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Abstract

Background: Some studies have shown an association between spinal curvature and strabismus,
but the genetic association has not been clarified. Therefore, the present study is proposed to be a
Mendelian randomization study aiming to investigate the genetic causal association between spinal
curvature and strabismus.

Purpose: Genetic causal associations between strabismus, Convergent concomitant strabismus
(Ccs), Divergent concomitant strabismus (Dcs), Other specified and unspecified strabismus
(Osus), Other strabismus (Os) and spinal curvature were investigated by a bidirectional Mendelian
randomization study to provide a basis for the prevention and treatment of spinal curvature.

Methods: Significant and independent Single Nucleotide Polymorphisms (SNPs) in genome-wide
association studies were selected as Instrumental Variables (IVs) for Mendelian Randomization
(MR) analysis. Inverse Variance Weighted (IVW), MR-Egger regression, Weighted Median
(WME), Simple Mode (SM), and Weighted Mode (WM) were used to analyze causal association;
Heterogeneity and multiplicity tests were also performed and analyzed using the leave-one-out
method to assess the stability of the results.

Results: MR and reverse MR was utilized to assess the impact of scoliosis on strabismus, revealing
that the 95% confidence intervals of all instrumental variables OR values spanned 1 and the P
values were all above 0.05. These results indicate a lack of evidence supporting a causal relationship
between scoliosis and strabismus.

Conclusion: There is currently no conclusive evidence of a genetic causal relationship between
scoliosis and strabismus, including their subtypes. Further laboratory studies are needed to confirm
these findings, and future research with larger sample sizes is necessary to provide more robust
support.

Keywords: Spinal curvature; Strabismus; Subgroup; Mendelian randomization; Causal
association analysis

Introduction

Scoliosis is a three-dimensional deformity of the spine characterized by abnormal curvature and
vertebral rotation. Diagnosis typically involves a Cobb Angle exceeding 10° on the coronal plane of
the spine orthograph [1]. While the condition can have various causes, over 80% of cases are classified
as idiopathic scoliosis [2]. Factors such as congenital or acquired vertebral structural diseases,
brain stem asymmetry, sensory and balance issues, as well as platelet and collagen dysfunction
can contribute to the development of scoliosis [3]. The resulting spinal curvature and deformation
can lead to movement and proprioception issues, along with restricted thorax movement that can
impact lung expansion and ventilation, affecting the physical and mental health of adolescents [4].
Severe cases of scoliosis may result in organ damage such as spinal cord compression, respiratory
failure, and cardiovascular disease [5]. The pathogenesis of scoliosis may involve a combination of
genetic, hormonal, endocrinological, and muscular factors [6], with a higher prevalence in females
typically around the age of 10 [7]. The prevalence of scoliosis in children and adolescents ranges
from 0.47% to 5.20% [8]. In recent years, the incidence of scoliosis has been increasing, making it
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a significant health concern alongside myopia and obesity. Scoliosis
can be difficult to detect early on, and the progression tends to
accelerate with greater angles, emphasizing the importance of timely
intervention to avoid missing the optimal window for correction.
Currently, scoliosis treatment options are categorized into non-
surgical and surgical approaches. Surgical treatment is known for its
complexity, high risk, and resource-intensive nature. Non-surgical
treatments are typically recommended for patients with mild scoliosis
and include exercise therapy, breathing exercises, suspension therapy,
chiropractic massage, electrical stimulation, traction therapy, and
bracing. These methods are crucial for both preventing and managing
scoliosis in most patients [9].

Strabismus, the misalignment of the eyes, encompasses various
types such as esotropia and exotropia [10]. According to the 2017
clinical guidelines for esotropia and exotropia from the American
Academy of Ophthalmology and the 'Expert Consensus on the
Classification of Strabismus' by the Strabismus and Pediatric
Ophthalmology Group of the Chinese Medical Association, esotropia
includes infantile esotropia, acquired esotropia, and other types,
while exotropia includes infantile exotropia, intermittent exotropia,
convergence deficiency, and other types [10]. Classification based on
eyeball and eye movement changes and strabismus angle includes
Convergent concomitant strabismus (Ccs), Divergent concomitant
strabismus (Dcs), Other specified and unspecified strabismus (Osus),
and other strabismus (Os) [11,12]. Treatment is recommended for all
types of esotropia, with early detection and intervention being crucial
for improving long-term visual, motor, and perceptual outcomes, as
highlighted in the 2017 Preferred Practice Pattern. The guidelines also
emphasize the impact of strabismus on children's quality of life and
the negative effects of exotropia on children and parents' quality of
life [13].

Recent clinical observational studies have indicated a potential
association between visual and spinal curvature. The prevalence of
scoliosis among both congenitally and acquired blind individuals
has been reported to range from 42.9% to 59% [14]. A recent meta-
analysis of literature involving a large sample of nearly 20,000
individuals demonstrated a 2.91 times increased risk of scoliosis in
the visually impaired population. Subgroup analyses revealed that the
risk of scoliosis was over 7 times higher in individuals with complete
blindness, with three studies in the hypo-reflective subgroup showing
an elevated risk of scoliosis [15]. Two additional studies involving
subjects with strabismus reported a 3.09-fold increased risk of
scoliosis [15]. However, the causal relationship between strabismus
and scoliosis remains uncertain, highlighting the need for further
research to elucidate a potential link between these conditions.

Traditional observational epidemiological studies have
faced challenges in identifying disease causes and making causal
inferences, including issues like reverse causal association, potential
confounders, micro-exposure factors, and multiple tests. Randomized
Control Trials (RCTs) are often difficult to implement due to ethical
constraints and experimental limitations when trying to establish a
direct correlation between exposure factor X and disease outcome Y.
Mendelian Randomization (MR) design, inspired by Instrumental
Variable (IV) concepts from econometrics, uses gene variation as
an instrumental variable for studying exposure factors [16]. This
approach aims to estimate potential causal relationships between
exposures and outcomes, offering a solution to the aforementioned
challenges [17]. Genetic variation, randomly assigned during meiosis,

is free from confounding and reverse causality, mimicking the effects
of randomized controlled trials [18] and providing more accurate
insights into causality [19]. In this study, strabismus and its subtypes
were considered as exposure factors, scoliosis as outcome variables,
and a two-sample MR Analysis was conducted to assess the causal
relationship between strabismus and scoliosis, followed by reverse
MR Validation analysis.

Materials and Methods

Research design

This study utilized strabismus as the exposure factor, and Single
Nucleotide Polymorphisms (SNPs) significantly associated with it as
Instrumental Variables (IVs).

Scoliosis was selected as the outcome variable, and genetic causal
association analysis was conducted using the TwoSampleMR package
in R. The reliability of the results was verified through Cochran Q
heterogeneity test, pleiotropy test, and sensitivity analysis. The study
methodology adhered to three instrumental variable assumptions
[20]: (1) significant association between instrumental variables and
strabismus; (2) instrumental variables are unrelated to any potential
confounding factors; (3) instrumental variables are not significantly
associated with scoliosis (Figure 1). Q heterogeneity test, multiplicity
test, and sensitivity analysis.

Data sources

In this study, genome-wide association study data for scoliosis
and strabismus and strabismus related subtyping were obtained from
the website "https://gwas.mrcieu.ac.uk/". The included population
was the European population.

Instrumental variables

First, SNPs closely related to both strabismus and scoliosis with
genome-wide significance (P<5 x 107). Subsequently, SNPs strongly
associated with strabismus were integrated with scoliosis data as
instrumental variables, harmonizing the data with the effect allele
frequency, while removing palindromic SNPs with intermediate allele
frequencies and SNPs associated with confounding factors. Finally,
the strength of the instrumental variable was evaluated by calculating
the F value, with F>10 indicating no weak instrumental variables.
Ultimately, SNPs that are mutually independent and significantly
associated with strabismus were obtained as the final instrumental
variables [21]. The process of selecting strabismus-associated subtypes
instrumental variables is consistent with the above.

MR analysis

Statistical software R-4.3.1 and a significance level of a=0.05 were
utilized in this research. Five MR analyses were conducted to assess the
causal relationship between strabismus and scoliosis. These analyses
included Inverse Variance Weighted (IVW), MR-Egger regression,
Weighted Median (WME), Simple Mode (SM), and Weighted Mode
(WM) [22]. IVW, the primary analysis model, utilized the inverse
variance of each instrumental variable as weights and estimated
the overall effect using the ratio method and weighted regression.
MR-Egger regression method differs from IVW by considering
an intercept term and using the inverse of the outcome variance as
weights. WME required at least 50% effective instrumental variables,
and after sorting SNPs by weight, the median was used to estimate
causal effects with good consistency. SM and WM are modal-based
estimation models that group SNPs with similar causal effects and
provide estimates for most clustered SNPs. WM, in particular, assigns
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Hypothesis 2
The instrumental variable was not
associated with any confounders
‘-| G i L
factor |
Instrumental variable Instrument selection Exposure Estimate sssociationg Ending
SNP1.SNP2....SNPn (Strabismus) IVWAMR-Egger.WME (Scoliosis)
Hypothesis 1
The instrumental variable was significantly
associated with Strabismus
Hypothesis 3
The instrumental variable was not
significanytly associated with Scoliosis
Figure 1: Design of the two-sample Mendelian randomization study.

Table 1: Basic information about the data set.

ID Trait Case (n) Control (n) SNPs (n) Population Build Year
UKB-b-15527 Strabismus 6117 456816 9851867 European HG19/GRCh37 2018
Finn-b-M13-SCOLIOSIS Scoliosis 1168 164682 16380270 European HG19/GRCh37 2021
Finn-b-H7-CONVERSTRAB Ccs 967 210931 16380461 European HG19/GRCh37 2021
Finn-b-H7-STRABISMUS Strabismus 4620 214172 16380466 European HG19/GRCh37 2021
Finn-b-H7-DIVERGSTRAB Dcs 1348 210931 16380456 European HG19/GRCh37 2021
Finn-b-H7-STRABISMUS Osus 140 210931 16380456 European HG19/GRCh37 2021
Finn-b-H7-STRABOTH Os 3829 210931 16380463 European HG19/GRCh37 2021

Note: Ccs: Convergent concomitant strabismus; Dcs: Divergent concomitant strabismus; Osus: Other specified and unspecified strabismus; Os: Otherstrabismus

weights to each SNP based on the inverse variance of its effect.
Sensitivity analysis

Cochran Q test, MR-Egger regression, and leave-one-out
analysis were employed to assess the robustness of the findings [23].
Cochran Q was utilized to evaluate differences among SNPs, with a
significance level of p<0.05 indicating heterogeneity. A MR-Egger
regression intercept term with p<0.05 suggests potential horizontal
pleiotropy among the instrumental variables. The leave-one-out
method involved systematically removing SNPs one by one to assess
the collective impact of the remaining SNPs on the results, thus
examining the influence of individual SNPs.

Results

Population characteristics and SNP information for

instrumental variables

There were six strabismus-related datasets including the UK
Biobank (UKB) FinnGen (Finn) databases Convergent concomitant
(Ccs), (Dcs),
Other specified and unspecified strabismus (Osus), and Subtype
classification of other strabismus (Os). The UKB dataset focused on
patients undergoing surgical correction of strabismus and had the

strabismus Divergent concomitant strabismus

largest sample size, consisting of 6,117 patients, 456,816 controls, and
9.8 million SNPs. Additionally, a scoliosis dataset from the Finnish
database comprised 1,168 individuals with the disease and 164,682
controls, with a total of 16.38 million SNPs. All datasets represented
European populations and included both male and female individuals,
with reference genomes of HG19/GRCh37 (Table 1).

Forward MR analysis results

Genetic causal relationship analysis between Strabismus
and Scoliosis: This study utilized two datasets on strabismus
(UKB-b-15527, finn-b-H7_STRABISMUS) as exposure variables
and scoliosis (finn-b-M13_SCOLIOSIS) as the outcome to perform
MR analyses on two separate samples. Following the screening
for SNP sites with genome-wide significance and removal of
palindromic SNPs with intermediate allele frequencies, 44 and 15
SNPs were identified as instrumental variables, respectively. Various
methods were employed to estimate the causal relationship between
strabismus and scoliosis, with the results depicted in Figure 2, 3. The
data analysis of ukb_Strabismus and finn_Scoliosis revealed Odds
Ratio (OR) values for the MR-Egger, WME, IVW, SM, and WM
methods, with corresponding p-values of 0.101, 0.825, 0.791, 0.966,
and 0.830, respectively. The IVW method suggested no causal link
between strabismus and scoliosis, as all p-values >0.05. Similar results
were observed in the analysis of finn_Strabismus and finn_Scoliosis.

Heterogeneity tests were conducted on MR-Egger and IVW
results. In the dataset analysis model of ukb_Strabismus, finn_
Strabismus, and scoliosis, all heterogeneity test results were p>0.05,
indicating the absence of heterogeneity. The intercept of the MR-
Egger regression was utilized to assess pleiotropy in the study. The
results revealed that the Egger-intercept values were all close to 0,
with the regression intercept term p>0.05, suggesting no horizontal
pleiotropy and no interference effects in the MR results. A 'Leave-one-
out' sensitivity analysis demonstrated that excluding a specific SNP
did not significantly alter the IVW analysis results of the remaining
SNPs, indicating no SNPs had a substantial impact on the estimated
causal association.
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outcome exposure method nsnp OR(95%CIl) pval

finn_Scoliosis  ukb_Strabismus MR Egger “4 —— 0.101
finn_Scoliosis  ukb_Strabismus  Weighted median 44 —_— 0.825
finn_Scoliosis ~ ukb_Strabismus  Inverse variance weighted 44  +—e——t—> 0.791
finn_Scoliosis  ukb_Strabismus  Simple mode 44 —— 0.966
finn_Scoliosis  ukb_Strabismus  Weighted mode 4 — 0.830
finn_Scoliosis  finn_Strabismus MR Egger 15 ——— 0.661
finn_Scoliosis  finn_Strabismus  Weighted median 15 ——y 0.703
finn_Scoliosis ~ finn_Strabismus  Inverse variance weighted 15 et 0.433
finn_Scoliosis  finn_Strabismus  Simple mode 15 —— 0.932
finn_Scoliosis  finn_Strabismus  Weighted mode 15 !—t:'—t 0.930

protective factor risk factor

Figure 2: MR results of strabismus and scoliosis.

Figure 3: Mendelian randomized scatterplot of strabismus and scoliosis.
(A) Mendelian randomized scatterplot of finn_Scoliosis and ukb_Strabismus; (B) Mendelian randomized scatterplot of finn_Scoliosis and finn_Strabismus.

outcome exposure method nsnp OR(95%CI) pval

Scoliosis Concomitant Strabismus MR Egger 25 oy 0.184
Scoliosis Concomitant Strabismus Weighted median 25 lqll 0.422
Scoliosis Concomitant Strabismus Inverse variance weighted 25 ll:l 0.208
Scoliosis Concomitant Strabismus Simple mode 25 it 0.651
Scoliosis Concomitant Strabismus Weighted mode 25 I-E-l 0.617
Scoliosis Divergent concomitant strabismus MR Egger 22 0-50-0 0.559
Scoliosis Divergent concomitant strabismus Weighted median 22 ot 0.109
Scoliosis Divergent concomitant strabismus Inverse variance weighted 22 O:u 0.104
Scoliosis Divergent concomitant strabismus Simple mode 22 e 0.083
Scoliosis Divergent concomitant strabismus Weighted mode 22 '—d:'—4 0.698
Scoliosis Other strabismus MR Egger 19 l—:.—l 0.682
Scoliosis Other strabismus Weighted median 19 —— 0.930
Scoliosis Other strabismus Inverse variance weighted 19 I-:O-i 0.735
Scoliosis Other strabismus Simple mode 19 —— 0.853
Scoliosis Other strabismus Weighted mode 19 v—-:b—c 0.827
Scoliosis Other specified and unspecified strabismus MR Egger 11 l:ﬂ 0.285
Scoliosis Other specified and unspecified strabismus Weighted median 11 L] 0.822
Scoliosis Other specified and unspecified strabismus Inverse variance weighted 11 :- 0.560
Scoliosis Other specified and unspecified strabismus Simple mode 11 IO:G 0.776
Scoliosis Other specified and unspecified strabismus Weighted mode 11 e 0.952

1 1T 1T _ 1
0 05 1 15 2
protective factor risk factor

Figure 4: Mendelian randomized results of strabismus subtyping and scoliosis.

for the five MR inspection methods (MR-Egger, WME, IVW, SM, and
WM) are 0.184, 0.422, 0.208, 0.651, and 0.617, respectively. Based on
the IVW and MR-Egger models, it is concluded that there is no causal
relationship between Ccs and scoliosis. Similarly, MR results for Dcs

Genetic causal relationship between strabismus subtypes and
scoliosis: The genetic causal relationship between Ccs, Dcs, Os, Osus,
and scoliosis in strabismus subtypes was further analyzed. MR results
for Ccs and scoliosis are presented in Figure 4 and 5A. The P-values

Remedy Publications LLC., | http://anncaserep.com/ 4 2024 | Volume 9 | Article 2662



Yu C, et al.,

Annals of Clinical Case Reports - Medicine

‘SNP aflct on Sl | dfinm-b-413 SCOLIOSIS

NP oflctcn Scolos | 4113 5COLOSS

Figure 5: Mendelian randomized scatterplot of strabismus subtyping and scoliosis.
(A) Mendelian randomized scatterplot of Ccs and scoliosis; (B) Mendelian random
Os and scoliosis; (D) Mendelian randomized scatterplot of Osus and scoliosis.

‘SN ffct on Scolosi | idfrn-b-113_SCOLIOSIS

‘NP et on Scolols | dar-b-4112_SCOLIOSS

ized scatterplot of Dcs and scoliosis; (C) Mendelian randomized scatterplot of

outcome exposure method

ukb_Strabismus finn_Scoliosis MR Egger
ukb_Strabismus finn_Scoliosis Weighted median

ukb_Strabismus  finn_Scoliosis Simple mode
ukb_Strabismus finn_Scoliosis Weighted mode
finn_Strabismus  finn_Scoliosis MR Egger
finn_Strabismus finn_Scoliosis Weighted median

finn_Strabismus finn_Scoliosis Simple mode
finn_Strabismus finn_Scoliosis Weighted mode

Figure 6: MR Results of strabismus and scoliosis.

ukb_Strabismus finn_Scoliosis Inverse variance weighted 14

finn_Strabismus finn_Scoliosis Inverse variance weighted 22

nsnp OR(95%CI1) pval
14 'y 0.738
14 . 0.360
¢ 0.265
14 ¢ 0.537
14 * 0.489
22 i 0.897
22 - 0.235
" 0.631
22 Hot 0.303
22 ot 0.301

1T T T 1
0 05115 2

protective factor risk factor

and scoliosis are shown in Figure 4 and 5B. The P-values for the five
test methods are 0.599, 0.109, 0.104, 0.083, and 0.698, respectively.
Again, based on the IVW and MR-Egger models, it is concluded that
there is no causal relationship between Dcs and scoliosis.

The MR results for Os and scoliosis are illustrated in Figure 4 and
5C. The P-values for the five test methods were 0.682, 0.930, 0.735,
0.853, and 0.827, respectively. Based on the IVW and MR-Egger
models, it can be inferred that there is no causal relationship between
Os and scoliosis. The MR results for Osus and scoliosis are presented
in Figure 4 and 5D. The P-values ¢ methods were 0.285, 0.822, 0.560,
0.776, and 0.952, respectively. Similarly, the IVW and MR-Egger
models suggest no causal relationship between Osus and scoliosis.

Model evaluation of causality between strabismus subtyping
and scoliosis: Heterogeneity tests were conducted on MR-Egger and
IVW, with all results indicating no heterogeneity between models. The
intercept of MR-Egger regression was utilized to assess pleiotropy in
the study. The Egger-intercept values were all near 0, with regression

intercept term p>0.05, suggesting no horizontal pleiotropy and no
interference in the MR results. The 'Leave-one-out' sensitivity analysis
demonstrated that excluding a specific SNP did not significantly alter
the IVW analysis results of the remaining SNPs, indicating no single
SNP had a substantial impact on the estimated causal association.

Results of reverse MR analysis

Based on the reverse MR analysis results (Figure 6, 7), the IVW
OR for ukb_Strabismus is 0.99 with a 95% CI of 0.998-1.000 and a
P-value of 0.265. For finn_Scoliosis, the IVW OR is 1.010 with a 95%
CI of 0.967-1.056 and a P-value of 0.630. It is currently inconclusive
to state a clear association between scoliosis and strabismus. No
significant causal relationship was found between the subtypes Ccs
and Dcs of scoliosis and strabismus (Figure 8, 9). Furthermore, no
SNPs related to scoliosis were identified in Os and Osus. Cochran's
IVW and MR-Egger's Q tests indicate no significant heterogeneity in
the model. MR-Egger regression intercept analysis and MR-PRESSO
analysis also did not reveal significant horizontal pleiotropy.
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Figure 7: Mendelian randomized scatterplot of strabismus and scoliosis.

(A) Scatterplot of ukb_Strabismus for finn_Scoliosis; (B) Scatter plot of finn_Strabismus for finn_Scoliosis.

MR Test
Irverss variance weighted Waigried madian
s Hgger [ —
Bimgle mode

Figure 8: Mendelian randomized results of strabismus subtyping and scoliosis.

outcome exposure method nsnp OR(95%Cl) pval

Concomitant Strabismus Scoliosis MR Egger 22 Hl-l 0.915
Concomitant Strabismus Scoliosis Weighted median 22 sl 0.496
Concomitant Strabismus Scoliosis Inverse variance weighted 22 -:l 0.319
Concomitant Strabismus Scoliosis Simple mode 22 4= 0.821
Concomitant Strabismus Scoliosis  Weighted mode 22 - 0.843
Divergent concomitant strabismus Scoliosis MR Egger 22 o 0.597
Divergent concomitant strabismus Scoliosis  Weighted median 22 e 0.578
Divergent concomitant strabismus Scoliosis Inverse variance weighted 22 i'l 0.119
Divergent concomitant strabismus Scoliosis ~ Simple mode 22 4 0.836
Divergent concomitant strabismus Scoliosis Weighted mode 22 l-l:-l 0.756

1 T 1 1
005 1 15 2
protective factor risk factor

| prstaes

B g
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‘S4B plect o Comegert concorstan siatismun | dfen-b-H7_CONVERSTRAR

10 13
BNF sfiect on || kA—0—M13_SCOLIOSIS

(A)

Figure 9: Mendelian randomized scatterplot of strabismus subtyping and scoliosis.
(A) Scatterplot between Ccs and finn_Scoliosis (B) scatterplot between Dcs and finn_Scoliosis.

Discussion

This study explores the causal effect of strabismus and its subtypes
on scoliosis using MR results. It suggests a genetic direction for
further investigation, finding no evidence to support a causal effect
of specific type of strabismus on scoliosis. These findings offer a fresh
perspective on the mechanisms of visual abnormalities in scoliosis.

Scoliosis is a complex disease with genetic factors playing a

significant role in its development. Despite extensive research, the
exact genetic mechanisms are still not fully understood and show a lot
of variation. Familial idiopathic scoliosis has been linked to various
chromosomal regions, suggesting a polygenic inheritance pattern that
requires further investigation to identify specific genetic factors [24].
For instance, genetic factors related to connective tissue structure,
bone formation, melatonin signaling, puberty, and growth have all
been associated with idiopathic scoliosis, indicating a complex genetic
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component influenced by ethnic and genetic diversity. Studies have
demonstrated that idiopathic scoliosis may have a genetic basis with
different inheritance patterns such as autosomal dominant, X-linked,
polygenic, or multifactorial inheritance, leading to a complex genetic
pattern due to locus and allelic heterogeneity [25]. Dysregulation
of Wnt signaling, as observed in Ptk7 mutant Zebrafish, is linked
to congenital and idiopathic scoliosis [26]. Polymorphisms in the
Chromodomain Helicase DNA binding protein 7 Gene (CHD?) gene
are associated with idiopathic scoliosis [27,28]. Gene-environment
interactions, like the interplay between Notch signaling pathway
gene haploinsufficiency and prenatal hypoxia, contribute to
congenital scoliosis development, underscoring the intricate role of
genetic and environmental factors [29]. A compound inheritance
pattern involving rare null mutations and hypo-alleles of the T-box
transcription factor 6 (TBX6) gene was identified in a subset of
congenital scoliosis cases, accounting for 11% of cases [30]. Overall,
research indicates a significant genetic component in scoliosis, with
multiple genes and pathways playing a role in its pathogenesis.
Various inheritance patterns and gene-environment interactions
further contribute to its complexity.

Many family members have a shared strabismus, indicating that
strabismus may have a genetic component. Studies have found that
nucleotide polymorphisms in certain genes are highly correlated with
strabismus subtypes [31]. Studies have shown that gene mutations
necessary for the normal development and connection of brainstem
ocular motor neurons, such as PHOX2A, SALL4, KIF21A, ROBO3,
and HOXAI, are associated with congenital strabismus syndrome.
Meanwhile, strabismus in families is associated with chromosome
7p22.1. Genetic susceptibility exists at susceptibility loci, indicating
genetic heterogeneity between strabismus and families [32]. The
heritability of strabismus has a great impact on esotropia, and the
genetic effect is limited to esotropia and is not related to ametropia,
suggesting that genetic factors may not play an important role in
exotropia [33]. Genetic variants within the NPLOC4-TSPAN10-
PDE6G gene cluster on chromosome 17q25 are associated with
an increased risk of strabismus, with a population attributable risk
of approximately 8.4% [34]. In summary, this suggests that certain
types of strabismus have a strong genetic component. Genetic
heterogeneity is evident, with different genes and loci associated with
different forms of the disease. These findings highlight the complexity
of strabismus genetics and point to specific biological pathways and
brain regions that may be involved in its pathogenesis.

Previous research has indicated that the CHD7 gene is associated
with susceptibility to adolescent idiopathic scoliosis and shares
commonalities with the rare CHARGE syndrome. Mutations, such as
missense and splicing mutations, in the coding exon of the CHD7 gene
have been linked to CHARGE syndrome, with approximately 60%
of patients exhibiting symptoms like eye diseases and heart defects.
However, the mortality rate among infants with CHARGE syndrome
isnotablyhigh, and there is a scarcity of research data on this condition.
Studies on ROBO3 gene polymorphisms have revealed a connection
to the development of horizontal gaze palsy. Notably, a specific
ROBO3 gene variation (rs74787566) has been significantly associated
with adolescent idiopathic scoliosis [35]. The correlation between
certain ROBO3 gene polymorphisms and strabismus disorder aligns
with previous findings that individuals with strabismus have a higher
prevalence of idiopathic scoliosis, particularly those with exotropia
[36,37]. Visual impairments associated with idiopathic scoliosis can
range from severe visual impairment to myopia and heterotopia

(refractive errors in both eyes). Animal studies have shown that
early-onset strabismus can disrupt the astigmatism process, leading
to heterotopia. Early hyperopic strabismus is a significant risk factor
for amblyopia, while early esotropia can result in both strabismus and
amblyopia [38]. Research has suggested that thinning of the choroidal
layer of the eye may underlie the development of anisotropy, with
amblyopia, refractive error, and strabismus potentially coexisting.
Therefore, needs to be confirmed by further studies [39].

There is currently insufficient evidence to support a genetic risk
for both strabismus and scoliosis. Previous research has indicated that
various visual impairments, including blindness, refractive errors, and
strabismus, may increase the likelihood of developing scoliosis [15].
However, further studies are required to comprehensively understand
the genetic link between these conditions. Our study utilized data
from large cohorts in the UK Biobank and Finnish databases to
explore the genetic relationship between strabismus and scoliosis in
terms of single nucleotide polymorphisms. Our findings suggest that
there is no direct causal connection between strabismus and scoliosis.
This conclusion is supported by the limitations of existing studies,
which often rely on cross-sectional methods and lack consistency
in evaluating scoliosis cases. Additionally, our study is limited by its
focus on European populations, which may not be generalizable to
other groups. Furthermore, subgroup analyses based on age, health
status, and gender were not feasible due to data constraints [40].

This study offers several advantages. While randomized controlled
trials are considered a robust clinical research method, they can be
costly, challenging to track over time, and complex to execute in
practice. In this study, the two-sample Mendelian randomization
research design was utilized to minimize the impact of confounding
variables and reverse causality, effectively emulating a randomized
controlled trial. Additionally, the study carefully selected single
nucleotide polymorphisms highly correlated with the exposure of
interest as instrumental variables, and employed sensitivity analysis
techniques to validate the research findings.

Conclusion

Ultimately, the study concludes that there is no current evidence
supporting a causal relationship between strabismus and its associated
subtypes with scoliosis. The findings of this study offer a fresh
perspective for further investigating the underlying mechanisms of
scoliosis in individuals with visual impairments.
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