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B k d Table 1. Summary of Included Studies Figure 2. Descriptive Forest Plot of Differences in Simulated Driving Performance Between Patients With HD and Controls Figure 3. Descriptive Forest Plot of the Correlation Between Simulated Driving Outcomes and Clinical Outcomes Assessment
ACKEroun in Patients With HD
. . . . . . Study Patients With HD Healthy Controls Standardized Mean SMD 95% CI Study Total Correlation COR 95% CI
* Huntington’s disease (HD) is a genetic, neurodegenerative disease gg‘fer‘:f‘ce’ Population (n) Driving Outcomes COAs N Mean sD N Mean sD Difference
characterized by motor, behavioral, and cognitive symptoms. Je s
. : . : : : _ ; Driving Measure Category = Attention/reaction
* Cognitive decline can begin many years prior to motor manifestation, Outcome Category = Accidents - . < ! !
first noticed in executive functions involving multitasking, organizing _ _ _ o _ .
thoughts, planning, and decision making.2 As a result, patients may Devos et al. (2012)” - Manifest HD (30) Fitness to drive (pass/fail): Binocular visual MMSE, TMT-A and TMT-B, Stroop Devos (2012) — Accidents  * 30 -2.00 1.4815 30 -0.00 0.7407 —m— -1.69 [-2.28, -1.09] Rebok (1995): QNE score total, Cue recognition task — accuracy on block 1 * 18 u 0.48 [0.02,0.77]
withdraw from more challenging activities during otherwise OBJECTIVE: To identify + Healthy controls ~ a@cuity, kinetic vision, contrast sensitivity, Test, SDMT, UHDRS-TFC motor and Outeome Catedory = Attention/reaction
productive and independent phases of life.’ the most accurate (30) flgure of Rey.’ UFOV, 4-choice reac’Flon times, behavioral scores, LVFT gory = Rebok (1995): QNE score total, Cue recognition task — Reaction time on block 1 ** 18 - B 0.56 [0.13, 0.81]
. , , : , clinical predictors of visual scanning, DA, Test for Attentional
One of the earliest concerns reported by patients Wl’ih HD is the itness to drive in HD Performance: accident: traffic tickets: DA Devos (2012) — Divided attention (response time) * 30 -3.37 2.4444 30 -1.58  0.3630 B ~1.01  [-1.55,-0.47]
. . . T . . . :5 ) bl )
impact on driving abilities, particularly driving safety. (responding to symbols presented in the - | Rebok (1995): HVLT — third learning trial, Cue recognition task — Accuracy on block 1 18  m 0.61 [0.20, 0.84]
social activities, and for the feeling of independence.® : , " S -
" v t (o clnically relevant ot Jacobs (2018) — Reaction time (motorway scenario) * 30  8.30 12.3000 29 1410  11.1000 - —0.49  [-1.01, 0.03] Rebok (1995): BTA — letter trial, Cue recognition task — reaction time block 3 18 —&— 0.61 [0.20, 0.84]
* Measuring driving outcomes as a proxy for clinically relevant outcomes
that require cognitive capabilities can be one way to closely track . . . ion ti * : - L -
o gniti?/ o ch ang os that o?: our in premanifest an dye arly m an¥f ost HD Jacobs et al. (2018)? * Premanifest HD ~ SDLP, mean speed, SD of mean speed, UHDRS-TFC scores, finger tapping, Jacobs (2018) — Reaction time (emergency stop) 30 -1.70 0.3704 29 -1.60  0.3704 —l -0.27 [-0.78, 0.25] Rebok (1995): WAIS-R Block design, Cue recognition task — reaction time block 1 18 — 0.61 [0.20, 0.84]
: OBJECTIVE: to identify  (28) distance to preceding car in meters, reaction saccadic inaccuracy, smooth pursuit, Jacobs (2018) — Reaction fime (pedestri ings) 30 1 70 0.8000 - . 70 0.8000 0.00 <051, 0.51]
. i i i i ivi ' : acobs — Reaction time (pedestrian crossings) * -1. . -1. . —E— . -0.51, 0.
gli?}?f;fgﬁggnrﬁ;22;2':22;2??8?fcrgeAZ?'fr;g;uli:r:'t\ll;/nl?sggtfr?angStsnd differences in drivinwg  « Manifest HD (30) UMe o lane closures bgdyt?’waty, TE(IT-B’S 22?025\3’[, SFDngT, P J Rebok (1995): HVLT - third learning trial, Cue recognition task — reaction time block 1 *** 18 . = 0.64 [0.25, 0.85]
Comprehend Cognmve |mpa|rment Changes can be a useful way to ET:) Oen: Ccaernbeertswaer?d . Hea|thy controls HADS-SIS Rebok (1995) - Cue recognition — Number of valid responses 29 6.40 1.6155 16 7.70 0.4000 —— -0.96 [-1.61, -0.32]
build the clinical meaningfulness of COAs. gene car ) (29) Rebok (1995): BTA - letter trial, Cue recognition task — Accuracy on block 3 18 — B 0.65 [ 0.26, 0.86]
healthy individuals in Rebok (1995) — Cue recognition — Reaction time * 29 _1542.00 333.8802 16 -1105.00 244.0000 — = 141 [-2.09, -0.72]
simulated urban and . " o
Obj eCtive motorway environments Rebok (1995) — Cue recognition — Reaction time block 1 * 29 -1458.60 346.2661 16 -1068.20 282.8000  — = 118  [-1.84, -0.52] Rebok (1995): WAIS-R Block design, Cue recognition task — reaction time block 2 18 —i 0.72 [0.38, 0.89]
* To summarize literature on the impact of HD on driving (as Jacobs et al. (2019)° Rebok (1995) — Cue recognition — Reaction time block 2 * 29 -1543.60 395.2711 16 -1084.50 240.4000 — -1.29 [-1.96, —-0.62] Rebok (1995): BTA - letter trial, Cue recognition task — reaction time block 2 *** 18 — B 0.73 [ 0.40, 0.89]
measured by simulator measures) and the relationship between OBJECTIVE: To Rebok c - ook
i i ; . ebok (1995) — Cue recognition — Reaction time block 3 * 29 -1624.20 369.9608 16 -1163.60 246.0000 —— -1.36 -2.04, -0.69
clinical outpomesHEa)ssesslrnte.nts(izC.OAs)f)lnd driving simulator investigate whether ( ) ? [ ] Rebok (1995): WAIS-R Block design, Cue recognition task — Accuracy on block 3 18 — B 0.74 [0.42, 0.90]
measures in an opulation (Figure 1). "
Pop 9 cognitive, motor, or Outcome Category = Distance control
pSyChlatr_'C symptoms Rebok (1995): WAIS-R Vocabulary, Evasive Action task 18 — B 0.74 [ 0.42, 0.90]
M h d can predict driving Jacobs (2018) — Distance to preceding car (motorway scenario) 30 41.00 10.5000 29 40.60 7.4000 —— 0.04 [-0.47, 0.55]
et oas performance in HD gene _ _ . o s
carriers using a simulator Jacobs (2018) - Distance to preceding car (urban scenario) 30 57.00 357778 29 5450  17.7037 . 0.09 [-0.42, 0.60] Rebok (1995): WAIS-R Block design, Cue recognition task — reaction time block 3 18 —& 0.85 [0.64,0.94]
situation
Outcome Category = General errors Driving Measure Category = Position
Targeted literature review in PubMed from 2011-2021; Rebok (1995) — Drive to the city — percentage correct 28  75.00 11.1122 16 83.80 8.8000 S — -0.84 [-1.48, -0.19] _ s
English language only; search terms for driving, simulators, Rebok et al. (1995)° « HD: Driving (53)  Errors (maintaining appropriate speed, use « MMSE, TMT-A and TMT-B, Stroop test, Jacobs (2018): Stroop colour, SDLP 24 —B— 0.44 [ 0.04, 0.72]
and cognitive assessments OBJECTIVE: To + HD: Not driving of turn signals, force applied to brake, use HD-ADL, QNE, WAIS-R: Vocabulary and Rebok (1995) - Drive to the city — brake response errors * 28 -4.00 2.1166 16 -2.30 2.0000 — = -0.80 [-1.44, -0.17]
assess the influence (205 of accelerator, position of steering wheel); block design, WMS-R: logical memory Jacobs (2018): Stroop word, SDLP *** 24 —_— 0.47 [0.08, 0.73]
of the neurological and Evasive Action Skill task (situations in which and visual reproduction, VMI, FAS, Rebok (1995) — Drive to the city — accelerator use errors * 28  -1.60 1.5875 16 -0.80 0.8000 . -0.58 [-1.20, 0.05]
e oo * Healthy controls  gppropriate action must be taken to avoid a  BTA, HVLT, WCST, Motor-Free Visual
' cognitive impairments PProp _ , VL, , VI " . Jacobs (2018): TMT-B, SDLP ** 24 — 0.49 0.11,0.75
Population of HD on automobile (22) collision); responding to cues presented on  Perception Test, Spatial Recognition Outcome Category = Infractions (2018) [ ]
driving the screen (cue-recognition task) Span Test, Reaction time tasks
Patients with HD Devos (2012) — Tickets * 30 -1.00 0.7407 30 -0.00 0.7407 —B— -1.33 [-1.90, -0.77] Jacobs (2018): Stroop interference, SDLP *** 24 — B 0.51 [0.13, 0.76]
BTA = brief test of attention; COA = clinical outcomes assessment; DA = divided attention; FAS = Controlled Oral Word Association Test; FrSBe = Frontal System Behavior Scale; Outcome Category = Position . s
HADS = Hospital Anxiety Depression Scale; HD-ADL = Huntington’s disease activity of daily living; HVLT = Hopkins Verbal Learning Test; LVFT = Letter Verbal Fluency Test; MMSE = Mini-Mental Jacobs (2018): Adaptive tracker, SDLP 24 —l— 0.55 [0.19, 0.78]
ivi State Examination; PBA-s = Problem Behavior Assessment—Short; QNE = quantitative neurological examination; SART = sustained attention to response task; SD = standard deviation; .
Driving outcomes SDLP = standard deviation of the lateral position; SDMT = Symbol Digit Modalities Test; SIS = Snaith Irritability Scale; TFC = total functional capacity; TMT-A = Trail Making Test Part A; Jacobs (2018) - SDLP 30 -42.60  17.9000 29 -35.90  7.3000 —E -0.48 [-1.00, 0.04]
TMT-B = Trail Making Test Part B; UFOV = Useful Field of View; UHDRS = Unified Huntington’s Disease Rating Scale; VMI = visual-motor integration; WAIS-R = Wechsler Adult Intelligence Jacobs (2018): UHDRS-TMS, SDLP ** 24 —— 0.57 [0.22,0.79]
Accidents, attention/reaction, distance control, general NScaI:_—Revis;t.j; WCST = W(ijs.consin Car;:i Sstsrting Test; WMS-R = Wechsler Memory Scale-Revised. Outcome Category = Speed
errors, infractions, lane position, and speed ote: Two publications regarding ene study. . .
Jacobs (2018) — Mean speed (motorway scenario) 30 9630  5.1000 29 9920  4.3000 . 061  [-1.13, -0.08] Jacobs (2018): Finger tapping, SDLP 24 —i— 0.58 [0.23,0.80]
Figure 1. Example of (A) Driving Simulator, (B) Scenario Displayed on Middle Screen, and (C) Sample COA: Trail Making Test Jacobs (2018) — SD of mean speed (motorway scenario) * 30 470 2.8889 29 -450 21481 . ~0.08 [-0.59, 0.43] Jacobs (2018) :Body sway, SDLP ** 24 —i— 0.64 [0.32,0.83]
: ; | . Jacobs (2018) — Mean speed (30km zone) 30 29.70 3.3000 29 29.30 3.0000 —— 0.13 [-0.39, 0.64] Driving Measure Category = Speed
* Driving outcomes in HD vs. control: standardized mean ;
differences (Hedge’s g method) Jacobs (2018) — Mean speed (50km zone) 30 4710 5.1000 29 47.70 3.6000 —B— -0.13 [-0.64, 0.38]
o _ _ Jacobs (2018): TMT-B, Mean Speed * 24 —B— 0.43 [0.03, 0.71]
* Driving outcomes and COAs in HD: correlation Jacobs (2018) — Mean speed (80km zone) 30  63.00 11.1111 29 66.70 4.4444 —m ~0.43 [-0.95, 0.09]
coefficients with confidence intervals calculated with
R metacor using reported or estimated sample size Jacobs (2018) — SD of mean speed (30km zone) * 30 -370  1.4074 20 340  0.6667 —m 027  [-0.78, 0.25] Jacobs (2018): SDMT, Mean Speed 24 —— 0.52 [0.15, 0.76]
| |
Jacobs (2018) — SD of mean speed (50km zone) * 30 -5.80 1.7000 29 -5.50 1.0000 —B— -0.21 [-0.72, 0.30] -0.5 0 0.5
B. Urban scenario
Results Jacobs (2018) — SD of mean speed (80km zone) * 30 -7.90 4.6667 29 -9.50 2.0741 —— 0.43 [-0.08, 0.95] * Values for the cognitive assessment measure in the correlation have been multiplied by -1 to correct for the direction of scale.
Part A Part B I T T I ** Values for each measure in the correlation have been multiplied by —1 to correct for the direction of scale.
- 378 records were identified in PubMed, of which 4 (Corresponding ) 1 0 1 ) *** Values for the driving outcome measure in the correlation have been multiplied by -1 to correct for the direction of scale.
: : : : ) BTA = brief test of attention; FrSBe = Frontal System Behavior Scale; HADS = Hospital Anxiety Depression Scale; HVLT = Hopkins Verbal Learning Test; PBA-s = Problem Behavior Assessment-short;
o3 StUdleS) were included in the review (Table 1)' End End Favors controls  Favors patients QNE = quantitative neurological examination; SART = sustained attention to response task; SDLP = standard deviation of lateral position; SDMT = Symbol Digit Modalities Test; TMT-B = Trail Making
. Studies were most commonly excluded due to population and e @ Test Part B; UHDRS = Unified Huntington’s Disease Rating Scale; WAIS-R = Wechsler Adult Intelligence Scale — Revised.
outcomes of interest e @/ * Measures were converted where needed so that scales were in the same direction (i.e., so that higher scores reflected better performance) by multiplying the mean values by —1. Note: Two publications regarding one study.?®
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