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Abstract
An age-related ocular disease such as cataract that causes reduction of visual functions would affect the individual driving performance. The aim of this research was to compare driving difficulties between Malaysian drivers with bilateral cataracts and without cataract. This cross-sectional study involved measurement of visual functions [visual acuity (VA) and contrast sensitivity (CS)] and driving difficulty of 61 respondents who had valid driving license and actively driving. Subjects were divided into cataract group (n=30) and age/gender matched non-cataracts as control group (n=31). Results showed the mean±SD for composite driving difficulty score in cataract group and in control group were 72.08±15.95 and 87.50±12.60 respectively. Results also showed significant mean difference composite driving difficulty score between cataract and control group (p=0.000). Cataract drivers also have significant difficulty driving in raining (p=0.034) and at night (p=0.013) compared to drivers without cataract. Details inter-group analysis result showed that reduced VA and CS were two main findings among cataract drivers with driving difficulty. This study showed that drivers with cataract would experience driving difficulties compared to the drivers without cataract, especially in low contrast situations.
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Abstrak
Penyakit okular yang berkaitan dengan usia seperti katarak boleh menyebabkan penurunan fungsi visual yang akan mempengaruhi prestasi memandu. Tujuan penyelidikan ini adalah untuk membandingkan kesukaran memandu antara pemandu Malaysia dengan bilateral katarak dan tanpa katarak. Kajian keratan rentas ini melibatkan pengukuran fungsi visual [tahap penflihatan (VA) dan sensitiviti kontras (CS)] dan kesukaran memandu dalam kalangan 61 subjek yang mempunyai lesen memandu yang sah dan masih aktif memandu. Subjek dibahagikan kepada kumpulan katarak (n = 30) dan kumpulan kawalan (n=31). Keputusan menunjukkan purata±SD untuk skor komposit kesukaran memandu bagi kumpulan katarak dan kumpulan kawalan masing-masing adalah 72.08±15.95 dan 87.50±12.60. Hasil kajian juga menunjukkan terdapat perbezaan yang signifikan skor komposit kesukaran memandu antara kumpulan katarak dan kumpulan kawalan (p=0.000). Pemandu yang mempunyai katarak juga mempunyai kesukaran yang signifikan ketika memandu dalam hujan (p=0.034) dan pada waktu malam (p = 0.013) berbanding dengan pemandu tanpa katarak. Kajian ini menunjukkan bahawa pemandu dengan katarak akan mengalami kesukaran memandu berbanding pemandu tanpa katarak, terutamanya dalam situasi kontras yang rendah.
Kata kunci: Gangguan Visual, Katarak, Kesukaran Memandu, Memandu, Pemandu


Introduction
[bookmark: _gjdgxs]Driving is a complex task involving an integration of visual, psychomotor and cognitive functions (Karthaus & Falkenstein, 2016).  This functional integration is crucial for safe driving especially in elderly drivers (Keay et al., 2009). However, the changes associated with ageing cause deterioration of these three components even in healthy people (Besdine, 2013; Resnick, 2015). These age-related functional changes will cause driving difficulty and reduce driving performance (Ghazilla & Yap, 2016). 

[bookmark: _30j0zll]Owsley & McGwin (2008) stated that various age-related visual functions can lead to serious eye diseases that eventually cause visual impairment. In America, it is estimated that one out of six older adults have visual impairments (Dillon et al., 2010). Among the many causes of visual impairment brought about degenerative changes are Age Related Macular Degeneration (ARMD), glaucoma and cataract (Owsley & McGwin Jr, 2008). In Malaysia, the main cause of visual impairment among older people age 50 years and above is senile cataract (Mohamad Aziz Salowi & Goh Pik Pin, 2016). Senile cataract is an eye disease characterised by progressive lens opacity due to aging (Hart, 1992). Owsley et al. (1999) stated that the older drivers with cataract will experience driving difficulties, reduced driving performance and an increased risk of accidents. In addition, the Nischler et al. (2010) study found that the driving performance of drivers with advanced cataract significantly will be reduced. It was reported that cataract drivers with driving difficulty are twice as likely to get accident compare to elderly drivers without cataract (Owsley et al., 1999). However, these studies were done in western countries with different weather and traffic environment compared to Malaysia. Therefore, this study aimed to address the gap by comparing driving difficulty status among Malaysian drivers with bilateral cataract and drivers without cataract.

Materials and Methods
The purposes, protocols, benefits and risks of the study were explained to the respondents before they provide written informed consent. The study was conducted in accordance with the Declaration of Helsinki. All and the study protocol was approved by Universiti Kebangsaan Malaysia Ethics Committee (UKM PPI/111/18/JEP-2017-684) and by Malaysia Medical Research & Ethics Committee (KKM/NIHSEC/P17-1583(5)).

[bookmark: _1fob9te]A total of 61 respondents who attended Ophthalmology Clinic, Hospital Malacca from October to November 2017. Out of the 61 respondents, 30 were diagnosed with bilateral cataract and the remaining 31 age/gender matched were controls. The inclusion criteria were i) 50-year-old and above; ii) physically and cognitively good and fit to drive; iii) holding valid driving license iv) driving at least once a week. Sample size was calculated using Cochran's formula  with a= 0.05, delta= 0.10 and proportion of 0.037 (Cochran, 1963). The proportion is based on the prevalence of cataract among the 50 years old and above in Malaysia which is 3.7% (Mohamad Aziz Salowi & Goh Pik Pin, 2016). 

Written consent was obtained from all the respondents after they were briefed with detailed explanations about the study’s objectives and requirements. Demographic data on gender, age, driving characteristics and type of vehicle transmission were confirmed from the interviews. 

Cognitive status of the respondents was screened using a validated Malay Mini Mental State Examination (MMSE) with a score of 17 as the cut-off point (Zarina et al., 2007). The respondents who passed MMSE have been proceed for general and ocular health assessment by medical officer. General health was evaluated according to the Medical Examination Standards for Vocational Driver’s Licensing guideline by the Ministry of Health Malaysia (Occupation Health Unit Ministry of Health Malaysia, 2011). Ocular health assessment was conducted by was assessed by an ophthalmologist. The respondents were classified to cataract group when they have been diagnosed with bilateral cataract whereas respondents without cataract were recruited as control.

Subsequently, visual functions of BCVA and CS have been performed on those who passed both of MMSE and general health assessment. BCVA and CS were measured using Early Treatment Diabetic Retinopathy Study (EDTRS) logMAR chart at 4 meters and Pelli Robson chart at 1 meter, respectively. Monocular and binocular BCVA and CS were recorded in logMAR unit and log contrast sensitivity unit, respectively. 

A face to face interview session was conducted using Driving Difficulty Questionnaire. Respondents were asked to rate the degree of visual difficulty experienced in specific driving situations based on a 5-point Likert scale (5 = no difficulty, 4 = a little difficulty, 3 = moderate difficulty, 2 =extreme difficulty, 1 = no longer drive in that situation due to visual problems, 0 = no longer drive in that situation because of other reason than visual problems). A composite score of driving difficulty was computed based on a 100-point scale [(mean score - 1) X 25] (Owsley et al., 1999). Respondents with a score of less than 90 were identified as having driving difficulty. 

Demographic data were described using descriptive statistics that were expressed as mean and standard deviation (mean±SD) and in percentage (%). Independent T-Test was used to compare the mean score of driving difficulty between cataract and control groups. Chi-square test was performed to determine the association between each driving situation and respondent group. 

Results
Demographic Data
The mean age of respondents in cataract and control groups were 63.23+5.39 years old, ranged between 53 and 75 years old and 60.87+6.64 years old, ranged between 50 and 74, respectively. There was no statistically significant difference in mean age between cataract and control groups, t (59) =1.53, p=0.14.  Both groups were gender-matched. The details of the respondent demographic, visual functions and driving profiles as in Table 1. 
[Insert Table 1]

Driving difficulty status
The mean composite driving difficulty score in cataract and control groups were 72.08±15.95 and 87.50±12.60, respectively. A significant lower composite score was revealed in cataract group compare to control group (t (59) = -4.195, p<0.001).  

Driving difficulty in cataract group and control group in different type of driving situations
The driving difficulty questionnaire consists of eight questions which were related to different driving situations: driving in raining, driving alone, parallel parking, making right turn, driving on local road or highway, driving in high traffic, driving in rush hour and driving at night. Further details comparing the driving difficulty status for different driving situations are shown in Table 2. 
[Insert Table 2]

[bookmark: _3znysh7]Majority of the cataractous respondents reported difficulty driving in the rain (90%), driving at night (87%) and driving in busy traffic (57%). Out of eight driving situations, only two situations were found to be significantly different between groups. The cataract respondents have statistically significant difficulty driving in the rain [χ2= (1, n=30) =4.504, p=0.034] and at night [χ2= (1, n=30) =6.205, p=0.013] compared to the non-cataract respondents. In addition, three respondents in cataract group reported they stop driving in rain situation and seven respondents reported they stop driving at night. None of the respondents in the control group reported that they stop driving in all eight situations.

Discussion
The current study showed that all respondents with cataract and without cataract were still actively driving and have valid driving license. However, in term of vision, the mean VA of respondents in cataract group do not meet the minimum VA requirement set by the Malaysia Road Transport Department (Occupation Health Unit Ministry of Health Malaysia, 2011).12 This is due to the reason that annual medical examination only made compulsory for the Public Service Vehicle licence (PSV) and Vocational Driving Licence (VDL) or Commercial Driving Licence. Therefore, this situation enables them to legally keep their driving license even though their VA does not fulfil the minimum standard vision requirement. This is different from other countries in the European Union (EU) where elderly drivers must undergo medical examination to renew their driving license (Helman et al., 2017). This special licensing procedure varies among countries. For instance, in UK and Netherlands, certificate of medical fitness to drive (MFTD) is required when age driver reaches 70 years old. In France, Iceland, Norway and Latvia, the first MFTD re-test is required when age driver reaches 60 years old. Portugal requires the MFTD re-test when the driver reaches 40 years old, which is the youngest age, compared to the other countries requiring the MFTD re-test (Helman et al., 2017). 

The current study reveals that drivers with cataract have significant difficulty driving especially in the rain and at night, compared to drivers without cataract. Some of the respondents decided not to drive in both situations due to their vision status. This finding is consistent by Nischler et al. (2010) where they have found that cataract drivers had difficulties driving during bad weather or at night. Driving in the rain and at night are examples of low contrasts situations that are challenging for older drivers with cataract as they have difficulties detecting objects in those environments (Fraser et al., 2013). Mäntyjärvi and Tuppurainen (1999) supported this finding and mentioned that drivers with reduced CS function reported difficulty driving especially at dawn, dusk and night. These challenging driving situations were also reported to be the most commonly avoided among older drivers with cataract (Ghazilla & Yap, 2016). 

Our findings were also parallel with previous study which found that higher percentage of respondents had difficulty driving in the rain (67%) and at night (77%) (Owsley et al., 1999). However, compared to current study (Table 3), these results were lower due to differences in the level of VA and CS. This finding was supported by Nischler et al. (2010) where they found an increase in cataract intensity will significantly reduce driving performance. Previous study also mentioned that reduction in VA and CS among cataract drivers could affect driving related tasks such as reading signage, seeing objects under low contrast condition, and seeing vehicle in adjacent lanes (Ghazilla & Yap, 2016). 

[bookmark: _2et92p0]Owsley et al. (1999) reported that, besides having difficulty driving in the rain and at night, older drivers with cataract have also have significant difficulties driving in other situations (e.g. in rush hour, busy traffic road, making a left turn and driving on local road or interstates). Our respondents had worse levels of VA and CS than the respondents in Owsley et al. (1999) study, but they showed no greater difficulties in other situations. The current study also stated that, majority of our respondents used automatic transmission vehicle compared to manual vehicle, which might reduce difficulty driving in other situations. Previous study have shown that older adults who use vehicles with automatic transmission have improve driving performance compare who use vehicles with manual transmission (Selander et al., 2012). Selander, Bolin and Falkmer (2012) further mentioned that older drivers using automatic transmission cars made significantly fewer error compared when they drive using manual transmission cars in five driving situations 1) manoeuvring-changing gear; 2) manoeuvring-handling pedals; 3) speed- too fast for the situations; 4) Traffic rules- exceeding speed limits, and 5) Position-turn left. However, we were unable to compare with previous study since the information on the type of vehicle used by the respondents were not mentioned in the study.

This research analysed and compared driving difficulty status among drivers with bilateral cataract and without cataract. Since cataract is an irreversible visual impairment, it is important to determine whether older drivers who had their cataract removed operation, improve their driving performance and how long they should wait after post operation before they can drive again. 

Conclusions
In Malaysia, older drivers with bilateral cataract would experience driving difficulty compared to drivers without cataract. Currently, CS is not one of the visual requirements in medical examination standards to obtain and renew driving licence. As this study show the importance of CS when driving in low contrast situations, the authority should consider including CS as one of the criteria in addition to VA, colour vision and visual field when older drivers renew their driving licenses.  
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