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Abstract

Background: Age-related vision changes significantly contribute to fatal crashes at night among older drivers. However, the
effects of lighting conditions on age-related vision changes and associated driving performance remain unclear.

Objective: Thispilot study examined the associations between visua function and driving performance assessed by ahigh-fidelity
driving simulator among drivers 60 and older across 3 lighting conditions: daytime (photopic), nighttime (mesopic), and nighttime
with glare.

Methods: Activedriversaged 60 yearsor older participated in visual function assessments and simulated driving on ahigh-fidelity
driving simulator. Visua acuity (VA), contrast sensitivity function (CSF), and visual field map (VFM) were measured using
guantitative VA, quantitative CSF, and quantitative VFM procedures under photopic and mesopic conditions. VA and CSF were
also obtained in the presence of glare in the mesopic condition. Two summary metrics, the area under the log CSF (AULCSF)
and volume under the surface of VFM (VUSVFM), quantified CSF and VFM. Driving performance measures (average speed,
SD of speed [SDspeed], SD of lane position (SDLP), and reaction time) were assessed under daytime, nighttime, and nighttime
with glare conditions. Pearson correlations determined the associations between visual function and driving performance across
the 3 lighting conditions.

Results: Of the 20 drivers included, the average age was 70.3 years; 55% were male. Poor photopic VA was significantly
correlated with greater SDspeed (r=0.26; P<.001) and greater SDLP (r=0.31; P<.001). Poor photopic AULCSF was correlated
with greater SDLP (r=—0.22; P=.01). Poor mesopic VUSFVM was significantly correlated with slower average speed (r=—0.24;
P=.007), larger SDspeed (r=—0.19; P=.04), greater SDLP (r=—0.22; P=.007), and longer reaction times (r=—0.22; P=.04) while
driving at night. For functiona vision in the mesopic condition with glare, poor VA was significantly correlated with longer
reaction times (r=0.21; P=.046) while driving at night with glare; poor AULCSF was significantly correlated with slower speed
(r=—0.32; P<.001), greater SDLP (r=—0.26; P=.001) and longer reaction times (r=—0.2; P=.04) while driving at night with glare.
No other significant correlations were observed between visual function and driving performance under the same lighting
conditions.
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Conclusions: Visua functions differentially affect driving performance in different lighting conditions among older drivers,
with more substantial impacts on driving during nighttime, especially in glare. Additional research with larger sample sizesis

needed to confirm these results.

(IMIR Form Res 2024;8:€58465) doi: 10.2196/58465
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Introduction

Drivers aged 65 years and older face a heightened risk of fatal
nighttime crashes, surpassed only by drivers aged under 25
years, based on fatal nighttime crashes per distance driven[1-3].
Anatomical and functional changes in vision due to aging
contribute significantly to this elevated risk [4-9], resulting in
a 2-4 times greater likelihood of fatal nighttime crashes than
daytimeincidents[2,5]. Concernsamong older driversregarding
nighttime driving include heightened glare from oncoming
headlights [10,11], slower recovery times after experiencing
glare [12], poor recognition of road signs at night [13], and
difficulty differentiating contrast in glare conditions [7,14].
Notably, approximately 1 in 3 older drivers restricts or ceases
nighttime driving due to these concerns [15,16]. Moreover,
various eye diseases prevalent among older adults, such as
cataracts, glaucoma, and age-related macular degeneration,
further compromisetheir ability to drive safely at night [17-19].

Despite these challenges, current clinical examinations of vision
primarily concentrate on visual acuity (VA) under daytime
photopic lighting conditions, disregarding the mesopic (low
lighting) and glare conditions encountered during nighttime
driving [20,21]. Additionally, the contrast sensitivity function
(CSF) [22,23], which quantifies how contrast sensitivity
(Lthreshold) changes with spatial frequency, is more closely
related to performance in daily visual tasks in general [24,25]
and driving in particular [14,26-29]. The visual field map (VFM)
is another measure that could offer critical insights into
functional vision and performance during nighttime driving.
Thegapin visual assessment posesasignificant issue, especialy
given the substantial increase in the older adult driving
population. In 2020, the 48 million licensed drivers aged over
65 yearsin the United States represented a 68% increase since
2000 [11]. Projections suggest that by 2050, 1 in every 4
licensed drivers will be aged 65 or older [19,30]. Therefore,
understanding how age-related vision changes affect driving
performance among drivers aged 65 and older is imperative,
especialy considering the various lighting conditions they
encounter [28,31,32]. This knowledge will pave the way for
developing and implementing therapeutic interventions and
technological assistance to support these driversin maintaining
their driving privileges and ensuring road safety.

To address this research gap, our pilot study examined the
associations between visua function and driving performance,
assessed by a high-fidelity driving simulator, among drivers 60
and older across 3 lighting conditions: daytime (photopic),
nighttime (mesopic), and nighttime with glare. We hypothesized
that drivers with worse visual function, measured by VA, CSF,
and VFM, would exhibit worse simulated driving performance,
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including slower average speed, agreater standard deviation of
speed (SDSpeed), a greater standard deviation of lane position
(SDLP), and longer reaction timesto visual stimuli.

Methods

Study Design and Participants

We conducted a pil ot study with 20 active drivers aged 60 years
or older recruited from the Columbus, Ohio, area All
participants held valid driver’slicenses and were active drivers,
defined asthose who drove at | east once per week. We excluded
drivers who drove less than once per week, used visua aid
devices beyond habitual correction (eg, bioptic lens), or had
conditions preventing them from driving, such as cognitive
impairment or eye diseases. Non-English speskers and
individuals with a history of severe motion sickness were also
excluded. The study data were collected between November
2021 and August 2022.

Study Procedures

We distributed information about our study through channels
that had proven successful in our previous research: (1) a
website listing and Facebook advertising via StudySearch, a
directory managed by the Ohio State University (OSU) Center
for Clinical and Trandational Science[33]; (2) ResearchMatch,
aregistry of volunteers managed by the Vanderbilt Institutes
for Clinical and Trand ational Research, spanning a network of
183institutions[34]; (3) Twitter and Instagram postsfacilitated
by Nationwide Children’s Hospital; and (4) study flyers
distributed at local community centers. Social media postings
or email links directed interested individuals to complete an
initial eligibility survey on our study website or to meet our
study team over the phone for eligibility screening.

Following expressions of interest, our study coordinator
contacted the individuals, rescreened them for eligibility, and
obtained signed consent. Subsequently, the study coordinator
scheduled an in-person appointment for visual function
assessments at the OSU College of Optometry’s Laboratory of
Vision Enhancement. Additionally, participants underwent a
driving performance assessment on a high-fidelity driving
simulator at the OSU Driving Simulation Laboratory. These 2
assessments took place within 1 month of each other.

Visual Function Test

Overview

The visual function test was conducted binocularly with
participants wearing the habitual corrective lensesthey used for
daily driving. The test encompassed 3 fundamental visual
functions: VA, CSF, and VFM, measured using the quantitative
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VA, quantitative CSF (qCSF), and quantitative VFM (qVFM)
methods, respectively [35-39]. These methods have used an
activelearning framework to provide efficient assessmentswhile
maintaining high precision and accuracy, and they have been
validated in approximately 50 peer-reviewed publications,
demonstrating high correlations with conventional visual
function tests as well as precision and repeatability across the
full spectrum of spatial frequencies [37,40-44]. For example,
in the quantitative VA task, participants were instructed to
identify 3 high-contrast letters in each trial, with the letter size
varying between trials. The same applied to the qCSF task, with
the exception that the contrast of letters also varied between
letters and trials. During the gVFM task, participants were
directed to report alight spot that might have briefly presented
inside a circular location cue while keeping their gaze fixed in
the center of the display for the duration of the test. The target
location and luminance were updated in an adaptive manner.
The size of the visua field being evaluated was 48°x48°. Two
summary metrics, the area under the log contrast sensitivity
function (AULCSF) and the volume under the surface of VFM
(VUSVFM), scored the CSF and VFM tests. The tests were
conducted in 2 or 3 lighting conditions, described in the
following sections.

Photopic Condition

Background luminance was set at 9 cd/m? or above for all the
photopic tests, encompassing VA, CSF, and VFM
measurements. A brief practice block was given for each task.
A minimum of 5 minutes of dark adaptation was given before
starting the first practice.

M esopic Condition

Background luminance was reduced to between 0.1 and 1 cd/m?
using aneutral density filter or display control, yielding reliable
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mesopic measurements. After more than a 5-minute dark
adaptation period, participants underwent measurements for
mesopic VA, CSF, and VFM using the same methods as
photopic assessments.

M esopic With Glare Tests

Mesopic VA and CSF were measured in the presence of glare.
An externa light source, a Fiilex V70 lamp with an attached
dome diffuser, generated glare. The light was placed at the
participant’seyelevel, with 19 cmin front and 12 cm to the left
of the midpoint of the participant’s 2 eyes. The glare source had
a color temperature of 3000 K and provided an illumination
level of 305 lux, similar to home or office desk lighting (30-1000
lux) [45].

VA was aways measured first for each lighting condition,
followed by CSF, with VFM as the last measurement taken
under photopic and mesopic conditions. Thus, 8 visual function
testswere performed, generating VA, AULCSF, and VUSVFM
values across 3 lighting conditions. Low VA values and high
AULCSF and VUSVFM valuesindicated better visual function.

Driving Performance Test

Driving Simulator

The driving performance test on a cutting-edge real-time
technology driving simulation platform and | asted approximately
1 hour (Figure 1). This system features a vehicle cab mounted
on a 6-degree freedom of motion base, a 260° front-projection
cylindrical edge-blended screen, side mirror LCDs, and arear
mirror screen. The custom-devel oped driving scenarios consisted
of driving on a straight, suburban roadway with a posted speed
of 72 km/h.
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Figurel. A high-fidelity driving simulator.
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Three Experimental Lighting Conditions

We used 3 experimental lighting conditions to provide
participants with scenarios and experiencesin asafe, controlled
environment [27,46,47]. Participants drove with 3 conditions
in a random sequence: a daytime condition which met the
recommended photopic lighting requirements with lighting in
the scene coming from headlights from the participant vehicle,
a nighttime condition which was created by dimming the light
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in the scene coming from the participant’s vehicle headlights
to meet the mesopic light level, and nighttime with glare
condition which used a point glare source (ie, alamp fixed to
the hood of the car) positioned on the left side of the car
simulating headlight glare from oncoming vehicles, allowing
the participants to experience the simulated bright headlights
shining at the driver from cars in the opposing travel direction.
The lamp used was a 650-lumen light-emitting diode bulb
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positioned approximately 2.1 meters away from the driver's
eye point, 4 degrees to the driver's | eft.

Simulator Procedure

Upon arrival at the OSU Driving Simulation Laboratory,
participants completed a 10-minute paper survey about their
demographics, motion sickness, history of eye disease, driving
habits, and functional impairments before the driving
assessment. We advised participants to inform staff if they
experienced mation sickness, dizziness, or discomfort while
driving on the simulator and to stop the assessment if necessary.

Participantsdrove atotal of 35 minutesinthedriving simulator.
Following a5-minute acclimation period, participants compl eted
3 drives, 1 for each lighting condition, each lasting
approximately 10 minutes. The drive sequence was shuffled
per participant for counterbalancing. We asked participants to
drive as they usualy would on a 2-way, undivided roadway
with 1 lane in each direction of traffic at a speed limit of 72
km/h. Simulated trees, signs, and buildings were presented on
both sides of the road. Participants performed general driving
maneuvers, including regulating vehicle speed and direction,
lane positioning, and maintaining safe following distance, under
light traffic in the opposing lane for al the driving scenarios.
During the driving scenarios, participants also encountered
hal f-meter-sized boxes appearing randomly above the roadway
in different locations: 1 with avertical stripe and the other with
ahorizontal stripe. Participantswereinstructed to pressabutton
on the steering wheel when they saw a box with only a
horizontal stripe.

To regulate the driving speed to around 72 km/h, participants
were instructed to stay within 30 meters of alead car. If they
went slower than 64 km/h, the lead car would drive ahead; if
they moved faster than 80 km/h, the lead vehicle would not
accelerate further. This adaptation helped maintain the
participants’ speed between 64 and 80 km/h. During all the
driving scenarios, participants also completed a cognitive load
task [48], which consisted of conversations between an
experimenter and the participant about general interest topics,
like travel or food. The experimenter spoke to the participants
from a control room through an intercom.

Driving Performance Outcome Measures

We measured driving performance using 4 primary variables:
average speed (km/h), SDSpeed [49], SDLP [50,51], and
reaction time[52]. Reaction timeisdefined asthe time between
atarget box appearing above the roadway and the participant
pressing a button on the steering wheel. Only the reaction time
for correct responses (horizontal stripe) was included in the
analysis. The driving performance-related variables were
measured in multiple periods per drive, surrounding each box
appearance, and averaged over the drive. SDSpeed isameasure
of the longitudina control of the vehicle, while SDLP is a
mesasure of thelateral control of thevehicle. SDLP, asameasure
of vehicle control in particular, has been used as an indicator
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of safe driving performance in numerous driving simulation
studies[53].

Other Variables

Gathered demographic information included age, sex, race,
marital status, employment, income level, self-assessed overall
health, and eye health. Self-reported driving history included
average hoursdriven per day and week and levels of difficulties
while driving in various situations in dim light or at night.

Statistical Analysis

We conducted a descriptive analysis of participants
demographicsand driving variables. We excluded 2 participants
from the analyses due to unusable driving data resulting from
procedure adjustment or technical difficulties. We used
ANOVA, with Bonferroni correction for multiple comparisons,
to compare vision scores across 3 lighting conditions.
Additionally, we used ANOVA with repeated measuresto assess
the driving performance variable across 3 lighting conditions.
We calculated Pearson correlation coefficients to evaluate the
relationships between visual function and driving performance
under each lighting condition, and we used the fal se discovery
rate for multipletesting. We conducted all dataanalysesin SAS
and compl eted the analyses by January 2024, with asignificance
level of a=.05.

Ethical Consider ations

The study received ethical approval from the Institutional
Review Board a Nationwide Children's Hospital
(STUDY 00000461). Written informed consent was obtained
from all participants. The study was performed in accordance
with the ethical standards as laid down in the Declaration of
Helsinki and its later amendments or comparable ethical
standards and the applicable local regulatory requirements and
laws.

Results

Characteristics of Participants

Across all 20 participants, the average age was 70.3 (ranging
from 63to 83), with 45% (n=9) female. A total of 6 participants
had had cataract surgery, and 1 participant received a cataract
diagnosis but had no surgical intervention. On average,
participants had held their driver’s license for about 55 years,
and self-reported eyesight averaged 7.6 on a scale of 1-10. In
total, 50% (n=10) of the participantsreported driving difficulties,
ranging from a little difficulty to extreme difficulty, due to
concerns about their eyesight in dim light or a night.
Additionally, 45% reported driving lessin dim light or at night
because of their eyesight (Figure 2A). Participants indicated
that they avoided driving in dim light or at night due to moderate
or extreme difficulties, including driving in difficult conditions
(n=8, 40%), driving in unfamiliar places (n=6, 30%), noticing
objects off to the side (n=5, 25%), or reading street signs (n=4,
20%) (Figure 2B).
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Figure2. (A) Leve of nighttime driving vision difficulties. (B) Frequency of changesin driving habits.
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Visual Functionsin 3 Lighting Conditions

The average VA was—0.07 (SD 0.08) in the photopic (daytime)
condition, significantly lower (indicating better function) than
the average VA in the mesopic (nighttime) condition (mean
0.23, SD 0.11; P<.001) and in the mesopic with glare condition
(mean 0.44, SD 0.17; P<.001) (Table 1). The average AULCSF
was 1.51 (SD 0.27) in the photopic condition, significantly
greater (indicating better function) than the average AULCSF

Table 1. Visual function scores across 3 different lighting conditions.

B.

= None of the time ® A litle of the time @ Some of the time = Most of the time ® All of the time
p—
Avoids high-specd highways -
avoigs ign warric roncs [
Limited night driving 58% 200 5 a
Resuecasgh arivins T
Night vision concerns "

in the mesopic condition (mean 0.081, SD 0.20; P<.001) and
in the mesopic with glare condition (mean 0.32, SD 0.21;
P<.001), which was the worst among the 3 lighting conditions.
Finally, the average VUSVFM in the photopic condition was
907.08 (SD 47.05); while lower (indicating worse function)
than in the mesopic condition (mean 917.89, SD 78.60; P=.60),
this difference was statisticaly insignificant. The lighting
conditions accounted for 74%, 83%, and 9% of the variation of
VA, AULCSF, and VUSVFM, respectively.

Visual function Overall score (n=60), Photopic score (n=20), = Mesopic score (n=20), Glare score (n=20), R?2 Pvalue?
mean (SD) mean (SD) mean (SD) mean (SD)

vAD 0.2 (0.25) -0.07 (0.08) 0.23(0.11) 0.44 (0.17) 0.74 <.001

AUL CSES 0.88 (0.54) 1,51 (0.27) 0.81(0.2) 0.32(0.21) 0.83 <001

VUSVEMYe 912.43 (64.16) 907.08 (47.05) 917.89 (78.60) N/AF 009 .60

3P value testing the differences across vision conditions.

bvA: visual acuity.

CAULCSF: area under the log contrast sensitivity function.
4/USVFM: volume under the surface of the visual field map.
€n=40.

N/A: not applicable (VUSVFM was not measured in the presence of glare).

Driving Performance Under 3 Lighting Conditions

Of the 18 participants included, the average driving speed was
71.55 (SD 8.89) km/h in the daytime condition, significantly
dower than that in the nighttime with glare condition (74.60,
SD 13.97 km/h) but not significantly different from that in the
nighttime without glare condition (73.71, SD 16.33 km/h; P=.28)
(Table 2). The average SDLP in the nighttime with glare
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condition was 0.11 (SD 0.07) meters, significantly greater than
that in the daytime (mean 0.07, SD 0.04 meters; P<.001) and
the nighttime without glare condition (mean 0.08, SD 0.04
meters;, P<.001). Furthermore, the average reaction time was
1.23 (SD 0.29) and 1.21 (SD 0.38) seconds in the nighttime
conditionswith and without glare, both significantly longer than
the average reaction time in the daytime condition (mean 1.07,
SD 0.31 seconds; P<.001).
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Table 2. Driving performance scores across 3 different lighting conditions.

Yang et a

Driving performance  Overall score (n=591), Daytime(n=210), mean Nighttime (n=181), Nighttime with glare P value
mean (SD) (SD) mean (SD) (n=200), mean (SD)

Average speed (km/h)  73.24 (13.30) 71.55% (8.89) 73.71 (16.33) 74.60 (13.97) .002
SDSpeed? 0.47 (0.61) 0.42 (0.35) 0.51(0.92) 0.47 (0.47) .25
SDLPP (meters) 0.08 (0.06) 0.07 (0.04) 0.08 (0.04) 0.1184 (0.07) <.001
Reactiontime® (sec-  1.16 (0.34)" 1.07%9 (0.31)" 1.21 (0.38) 1.23 (0.29) <001
onds)

33D of speed.

bSDLP: SD of lane position.
CSignificant differences between daytime and nighttime with glare.
dsj gnificant differences between nighttime and nighttime with glare.

®Time between atarget box with a stripe appearing above the roadway and the participant pressing a button on the steering wheel for a correct response
(horizontal stripe).

fn=a48.

9significant differences between daytime and nighttime.

fn=182.

In=138.

In=128.

P<.001) and greater SDLP (r=0.31; P<.001) (Figure 3A). Poor
AUL CSF was associated with greater SDLP (r=—0.22; P=.007)
(Figure 3B).

Correlations Between Visual Function and Driving
Performancein 3 Lighting Conditions

For functional vision in the photopic condition (Table 3), poor
VA was significantly correlated with greater SDspeed (r=0.26;

Table 3. Pearson correlation coefficients between visual function and driving performance scores across 3 lighting conditions.

Visua Daytime (photopic) correlation coefficients Nighttime (mesopic) correlation coeffi-  Nighttimewith glare (glare) correlation coef-
function cients ficients
Average SDSpeed? spLpP? Reaction Average SDSpeed SDLP Reaction Average SDSpeed SDLP  Reaction
Speed time® Speed time® Speed time®
vad 0 0.26° 0.31° 0.08 -0.03 0.08 0.13 0.17 0.12 -0.04 0.16 0.21f
AULCSE® 0.08 0.05 _022¢ 012 0.09 -0.08 -012 -017 03¢ 009 026 _0.20f

8SDSpeed: SD of speed.
bSDLP: SD of lane position.

“Time between atarget box with a stripe appearing above the roadway and the participant pressing a button on the steering wheel for a correct response
(horizontal stripe).

dVA: visual acuity.

P value <.01.

P value <.05.

9AUL CSF: area under the log contrast sensitivity function.
P\USVFM: volume under the surface of the visual field map.
IN/A: VUSVFM was not measured in the presence of glare.
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Figure 3. Correlations between visua function and driving performance i
of AULCSF with SDLP. (C) Correlations of VUSVFM with SDLP. (D)

Yang et a

n 3 lighting conditions. (A) Correlations of VA with SDLP. (B) Correlations
Correlations of VA with reaction time. (E) Correlations of AULCSF with

reaction time. (F) Correlations of VUSVFM with reaction time. SDLP: SD of lane position; VA: visual acuity; AULCSF: area under the log contrast

sengitivity function; VUSVFM: volume under the surface of the visual field map.
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For functional vision in the mesopic condition (Table 3), poor
VUSFVM was significantly correlated with slower average
speed (r=—0.24; P=.007) and larger SDSpeed (r=—0.19; P=.04),
greater SDLP (r=—0.22; P=.01) (Figure 3C), and longer reaction
times (r=—0.22; P=.04) (Figure 3F) while driving at night.

For functional vision in the mesopic condition with glare (Table
3); Poor VA was significantly correlated with longer reaction
times (r=0.21; P=.046) whiledriving at night with glare (Figure
3D). Poor AULCSF was significantly correlated with slower
speed (r=—0.32; P<.001), greater SDLP (r=—0.26; P<.001)
(Figure 3B), and longer reaction times (r=—0.2; P=.04) (Figure
3E) while driving at night with glare. No other significant
correl ationswere observed between visual function and driving
performance under the same light conditions.

Furthermore, poor photopic VA was significantly correlated
with greater SDL Pwhiledriving at night with (r=0.25; P<.001)
and without (r=0.28; P<.001) glare, respectively [see Table S1
in Multimedia Appendix 1]. Poor photopic AULCSF was
significantly correlated with greater SDL P acrossthe 3 lighting
conditions, longer reaction times (r=-0.24; P<.001) while
driving at night, and larger SDSpeed (r=—0.41; P<.001) while
driving at night with glare. Poor photopic VUSFVM was
significantly correlated with alarger SDLP (r=—0.25; P<.001)
while driving at night with glare. For functional vision in the
mesopic condition, poor VA, AULCSF, and VUSFVM were
significantly correlated with greater SDL P and/or longer reaction
timeswhile driving at night with or without glare. For functional
vision in the mesopic condition with glare, poor VA and
AULCSF were correlated with longer reaction timesin al 3
lighting conditions.

https://formative.jmir.org/2024/1/e58465
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Discussion

Key Findings

This pilot study examined the relationships between visual
function and driving performance across 3 lighting conditions
among drivers aged 60 years and older. The main findings
highlight that worse visual function and driving performance
were observed in the nighttime condition rel ative to the daytime
condition, particularly with glare. Poor visua functions were
largely correlated with poor driving performance. Specifically,
poor photopic VA and CSFs were significantly associated with
greater SDLP (poor lane keeping ability) while driving in al 3
lighting conditions. Poor mesopic VA, CSFs, and VFM were
significantly correlated with greater SDLP and longer reaction
timeswhile driving at night with or without glare. Poor VA and
CSFs under mesopic conditions with glare were significantly
correlated with longer reactiontimesin all 3 lighting conditions.
Our results contribute to the current literature on the
relationships between visual functions and nighttime driving
and have potential implicationsfor the nighttime driving safety
of over 45 million licensed drivers who are aged 65 years and
older [11].

Crash statistics indicate that the nighttime driving environment
isdangerousfor al road users, particularly older drivers[19,54].
Our findings also revea that participants SDLP was
significantly greater at night with glare than in the other 2
lighting conditions. Participants also took longer to respond to
stimuli (eg, reacting to the boxes appearing above the roadway)
during both nighttime conditions compared to the daytime
condition. The observed declinein driving performance among
older drivers during the nighttime could be attributed to reduced
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visibility [55] and acombination of age-related vision changes,
including reductionsin rod sensitivity, slower dark adaptation,
decreased VA, and increased sensitivity to glare [5,6,8,9]. All
thesefactors contribute to an increased risk of nighttime crashes
[5,53]. Given that access to transportation by car is crucial for
the well-being and independence of many older individuals,
future studies using comprehensive vision tests are imperative.
Such studies can help identify robust and unambiguous
indicator(s) of older individuals fitness to drive at night,
ensuring their driving privileges and road safety [7,19,56,57].

Consistent with previous findings [5-7,28], this study reveals
that poor VA and poor CSF were associated with increased
SDLP across al 3 lighting conditions—an indicator of poor
vehicle control. Moreover, this study found that individuals
with poor VA, CSF, and VFM may face greater challenges in
maintaining a stable lateral position on the road and take a
relatively long time to respond to an event critical to driving
safety, particularly while driving at night. These results suggest
that compromised visual functions may lead to driving
challenges at night, particularly with glare [6]. Therefore,
assessing VA alone during daylight, as current standard vision
tests do, without considering the effect of nighttime vision or
glare, may inaccurately characterize functional vision [6].

Puell et al [14] observed that reduced contrast sensitivity,
especialy in nighttime conditions with glare, might contribute
to challenges during night driving. Wood and Owens [6] found
that visibility significantly diminishesduring night driving, with
contrast sensitivity tests better predicting real-world object
recognition performance than VA aone. This study also found
that visual function in the mesopic and mesopic with glare
conditionswas significantly associated with driving performance
at night, particularly with glare conditions. Poor vision in
low-light conditionsis correlated with poor recognition of traffic
signs, aslow lighting reduces the reading distance of road signs,
leaving less time to react. These effects are especially
pronounced in older drivers who drive at night [7]. Our results,
along with those from other studies [6,7,14], suggest that
ng VA, along with CSF, VFM, and other visual functions,
is crucial for characterizing age-related vision changes when
evaluating the relationships between vision and driving. These
metrics could also serve astargets for interventions to mitigate
driving challenges, especially at night, among older adults
[27,29].

This pilot study is the first to assess the relationships between
visual function and driving performance under different lighting
conditions among drivers aged 60 years and older.
Understanding the impacts of age-related visual deficits on
nighttime driving is critically needed because age-related change
in vision is the most significant risk factor for crash-related
injuries and deaths at night in older individuals [4-9]. Future
research and practical applications could explore developing
targeted strategies for addressing specific visual impairments
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in older drivers in the context of distinct lighting challenges
[13,20]. These strategies include considering using polarizing
eyeglasses or other glare mitigation techniques [58]. Future
studies should also advocate for including novel vision tests
that mimic the effects of nighttime conditionsand aglare source
[5,27,48]. Such assessments may become imperative due to
demographic changes (ie, longer life expectancy) compounded
by increased dependency on private car journeys among older
people [59,60].

Limitations

This study has several limitations. First, the small sasmple size
and the absence of a control group, along with the lack of data
on participants other hedth-related conditions (eg,
comorbidities), restricted our ability to conduct more advanced
statistical analyses. Adjusting for potential known confounding
factors, such as participant age, motor function, and cognitive
capacity, was limited. Second, our results may be susceptible
to selection hias, possibly reflecting a more active or healthier
subset of older drivers. Therefore, caution is needed when
generalizing our findingsto all drivers aged 60 years and ol der.
Third, the driving measured in this study relied on simulated
driving performance in ahigh-fidelity driving simulator, which
may not fully reflect participants' real-world driving behaviors.
Consequently, a cautious interpretation of our results is
necessary. Fourth, the participants completed al visual function
tests while sitting in a stable chair rather than in a moving
vehicle. Thus, the observed rel ati onships between visual function
and driving performance in this study may be under- or
overestimated. Despite these limitations, our study contributes
empirical data on visua function and driving across 3 lighting
conditions. We used a set of comprehensive and sensitive visual
function measures coupled with simulated driving performance
assessed on a high-fidelity driving simulator.

Conclusions

Drivers aged 60 years and older face a heightened risk of fatal
nighttime crashes, primarily attributed to age-related vision
changes. This pilot study presents preliminary data indicating
that VA, contrast sensitivity, and VFM may distinctly impact
driving performancein variouslighting conditions among ol der
drivers, particularly at night and in the presence of glare. Further
research with alarger and more diverse sample is essential to
validating these results. Our results underscore the importance
of comprehensive visual function assessments, especially under
nighttime and glare conditions, for evaluating age-related vision
changes. Additionally, the study findings advocate for
developing therapeutic interventions and technological aids to
enhance safe nighttime driving among older drivers. As the
older adult population is expected to nearly double by 2050,
increased research effortsin thisdomain are warranted to guide
clinical practices and policies, ensuring the maintenance of
driving privileges and road safety for individual s aged 60 years
and older.
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