

  vision-08-00008




vision-08-00008







Vision 2024, 8(1), 8; doi:10.3390/vision8010008




Article



The Influence of Tear Film Quality on Visual Function



Snježana Kaštelan 1,*, Ksenija Gabrić 2, Maša Mikuličić 2, Danijela Mrazovac Zimak 3, Mirela Karabatić 4 and Antonela Gverović Antunica 5





1



Department of Ophthalmology, Fundamentals of Medical Skills, School of Medicine, University of Zagreb, Clinical Hospital Dubrava, 10 000 Zagreb, Croatia






2



Optomed d.o.o., 10 000 Zagreb, Croatia






3



Department of Ophthalmology, University Hospital Centre Zagreb, 10 000 Zagreb, Croatia






4



Department of Optometry, University of Applied Sciences Velika Gorica, 10 410 Velika Gorica, Croatia






5



Department of Ophthalmology, Clinical Nursing, University of Dubrovnik, General Hospital Dubrovnik, 20 000 Dubrovnik, Croatia









*



Correspondence: snjezanakastelan@yahoo.com







Citation: Kaštelan, S.; Gabrić, K.; Mikuličić, M.; Mrazovac Zimak, D.; Karabatić, M.; Gverović Antunica, A. The Influence of Tear Film Quality on Visual Function. Vision 2024, 8, 8. https://doi.org/10.3390/vision8010008



Received: 31 December 2023 / Revised: 15 February 2024 / Accepted: 23 February 2024 / Published: 26 February 2024



Abstract

:

Background: The prevalence of dry eye disease (DED) is increasing globally, resulting in a variety of eye symptoms characterized by discomfort and visual disturbances. The accurate diagnosis of the disease is often challenging and complex, requiring specialized diagnostic tools. This study aimed to investigate the impact of tear film instability on visual function and to evaluate the value of post-blink blur time (PBBT) as an alternative method for assessing tear film stability. Methods: The study included 62 subjects: 31 with subjective symptoms of DED (Group A) and a control group consisting of 31 healthy participants (Group B). Symptoms were assessed using the standard Schein questionnaire, supplemented with additional questions. PBBT was measured using standard Snellen charts to investigate a potential association between PBBT and tear film dysfunction. Additional clinical assessments included tear film break-up time (TBUT). Results: Statistically significant differences were observed in the average values of PBBT and TBUT between the examined groups. The average PBBT was 8.95 ± 5.38 s in the group with DED and 14.66 ± 10.50 s in the control group, p < 0.001. Group A exhibited an average TBUT of 4.77 ± 2.37 s, while Group B had a TBUT of 7.63 ± 3.25 s, p < 0.001. Additionally, a strong positive correlation was identified between PBBT and TBUT values (r = 0.455; p < 0.001). Conclusions: The research confirms that tear film stability has an important role in the refraction of light and the maintenance of optical quality of vision. PBBT could potentially function as an objective and clinically significant screening test for DED.
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1. Introduction


Dry eye disease (DED) is a prevalent multifactorial eye condition caused by insufficient tear production or excessive tear evaporation [1,2,3]. It can lead to damage of the eye surface with symptoms such as irritation, redness, itchiness, dryness, fatigue, and foreign body sensation [3,4,5,6,7]. DED is a significant public health concern and one of the leading causes of seeking ophthalmological care [5,7]. Ocular discomfort and pain are the most prevalent complaints in patients with DED and represent a central feature of the condition that significantly affects the quality of life (QoL) [7]. Additionally, individuals with DED may also experience impaired visual acuity and blurred vision [8]. Complaints are more common among contact lens wearers than in the general population [9].



The prevalence of DED varies widely across studies, ranging from 5% to 50% [3,7,10,11,12,13,14,15]. Risk factors for DED include female gender, older age, pregnancy, postmenopausal estrogen therapy, thyroid disease, digital device usage, and contact lens wear. Other factors include refractive surgery, vitamin A deficiency, certain medications, and autoimmune and systemic diseases [3,4,7,16,17,18,19,20,21,22,23,24,25,26]. The significance of DED is expected to rise in the future due to factors such as an aging population, environmental influences, and increased usage of digital devices [10,15].



The diagnosis of DED involves risk factor assessment, self-reported symptoms, patient-reported outcome (PRO) questionnaires, and clinical examinations. Clinical examinations for DED diagnosis include Meibomian gland evaluation, tear break-up time test (TBUT) as an indicator of tear film stability, Schirmer test to measure tear production, corneal and conjunctival staining to assess ocular surface damage, and tear osmolarity measurement [3,7,27,28,29,30,31]. For diagnosing and evaluating the severity of DED symptoms, various PRO questionnaires, including Schein’s questionnaire, are available [16,31,32,33]. However, there is often a discrepancy between the severity of reported dry eye symptoms and the results of clinical tests, making accurate diagnosis challenging [28,32,33]. Recently, physician-scientists specializing in DED collectively established a clinical consensus regarding its definition. One of the significant clinical implications is the recognition that tear film stability serves as a sensitive measure of tear dysfunction. It is an easily measurable, clinically practical, and reproducible marker of tear dysfunction and DED. This underscores the importance of incorporating tear film stability as a key criterion in the clinical definition and diagnostics of DED [7].



The tear film has multiple functions, maintaining an optically uniform surface, lubricating eye tissues, and protecting against infections. Efficient tear film production, secretion, and elimination are vital for ocular surface health. Blinking, a physiological function, ensures tear film continuity, distributing it over the cornea and conjunctiva to preserve eye moisture and protect the eye against irritants [10,34]. The altered blinking pattern is prevalent in DED and contributes to its pathology [35]. Extended periods without blinking cause tear film breakage, leading to discomfort and reflexive blinking. In individuals with dry eyes, the less stable tear film results in a rapid break-up, impacting visual function and accelerating symptom onset. Tears, in conjunction with the anterior surface of the cornea, provide approximately 80% of the refractive power of the eye [35,36]. Maintaining a physiologically complete tear film is crucial for normal vision, as any deterioration affects contrast sensitivity and increases optical aberrations, compromising retinal image quality in eyes with tear film instability [37,38,39,40]. Dysfunction can alter best-corrected visual acuity (BCVA), and more importantly for everyday life, functional visual acuity (FVA), highlighting the tear film’s vital role in preserving high-quality vision and QoL [40,41,42].



Currently, the instability of the tear film is recognized as an important mechanism in DED [10]. Therefore, measuring the post-blink blur time (PBBT), which indicates the time in seconds for a change in BCVA following a blink, may serve as a simple method to assess DED. This study aims to evaluate the impact of tear film instability on visual function and determine the effectiveness of PBBT as an alternative option for assessing tear film stability, a key clinical indicator of dry eye.




2. Materials and Methods


2.1. Methods


This cross-sectional, single-center study was approved by the independent local Ethics Committee of the Specialty Eye Hospital Svjetlost and adhered to the tenets of the Declaration of Helsinki. The study participants received both written and verbal information about the study and provided written informed consent before enrollment.




2.2. Patients


The study included 62 Caucasian subjects (124 eyes) aged 18 to 79, who underwent routine eye exams at the Specialty Eye Hospital Svjetlost.



The participants, aged 18 and above, had no pre-existing eye conditions or trauma that could directly impact the conducted test outcomes. All participants exhibited distance BCVA of 20/20 (1.0 in decimal), Schirmer test I (without anesthesia) values within normal limits, and negative corneal and conjunctival staining in both eyes. Subjects with both myopia and hypermetropia up to 1 dioptre sphere were included while those with astigmatism were excluded from the study. Visual acuity and PBBT for this study’s purposes were exclusively examined at a distance.



Subjects with a history of eyelid disorders, ocular trauma, ocular surgery, ocular infections, corneal scarring, Meibomian gland dysfunction, abnormalities of the nasolacrimal drainage apparatus, and those with permanent or temporary occlusion of lacrimal puncta, as well as individuals who wore contact lenses, were excluded from the study. Additional non-inclusion criteria encompassed glaucoma, cataracts, uveitis, retinal diseases, systemic dry eye-related diseases such as Sjögren’s syndrome, Stevens–Johnson syndrome, rheumatism, cognitive and mental disorders, as well as the use of tear-influencing medications such as antihistamines or psychiatric medications.




2.3. Clinical Evaluations


In addition to collecting the relevant data from the clinical history and completing the modified Schein questionnaire, all participants underwent a standard ophthalmological examination. The examinations were performed by a single investigator in the same examination room under identical conditions to ensure consistency. The room temperature was kept at 22–23 °C and humidity at 40–50% with standard lighting. The investigator had no prior knowledge of Schein’s questionnaire results. Before subjective visual acuity testing, all patients underwent refraction using Nidek ARK-1s auto refracto/keratometer (Nidek Co., Ltd., Gamagori, Japan), Subjective visual acuity testing using digital acuity system Clear Chart 4 (Reichert®, Buffalo, NY, USA) with Snellen optotypes at a standard distance of 6 m and slit lamp examination (Haag-Streit BP 900 Unit, Haag-Streit AG, Köniz, Switzerland). To minimize the potential influence of previous tests, clinical evaluations were conducted in a specific order with a 10-minute interval between each test. The diagnostic tests included photopic distance BCVA, PBBT, TBUT, and slit-lamp examination. The examiner recorded the time of TBUT and PBBT using a digital stopwatch. The performance of clinical tests is described in more detail in the following text.



Participants were divided based on the outcomes of the modified Schein questionnaire. Individuals exhibiting any subjective dry eye symptoms and obtaining a total score of 1 or more were assigned to the Symptomatic group (Group A) whereas those without any symptoms and having a total score of 0 were categorized into the Asymptomatic group (Group B).




2.4. Modified Schein Questionnaire


Patients’ subjective symptoms were evaluated using the Schein questionnaire which includes the following six questions [16,33]:




	
Do your eyes ever feel dry?



	
Do you ever feel a gritty or sandy sensation in your eye?



	
Do your eyes ever have a burning sensation?



	
Are your eyes ever red?



	
Do you notice much crusting on your lashes?



	
Do your eyes ever get stuck shut in the morning?








Additional questions in our research included:




	
Do you experience disturbances while working on the computer?



	
Do you observe changes in your visual acuity after spending extended periods at the computer, watching TV, driving a car, or staying in an air-conditioned room?








These questions were used in the present study to grade subjective symptoms of participants using a slight modification of the scale: numeric values to the responses were added as well as the new category “never”, and ordinal grades were assigned to the possible answers (“never” = 0 points, “rarely” = 1 point, “sometimes” = 2 points, “often” = 3 points, and “all of the time” = 4 points). The questionnaire provided a total numerical score, with a minimum of 0 points for individuals with no symptoms and a maximum of 24 points for those with severe symptoms.




2.5. Post Blink Blur Time


PBBT represents the time it takes for the change in BCVA following blinking. After measuring distance BCVA using standard Snellen charts, the participant was asked to blink several times and focus their gaze on the 20/20 line of the chart. They were then instructed to indicate when the line became blurry, namely, when they could no longer read all the letters on the 20/20 line of the Snellen chart. The examiner recorded the time in seconds from the moment the subject opened their eyes to the point at which their visual acuity blurred. This procedure was repeated three times for each eye and the mean value was calculated.




2.6. Tear Film Break Up-Time


Tear film break-up time is a valuable method used to assess the stability of the tear film. The procedure was conducted in the following order: a wet fluorescein-impregnated strip was placed in the inferior fornix (I-DEW FLO, Fluorescein Sodium Ophthalmic strips U.S.P., 1 mg (ENTOD Research Cell UK Ltd., London, UK). The patient was then instructed to blink several times to ensure adequate mixing of the dye and to distribute the fluorescein evenly on the ocular surface, and then abstain from further blinking. The TBUT was assessed by measuring the interval between a complete blink and the appearance of the first area of tear film break-up on the cornea, using a broad beam of the slit lamp microscope with a cobalt blue filter. The presence of black spots indicates the existence of dry areas on the tear film. The procedure was repeated three times for each eye and the mean value was recorded. A TBUT of less than 5 s was classified as abnormal [3,10,29]. Novel diagnostic approaches for DED rely on analyzing the precorneal tear film rupture pattern. This method involves observing the appearance and dynamics of dark spots on the front surface of the eye after fluorescein installation. Through careful analysis of this pattern, DED and its subtypes based on predominant etiology can be accurately diagnosed [3,5,30].




2.7. Statistical Analysis


Statistical analysis was conducted using SPSS 22.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were used to describe the characteristics of the sample, measures of central tendency, and variability, and were presented as mean values and standard deviations. The frequency distribution for the observed characteristics is presented in both absolute and relative values. All parameters were assessed for normality of distribution. The chi-squared test was used for the comparison of qualitative variables. Levene’s test of equality of variances to test whether samples had equal variances and determine the appropriate t-test. The paired t-test for Equality of Means was used for statistical analysis to examine the differences in TBUT and PBBT of patients with or without symptoms. Correlations between clinical parameters were analyzed by Pearson’s correlation coefficient, aiming to establish the level of interrelationship between the examined variables. p-values of <0.05 were considered statistically significant.





3. Results


The study involved 62 participants (124 eyes), divided into two groups: Group A, comprising patients with subjective dry eye symptoms, and Group B, including participants without subjective symptoms of DED. Demographic characteristics of the enrolled patients are presented in Table 1. A statistically significant difference based on gender was observed among the examined samples with and without symptoms, p < 0.001.



The majority of patients experiencing symptoms were female (87.10%), while in the asymptomatic group, there was a slight predominance of males (54.84%). In terms of the age distribution among symptomatic patients, the average age was 42 years for women and 48 years for men, whereas for the asymptomatic patients, the average age was 36 years for women and 38 years for men. The predominant age group for both groups encompassed patients between 31 and 50 years of age.



The clinical characteristics of the patients are presented in Table 2. Among patients with symptoms of DED (Group A), no statistically significant difference was observed in the number of subjects with normal and abnormal TBUT values, whereas only eight (12.9%) of asymptomatic patients (Group B) displayed abnormal TBUT values. Furthermore, a significant majority of patients (70.97%) in the symptomatic group (Group A) had a PBBT of 10 s or less. Conversely, in the group of asymptomatic patients (Group B), a higher percentage (61.29%) had PBBT values longer than 10 s. The association between TBUT values and the presence of DED symptoms was investigated, revealing a statistically significant association) (p = 0.001). Likewise, the association between PBBT values and the presence of DED symptoms was also found to be statistically significant, p = 0.001).



The correlation analysis results between clinical parameters are detailed in Table 3. Pearson’s correlation between TBUT and the total Schein score (Schein questionnaire with additional questions) yielded a statistically significant finding, indicating a moderate negative relationship (r = −0.440, p < 0.001). Furthermore, Pearson’s correlation between TBUT and the Schein score (standard Schein questionnaire) consistently revealed a negative relationship, with comparable strength and statistical significance (r= −0.417, p < 0.001). Additionally, TBUT values demonstrated a negative correlation with activities requiring focused attention, showing a moderate strength (r = −0.387, p < 0.001).



Concerning the age and the results obtained from the Schein questionnaire, a statistically significant and moderately strong positive relationship was observed between age and both the Schein score (r = 0.327, p < 0.001) and the total Schein score (r = 0.269, p < 0.001). Moreover, the statistical analysis indicated a statistically significant weak and negative correlation between age and TBUT (r = −0.285, p < 0.001).



In the analysis of the correlation between PBBT and the evaluated clinical parameters, a statistically significant weak negative association was observed between PBBT and activities requiring focused attention (r = −0.306, p < 0.001). Additionally, analogous negative associations were noted with both the total Schein score (r = −0.249, p < 0.001) and the Schein score (r = −0.189, p < 0.05). Lastly, a statistically significant positive relationship was identified between TBUT and PBBT values (r = 0.455, p < 0.001).



The paired t-test for equality of means confirmed a statistically significant difference in the mean TBUT values between patient groups with and without symptoms (p < 0.001). Specifically, individuals with symptoms exhibited a mean TBUT value of 4.77 s, while those without symptoms had a mean TBUT value of 7.63 s.



The t-test for equality of means was also used to explore the difference in the mean PBBT values between groups with and without symptoms. The test supported the hypothesis of a statistically significant difference in mean PBBT values for subjects with symptoms (mean = 8.95) compared to those without (mean = 14.66), p < 0.001. This suggests that patients experiencing symptoms of DED tend to have shorter PBBT values. Detailed results are presented in Table 4.



The correlation between PBBT and TBUT parameters for both eyes is illustrated in the scatterplot diagram (Figure 1). The correlation coefficients for these indicators were 0.46, indicating a statistically significant correlation between PBBT and TBUT.



The PBBT and TBUT showed a statistically significant positive correlation (r  =  0.455; p < 0.001; Pearson’s correlation analysis)




4. Discussion


Dry eye is a multifactorial disease of the tears and ocular surface with symptoms that often fail to correspond to diagnostic testing [3]. Newer concepts suggest that DED can have a significant impact on visual function influencing daily activities and diminishing overall QoL [7,20,43,44]. Left untreated, the patient may not only experience discomfort and visual disturbances but also face the risk of ocular inflammation, corneal scarring, and permanent damage to the corneal surface [37,44].



The tear film is the foremost refracting surface of the eye that interacts with incoming light and serves as an optical element crucial for maintaining the quality of vision [42,45]. Despite its importance, the comprehensive exploration of the influence of the tear film on optical quality and visual function in dry eyes has been limited. This gap in understanding may be attributed to the common observation that many dry eye patients maintain normal BCVA during routine ophthalmological examinations [15,44,46].



In the present study, we explored the impact of tear film dysfunction on visual acuity by measuring TBUT and PBBT in individuals with and without subjective DED symptoms. Our results revealed a significant positive relationship between age and subjective symptoms assessed through the Schein questionnaire. Conversely, we found a significant negative correlation between age and TBUT. The extensive meta-analysis by the International Working Group on Dry Eye (TFOS DEWS II) indicated that dry eye symptoms tend to increase with age, particularly after the age of 50. Furthermore, this study highlighted that the prevalence of dry eye signs increases notably, showing a 10% rise over 10 years, in contrast to a 2% increase in dry eye symptoms during the same period [15] which could be linked to decreased eye surface sensitivity during the aging process. Notably, tear film instability in dry eye syndrome contributes to increased optical aberrations and irregular astigmatism, impacting vision [43]. Our findings also confirmed the correlation between age and subjective symptoms of DED, aligning with prior research [37,38,39,47]. Furthermore, the majority of symptomatic patients were female (87.10%), consistent with the recognized gender-related risk for DED [7,12,15,25].



Visual impairment is common in individuals with dry eyes, especially during tasks requiring focused attention, leading to a reduced blink rate. Despite normal conventional visual acuity, patients with tear film instability may experience fluctuations in visual acuity, impacting activities like driving, reading, and video display terminal use [48,49]. Additionally, it is essential to recognize that heightened levels of eye discomfort and pain also disrupt general activity, mood, sleep, ability to walk, normal work activities, relationships with others, and thereby significantly affecting the patient’s QoL. Therefore, conducting a thorough assessment of both ocular pain and visual function in individuals with DED is needed. This comprehensive evaluation is essential for gaining a deeper understanding of how DED impacts daily life and activities [7]. The Osmoprotection in Dry Eye Disease–Expert Opinion (OCEAN) group highlighted challenges in daily tasks for patients with DED [50]. Complaints of blurred vision, glare, and fluctuating vision are common, even with normal BCVA. A correlation has been noted between the severity of DED and HOA levels, where tear film instability contributes to post-blink HOA, resulting in vision fluctuations and increased blinking frequency. The presence of irregular astigmatism and HOA is associated with a decline in contrast sensitivity, a key element of normal visual function [43,51]. Despite this connection, the absence of established evaluation methods presents a challenge in objectively linking optically assessed quality to subjective visual symptoms in dry eyes. It is essential to identify and employ reliable techniques for accurately measuring visual functions related to dry eye symptoms [52,53,54,55].



Our study combined the modified Schein questionnaire with TBUT and PBBT tests, revealing statistically significant data regarding impaired visual function in DED patients. These findings suggest that TBUT and PBBT can offer valuable clinically relevant data, complementing established dry eye questionnaires. We found a statistically significant negative correlation between PBBT values and subjectively assessed dry eye symptoms, as well as activities requiring focused attention. Conversely, a significant positive correlation was observed between TBUT and PBBT values.



There are several advantages of PBBT over TBUT in clinical practice. TBUT is an invasive technique involving a wet fluorescein-impregnated strip or a drop of a 1% or 2% fluorescein solution. The paper strip’s contact with the eye induces reflex lacrimation, whereas instilling a fluorescein solution, even just one drop, exceeds the tear volume by three to six times, resulting in excessive destabilization of the tear film. Moreover, adding fluorescein to the tear film alters the physical interactions between the layers, reducing surface tension and consequently affecting the TBUT value [56]. Additionally, the fluorescein dye stains soft lenses, necessitating their removal before staining, which can be an inconvenience for the patient. In contrast, PBBT allows the non-invasive, simpler, and more accurate assessment of tear film stability [3].



Spontaneous blinking, crucial for distributing the tear film on the ocular surface is considered to be essential for optimal optical quality. Individuals with DED cope with blurred vision by increasing blink rates to redistribute the tear film [43]. If blinking is not rapid enough, retinal image quality is compromised [7]. Goto et al. [57] validated this, observing a decline in visual acuity of 0.3 in 16 patients with dry eyes after keeping their eyes open for only 10 s. It is important to highlight that even in normal subjects, tear film optical quality can deteriorate with an interblink interval longer than 10 s [58].



Various methods have been employed to assess DED, such as measuring TBUT, cornea fluorescence score, Rose Bengal staining, Schirmer test, and tear osmolarity measurement [10,28,59]. Recent research has demonstrated that alterations in visual function associated with DED are manifestations of tear film instability, highlighting the interconnection of visual and tear film quality assessment. Talens-Esteralles et al.’s study provided valuable insights into visual quality both objectively and quantitatively through the analysis of light disturbance, revealing that various aspects of visual function and quality deteriorated among computer users through the course of the day. Additionally, D’Souza et al. found that patients with DED and unstable tear film exhibited significantly poorer quality of vision and optical optics, exerting a notable influence on their QoL. However, their comprehensive research relied on the use of specialized and sophisticated equipment not commonly available in routine ophthalmological practice [20,21]. However, many of these assessments require specific reagents and equipment. A significant challenge in ophthalmology practice has been the lack of objective, non-invasive, and reproducible screening tests for DED. The development of such tests could prove instrumental in early diagnosis and contribute to enhanced long-term outcomes. Several studies have attempted to assess the impact of dry eye on visual function in a straightforward manner, suitable for conducting under everyday conditions and without relying on specialized or sophisticated equipment [10,58,60,61,62]. A recently conducted study assessed the discriminatory capability of the blink test in identifying individuals with DED. The blink test measures the time it takes, following two non-forceful blinks, for a patient to experience symptoms of ocular discomfort or dry eye. Utilizing a cut-off time of 10 s, the blink test demonstrated a sensitivity of 66%, and specificity of 88%, in predicting a diagnosis of DED according to the TFOS DEWS II criteria. In the same investigation, the correlation between the blink test and non-invasive TBUT was r = 0.47 (p < 0.001). When integrated with the screening questionnaire, the sensitivity and specificity of the blink test increased to 71% and 90%, respectively. Similarly, Hwang et al. [60] introduced the blinking tolerance time (BTT) test, which assesses tear film stability indirectly by measuring the time interval between eye blinks when the participant refrains from blinking for as long as possible until experiencing a foreign body sensation or irritation. They discovered a notable correlation between BTT and TBUT, with BTT values being significantly shorter in dry eye patients compared to healthy subjects. Inomata et al. [10] investigated the usefulness of the maximum blink interval (MBI) and the blink interval period (BIP) in screening for DED. MBI represents the time in seconds that participants can keep their eyes open and BIP denotes the duration between the appearance of dark spots on the ocular surface and the subsequent blink. As such it represents the difference of values between MBI and TBUT in seconds. BIP was found to be diminished in the DED group compared to the non-DED group of patients, suggesting that tear film layer instability in DED not only reduces TBUT but also diminishes the period between dark spot occurrence and blinking.



In our investigation, we used the PBBT test for evaluating tear film instability by measuring the time interval between eye blinks when the participant has been asked to refrain from blinking until the point when vision becomes blurred. Our study demonstrated a significantly strong correlation between PBBT and TBUT (r = 0.455, p < 0.001), highlighting the influence of tear break-up on corneal light refraction. This effect, in turn, compromises the quality of vision and contributes to a reduction in visual acuity. The PBBT test is a cost-effective diagnostic tool that clinicians can readily use as a widespread screening method for detecting DED without the need for the use of sophisticated equipment. Additionally, it may serve as a simple method for self-diagnosis. Our results indicate that the PBBT test may serve as a valuable supplementary diagnostic tool for dry eye, complementing the TBUT test. Additionally, we analyzed the correlation between the PBBT and subjectively assessed dry eye symptoms, which yielded a significantly negative correlation. These results verify the association of the PBBT test with objective signs as well as subjective symptoms of dry eye. The PBBT test may have many advantages. Specifically, it can be used as a self-test for dry eye disease which is very easy and simple to perform without the need for assistance from a medical professional. It provides insight into the physiological condition of the tear film without requiring fluorescein dye for the testing process. Additionally, the test results remain unaffected by an individual’s pain threshold, a factor that could influence tests relying on ocular pain as the endpoint. This could be particularly important when testing the aging population due to the additional decline in sensitivity of the eye surface during the aging process.



This research describes the impact of tear film dysfunction on visual acuity and introduces PBBT as a potential non-invasive tool for assessing tear film stability. A new concept for evaluating tear film stability by determining visual function is proposed. The main finding of this study was that PBBT, dry eye symptoms, and TBUT were related. PBBT showed a significant positive correlation with TBUT and a significant negative correlation with subjective dry eye symptoms, highlighting its potential as a promising and clinically relevant diagnostic tool to identify individuals with DED. This confirms the idea that the stability of the tear film plays an important role in refracting light and maintaining the optical quality of vision. Using PBBT, tear film stability can be assessed in a non-invasive, straightforward uncomplicated way. The PBBT test is simple to perform, applicable in everyday ophthalmological practice, requires no additional reagents or equipment, and is time-efficient without necessitating additional financial resources or training for implementation. A significant advantage is the fact that the test is non-invasive, eliminating the need for eye drops or physical contact with the eye, which could potentially influence results. Additionally, it is suitable for use during optometric examinations, can serve as a self-examination method, and is beneficial for patients with a fear of eye drops. The PBBT test holds promise as a widespread screening method for DED, which could be further confirmed with more extensive ophthalmological examinations utilizing specialized equipment and reagents.



Finally, it is important to note that this study has several limitations. Patients included in the study were classified based solely on subjective symptoms and responses to the Schein questionnaire. While clinical examination and objective signs of DED were not criteria for inclusion, they were, however, part of the overall clinical evaluation in the study. Clinical data showed that only 12.9% of patients who did not exhibit any subjective symptom of dry eye had pathological TBUT values of less than 5 s, and the mean TBUT value in this group was 7.63 ± 3.25, significantly higher than that in the group of patients experiencing subjective symptoms of dry eye. Another potential limitation may be the use of the Schein questionnaire rather than opting for a more comprehensive tool, such as the ocular surface disease index (OSDI) questionnaire. The Schein questionnaire lacks a validated cut-off value for dry eye, representing a significant limitation. This absence of a standardized cut-off value could potentially impact the classification of patients into the studied groups. Moreover, the Schein questionnaire does not evaluate the impact of DED on factors such as quality of vision, QoL, or daily activities, as comprehensively captured by the OSDI questionnaire. In response to this limitation, we included additional questions in the survey. On a positive note, Schein’s questionnaire was selected for its frequent and straightforward application in daily clinical practice. It proves to be practical, concise, and easily understandable for all patients, particularly the elderly and is not protected by copyright [16,33,63]. Moreover, it is crucial to recognize that correcting refractive errors, particularly in individuals with cataracts and high astigmatism, can influence visual function and, subsequently, the outcomes of the PBBT test, thereby introducing potential additional limitations [31,41,46,56]. Nevertheless, the study recruited only participants with a refractive error of up to 1 spherical diopter, excluding individuals with astigmatism or cataracts. Consequently, we believe that any potential impact on test results due to refractive error and subsequent aberration was minimal.




5. Conclusions


Dry eye, a prevalent and complex ocular surface disease, causes discomfort, blurred vision, reduced quality of life, and decreased productivity. Our study emphasizes the significant role of tear film stability in visual function. The PBBT test holds promise as an objective and clinically significant screening tool for individuals with undiagnosed DED. The escalating global prevalence of DED emphasizes the importance of early prevention and self-management to uphold the quality of vision and overall quality of life.







Author Contributions


Conceptualization, S.K. and K.G.; methodology, M.M., M.K. and K.G.; software, M.K.; validation, K.G., M.M., A.G.A. and S.K.; formal analysis, K.G., M.M., S.K. and M.K. investigation, M.M., K.G., S.K. and A.G.A.; resources, K.G. and S.K.; data curation, K.G.; writing—original draft preparation, K.G., S.K., and D.M.Z.; writing—review and editing, S.K. and D.M.Z.; visualization, M.K.; supervision, S.K and M.M.; project administration, K.G. and S.K.; funding acquisition, S.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the independent local Ethics Committee of the Specialty Eye Hospital Svjetlost (No. 14/01/2015).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is contained within the article.




Acknowledgments


We acknowledge Angela Budimir, University Hospital Dubrava, for her proofreading of the manuscript.




Conflicts of Interest


All authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.




References


	



Behrens, A.; Doyle, J.J.; Stern, L.; Chuck, R.S.; McDonnell, P.J.; Azar, D.T.; Dua, H.; Hom, M.; Karpecki, P.; Laibson, P.; et al. Dysfunctional tear syndrome: A Delphi approach to treatment recommendations. Cornea 2006, 25, 900–907. [Google Scholar] [CrossRef]

	



Schaumberg, D.A.; Sullivan, D.A.; Dana, M.R. Epidemiology of dry eye syndrome. Adv. Exp. Med. Biol. 2002, 506, 989–998. [Google Scholar]

	



Kaštelan, S.; Tomić, M.; Salopek-Rabatić, J.; Novak, B. Diagnostic procedures and management of dry eye. Biomed. Res. Int. 2013, 2013, 309723. [Google Scholar] [CrossRef]

	



Jones, L.; Efron, N.; Bandamwar, K.; Barnett, M.; Jacobs, D.S.; Jalbert, I.; Pult, H.; Rhee, M.K.; Sheardown, H.; Shovlin, J.P.; et al. TFOS Lifestyle: Impact of contact lenses on the ocular surface. Ocul. Surf. 2023, 29, 175–219. [Google Scholar] [CrossRef] [PubMed]

	



Craig, J.P.; Nichols, K.K.; Akpek, E.K.; Caffery, B.; Dua, H.S.; Joo, C.K.; Liu, Z.; Nelson, J.D.; Nichols, J.J.; Tsubota, K.; et al. TFOS DEWS II Definition and Classification Report. Ocul. Surf. 2017, 15, 276–283. [Google Scholar] [CrossRef] [PubMed]

	



Bron, A.J.; Dogru, M.; Horwath-Winter, J.; Kojima, T.; Kovács, I.; Müller-Lierheim, W.G.K.; van Setten, G.B.; Belmonte, C. Reflections on the Ocular Surface: Summary of the Presentations at the 4th Coronis Foundation Ophthalmic Symposium Debate: “A Multifactorial Approach to Ocular Surface Disorders” (August 31 2021). Front. Biosci. 2022, 27, 142. [Google Scholar] [CrossRef] [PubMed]

	



Tsubota, K.; Pflugfelder, S.C.; Liu, Z.; Baudouin, C.; Kim, H.M.; Messmer, E.M.; Kruse, F.; Liang, L.; Carreno-Galeano, J.T.; Rolando, M.; et al. Defining Dry Eye from a Clinical Perspective. Int. J. Mol. Sci. 2020, 21, 9271. [Google Scholar] [CrossRef]

	



Kaido, M.; Dogru, M.; Ishida, R.; Tsubota, K. Concept of functional visual acuity and its applications. Cornea 2007, 26 (Suppl. S1), S29–S35. [Google Scholar] [CrossRef] [PubMed]

	



Pili, K.; Kastelan, S.; Karabatic, M.; Kasun, B.; Culig, B. Dry eye in contact lens wearers as a growing public health problem. Psychiatr. Danub. 2014, 26 (Suppl. S3), 528–532. [Google Scholar]

	



Inomata, T.; Iwagami, M.; Hiratsuka, Y.; Fujimoto, K.; Okumura, Y.; Shiang, T.; Murakami, A. Maximum blink interval is associated with tear film breakup time: A new simple, screening test for dry eye disease. Sci. Rep. 2018, 8, 13443. [Google Scholar] [CrossRef]

	



Moss, S.E.; Klein, R.; Klein, B.E. Prevalence of and risk factors for dry eye syndrome. Arch. Ophthalmol. 2000, 118, 1264–1268. [Google Scholar] [CrossRef]

	



The epidemiology of dry eye disease: Report of the Epidemiology Subcommittee of the International Dry Eye WorkShop (2007). Ocul. Surf. 2007, 5, 93–107. [CrossRef]

	



Hashemi, H.; Khabazkhoob, M.; Kheirkhah, A.; Emamian, M.H.; Mehravaran, S.; Shariati, M.; Fotouhi, A. Prevalence of dry eye syndrome in an adult population. Clin. Exp. Ophthalmol. 2014, 42, 242–248. [Google Scholar] [CrossRef] [PubMed]

	



Bakkar, M.M.; Shihadeh, W.A.; Haddad, M.F.; Khader, Y.S. Epidemiology of symptoms of dry eye disease (DED) in Jordan: A cross-sectional non-clinical population-based study. Contact Lens Anterior Eye 2016, 39, 197–202. [Google Scholar] [CrossRef] [PubMed]

	



Stapleton, F.; Alves, M.; Bunya, V.Y.; Jalbert, I.; Lekhanont, K.; Malet, F.; Na, K.S.; Schaumberg, D.; Uchino, M.; Vehof, J.; et al. TFOS DEWS II Epidemiology Report. Ocul. Surf. 2017, 15, 334–365. [Google Scholar] [CrossRef] [PubMed]

	



Schein, O.D.; Tielsch, J.M.; Munõz, B.; Bandeen-Roche, K.; West, S. Relation between signs and symptoms of dry eye in the elderly. A population-based perspective. Ophthalmology 1997, 104, 1395–1401. [Google Scholar] [CrossRef] [PubMed]

	



Wolffsohn, J.S.; Lingham, G.; Downie, L.E.; Huntjens, B.; Inomata, T.; Jivraj, S.; Kobia-Acquah, E.; Muntz, A.; Mohamed-Noriega, K.; Plainis, S.; et al. TFOS Lifestyle: Impact of the digital environment on the ocular surface. Ocul. Surf. 2023, 28, 213–252. [Google Scholar] [CrossRef] [PubMed]

	



Garcia-Queiruga, J.; Pena-Verdeal, H.; Sabucedo-Villamarin, B.; Giraldez, M.J.; Garcia-Resua, C.; Yebra-Pimentel, E. A cross-sectional study of non-modifiable and modifiable risk factors of dry eye disease states. Cont. Lens Anterior Eye 2023, 46, 101800. [Google Scholar] [CrossRef]

	



Kim, J.M.; Choi, Y.J. Impact of Dietary Nutrients on the Prevalence of Dry Eye Syndrome among Korean Women Aged 40 and above: Evidence from the Korea National Health and Nutrition Examination Survey. Nutrients 2024, 16, 372. [Google Scholar] [CrossRef] [PubMed]

	



Talens-Estarelles, C.; Mechó-García, M.; McAlinden, C.; Cerviño, A.; García-Lázaro, S.; González-Méijome, J.M. Changes in visual function and optical and tear film quality in computer users. Ophthalmic. Physiol. Opt. 2023, 43, 885–897. [Google Scholar] [CrossRef]

	



D’Souza, S.; Annavajjhala, S.; Thakur, P.; Mullick, R.; Tejal, S.J.; Shetty, N. Study of tear film optics and its impact on quality of vision. Indian J. Ophthalmol. 2020, 68, 2899–2902. [Google Scholar] [CrossRef]

	



Kawashima, M.; Yamada, M.; Shigeyasu, C.; Suwaki, K.; Uchino, M.; Hiratsuka, Y.; Yokoi, N.; Tsubota, K.; DECS-J Study Group. Association of Systemic Comorbidities with Dry Eye Disease. J. Clin. Med. 2020, 9, 2040. [Google Scholar] [CrossRef]

	



Liang, C.Y.; Cheang, W.M.; Wang, C.Y.; Lin, K.H.; Wei, L.C.; Chen, Y.Y.; Shen, Y.C. The association of dry eye syndrome and psychiatric disorders: A nationwide population-based cohort study. BMC Ophthalmol. 2020, 20, 123. [Google Scholar] [CrossRef] [PubMed]

	



Kaštelan, S.; Bakija, I.; Bogadi, M.; Orešković, I.; Kasun, B.; Gotovac, M.; Gverović Antunica, A. Psychiatric Disorders and Dry Eye Disease—A Transdisciplinary Approach. Psychiatr. Danub. 2021, 33 (Suppl. S4), 580–587. [Google Scholar] [PubMed]

	



Hat, K.; Planinić, A.; Ježek, D.; Kaštelan, S. Expression of Androgen and Estrogen Receptors in the Human Lacrimal Gland. Int. J. Mol. Sci. 2023, 24, 5609. [Google Scholar] [CrossRef] [PubMed]

	



Hat, K.; Kaštelan, S.; Planinić, A.; Muller, D.; Ježek, D. Pathohistological features of the aging human lacrimal gland. Croat. Med. J. 2023, 64, 307–319. [Google Scholar] [CrossRef] [PubMed]

	



Isreb, M.A.; Greiner, J.V.; Korb, D.R.; Glonek, T.; Mody, S.S.; Finnemore, V.M.; Reddy, C.V. Correlation of lipid layer thickness measurements with fluorescein tear film break-up time and Schirmer’s test. Eye 2003, 17, 79–83. [Google Scholar] [CrossRef] [PubMed]

	



Wolffsohn, J.S.; Arita, R.; Chalmers, R.; Djalilian, A.; Dogru, M.; Dumbleton, K.; Gupta, P.K.; Karpecki, P.; Lazreg, S.; Pult, H.; et al. TFOS DEWS II Diagnostic Methodology report. Ocul. Surf. 2017, 15, 539–574. [Google Scholar] [CrossRef] [PubMed]

	



Paugh, J.R.; Tse, J.; Nguyen, T.; Sasai, A.; Chen, E.; De Jesus, M.T.; Kwan, J.; Nguyen, A.L.; Farid, M.; Garg, S.; et al. Efficacy of the Fluorescein Tear Breakup Time Test in Dry Eye. Cornea 2020, 39, 92–98. [Google Scholar] [CrossRef]

	



Yokoi, N.; Georgiev, G.A. Tear Film-Oriented Diagnosis and Tear Film-Oriented Therapy for Dry Eye Based on Tear Film Dynamics. Investig. Ophthalmol. Vis. Sci. 2018, 59, DES13–DES22. [Google Scholar] [CrossRef]

	



Nichols, J.J.; Ziegler, C.; Mitchell, G.L.; Nichols, K.K. Self-reported dry eye disease across refractive modalities. Investig. Ophthalmol. Vis. Sci. 2005, 46, 1911–1914. [Google Scholar] [CrossRef] [PubMed]

	



Kaštelan, S.; Bakija, I.; Bogadi, M.; Gverović Antunica, A.; Gotovac, M.; Šimunović Filipčić, I. Mental Disorders as Influencing Factors for Discordances in the Signs and Symptoms of Dry Eye Disease. Psychiatr. Danub. 2021, 33 (Suppl. S4), 588–595. [Google Scholar]

	



Paugh, J.R.; Chen, E.; Kwan, J.; Nguyen, T.; Sasai, A.; Thomas De Jesus, M.; Nguyen, A.L.; Christensen, M.T.; Meadows, D. Validation of the Modified Schein Dry Eye Symptom Questionnaire and Comparison with the Ocular Surface Disease Index. Transl. Vis. Sci. Technol. 2022, 11, 27. [Google Scholar] [CrossRef] [PubMed]

	



Rieger, G. The importance of the precorneal tear film for the quality of optical imaging. Br. J. Ophthalmol. 1992, 76, 157–158. [Google Scholar] [CrossRef]

	



Oganov, A.; Yazdanpanah, G.; Jabbehdari, S.; Belamkar, A.; Pflugfelder, S. Dry eye disease and blinking behaviors: A narrative review of methodologies for measuring blink dynamics and inducing blink response. Ocul. Surf. 2023, 29, 166–174. [Google Scholar] [CrossRef] [PubMed]

	



Pflugfelder, S.C.; Stern, M.E. Biological functions of tear film. Exp. Eye Res. 2020, 197, 108115. [Google Scholar] [CrossRef] [PubMed]

	



Rolando, M.; Zierhut, M. The ocular surface and tear film and their dysfunction in dry eye disease. Surv. Ophthalmol. 2001, 45 (Suppl. S2), S203–S210. [Google Scholar] [CrossRef]

	



Gao, Y.; Liu, R.; Liu, Y.; Ma, B.; Yang, T.; Hu, C.; Qi, H. Optical quality in patients with dry eye before and after treatment. Clin. Exp. Optom. 2021, 104, 101–106. [Google Scholar] [CrossRef]

	



Montés-Micó, R. Role of the tear film in the optical quality of the human eye. J. Cataract. Refract. Surg. 2007, 33, 1631–1635. [Google Scholar] [CrossRef]

	



Koh, S.; Tung, C.I.; Inoue, Y.; Jhanji, V. Effects of tear film dynamics on quality of vision. Br. J. Ophthalmol. 2018, 102, 1615–1620. [Google Scholar] [CrossRef]

	



Szczotka-Flynn, L.B.; Maguire, M.G.; Ying, G.S.; Lin, M.C.; Bunya, V.Y.; Dana, R.; Asbell, P.A. Dry Eye Assessment and Management DREAM) Study Research Group. Impact of Dry Eye on Visual Acuity and Contrast Sensitivity: Dry Eye Assessment and Management Study. Optom. Vis. Sci. 2019, 96, 387–396. [Google Scholar] [CrossRef] [PubMed]

	



Kaido, M. Functional Visual Acuity. Investig. Ophthalmol. Vis. Sci. 2018, 59, DES29–DES35. [Google Scholar] [CrossRef] [PubMed]

	



Tan, L.H.; Tong, L. The Association of Dry Eye Disease with Functional Visual Acuity and Quality of Life. J. Clin. Med. 2023, 12, 7484. [Google Scholar] [CrossRef] [PubMed]

	



Kaido, M.; Matsumoto, Y.; Shigeno, Y.; Ishida, R.; Dogru, M.; Tsubota, K. Corneal fluorescein staining correlates with visual function in dry eye patients. Investig. Ophthalmol. Vis. Sci. 2011, 52, 9516–9522. [Google Scholar] [CrossRef] [PubMed]

	



Koh, S. Mechanisms of Visual Disturbance in Dry Eye. Cornea 2016, 35 (Suppl. S1), S83–S88. [Google Scholar] [CrossRef]

	



Koh, S. Irregular Astigmatism and Higher-Order Aberrations in Eyes with Dry Eye Disease. Investig. Ophthalmol. Vis. Sci. 2018, 59, DES36–DES40. [Google Scholar] [CrossRef]

	



Guo, O.D.L.W.; Akpek, E. The negative effects of dry eye disease on quality of life and visual function. Turk. J. Med. Sci. 2020, 50, 1611–1615. [Google Scholar] [CrossRef]

	



Bron, A.J.; de Paiva, C.S.; Chauhan, S.K.; Bonini, S.; Gabison, E.E.; Jain, S.; Knop, E.; Markoulli, M.; Ogawa, Y.; Perez, V.; et al. TFOS DEWS II pathophysiology report. Ocul. Surf. 2017, 15, 438–510. [Google Scholar] [CrossRef]

	



Ren, X.; Wang, Y.; Wu, T.; Jing, D.; Li, X. Binocular dynamic visual acuity in dry eye disease patients. Front. Neurosci. 2023, 17, 1108549. [Google Scholar] [CrossRef]

	



Benítez-Del-Castillo, J.; Labetoulle, M.; Baudouin, C.; Rolando, M.; Akova, Y.A.; Aragona, P.; Geerling, G.; Merayo-Lloves, J.; Messmer, E.M.; Boboridis, K. Visual acuity and quality of life in dry eye disease: Proceedings of the OCEAN group meeting. Ocul. Surf. 2017, 15, 169–178. [Google Scholar] [CrossRef]

	



Uchino, M.; Schaumberg, D.A. Dry Eye Disease: Impact on Quality of Life and Vision. Curr. Ophthalmol. Rep. 2013, 1, 51–57. [Google Scholar] [CrossRef]

	



Karakus, S.; Mathews, P.M.; Agrawal, D.; Henrich, C.; Ramulu, P.Y.; Akpek, E.K. Impact of Dry Eye on Prolonged Reading. Optom. Vis. Sci. 2018, 95, 1105–1113. [Google Scholar] [CrossRef]

	



Akpek, E.K.; Karakus, S.; Ramulu, P.Y.; Mathews, P.M. Sustained Gazing Causes Measurable Decline in Visual Function of Patients with Dry Eye. Am. J. Ophthalmol. 2020, 210, 107–115. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, S.F.; McDermott, K.C.; Burge, W.K.; Ahmed, I.I.K.; Varma, D.K.; Liao, Y.J.; Crandall, A.S.; Khaderi, S.K.R. Visual function, digital behavior and the vision performance index. Clin. Ophthalmol. 2018, 12, 2553–2561. [Google Scholar] [CrossRef]

	



Pan, A.P.; Ma, Y.; Hu, R.; Cao, X.; Wu, Y.; Zhou, K.; Tu, R.; Shao, X.; Chen, S.; Yu, A.Y. Simultaneous real-time analysis of tear film optical quality dynamics and functional visual acuity in dry eye disease. Eye Vis. 2023, 10, 16. [Google Scholar] [CrossRef]

	



Patel, S.; Murray, D.; McKenzie, A.; Shearer, D.S.; McGrath, B.D. Effects of fluorescein on tear breakup time and on tear thinning time. Am. J. Optom. Physiol. Opt. 1985, 62, 188–190. [Google Scholar] [CrossRef] [PubMed]

	



Goto, E.; Shimmura, S.; Yagi, Y.; Tsubota, K. Decreased visual acuity in dry eye patient during gazing [ARVO Abstract]. Investig. Ophthalmol. Vis. Sci. 1998, 39, S539. [Google Scholar]

	



Montés-Micó, R.; Alió, J.L.; Muñoz, G.; Charman, W.N. Temporal changes in optical quality of the air-tear film interface at the anterior cornea after a blink. Investig. Ophthalmol. Vis. Sci. 2004, 45, 1752–1757. [Google Scholar] [CrossRef]

	



Itokawa, T.; Suzuki, T.; Koh, S.; Hori, Y. Evaluating the Differences Between Fluorescein Tear Break-up Time and Noninvasive Measurement Techniques. Eye Contact Lens 2023, 49, 104–109. [Google Scholar] [CrossRef]

	



Wolffsohn, J.S.; Craig, J.P.; Vidal-Rohr, M.; Huarte, S.T.; Ah Kit, L.; Wang, M. Blink Test enhances ability to screen for dry eye disease. Contact Lens Anterior Eye 2018, 41, 421–425. [Google Scholar] [CrossRef]

	



Hwang, H.B.; Ku, Y.H.; Kim, E.C.; Kim, H.S.; Kim, M.S.; Hwang, H.S. Easy and effective test to evaluate tear-film stability for self-diagnosis of dry eye syndrome: Blinking tolerance time (BTT). BMC Ophthalmol. 2020, 20, 438. [Google Scholar] [CrossRef] [PubMed]

	



Hirosawa, K.; Inomata, T.; Sung, J.; Nakamura, M.; Okumura, Y.; Midorikawa-Inomata, A.; Miura, M.; Fujio, K.; Akasaki, Y.; Fujimoto, K.; et al. Diagnostic ability of maximum blink interval together with Japanese version of Ocular Surface Disease Index score for dry eye disease. Sci. Rep. 2020, 10, 18106. [Google Scholar] [CrossRef] [PubMed]

	



Bakija, I.; Filipčić, I.; Bogadi, M.; Šimunović Filipčić, I.; Gotovac, M.; Kaštelan, S. Comparison of the Schein and Osdi Questionnaire as Indicator of Tear Film Stability in Patients with Schizophrenia. Psychiatr. Danub. 2021, 33 (Suppl. S4), 596–603. [Google Scholar] [PubMed]








[image: Vision 08 00008 g001] 





Figure 1. Correlation between PBBT and TBUT. 
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Table 1. Demographic characteristics of the patients.
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Symptoms

	

	




	
Group A

Symptomatic Patients n (%)

	
Group B

Asymptomatic Patients n (%)

	
Total n (%)

	
p-Value






	
Gender

	
Male

	
8 (12.90)

	
34 (54.84)

	
42 (33.87)

	
<0.05




	
Female

	
54 (87.10)

	
28 (45.16)

	
82 (66.13)




	
Total

	
62 (100)

	
62 (100)

	
124 (100)




	
Age (years)

	
15–30

	
20 (32.26)

	
22 (35.48)

	
42 (33.87)

	
NS




	
31–50

	
