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ABSTRACT 

	ABSTRACT:
Aim:. The aim of the study was to assess the pattern of visual function (visual acuity, contrast sensitivity, colour vision, stereoacuity and visual field) and its association with risk of RTA among CVDs in Gwagwalada, FCT-Abuja.
Study Design : Community base cross sectional study 
Place and duration of study: Four major motor parks within Gwagwalada, Abuja, Nigeria. This study lasted for 4 months.
MATERIALS AND METHODS: Commercial Vehicle Drivers(CVDs) with minimum of one-year driving experience, who were aged 18 years and above and consented to participate in the study were recruited. An interviewer administered questionnaire was used to obtain information on RTA count and years of driving from which RTA rate (crashes per person years of driving) was determined. Visual acuity status was assessed based on WHO and FRSC definitions using a smartphone Peek Acuity application. Contrast sensitivity and colour vision were assessed using Pelli-Robson chart and Ishihara chart respectively while Stereoacuity and visual fields were assessed using Titmus Stereo chart and Confrontation perimetry, respectively. Multiple visual functions were assessed to provide a comprehensive evaluation beyond visual acuity alone. Descriptive and inferential statistics, were carried out using the SPSS version 25. The level of statistical significance was set at p < 0.05.
RESULT: A total of 188 male CVDs, were enrolled, with majority (66%) of them being in the 41 to 60 years age group. 57.4% of the drivers were involved in at-fault RTA. Majority (58%) of CVDs had at least one form of visual function impairment and stereoacuity accounted for the highest abnormality (47.3%). Visual impairment prevalence, based on WHO and FRSC definitions, were 18.1% and 21.8%, respectively. Abnormal visual acuity, based on FRSC definition, showed 12.5 times higher likelihood of RTA per year of driving (CI: 1.1 - 147.5, p=0.045) while abnormal stereoacuity revealed 2.4 times higher likelihood of RTA per year of driving (CI: 1.2 - 4.8, p=0.016). Drivers aged 18-40 years showed 2.6 times higher likelihood of RTA per year of driving (CI: 1.1 - 6.0, p=0.026).
CONCLUSION: This study found that abnormal stereoacuity and visual acuity based on FRSC visual standard for driving were significantly associated with increased risks of RTAs. These findings should guide driving regulations and eyecare policies for drivers in Nigeria. it is also recommended that enforcement of pre-license vision testing regulations for drivers should be strengthened and made mandatory to improve Public safety.
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1. INTRODUCTION 
Good vision is important for everyday living; vital for independence, mobility and driving among other functions. Globally, at least 2.2 billion people are vision impaired or blind1 and nearly half of this vision loss is avoidable with prevalence four times higher in Low- and Middle-Income Countries (LMICs) such as Nigeria.2 it is believed that vision loss, if uncorrected, can have far-reaching consequences, including being involved in Road Traffic Accident (RTA).3
Vision accounts for 95% of sensory requirement for driving.4 These visual function parameters include visual acuity, contrast sensitivity, colour vision, stereoacuity and visual field. A good visual function is considered imperative for safe driving, particularly for commercial vehicle drivers (CVDs), who are responsible for transporting the larger populace in most communities. Assessment of visual function in CVDs  is therefore in alignment with the principle of Universal Eye Health5 which could positively impact road safety.
In most LMICs with Nigeria having the highest rate of RTA-related injuries and deaths in Africa,6 and ranking among the highly affected nations of the world.7 It is more unsettling that young adults and middle-aged drivers, who constitute  the economically productive groups of the nation, are most affected by this ravaging menace.8 Previous studies conducted within and outside Nigeria on the association between vision and RTA have contrasting outcomes.9,10,11 Some studies have identified vision impairment as a risk factor for RTA,3 while other studies found no association between vision impairment and RTA.11  Nigerian studies were mostly limited to investigation of association of RTA with visual acuity, colour vision and visual field.11,12 Furthermore, vision impairment was determined using only WHO definition which is less robust, compared to Nigerian Federal Road Safety Commission (FRSC) visual standard requirement for driving.13 FRSC uses presenting VA <6/9 in the better eye and <6/24 in the poorer eye for issuance of driver’s license.13 Hence, it is imperative to investigate the association between RTA and comprehensive visual function parameters locally, using a clearly defined primary outcome measure, RTA rate.
The divergent outcomes of studies done globally on the association between visual function and RTA have been attributed to demography, population growth and socio-economic development in different regions.11 For this reason, there is no universally accepted minimum visual standard for driving. The United States of America for instance, has different visual standards for driving in each State, In Nigeria, the Federal Road Safety Commission (FRSC) uses visual acuity as the only visual requirement for issuance of driver’s license.13 
The purpose of this study is to determine the pattern of various aspects of visual function (visual acuity, contrast sensitivity, colour vision, stereoacuity and visual field) and their relationship with the occurrence of RTA among CVDs in Gwagwalada, Abuja. Multiple visual functions were assessed to provide a comprehensive evaluation beyond visual acuity alone. This comprehensive assessment of multiple visual function will provide additional evidence to guide road safety policies in Nigeria beyond using just visual acuity alone.

2. MATERIaLS AND METHODS.
 
This cross sectional study was carried out between January and April 2023 in Gwagwalada Area, Abuja, North-Central Nigeria. The four major motor parks in Gwagwalada, were selected for the study, namely: Wazobia, SDP, Zaria-Kano and Branch-Two, with the motor parks having about 75, 100 , 50 and 150 CVDs respectively.
Ethical clearance was obtained from the Health Research Ethics Committee (HREC) of the University of Abuja Teaching Hospital. The study adhered tod the tenets of the Helsinki declaration. Permission was also obtained from chairmen of respective motor parks to enable recruitment of CVDs as participants for the study. Written informed consent was obtained from consecutive drivers aged 18 years and above with a minimum of one -year driving experience . Drivers with hearing difficulty were excluded from the study. The sample size was calculated using the Cochran formulae for estimating sample size for a cross-sectional study (with a qualitative outcome variable).14 The minimum sample size was calculated using the formula:
 n = Z1-ɑ/22 P(1-P)		n1 =	n_    
	   d2			      1 + n/N
Where:
n = minimum sample size for infinite population
n1 = minimum sample size for finite population of CVDs at the study area
N = estimate of the finite population= 375
Z1-ɑ/22 = percentile of the standard normal distribution corresponding to the required (two-sided) significance level (ɑ) of 0.05 (95% Confidence Interval) = 1.96
P = expected proportion based on previous study[endnoteRef:1] = 3.3% (0.033) [1: 
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] 

d = absolute margin of error or precision = 2% (0.02)
n = (1.96)2 x 0.033 (1 – 0.033) = 3.8416 x 0.033 x 0.967 = 0.122589 = 306
		(0.02)2				0.0004		 0.0004
Accounting for the finite estimated population of CVDs:
n1 =  306	  = 306         =  306    =169
       1+ 306/375   1+ 0.816      1.816
Accounting for 90% response rate (10% attrition rate):
n1 = 169/ 0.90 
= 188 
Participants were recruited using the non-probability purposive sampling method. An interviewer administered semi-structured questionnaire was used to obtain information on socio-demographics of the participants, other information obtained include ophthalmic, driving and RTA history and ophthalmic examination findings. Participants with ocular morbidities were counselled and referred accordingly.  
2.1 Evaluation of Visual Functions: Assessment of visual function was conducted in well-lit rooms in the motor parks visited. 
2.1.1Visual Acuity Measurement
Distance Visual Acuity (VA) was assessed with a portable Peek Acuity vision screening Application on an Android smartphone at 2 meters from the respondent (who had a trial frame on). Presenting VA was tested monocularly (with the fellow eye covered with an occluder) and with a pinhole (if VA was worse than 6/12). A series of up to five Tumbling-E optotypes were presented randomly in one of four orientations (up, down, left and right). Participant demonstrated with the hand the perceived direction the arms of letter E were pointing, and the examiner swiped the phone’s touch screen in the same direction in response without looking at the phone’s screen. An optotype was presented at a time and the test was concluded automatically when the threshold number of passes (four of five) or fails (two of five) at the 6/12 optotype size was reached. If the participant failed the 6/12 level, the Application would automatically present a 6/60 sized optotype and the test would be repeated to determine whether or not 6/60 could be seen. The final visual acuity was displayed on the screen of the smartphone. If participant could not see the 6/60 optotype, the participant would be asked to count fingers (CF), or to detect a moving hand (HM). If the VA was less than this, light perception (LP) or no perception of light (NPL) would be assessed with a pen torch.

2.1.2 Contrast Sensitivity Testing
Contrast sensitivity was assessed monocularly with Pelli-Robson contrast sensitivity chart at the standard distance of one meter.
Pelli-Robson test measures contrast sensitivity using a group of three letters of the same contrast level and optotype size. A Pelli-Robson test chart with 6/10 optotype size, arranged with contrast varying across groups of letters from high to low, was used. Participants read the letters, starting with the highest contrast, until they were unable to read two or three letters in a single group. Participant were assigned a score based on the contrast of the last group in which two or three letters were correctly read. A score of 2 or Log 2 meant that the participant was able to read at least two of the three letters with a contrast of 100 per cent. A Pelli-Robson score less than 2.0 indicated poorer contrast sensitivity.
2.1.3 Colour Vision Testing
Colour vision was tested monocularly using Ishihara pseudoisochromatic plates held at arm’s length from the subject. Any participant using reading glasses was made to wear same for assessment. With only the test eye opened, participant was asked to read the ‘test plate’ for colour vision. If the participant was unable to read the test plate, the assessment was noted and discontinued. However, a participant that was able to read the test plate, was assessed through all of the Ishihara plates, by asking to identify the number on each. On completion, the number of plates read, including the test plate, was recorded.
2.1.4 Stereoacuity Testing
With the participant wearing polarized lenses over existing spectacle correction (if any), participants were initially tested for stereoacuity using the Titmus fly (3000 arc sec) at the standard testing distance of 40 cm. Then, this was followed by stereo test circles (800 to 40 arc sec). Inability to perceive depth in the fly test (>3000 arc sec) was considered absence of gross stereoacuity. A participant is said to have normal stereoacuity with values of 40 arc sec or better.

2.1.5 Visual Field Testing
Horizontal Visual Field was assessed monocularly using confrontation perimetry. The assessment was done by the researcher, who had been certified to have a normal visual field using a Humphrey visual field analyser with a Full Field-120 degree Testing pattern. The examiner sat at arm’s length and equal level facing the participant. While one of the eyes was occluded, the participant looked directly at the examiner’s nose, while each of the four quadrants in the participant’s visual field was tested one after the other. This was done by having the participant count number of fingers shown in the four outer visual field limits of the examiner. Uniformity of finger positioning was ensured by the examiner out-stretching a constant length of tape measure between the hands. Failure to count correctly in any quadrant indicates a visual field defect.
2.2 Ocular Examination, Assessment and Management Action(s)  
Ocular examination, assessment and management action was done by a single ophthalmologist.
2.2.1 Anterior Segment
The anterior segments of both eyes, including the adnexa, were examined with a pen torch. The eye lids were accessed for the presence of masses and good opening, while the eyeballs were assessed for alignment and motility. The conjunctivae were examined for any fibro-vascular growth, cornea for clarity and the pupil for reflexes, in a dimly lit environment. The crystalline lens was then examined for the presence of any lens opacity.
2.2.2 Posterior Segment
Posterior segment examination was done using a direct ophthalmoscope through the undilated pupil. 
Counselling, prescription and referral were given to various CVDs based on their ocular findings.
2.3 Data Analysis
Comprehensive statistical analysis was done using Statistical Package for Social Sciences (SPSS) software (IBM Corp.2017. IBM SPSS Statistics for Windows, Version 25.0 Armonk, NY: IBM Corp). Pearson’s Chi-square (χ2) test was used to analyse and determine the association between RTA rate and visual function parameters along with other possible confounding independent variables such as age, level of education, type of driver, type of vehicle and years of driving. Simple and multiple logistic regression analyses were done to determine the associated between  visual function parameters and RTA as required. The level of statistical significance was set at p ˂0.05; reporting odds ratio with 95% confidence intervals in two decimal places

3. RESULTS
A total of 188 male CVDs participated in the study with a mean age of 44.9±9.1 years (25 – 68 years).
age group 41 to 60 years being the  most represented (66%, n=124) (Table 1).
[bookmark: _Hlk130576073][bookmark: _Hlk130576798]Four out of five drivers had formal education (81.9%, n=154), which was mostly accounted for by CVDs with primary education (43.6%, n=82). Drivers with primary education were the most visually impaired (49.5%, n=54).
Table1:Distribution of Participants with Impaired and Normal Visual Function by Sociodemographic Characteristics
	Total Participants N= 188
	Abnormal Visual Function
	Normal Visual Function
	Total

	
	(n= 109)
	(n= 79)
	(n=188) 

	
	n
	%
	N
	%
	n

	SEX
	
	
	
	
	

	Female
	0
	0.0
	0
	0.0
	0

	Male
	109
	100.0
	79
	100.0
	188

	Total
	109
	100.0
	79
	100.0
	188

	AGE GROUP
	
	
	
	
	

	18-40 years
	21
	19.3
	34
	43.0
	55

	41-60 years
	79
	72.5
	45
	57.0
	124

	>60
	9
	8.2
	0
	0.0
	9

	Total
	109
	100.0
	79
	100.0
	188

	LEVEL OF EDUCATION
	
	
	
	
	

	Non-Formal
	17
	15.6
	17
	21.5
	34

	Primary
	54
	49.5
	28
	35.4
	82

	Secondary
	32
	29.4
	27
	34.2
	59

	Tertiary
	6
	5.5
	7
	8.9
	13

	Total
	109
	100.0
	79
	100.0
	188



[bookmark: _Hlk130807965][bookmark: _Hlk130330294][bookmark: _Hlk130330391]More than half of the participants (57.4%, n=108) had been involved in at-fault RTA since driving as a CVD. However, only about a quarter of the CVDs (22.9%, n=43) had been involved in RTA more than once within 10 years of driving. Among CVDs with history of RTA, only a quarter (25%, n=27) sustained RTA-related injuries. Most of the participants (93.1% n=175) had driver’s license and more than two-third of the driver’s license (80.6%, n=141) were current. (Table 2).



Table 2: Distribution and Rate of Road Traffic Accident Among the Study Population
	VARIABLE
	FREQUENCY
	PERCENTAGE

	
	N
	%

	          RTA
	
	

	No
	80
	42.6%

	Yes
	108
	57.4%

	Total
	188
	100.0%

	RTA RATE (RTA Count Per Person Driving Years)
	

	0.00
	80
	42.6%

	>0.00 to 0.10
	65
	34.5%

	>0.10
	43
	22.9%

	Total
	188
	100.0%


RTA Rate of 0.00 - No RTA in years of driving
RTA Rate of >0.00 to 0.10 – RTA not more than once in 10 years of driving
RTA Rate of >0.10 – RTA more than once in 10 years of driving.


Assessment of visual function parameters showed that 18.1% (n=34) of CVDs had abnormal visual acuity which were all Mild Vision Impairment using WHO definition. However, using FRSC definition, 21.8% (n=41) of CVDs had abnormal visual acuity. Most of the drivers had normal contrast sensitivity (92.6% n=174), normal colour vision (93.1% n=175), normal stereoacuity (52.7% n=99) and normal visual field (95.7% n=180) as shown in table 3 below.

















Table 3: Pattern of Visual Function Among the Study Population

	VARIABLE
	FREQUENCY (n=188)
	PERCENTAGE

	 
	 
	 

	VISUAL FUNCTION (combined)
	
	

	Abnormal
	109
	58%

	Normal
	79
	42%

	Total
	188
	100%

	VISUAL ACUITY
	 
	

	WHO Definition
	
	

	Abnormal (Mild Vision Impairment)
	34
	[bookmark: _Hlk130618612]18.1%

	Normal
	154
	81.9%

	Total
	188
	100.0%

	FRSC Definition
	
	

	Abnormal
	41
	[bookmark: _Hlk130618674]21.8%

	Normal
	147
	78.2%

	Total
	188
	100.0%

	CONTRAST SENSITIVITY
	
	

	Abnormal
	14
	7.4%

	Normal
	174
	[bookmark: _Hlk130626627]92.6%

	Total
	188
	100.0%

	COLOUR VISION
	
	

	Abnormal
	13
	[bookmark: _Hlk130648623]6.9%

	Normal
	175
	93.1%

	Total
	188
	100.0%

	STEREOACUITY
	
	

	Abnormal
	89
	47.3%

	Normal
	99
	52.7%

	Total
	188
	100.0%

	VISUAL FIELD
	
	

	Abnormal
	8
	4.3%

	Normal
	180
	95.7%

	Total
	188
	100.0%




Figure 1 below shows that Most of the causes of impaired visual function among the study population (56% n=59) were undetermined. However, Refractive error, Glaucoma and Corneal opacity accounted for 19% (n=20), 11% (n=12) and 7% (n=8) of impaired visual function respectively.   










Figure 1: Causes of Impaired Visual Function Among the Study Population


[bookmark: _Hlk130737246]73 participants (38.8% ) had eye complaints. Majority of the complaints reported were difficulty with reading small prints (67.1%, n=49) while other complaints, included itching, grittiness and red eye, accounting for 32.9%, n=24). Of the participants with eye complaints, only 30% (n = 22) had visited a hospital for eye check. 
Table 4 below shows a significant association between age group (χ2 = 14.709, p = 0.005), type of driver (χ2 = 25.214, p = 0.000), type of vehicle (χ2 = 8.641, p = 0.013), years of driving (χ2 = 71.707, p = 0.000) and rate of RTA. 






















Table 4: RTA Rate and Association with Age Group, Level of Education, Type of Driver, Type of Vehicle, Years of Driving and Pre-License Eye Test (Pearson chi-Square Test)

	VARIABLE
	RTA RATE
(RTA Count Per Person Driving Years) 
	Total
	χ2
	P

	
	
	
	
	VALUE

	
	0.00
	>0.00 to 0.10
	>0.10
	
	
	

	
	Frequency (%)
	
	
	

	AGE GROUP
	
	
	
	
	
	

	18-40 years
	28 (50.9%)
	16 (29.1%)
	11 (20.0%)
	55 (100%)
	14.709
	0.005*

	41-60 years
	52 (41.9%)
	25 (20.2%)
	47 (37.9%)
	124 (100%)
	
	

	>60
	0 (0.0%)
	2 (22.2%)
	7 (77.8%)
	9 (100%)
	
	

	LEVEL OF EDUCATION
	
	
	
	
	
	

	Non-Formal
	16 (47.1%)
	9 (26.5%)
	9 (26.5%)
	34 (100%)
	5.153
	0.524

	Primary
	30 (36.6%)
	19 (23.2%)
	33 (40.2%)
	82 (100%)
	
	

	Secondary
	26 (44.1%)
	12 (20.3%)
	21 (35.6%)
	59 (100%)
	
	

	Tertiary
	8 (61.5%)
	3 (23.1%)
	2 (15.4%)
	13 (100%)
	
	

	TYPE OF DRIVER
	
	
	
	
	
	

	Both
	7 (17.1%)
	7 (17.1%)
	27 (65.9%)
	41 (100%)
	25.214
	0.000*

	Intercity
	23 (48.9%)
	9 (19.2%)
	15 (31.9%)
	47 (100%)
	
	

	Intracity
	50 (50.0%)
	27 (27.0%)
	23 (23.0%)
	100 (100%)
	
	

	TYPE OF VEHICLE
	
	
	
	
	
	

	Bus
	17 (30.4%)
	11 (19.6%)
	28 (50.0%)
	56 (100%)
	8.641
	0.013*

	Car
	63 (47.7%)
	32 (24.3%)
	37 (28.0%)
	132 (100%)
	
	

	YEARS OF
	
	
	
	
	
	

	DRIVING
	
	
	
	
	
	

	1 -10
	55 (69.6%)
	22 (27.9%)
	2 (2.5%)
	79 (100%)
	71.707
	0.000*

	11 – 20
	19 (30.6%)
	13 (21.0%)
	30 (48.4%)
	62 (100%)
	
	

	21 – 30
	3 (9.7%)
	6 (19.4%)
	22 (70.9%)
	31 (100%)
	
	

	31 – 40
	3 (18.8%)
	2 (12.5%)
	11 (68.7%)
	16 (100%)
	
	

	PRE-LICENSE EYE
	
	
	
	
	
	

	TEST
	
	
	
	
	
	

	No
	68 (43.9%)
	37 (23.9%)
	50 (32.2%)
	155 (100%)
	2.116
	0.347

	Yes
	12 (36.4%)
	6 (18.2%)
	15 (45.4%)
	33 (100%)
	 
	 

	*significant at p< 0.05
	
	
	
	
	
	

	Key: χ2 – Chi square value, RTA - Road Traffic Accident,
RTA Rate of 0.00 - No RTA in years of driving
RTA Rate of >0.00 to 0.10 – RTA not more than once in 10 years of driving
RTA Rate of >0.10 – RTA more than once in 10 years of driving











Table 5  shows the association between some visual function parameters and RTA rate. Most of the CVDs with abnormal visual acuity by WHO definition (58.8%, n=20), were involved in RTA not more than once in 10 years of driving (RTA Rate: >0.00 to 0.10) while most of the drivers with normal vision by WHO definition (51.3%, n=79) were not involved in RTA in their years of driving. Similarly, using FRSC definition, most of the CVDs with abnormal visual acuity (53.7%, n=22), were involved in RTA not more than once in 10 years of driving whereas, most of the drivers with normal vision (53.7%, n=79) were not involved in RTA in their years of driving 
The table also showed that there was a significant association between RTA rate and visual acuity as defined by both WHO (χ2 = 38.921, p = 0.000) and FRSC (χ2 = 42.876, p = 0.000). There was also significant association between contrast sensitivity (χ2 = 8.534, p = 0.014), stereoacuity (χ2 = 22.142, p = 0.000), visual field (χ2 = 6.819, p = 0.033) and RTA rate. 

















Table 5: RTA and Association with Visual Function Parameters (Pearson Chi-Square Test)



	VARIABLE
	RTA RATE
(RTA Count Per Person Driving Years)
	TOTAL
	χ2
	p
VALUE

	
	0.00
	>0.00 to 0.10
	>0.10
	
	
	

	
	Frequency (%)
	
	
	

	VISUAL ACUITY
	
	
	
	
	
	

	WHO Definition
	
	
	
	
	
	

	Abnormal
	1 (2.9%)
	20 (58.8%)
	13 (38.2%)
	34 (100.0%)
	38.921
	0.000*

	Normal
	79 (51.3%)
	23 (14.9%)
	52 (33.8%)
	154 (100.0%)
	
	

	
	
	
	
	
	
	

	FRSC Definition
	
	
	
	
	
	

	Abnormal
	1 (2.4%)
	22 (53.7%)
	18 (43.9%)
	41 (100.0%)
	42.876
	0.000*

	Normal
	79 (53.7%)
	21 (14.3%)
	47 (32.0%)
	147 (100.0%)
	
	

	CONTRAST
SENSITIVITY
	
	
	
	
	
	

	Abnormal
	1 (7.1%)
	4 (28.6%)
	9 (64.3%)
	14 (100.0%)
	8.534
	0.014*

	Normal
	79 (45.4%)
	39 (22.4%)
	56 (32.2%)
	174 (100.0%)
	
	

	COLOUR VISION
	
	
	
	
	
	

	Abnormal
	3 (23.1%)
	6 (46.2%)
	4 (30.8%)
	13 (100.0%)
	4.613
	0.100

	Normal
	77 (44.0%)
	37 (21.1%)
	61 (34.9%)
	175 (100.0%)
	
	

	STEREOACUITY
	
	
	
	
	
	

	Abnormal
	23 (25.8%)
	22 (24.7%)
	44 (49.5%)
	89 (100.0%)
	22.142
	0.000*

	Normal
	57 (57.6%)
	21 (21.2%)
	21 (21.2%)
	99 (100.0%)
	
	

	VISUAL FIELD
	
	
	
	
	
	

	Abnormal
	0 (0.0%)
	4 (50.0%)
	4 (50.0%)
	8 (100.0%)
	6.819
	0.033*

	Normal
	80 (44.4%)
	39 (21.7%)
	61 (33.9%)
	180 (100.0%)
	 
	 

	*significant at p < 0.05
	
	
	
	
	
	

	Key: χ2 – Chi square value, RTA - Road Traffic Accident, RTA Rate of 0.00 - No RTA in years of driving
RTA Rate of >0.00 to 0.10 – RTA not more than once in 10 years of driving
RTA Rate of >0.10 – RTA more than once in 10 years of driving






[bookmark: _Hlk130813875]Table 6 shows that abnormal visual acuity as defined by WHO was significantly associated with RTA Rate (OR=2.69, 95% CI: 1.33 - 5.49, p=0.006), as was abnormal visual acuity as defined by FRSC (OR=3.44, 95% CI: 1.76 - 6.73, p=0.000), abnormal contrast sensitivity (OR=4.48, 95% CI: 1.44 - 13.96, p=0.010) and abnormal stereoacuity (OR=3.77, 95% CI: 2.16 - 6.60, p=0.000). No significant association existed between abnormal visual field and RTA Rate (OR=3.05, 95% CI: 0.75 - 12.37, p=0.119). Drivers with abnormal visual acuity as defined by WHO and FRSC, were 2.7 times and 3.4 times more likely to have RTA per year of driving than drivers with normal visual acuity respectively. Drivers with abnormal contrast sensitivity and  stereoacuity were 4.5 times and 3.8 times more likely to have RTA per year of driving than CVDs with normal contrast sensitivity and stereoacuity respectively.
[bookmark: _Hlk130814393][bookmark: _Hlk130591098]Table 6 also showed that after multiple regression analyses, drivers with  abnormal visual acuity as defined by FRSC, and abnormal stereoacuity independently had higher odds for RTA rate [(OR=12.47, 95% CI: 1.05 - 147.51, p=0.045] and (OR=2.37, 95% CI: 1.18 - 4.76, p=0.016) respectively]. Also, age group 18 - 40 years was positively associated with RTA Rate (OR=2.60, 95% CI: 1.12 - 6.04, p=0.026) while driving for 1 – 10 years was negatively associated with RTA rate (OR=0.03, 95% CI: 0.01 - 0.19, p=0.000). Abnormal visual acuity as defined by FRSC showed 12.5 times higher likelihood of RTA per year of driving than CVDs with normal visual acuity whereas, abnormal stereoacuity showed 2.4 times higher likelihood of RTA per year of driving than drivers with normal stereoacuity.  Drivers who were 18-40 years old showed 2.6 times higher likelihood of having RTA per year of driving (OR=2.6, 95% CI: 1.1 - 6.0, p=0.026) than those above 60 years. Also, CVDs driving for 1-10 years showed 97% lesser likelihood of having RTA per year of driving (OR= 0.03, 95% CI: 0.01 - 0.19, p=0.000) than CVDs driving for 31 – 40 years (Table 6). 













Table 6: RTA Rate and Strength of Association with Visual Function Parameters and other Confounders (Simple and Multiple Logistic Regression)
	VARIABLE
	RTA RATE
(>0.00 per year of driving)
	SIMPLE LOGISTIC REGRESSION
	MULTIPLE LOGISTIC REGRESSION

	 
	n (%)
	Test Value
	OR
	95% CI
	p-Value
	Test Value
	OR
	95% CI
	p-Value

	VISUAL ACUITY
	
	
	
	
	
	
	
	
	

	WHO Definition
	
	
	
	
	
	
	
	
	

	Abnormal
	33 (97.0)
	7.523
	2.70
	1.33 - 5.49
	0.006*
	1.476
	0.22
	0.02 - 2.56
	0.224

	Normal
	75 (48.7)
	Ref
	
	
	
	
	
	
	

	FRSC Definition
	
	
	
	
	
	
	
	
	

	Abnormal
	40 (97.6)
	12.967
	3.44
	1.76 - 6.72
	0.000*
	4.007
	12.47
	1.05 - 147.51
	0.045*

	Normal
	68 (46.3)
	Ref
	
	
	
	
	
	
	

	CONTRAST
SENSITIVITY
	
	
	
	
	
	
	
	
	

	Abnormal
	13 (92.9)
	6.692
	4.48
	1.44 - 13.96
	0.010*
	1.958
	2.69
	0.67 - 10.77
	0.162

	Normal
	95 (54.6)
	Ref
	
	
	
	
	
	
	

	STEREOACUITY
	
	
	
	
	
	
	
	
	

	Abnormal
	66 (74.2)
	21.654
	3.77
	2.16 - 6.60
	0.000*
	5.857
	2.37
	1.18 - 4.76
	0.016*

	Normal
	42 (42.4)
	Ref
	
	
	
	
	
	
	

	VISUAL FIELD
	
	
	
	
	
	
	
	
	

	Abnormal
	8 (100.0)
	2.437
	3.05
	0.75 - 12.37
	0.119
	0.686
	0.48
	0.09 - 2.69
	0.407

	Normal
	100 (55.6)
	Ref
	
	
	
	
	
	
	

	AGE GROUP
	
	
	
	
	
	
	
	
	

	18-40 years
	27 (49.1)
	NI
	
	
	
	4.946
	2.60
	1.12 - 6.04
	0.026*

	41-60 years
	72 (58.1)
	NI
	
	
	
	0.698
	2.25
	0.34 - 15.04
	0.403

	>60
	9 (100.0)
	Ref
	
	
	
	
	
	
	

	TYPE OF DRIVER
	
	
	
	
	
	
	
	
	

	Both
	34 (83.0)
	NI
	
	
	
	0.088
	1.16
	0.45 - 2.99
	0.767

	Intercity
	24 (51.1)
	NI
	
	
	
	1.299
	0.599
	0.25 - 1.45
	0.254

	Intracity
	50 (50.0)
	Ref
	
	
	
	
	
	
	

	TYPE OF VEHICLE
	
	
	
	
	
	
	
	
	

	Bus
	39 (69.6)
	NI
	
	
	
	3.437
	2.14
	0.96 - 4.78
	0.064

	Car
	69 (52.3)
	Ref
	
	
	
	
	
	
	

	YEARS OF
DRIVING
	
	
	
	
	
	
	
	
	

	1-10
	24 (30.4)
	NI
	
	
	
	14.580
	0.03
	0.01 - 0.19
	0.000*

	11-20
	33 (69.4)
	NI
	
	
	
	3.062
	0.25
	0.05 - 1.18
	0.080

	21 – 30
	28 (90.3)
	NI
	
	
	
	0.001
	0.97
	0.21 - 4.50
	0.972

	31 – 40
	13 (81.2)
	Ref
	 
	 
	 
	 
	 
	 
	 

	*significant at p < 0.05
	
	
	
	
	
	
	

	Key:  Ref – reference, OR – Odds Ratio, CI – Confidence Interval for the Odds Ratio, NI- Not Included in the simple regression analyses model







3. discussion

This study achieved 100% response rate and the findings of the study showed that CVDs using major motor parks in Gwagwalada were entirely males (100%) as was the situation in most regions in Nigeria.11,12, Preponderance of male CVDs might be due to cultural belief that commercial driving is a rather demanding and risky enterprise, which males are generally viewed capable of enduring. In this study, the mean age of the participants was 44.9±9.1 years with most of the drivers (66%) aged 41 - 60 years similar to findings of studies by Oladehinde et al11 and Adekoya et al12 where the mean ages were 41.5±6.7 years and 44.7 ± 10.3 years respectively. However, the mean age in this study differed from the findings of studies done by Pepple et al 9 and Ojabo et al 15 in Nigeria, where mean ages were 37.8± 9.1 years and 33.8 + 0.81 years respectively. The observed difference in mean age may be due to changes in youth unemployment rate over a period in the respective states. 
Of the 188 participants, 57.4% (n=108) had been involved in at-fault RTA in their years of driving as CVDs. However, about one out of three drivers (34.5%) had not more than one RTA within 10 years of driving. The proportion of RTA found in this study was more than those reported in studies done by Pepple et al (45.5%,)9, Oladehinde et al  (26.5%)11 and Ojabo et al  (44.3%)15. The higher proportion of RTA observed in this study could be due to assessment of RTA in CVDs who had mostly driven for as long as 20 years (92%), unlike in previous studies11,12,15 where RTA was assessed in CVDs with 5 - 10 years of driving experience. In this study, drivers who had driven for 10 years and below had 97% less likelihood of having RTA per year of driving than those who had driven for more than 30 years. It would be expected that longer driving would give drivers more experience and less likelihood of RTA per year of driving. But, this was not the case in this study, indicating that there may be other factors that make drivers have higher risk of RTA with longer exposure. Possible explanation  could be due to increasing age, with reduced mental and visual alertness among drivers who had driven for longer years and were more likely to be older. It could also be due to vision impairment commoner among older drivers with more than 30 years of driving. 
[bookmark: _Hlk130808163]Majority of the participants (93.1% n=175) had driver’s license and more than two-third of the licenses (80.6%, n=141) were current. This proportion of CVDs with license is similar to the study by Oladehinde et al11 in which 94% of CVDs had driver’s licence. However, majority of those with driver’s license in this study (82.5%) never had eye test done before issuance of driver’s license. This is similar to findings of studies done by oladehinde et al (83%)14 and Adekoya et al  in Ilorin,  (84,5%)12, Nigeria, but higher than the finding of a study conducted by Pepple et al in Port Harcourt9 where 63% of the CVDs had no pre-license eye test. Visual acuity test, with a certificate from a government hospital, is one of the requirements for issuance of driver’s license by the Nigerian FRSC 13. However, findings from a number of Nigerian studies11,12, 15 suggested otherwise. Although, pre-license eye test was not found to be significantly associated with RTA rate in this study (p=0.347), some CVDs that would have been barred from driving, based on impaired visual function, would have easily obtained driver's license, with a negative consequence on road safety. There would be need for FRSC to strengthen the enforcement of pre-license eye test.
Good visual acuity is generally considered the most important visual function necessary for driving. However, most countries and even regions within some countries adopt different visual acuity standards for issuance of driver’s license based on their peculiarities. In this study, there were 34 (18.1%) and 41 (21.8%) CVDs who had abnormal visual acuity based on WHO definition and FRSC definition, respectively. The difference may be due to the robust criteria adopted by FRSC in the definition of a standard visual acuity (≥6/9 in the better eye and ≥6/24 in the worse eye)13 in which the two eyes are expected to have a level of good visual acuity. FRSC-defined abnormal visual acuity was also found to be significantly associated with RTA in this study. This finding however should be interpreted with caution due to the very wide confidence interval found suggesting a small sample size.  WHO-defined abnormal visual acuity was not significantly associated with RTA rate in this study similar to the findings of some studies in Nigeria. 9,12 However studies by Piyasena et al 16 and Oladehinde et al 11, found significant association  between RTA and WHO-defined visual acuity. There would be need for eye health professionals, who may be expected to carry out assessment of visual acuity to be conversant with FRSC visual acuity standards for issuance of driver’s license.
Contrast Sensitivity is a better determinant of visual performance of vision-related activities such as driving in dark, rainy or foggy weather than visual acuity.17 In California, contrast sensitivity is one of the pre-license screening tests which revealed more likelihood of RTAs among those who failed the test.17 In Nigeria, there are no published data yet on the proportion of contrast sensitivity and their association with RTA among CVDs. In this study, majority of the CVDs had good contrast sensitivity (92.6%, n=174), and abnormal contrast sensitivity was not found to be significantly associated with RTA rate. This finding differed from the study conducted in Trinidad and Tobago by Kingsley et al 18 in which contrast sensitivity was found to be significantly associated with RTA.
Contrast sensitivity test, just like colour vison and stereoacuity tests, is currently not part of Nigeria FRSC pre-license test. Sufficient local data on the proportion and association of contrast sensitivity with RTA among CVDs is imperative. There would be need for more studies with large samples in this regard to establish the relationship between contrast sensitivity and RTA across Nigeria.  
Colour vision defects may constitute a threat to safe driving due to difficulty in identifying road colour signage and vehicle signals, as well as recognizing traffic light.19 This study found no association between colour vision and RTA similar to several studies in Nigeria,11,12, while a study conducted in the central region of Ghana  by Samuel et al 20 found an association. The varied view of the study conducted in Ghana may be due to the differences in instruments used. This study, like other Nigerian studies11,12, used the Ishihara pseudoisochromatic plates, which is only sensitive to congenital defects as against the Hardy Rand and Rittler (HRR) pseudoisochromatic plate used in the Ghanaian study, which has the capacity to identify both congenital and acquired defects. Subsequent studies in Nigeria may need to employ more sophisticated tool, such as the HRR test, for colour vision test among CVDs.
Drivers with abnormal stereo-acuity may have challenges overtaking due to difficulty in accurately judging relative distance between vehicles, which could increase the likelihood of RTA.21 In this study, abnormal stereoacuity was found to be significantly associated with RTA rate such that CVDs with abnormal stereoacuity have 2.4 times higher likelihood of RTA than CVDs with normal stereoacuity. This differed from the findings of the study by Oladehinde et al,11 Kingsley et al18 in Trinidad and Tobago and Samuel et al20 in Ghana, in which no significant association was found between stereoacuity and RTA. The observed difference may be due to the different instruments used for assessing stereoacuity. Although, Titmus test chart was used in this study and in the study by Oladehinde et al, TNO chart and Randot chart were used by Kingsley et al and Samuel et al respectively. Further studies in a much larger driver population would be needed to establish the contribution of abnormal stereoacuity to RTA.
Although the Nigerian National Eye Health Policy recommended a horizontal visual field of 180 degrees in addition to a minimum visual acuity of 6/9 in the better eye and at least 6/60 in the worse22, visual field is yet to be incorporated into the Nigerian FRSC pre-license visual standard requirements. Good visual field is generally considered important for navigation and maintaining lane when driving, and an abnormal visual field may cause inadequate view with a higher likelihood of RTA.18 Nevertheless, there are divergent views locally and globally on the relationship between visual field and RTA. In this study, there was no significant association between abnormal visual field and RTA rate among CVDs.This finding is consistent with other studies done in Nigeria.9,11,12 However, some other studies done outside Nigeria found significant association between abnormal visual field and RTA.24,25 This observed difference may be due to the fact the studies with significant associated 23,24 used the more sensitive automated perimetry for visual field assessment.
[bookmark: _Toc140919169]The limitations of the study include the cross-sectional design may not be optimal for inferring causal relationships. Additionally, the use of non-probability purposive sampling may introduce selection bias and limit the generalizability of the findings. Furthermore, the study's reliance on confrontation perimetry, which has lower sensitivity compared to automated perimetry, may impact the accuracy of visual field defect assessments. The wide confidence interval in the regression model is likely due to the small sample size and the observed association in this regard needs to be interpreted with caution. There may be need for larger better powered studies. 


4. Conclusion
[bookmark: _Toc140919172]This study found that abnormal stereoacuity and visual acuity based on FRSC visual standard for driving were significantly associated with increased risks of RTAs, particularly among younger drivers and those with more years of driving experience. It is therefore recommended that enforcement of pre-license vision testing regulations for drivers and traffic regulations should  be strengthened to reduce RTAs in our communities and thereby improve public safety. 
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