction, lead-
ing to blurred vision.⁵ Another large GWAS study for corneal 
(n = 86,335) and refractive astigmatism (n = 88,005) was con-
ducted on European populations that reported a significance 
of a cluster of SNPs on rs4864857, located on the 4q12 pro-
moter region of PDGFRA.⁶ Thus, future research is needed to 
investigate the impact of the PDGFRA-influenced abnormal 
corneal curvature on the development of astigmatism.

Several smaller studies investigated the link between PDG-
FRA and corneal curvature.7–10 Most of these studies found 
a moderate link between the two,11 though some reported no 
significance.7,9 The scope of studies on the relationship be-
tween PDGFRA and corneal astigmatism demonstrates how 
further research is needed to establish a firm cause and effect 
between the two, due to the trend of some studies reporting 
significance and some reporting no significance. 

In addition to PDGFRA, another gene has been implicated 
in the development of astigmatism, known as the FRAP1 gene, 
or mTOR. A GWAS study (n = 4289) conducted on Asian 
populations in Singapore found FRAP1 to be associated with 
corneal curvature development, and variations in FRAP1 can 
alter corneal curvature development.12 The authors found this 
unsurprising as FRAP1 is known to influence metabolic path-
ways that affect epithelial growth, which is a main component 
of the cornea. At this time, little research has been performed 
to assess possible links between FRAP1-induced corneal cur-
vature abnormality and astigmatism, and thus, more research is 
needed to establish a potential relationship.
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The sonic hedgehog (SHH) gene is generally associated 
with eye patterning in embryonic development. The evidence 
of a direct relationship between SHH and astigmatism is 
weak but largely unexplored. One analysis determined that a 
mutation of SHH caused an autosomal dominant syndrome 
in children, resulting in cataracts, vitreoretinopathy, primary 
open-angle glaucoma, and asymmetric myopia with astigma-
tism.13 SHH and other genes in the hedgehog (HH) family 
are known to influence the regeneration of the corneal epi-
thelium.14 As astigmatism can have onset during any age, it is 
possible that variants in SHH that affect the regeneration of 
the corneal epithelium may contribute to astigmatism and its 
age of onset.14 Future research should explore this potential 
connection. Additionally, there is evidence that the PAX6 gene 
interacts with SHH and influences the regeneration of corneal 
epithelium.14–16 The current literature does not describe a rela-
tionship between SHH and astigmatism; thus, future research 
should aim to better characterize the link between the two. 

Another gene that is potentially implicated in astigmatism 
onset is the VAX2 gene. The VAX2 gene is a protein-coding 
gene that forms the retina and the dorsoventral axis during eye 
development. According to a meta-analysis involving seven 
studies and (n = 22100) individuals, a susceptibility locus with 
SNP rs3771395 on Chromosome 2p13.3 was identified in the 
VAX2 gene. A susceptibility locus occurs when an allele is de-
tected to increase the risk, but does not fully indicate disease 
expression.17 This study suggests a connection between VAX2 
and astigmatism, but the details of this connection are yet to 
be understood.3 Another study explored VAX2 overexpression 
and its role as a transcription factor, suggesting a particular link 
to VAX2 and neural retina development. When overexpressed, 
the VAX2 gene tends to alter other parts of the eye.18 This 
could unveil a potential link between VAX2 overexpression 
and its effect on the cornea and the development of astigma-
tism, but more research is needed to confirm this.

In a large GWAS study with 14 European (n = 22250) 
cohorts and 9 Asian (n = 9120) cohorts, three new genes, 
CLDN7, ACP2, and TNFAIP8L3, were identified to have a 
possible contribution towards astigmatism. These genes have 
not been identified in any other study and represent areas that 
should be further investigated in future research.19

Environmental Components of Astigmatism: 
Genetics alone may not explain astigmatism onset. Environ-

mental factors could also play a role, as exposure to different 
conditions during development may affect corneal curvature 
at/before birth. A large study conducted in Israel (n = 67899) 
suggests multiple environmental factors are associated with 
astigmatism development.20 An interesting finding shows that 
people born in longer perinatal photoperiods, which refer to 
people born in the summer months, are more likely to be diag-
nosed with the rule (WTR) astigmatism,20 which is a subset of 
astigmatism where the vertical meridian of the eye is steeper.21 

Additionally, some studies did not find evidence for a link 
between astigmatism and genetic factors. Namely, the Tehran 
Eye Study did not link the two, suggesting that astigmatism 
is not inherited and may result from environmental factors.22 
The development of astigmatism is complex and does 

not seem to be tied to one factor alone. However, evidence 
establishes a possible link for and against the environmental 
component of astigmatism development. There is insufficient 
research for definitive conclusions, emphasizing the need for 
future research. 

Another potential factor that may lead to the development of 
astigmatism is age-related determinants. Many studies suggest 
that with age, the prevalence of astigmatism increases due to 
changes in the shape of the corneal curvature. This is because 
of a shift in the axis of the eye, which simultaneously encourag-
es a shift from WTR to against-the-rule (ATR) astigmatism, 
the other subset of astigmatism where the horizontal meridian 
of the eye is steeper than the vertical meridian.21,23,24 Increased 
astigmatism with age was also found in a population of myo-
pic patients, suggesting this trend may occur independently of 
refractive error.
� Limitations of Review
This review acknowledges several limitations inherent in 

both the extant literature and the present analysis. A con-
siderable proportion of studies addressing the etiology of 
astigmatism focus on specific populations or age cohorts, 
thereby limiting the external validity of their findings. More-
over, genetic association studies often exhibit variability in 
outcomes. Environmental and behavioral factors remain 
underrepresented in literature, and their contributions to astig-
matism development are not yet fully elucidated. Recognizing 
these limitations is essential to contextualize the findings and 
to inform future research directions aimed at elucidating the 
multifactorial etiology of astigmatism. 
� Conclusion
This review summarizes the current literature on astig-

matism’s genetic, environmental, and age-related factors and 
identifies gaps for future research. These gaps include the lack 
of clinical trials and limited research on these factors. Adding 
more GWAS studies that are wide in range can allow us to 
pinpoint a robust and evidence-backed cause of astigmatism. 
Current research that includes but is not limited to genes such 
as PDGFRA, SHH, FRAP1, VAX2, environmental factors 
such as perinatal photoperiod, and age-related causes opens 
pathways for these gaps in astigmatism research to be closed 
and identified. Future research should focus on conducting 
larger, diverse population-based GWAS, more clinical trials to 
validate findings, and investigations into how environmental 
and age-related factors interact with genetic predispositions.

I would like to express my gratitude to my mentor, Brandon 
Li, for his guidance throughout this project and to Polygence 
for their support. Additionally, I would like to thank my par-
ents for their unwavering support and financial assistance 
during the writing process.
� References

1. 3 Telltale Signs It’s an Astigmatism | Pacific Eye Surgeons. https://
www.paceyemd.com/blog/3-telltale-signs-its-an-astigmatism/
(accessed 2024-05-27).

2. What Is Astigmatism? Symptoms, Causes, Diagnosis, Treatment
- American Academy of Ophthalmology. https://www.aao.org/eye-
health/diseases/what-is-astigmatism (accessed 2024-05-27).

ijhighschoolresearch.org



92	DOI: 10.36838/v7i9.90

3. Lopes, M. C.; Hysi, P. G.; Verhoeven, V. J. M.; Macgregor, S.;
Hewitt, A. W.; Montgomery, G. W.; Cumberland, P.; Vingerling, 
J. R.; Young, T. L.; van Duijn, C. M.; Oostra, B.; Uitterlinden, A. 
G.; Rahi, J. S.; Mackey, D. A.; Klaver, C. C. W.; Andrew, T.; Ham-
mond, C. J. Identification of a Candidate Gene for Astigmatism. 
Invest. Ophthalmol. Vis. Sci. 2013, 54 (2), 1260–1267. https://doi.
org/10.1167/iovs.12-10463.

4. Genome-Wide Meta-Analysis of Five Asian Cohorts Identifies
PDGFRA as a Susceptibility Locus of Corneal Astigmatism|
PLOS Genetics. https://journals.plos.org/plosgenetics/arti-
cle?id=10.1371/journal.pgen.1002402 (accessed 2024-05-27).

5. Molina-Martín, A.; Piñero, D. P.; Caballero, M. T.; de Fez, D.;
Camps, V. J. Comparative Analysis of Anterior Corneal Curvature 
and Astigmatism Measurements Obtained with Three Different
Devices. Clin. Exp. Optom. 2020, 103 (5), 618–624. https://doi.
org/10.1111/cxo.13002.

6. Shah, R. L.; Guggenheim, J. A. Genome-Wide Association
Studies for Corneal and Refractive Astigmatism in UK Biobank
Demonstrate a Shared Role for Myopia Susceptibility Loci. Hum. 
Genet. 2018, 137 (11), 881–896. https://doi.org/10.1007/s00439-
018-1942-8.

7. Purwoko, M.; Ramayanti, I.; Roesad, H. AB025. PDGFRA Gene 
Polymorphism and Corneal Curvature in Indonesian People
with Astigmatism. Ann. Transl. Med. 2017, 5 (Suppl 2), AB025.
https://doi.org/10.21037/atm.2017.s025.

8. Kam, K. W.; Chee, A. S. H.; Zhang, Y.; Tang, R. C. Y.; Chan, J.
T. C.; Zhang, X. J.; Wang, Y. M.; Chan, R. C. F.; Chu, W. K.; Ip, 
P.; Young, A. L.; Tham, C. C.; Pang, C. P.; Chen, L. J.; Yam, J. C. 
Association of Maternal and Paternal Astigmatism With Child
Astigmatism in the Hong Kong Children Eye Study. JAMA
Netw. Open 2022, 5 (12), e2247795. https://doi.org/10.1001/ja-
manetworkopen.2022.47795.

9. Yazar, S.; Mishra, A.; Ang, W.; Kearns, L. S.; Mountain, J. A.;
Pennell, C.; Montgomery, G. W.; Young, T. L.; Hammond, C.
J.; Macgregor, S.; Mackey, D. A.; Hewitt, A. W. Interrogation of
the Platelet-Derived Growth Factor Receptor Alpha Locus and
Corneal Astigmatism in Australians of Northern European An-
cestry: Results of a Genome-Wide Association Study. Mol. Vis.
2013, 19, 1238–1246.

10. Mishra, A.; Yazar, S.; Hewitt, A. W.; Mountain, J. A.; Ang, W.;
Pennell, C. E.; Martin, N. G.; Montgomery, G. W.; Hammond,
C. J.; Young, T. L.; Macgregor, S.; Mackey, D. A. Genetic Vari-
ants near PDGFRA Are Associated with Corneal Curvature in
Australians. Invest. Ophthalmol. Vis. Sci. 2012, 53 (11), 7131–7136. 
https://doi.org/10.1167/iovs.12-10489.

11. Fukasaku, H.; Meguro, A.; Takeuchi, M.; Mizuki, N.; Ota, M.;
Funakoshi, K. Association of PDGFRA Polymorphisms with the
Risk of Corneal Astigmatism in a Japanese Population. Sci. Rep.
2023, 13, 16075. https://doi.org/10.1038/s41598-023-43333-1.

12. Han, S.; Chen, P.; Fan, Q.; Khor, C.-C.; Sim, X.; Tay, W.-T.; Ong, 
R. T.-H.; Suo, C.; Goh, L.-K.; Lavanya, R.; Zheng, Y.; Wu, R.;
Seielstad, M.; Vithana, E.; Liu, J.; Chia, K.-S.; Lee, J. J.-M.; Tai, 
E.-S.; Wong, T.-Y.; Aung, T.; Teo, Y.-Y.; Saw, S.-M. Association
of Variants in FRAP1 and PDGFRA with Corneal Curvature in
Asian Populations from Singapore. Hum. Mol. Genet. 2011, 20
(18), 3693–3698. https://doi.org/10.1093/hmg/ddr269.

13. Tompson, S. W.; Whisenhunt, K. N.; Hewitt, A. W.; Mackey,
D. A.; Young, T. L. Intronic Variant in Sonic Hedgehog Asso-
ciated with Autosomal Dominant Pediatric Cataract, Myopic
Astigmatism, Familial Exudative Vitreoretinopathy, and Primary
Open-Angle Glaucoma. Invest. Ophthalmol. Vis. Sci. 2021, 62 (8), 
5.

14. Kucerova, R.; Dorà, N.; Mort, R. L.; Wallace, K.; Leiper, L. J.;
Lowes, C.; Neves, C.; Walczysko, P.; Bruce, F.; Fowler, P. A.; Ra-

jnicek, A. M.; McCaig, C. D.; Zhao, M.; West, J. D.; Collinson, J. 
M. Interaction between Hedgehog Signalling and PAX6 Dosage
Mediates Maintenance and Regeneration of the Corneal Epithe-
lium. Mol. Vis. 2012, 18, 139–150.

15.Fujita, K.; Miyamoto, T.; Saika, S. Sonic Hedgehog: Its Expres-
sion in a Healing Cornea and Its Role in Neovascularization. Mol. 
Vis. 2009, 15, 1036–1044.

16. Zhang, X.; Mélik-Parsadaniantz, S.; Baudouin, C.; Réaux-Le
Goazigo, A.; Moreau, N. Shedding New Light on the Role of
Hedgehog Signaling in Corneal Wound Healing. Int. J. Mol. Sci.
2022, 23 (7), 3630. https://doi.org/10.3390/ijms23073630.

17. Greenberg, D. A. Linkage Analysis of “Necessary” Disease Loci
versus “Susceptibility” Loci. Am. J. Hum. Genet. 1993, 52 (1),
135–143.

18. Barbieri, A. M.; Lupo, G.; Bulfone, A.; Andreazzoli, M.; Mari-
ani, M.; Fougerousse, F.; Consalez, G. G.; Borsani, G.; Beckmann, 
J. S.; Barsacchi, G.; Ballabio, A.; Banfi, S. A Homeobox Gene,
Vax2, Controls the Patterning of the Eye Dorsoventral Axis. Proc. 
Natl. Acad. Sci. U. S. A. 1999, 96 (19), 10729–10734.

19. Shah, R. L.; Li, Q.; Zhao, W.; Tedja, M. S.; Tideman, J. W. L.;
Khawaja, A. P.; Fan, Q.; Yazar, S.; Williams, K. M.; Verhoeven, V. 
J. M.; Xie, J.; Wang, Y. X.; Hess, M.; Nickels, S.; Lackner, K. J.;
Pärssinen, O.; Wedenoja, J.; Biino, G.; Concas, M. P.; Uitterlinden, 
A.; Rivadeneira, F.; Jaddoe, V. W. V.; Hysi, P. G.; Sim, X.; Tan, N.; 
Tham, Y.-C.; Sensaki, S.; Hofman, A.; Vingerling, J. R.; Jonas, J. 
B.; Mitchell, P.; Hammond, C. J.; Höhn, R.; Baird, P. N.; Wong, 
T.-Y.; Cheng, C.-Y.; Teo, Y. Y.; Mackey, D. A.; Williams, C.; Saw, 
S.-M.; Klaver, C. C. W.; Guggenheim, J. A.; Bailey-Wilson, J. E. 
A Genome-Wide Association Study of Corneal Astigmatism:
The CREAM Consortium. Mol. Vis. 2018, 24, 127–142.

20. Mandel, Y.; Stone, R. A.; Zadok, D. Parameters Associated with
the Different Astigmatism Axis Orientations. Invest. Ophthalmol. 
Vis. Sci. 2010, 51 (2), 723–730. https://doi.org/10.1167/iovs.09-
4356.

21.Gurnani, B.; Kaur, K. Astigmatism. In StatPearls; StatPearls
Publishing: Treasure Island (FL), 2024.

22. Hashemi, H.; Hatef, E.; Fotouhi, A.; Mohammad, K. Astigma-
tism and Its Determinants in the Tehran Population: The Tehran
Eye Study. Ophthalmic Epidemiol. 2005, 12 (6), 373–381. https://
doi.org/10.1080/09286580500281214.

23. Namba, H.; Sugano, A.; Murakami, T.; Utsunomiya, H.;
Nishitsuka, K.; Ishizawa, K.; Kayama, T.; Yamashita, H.
Age-Related Changes in Astigmatism and Potential Caus-
es. Cornea 2020, 39 Suppl 1, S34–S38. https://doi.org/10.1097/
ICO.0000000000002507.

24. Yang, S.; Jiang, Y.; Cui, G.; Li, Y. Age- and Gender-Related Char-
acteristics of Astigmatism in a Myopic Population. Front. Med.
2022, 9, 1011743. https://doi.org/10.3389/fmed.2022.1011743.

� Author
Neyha is a junior at Presentation High School who is very interest-

ed in eye-related conditions and other ophthalmology-related topics. 
She hopes to pursue a biology-related major on the pre-medicine 
track in the future.  

ijhighschoolresearch.org




