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ABSTRACT 

Objective: To determine whether there is an association between corneal affection asymmetry in keratoconus and preferred 
sleeping position. Methods: A prospective clinical study was performed. All participants answered a questionnaire to report their 
preferred sleeping position. Regardless of the decubitus (lateral or ventral), the eye that was positioned inferiorly during sleep was 
classified as the “dependent eye”, and the eye positioned superiorly was classified as the “non-dependent eye”. Results: This study 
indicated greater topographic changes in the dependent eyes of keratoconus carriers; this finding may be associated with the 
patient’s sleeping position. Regardless of the right or left lateral decubitus positions, greater topographic abnormalities were 
observed in the corneas of the dependent eye. This finding may be explained by the occurrence of mechanical traumas during 
sleep and may be secondary to the preferred sleeping position. Conclusion: In the treatment of keratoconus, it is essential to 
identify and reduce the risk factors associated with disease progression. Considering the fact that humans spend a considerable 
amount of time sleeping, keratoconus patients may benefit from clarifications on position preferences and sleeping habits. 

 
RESUMO 

Objetivo: Verificar se há associação da assimetria do acometimento corneano no ceratocone com a posição preferencial de dormir. 
Métodos: Realizou-se estudo clínico prospectivo. Todos os participantes foram submetidos a questionário para avaliação da 
posição preferencial de dormir. Classificou-se como "olho dependente" o olho posicionado inferiormente durante o sono, 
independentemente do decúbito (lateral ou ventral), e de "olho não dependente" o olho posicionado superiormente, tanto em 
decúbito lateral quanto ventral. Resultados: O presente estudo mostrou maiores alterações topográficas nos "olhos dependentes" 
de portadores de ceratocone e que podem estar relacionadas com a posição de dormir. Independentemente das posições de 
decúbito lateral direita ou esquerda observou-se maior alteração topográfica da córnea no "olho dependente" com ceracotone e 
este achado poderia ser explicado pela ocorrência de traumas mecânicos originados durante o sono e secundários à posição 
preferencial de dormir.  Conclusão: É fundamental que na orientação ao paciente com ceratocone sejam identificados e reduzidos 
os efeitos de fatores de risco associados com a evolução da doença. Considerando-se que passamos grande parte de nossas 
vidas dormindo, esclarecimentos sobre preferências de posições e cuidados ao dormir poderão ser benéficos para os pacientes 
portadores de ceratocone. 

 
RESUMEN 

Objetivo: Verificar se hay asociación de la asimetría del acometimiento corneano en el queratocono con la posición preferencial de 
dormir. Métodos: Se ha realizado un estudio clínico prospectivo. Todos los participantes se sometieron a un cuestionario para 
evaluación de la posición preferencial de dormir. Se ha clasificado como «ojo dependiente» el ojo posicionado desventajosamente 
durante el sueño, independientemente del decúbito (lateral o ventral), y de «ojo no dependiente» el ojo posicionado superiormente, 
tanto en decúbito lateral cuanto ventral. Resultados: El presente estudio mostró alteraciones topográficas más intensas en los 
«ojos dependientes» de portadores de queratocono y que pueden estar relacionadas con la posición de dormir. 
Independientemente de las posiciones de decúbito lateral derecha o izquierda, se ha observado mayor alteración| topográfica de 
la córnea en el «ojo dependiente» con queratocono y este hallazgo podría explicarse por la ocurrencia de traumas mecánicos 
originados durante el sueño y secundarios a la posición preferencial de dormir.  Conclusión: Es fundamental que en la orientación 
al paciente con queratocono se identifiquen y reduzcan los efectos de factores de riesgo asociados con la evolución de la 
enfermedad. Considerándose que pasamos gran parte de nuestras vidas durmiendo, aclaraciones sobre preferencias de 
posiciones y cuidados al dormir podrán ser benéficos para los pacientes portadores de queratocono. 
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INTRODUCTION 
 

Keratoconus is a bilateral ecstatic disease that evolves with stroma thinning and progressive protrusion of the cornea, resulting in 

irregular astigmatism, low vision, and visual distortion secondary to high-order aberrations 1. The disease progresses slowly, and its 

estimated incidence varies according to the population studied and diagnostic criteria used. Most estimates range from 50 to 230 cases 

per 100,000 individuals in the general population 1,2.   

The etiology of keratoconus has been the subject of numerous studies; it is accepted that genetic predisposition is accompanied by 

environmental factors 1,2,3. Recently, the non-inflammatory nature of the disease has been questioned3 The act of scratching the eye 

contributes to the pathogenesis of keratoconus 4.  

Due to the viscoelastic characteristics of the cornea, changes in intraocular pressure (IOP) are one of the factors suspected of 

contributing to the development of corneal ectasias5. Acute events, such as perforation and hydropsy, may also be associated with 

pressure variations 5.   

Variations in IOP variation during changes in sleeping position is a well-established fact in the literature that has been exhaustively 

analyzed in anesthesiology research. These studies report that increases in IOP may lead to complications involving ocular perfusion in 

prolonged ventral decubitus 6,7,8,9. 

Humans generally spend one-quarter to one-third of their lives asleep, and changes in sleeping position are associated with changes 

in IOP during sleep. Kim et al. 10 interviewed 692 patients with open-angle glaucoma using a questionnaire that determined the preferred 

sleeping position and its relation to asymmetrical visual field loss. There are also reports of a higher prevalence of keratoconus in patients 

with sleep apnea 11.   

The present study sought to verify the presence of an association between asymmetry of corneal involvement in keratoconus and 

preferred sleeping position. 

 

METHODS 
 

A prospective clinical study was approved by the Research Ethics Committee of the Padre Bento Hospital Center in Guarulhos, São 

Paulo State, Brazil. All subjects signed an informed consent form; when patients were minors, the form was signed by a parent or 

guardian. The study was performed in the Ophthalmology Department of the Padre Bento Center from January to December 2014. 

The study population consisted of 60 individuals over 10 years of age with a topographic diagnosis of keratoconus. The participants 

included in the study had keratoconus classified according to its topography as grade II (moderate, between 45.00 and 52.00 D), grade 

III (advanced, between 52.00 and 62.00 D), or grade IV (intense, greater than 62.00 D). Patients with inflammatory and/or infectious 

ocular conditions and those with a history of ocular surgery were excluded. 

All participants answered the questionnaire proposed by Kim et al. 9 for assessing their preferred sleeping position Figura 1. Regardless 

of the position (lateral or ventral), the eye that was positioned inferiorly during sleep was classified as the “dependent eye”, and the eye 

positioned superiorly was classified as the “non-dependent eye”.  

Bilateral corneal topography was performed on all participants using the EyeSys® System 2000. Axial and tangential maps were 

obtained on a 0.50 D scale. Differences greater than 1 D in the mean keratometry values were used to indicate the eye with the greatest 

involvement (asymmetry). The presence of sleep apnea was also assessed. 

The mean values of the keratometric measurements of the eyes with the lowest and the highest involvement were compared using a 

paired t-test (quantitative variables). The influence of right lateral, left lateral, and ventral decubitus, as well as of the preferred sleeping 

position on the onset of asymmetry in the dependent and non-dependent eyes, were assessed using the chi-squared test (qualitative 

variables). All statistical analyses were performed using SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA). A p-value < 0.05 

was adopted as the level of statistical significance. 
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RESULTS 

 

The study population consisted of 60 individuals (58% female and 42% male). All of the participants were found to have a preferred 

sleeping position. Lateral decubitus was preferred by 67% of the participants. Topographic asymmetries were observed between the 

eyes in 93.3% of the participants (Table 1).  

 

Table 1. Preferred sleeping position, topographic asymmetry, and most highly affected eye, São Paulo, Brazil, 2014.  

 

 n % 
Do you have a preferred sleeping 

position or position for lying down? 
Yes 60 100.0% 

 
 
What position do you prefer? 

Right lateral decubitus position 23 38.3% 
Left lateral decubitus position 17 28.3% 
Supine 1 1.7% 
Right ventral decubitus 8 13.3% 
Left ventral decubitus 5 8.3% 
Both lateral decubitus positions 6 10.0% 

Is the corneal involvement 
asymmetric? 

Yes 56 93.3% 
No  4 6.7% 

If so, which eye is most affected by 
keratoconus? 

Right eye 27 48.2% 
Left eye 29 51.8% 

 

 

The keratometric means of the eyes with the lowest involvement was significantly lower than those of the eyes with the greatest 

involvement (p-value < 0.001; Table 2). 

 

Table 2 - Comparison between the keratometric means of the eyes with the lowest and highest involvement. São Paulo, Brazil, 2014. 

 

Keratometric Measurement n Mean Standard 
Deviation 

Mean 
Standard Error 

Eye with the lowest involvement 56 48.46 5.48 0.73 
Eye with the highest involvement 56 52.60 6.32 0.84 

p-value < 0.001 (paired t-test) 

 

There was a significant association between lateral decubitus and the most affected eye, which was also classified as the dependent 

eye (p = 0.014; Table 3). 

 

Table 3 - Comparison between lateral decubitus and corneal involvement. São Paulo, Brazil, 2014 

Preferred sleeping position: lateral 
decubitus 

Eye with the greatest involvement (n; %) Total 

Right Left 

Right lateral decubitus  14; 63.6 8; 36.4 22 
Left lateral decubitus 4; 23.5 13; 76.5 17 

p-value = 0.014 (chi-squared test) 

 

Graph 1 shows a higher involvement of the dependent eye in the right or left lateral decubitus position.  
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Graph 1 - Position of lateral decubitus and eye with the greatest involvement. São Paulo, Brazil, 2014 

 

There was no significant association between ventral and lateral decubitus positions and greater involvement of the dependent eye 

(p = 0.452; Table 4). 

 

Table 4 - Comparison between lateral decubitus and ventral decubitus on corneal involvement. São Paulo, Brazil, 2014 

Preferred sleeping position: lateral and 
ventral decubitus  

Eye with the greatest involvement (n; %) Total 

Right Left 

Right lateral decubitus  14; 63.6 8; 36.4 22 
Right ventral decubitus 6; 75 2; 25 8 

p-value = 0.452 (chi-squared test) 

 

The comparison between lateral decubitus, regardless of the decubitus side, showed a consistent association with higher involvement 

of the dependent eye (p = 0.005; Table 5).  

 

Table 5 - Corneal involvement involving the decubitus side, regardless of the type of decubitus. São Paulo, Brazil, 2014 

Preferred sleeping position: right or left 
side 

Eye with the greatest involvement (n; %) Total 

Right Left 

Right lateral decubitus  20; 66.7 10; 33.3 30 
Left lateral decubitus 6; 27.3 16; 72.7 22 

p-value = 0.005 (chi-squared test) 

 

Chart 2 illustrates the greater involvement of the dependent eye in the right-side and left-side sleeping position. 
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In the study sample, no patient presented sleep apnea as comorbidity.  

 

DISCUSSION 
 

The presence of microtraumas is a determinant factor for the evolution of keratoconus. Pruritus (eye allergy) and eye scratching have 

been consistently associated with disease progression 12.  Certain sleeping positions lead to changes in IOP 6 and sleeping position has 

been found to be associated with asymmetric visual field loss in patients with primary open-angle glaucoma 9. 

The present study showed greater topographic changes in the dependent eyes with keratoconus; these changes may be associated 

with the patient’s sleeping position. In the right and left lateral decubitus positions, greater corneal deformation was observed in the 

dependent eye with keratoconus; this finding could be a response to mechanical traumas originating during sleep and secondary to the 

preferred sleeping position.  

In the treatment of keratoconus, it is paramount to identify and reduce the risk factors associated with disease progression. The 

recommendation to avoid scratching the eyes has been widely publicized and is already included in the routine medical recommendations 

for these patients.4 However, the present study raises a new risk factor for the evolution of keratoconus. Considering the fact that humans 

spend a considerable amount of time sleeping, clarifications on position preferences and sleeping habits may be beneficial for patients 

with keratoconus. The creation of devices to be used by these patients during sleep would be welcomed if they can minimize the risk of 

microtrauma to the eye during sleep.  

Prospective clinical studies with follow-up on keratoconus patients are necessary to reinforce the validity of the present findings. 
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Figura 1. Questionnaire for evaluation of sleeping position, presence of asymmetry of corneal involvement by keratoconus, more 

advanced keratoconus and apnea. 
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