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Abstract

Background
Although cognitive screening and self-appraisal have been examined in relation to driving performance
on road tests and simulators, whether they correspond to naturalistically recorded driving behavior in
cognitively intact older adults remains unclear. We examined associations of the Mini-Mental State
Examination (MMSE) score and three self-appraisal indicators with hazardous driving events in a
naturalistic cohort.

Methods
In a prospective cohort, 192 cognitively intact drivers aged 60 to 75 years (mean MMSE 29.3, SD 1.0) in
Hamamatsu, Japan, had telematics installed in their vehicles for three months. Rapid acceleration, hard
braking, and sharp steering were recorded automatically at a fixed kinematic threshold. Negative
binomial regression, with log driving time as an offset and adjustment for age, sex, and education, tested
associations with MMSE score and with three self-appraisal indicators (self-rated driving ability and self-
perceived cognitive decline while driving and in general). Equivalence analysis quantified the precision of
null results.

Results
MMSE score was not associated with the rate of any event type (incidence rate ratios [IRRs] 0.845 to
1.089; all corrected p ≥ .224). Equivalence analysis constrained the effect to IRRs below about 1.2 to 1.4,
excluding moderate-to-large associations. None of the three self-appraisal indicators was associated
with any event rate (all corrected p = 1.00). Adjusting for advanced driver-assistance systems did not
alter the estimates.

Conclusions
In cognitively intact older drivers, neither MMSE score nor brief self-appraisal predicted naturalistic
hazardous event rates. Global cognitive screening does not appear to capture real-world driving risk in
this population.

1. Introduction
Population aging has placed older driver safety at the center of clinical, policy, and public-health
discussion across high-income societies (Li et al., 2003). In Japan, adults aged 65 years and older
accounted for 29.3% of the population in 2024, the highest proportion of any country, and the number of
older license holders continues to rise (Cabinet Office, 2025). In response, Japan introduced mandatory
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cognitive testing for older drivers at license renewal, but subsequent evaluations indicate that the policy
has had a limited and mixed effect on the overall safety of older road users (Ichikawa et al., 2020; Inada
et al., 2023). Therefore, identifying which assessments reliably index actual driving risk in this population
carries both clinical and policy weight, and the recent expansion of in-vehicle sensing technology has
begun to enable observation of older drivers' real-world behavior at scales not previously available
(Dingus et al., 2006, 2016; Eby et al., 2019).

Among brief cognitive instruments, the Mini-Mental State Examination (MMSE) (Folstein et al., 1975) is
the best known and most frequently used screening measure of global cognitive status across clinical,
research, and community settings (Arevalo-Rodriguez et al., 2015; Tsoi et al., 2015), and it has been
applied extensively in older-driver research (Mathias and Lucas, 2009; Crizzle et al., 2012). It is therefore
commonly used as the cognitive reference point in studies of older-driver safety.

Within the cognitively intact range, however, the MMSE's predictive validity for driving is not fully
established, since the positive evidence comes largely from samples that also include cognitively
impaired drivers. For example, higher MMSE scores have been associated with safer driving in samples
that combine cognitively intact and impaired older drivers, both on standardized road tests and in
naturalistic recordings (Reger et al., 2004; Davis et al., 2012). However, a meta-analytic review restricted
to healthy older adults found no correlation between the MMSE and driving performance, whereas
domain-specific measures such as the Trail Making Test Part B showed small-to-moderate associations
(Stefanidis et al., 2023). Systematic-review evidence similarly points to specific domains, particularly
executive function and complex attention, rather than global status, as most relevant to driving
(Depestele et al., 2020). This evidence, however, derives almost entirely from standardized on-road tests
and simulators, controlled settings that may not reflect the self-paced demands of everyday driving.

A second question concerns how older drivers perceive their own functioning, and whether such self-
appraisal corresponds to objectively recorded risk (Anstey et al., 2005; Horrey et al., 2015). Self-appraisal
can take more than one form: drivers may judge their overall driving ability (Marottoli and Richardson,
1998), or report awareness of cognitive decline, either specifically while driving or in everyday life
(Jessen et al., 2014). These indicators have been studied in relation to driving cessation and self-
regulation (Baldock et al., 2006; Molnar and Eby, 2008; Ross et al., 2009). Although a recent large-scale
Japanese cross-sectional study has linked subjective memory concerns to self-reported collisions in
older drivers (Kurita et al., 2024), whether such subjective indicators correspond to objectively measured
hazardous events in naturalistic settings has not been established.

The present study addresses these gaps in a prospective cohort of cognitively intact older drivers (n = 
192). We examined whether (1) MMSE score and (2) three self-appraisal indicators (self-rated driving
ability, self-perceived cognitive decline while driving, and self-perceived cognitive decline in general) are
associated with the rate of hazardous driving events (rapid acceleration, hard braking, and sharp
steering) recorded over three months. The MMSE analysis extends to a sensor-based naturalistic setting
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a question previously examined only with on-road and simulator measures, and assessing objective and
subjective predictors in one cohort allows their convergence to be evaluated.

2. Methods

2.1 Study design and setting
This was a prospective observational cohort study using a naturalistic driving methodology. Participants
were recruited between September 2021 and March 2023 in Hamamatsu City, Shizuoka, Japan. The
study was approved by the Institutional Review Board of Hamamatsu University School of Medicine
(approval number 21–130).

2.2 Participants
Participants were recruited through three channels: (1) community-based venues for older adults, (2)
local senior clubs, and (3) mandatory driver training courses for older adults held at a local driving
school, where printed study materials were distributed and on-site oral recruitment was conducted.
Eligible participants were community-dwelling older adults aged 60 to 75 years who drove on average at
least three days per week and held a valid driver’s license. Individuals were excluded if their MMSE score
was 23 or below. Sex was recorded as self-reported biological sex (male/female) at the baseline
interview; no measure of gender identity was collected. Written informed consent was obtained from all
participants before enrolment. The target sample size was set at 200, representing the maximum
number feasible within the operational capacity of the study rather than being based on a formal a priori
power calculation. This sample is larger than that of the largest previous naturalistic driving study to
relate the MMSE to a recorded driving outcome in older drivers (Davis et al., 2012, n = 103).

2.3 Naturalistic driving data collection
Driving data were collected using an onboard telematics device (SD4-LTE, SmartDrive Co., Ltd., Tokyo,
Japan), which was installed in the cigarette-lighter socket of each participant's personal vehicle and
remained in place throughout the three-month observation period. The device continuously recorded tri-
axial acceleration and GPS position during each trip, and data were transmitted wirelessly to a secure
server on a trip-by-trip basis. A trip was operationally defined as the interval from engine ignition to
engine shut-off. Participants were instructed to install the device on a vehicle that they themselves
primarily drove; when a vehicle was shared with family members, they were asked to remove the device
before others used it.

Hazardous driving events were operationally defined as rapid acceleration (longitudinal positive), hard
braking (longitudinal negative), and sharp steering (lateral), each detected when the corresponding
acceleration reached 0.4 G or greater, equivalent to a one-second velocity change of approximately 14
km/h. This threshold aligns with the operational definition used in large-scale naturalistic driving studies
(Longitudinal Research on Aging Drivers: LongROAD) of older adult drivers (e.g., Li et al., 2017; Liu et al.,
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2024). The number of each event type accumulated over the observation period served as the outcome
variable.

2.4 Baseline covariates and other recorded variables
At the baseline interview, additional information was recorded for use as covariates or for descriptive
characterization of the sample: demographic variables (age, sex, years of education), driving experience
(weekly driving frequency, years since license acquisition, annual driving distance), and the presence of
advanced driver-assistance systems (ADAS).

2.5 Cognitive assessment
The Mini-Mental State Examination-Japanese (MMSE-J; Sugishita et al., 2018) was administered at the
baseline session, before device installation. The MMSE is a 30-point screening instrument assessing
orientation, registration, attention, recall, language, and visuospatial ability.

2.6 Subjective self-appraisal indicators
Three items assessing subjective self-appraisal were administered orally by a researcher as part of a
baseline questionnaire. The first item, self-rated driving ability, asked participants to rate their current
driving ability on a three-point ordinal scale (poor / neither / good). The second item, self-perceived
cognitive decline while driving, asked whether participants had noticed any decline in their cognitive
function specifically while driving (yes / no). The third, self-perceived cognitive decline in general, asked
the same question about everyday life more broadly (yes / no). The two cognitive-decline items were
retained as distinct indicators because awareness of decline while driving and awareness of decline in
general need not coincide, and each may bear a different relationship to driving behavior.

2.7 Data analysis

2.7.1 Trip-level data filtering
Three trip-level filters were applied before analysis. First, trips shorter than approximately 2 km were
excluded, as such trips provide too little continuous driving to characterize driving behavior reliably.
Second, trips in which idling time exceeded 50% of total trip duration were excluded, to remove trips
dominated by stationary periods. Third, trips with an average speed greater than 35 km/h or a total
distance greater than 60 km were excluded, to remove long-distance expressway trips in which
hazardous events are unlikely to occur. The number of trips per participant was not used as the unit of
analysis; instead, total driving time accumulated across all retained trips served as the exposure metric,
entered as an offset in the negative binomial models (see Section 2.7.3).

2.7.2 Descriptive statistics
Descriptive statistics were computed for all variables. Continuous variables are summarized as mean ± 
SD; when distributions were strongly right-skewed (driving exposure and event counts), the median with
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IQR is reported instead of, or in addition to, the mean. Categorical variables are reported as counts and
percentages. Unless otherwise stated, all inferential tests were two-sided, with α = .05.

2.7.3 Modelling of hazardous event rates
Hazardous driving events were analyzed as counts. Because each participant contributed a different
total driving exposure, all counts were modeled with the natural logarithm of driving time (hours) entered
as an offset, so that the effective outcome was the event rate per unit driving time. The three event types
(rapid acceleration, hard braking, and sharp steering) were analyzed separately.

Before fitting the regression models, bivariate associations among the continuous variables (the three
event rates, mean speed, and MMSE score) were examined with Spearman rank correlations as
preliminary descriptive analyses.

Overdispersion of each event count was assessed with the variance-to-mean ratio (VMR), calculated as
the empirical variance divided by the mean. Because all three event counts were overdispersed, we fitted
negative binomial regression models (NB2 parameterization, log link), in which the dispersion parameter
was estimated from the data rather than fixed. This modeling approach has precedent in prior
naturalistic driving studies of older drivers (Keay et al., 2013; Liu et al., 2024; Eby et al., 2019). For each
outcome, the negative binomial model was compared with a Poisson model with the same linear
predictor, using the Akaike Information Criterion (AIC) and a likelihood-ratio test.

All models adjusted for the same three a priori covariates: age (years), sex (male as the reference
category), and years of education. These were selected as theoretically motivated confounders that are
plausibly associated with the outcome and not presumed to lie on the causal pathway between the
predictor of interest and hazardous events.

For the first research question, MMSE score was entered as a continuous predictor in three negative
binomial models, one per event type. For the second, each of the three self-appraisal indicators was
tested against the three event types, yielding nine models: self-rated driving ability (three-level ordinal,
poor / neither / good), self-perceived cognitive decline while driving (yes / no), and self-perceived
cognitive decline in general (yes / no). Self-rated driving ability, a three-level categorical variable, was
evaluated with a single Wald test of the joint null hypothesis that both non-reference coefficients
equalled zero (2 degrees of freedom), so that it counted as one test rather than two.

Associations are reported as incidence rate ratios (IRRs) with 95% confidence intervals. To control the
family-wise error rate, a Bonferroni correction was applied separately within each research question.
Both uncorrected and corrected p-values are reported. The first research question concerned
associations whose absence is itself of interest. For the MMSE null results, we therefore quantified their
precision using two descriptors that do not depend on the significance threshold. The first was the
minimum effect detectable with 80% power, given the observed exposure and standard errors. The
second was the equivalence margin. We defined the equivalence margin as the narrowest incidence-rate
ratio within which the two-sided 90% confidence interval was wholly contained (Lakens, 2017; Lakens et
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al., 2018). We did not designate any effect as negligible in advance. Instead, we report the achieved
bound, so that readers can judge it against whatever threshold they consider meaningful. Analyses were
conducted in R version 4.5.1 using the MASS package (glm.nb) for negative binomial regression; the
joint Wald test for self-rated driving ability was computed directly from the fitted model's coefficient
vector and covariance matrix. Equivalence margins, minimum detectable effects, and the robustness
analyses (Section 3.3) were computed in the same R environment.

2.7.4 Sensitivity analyses
As a sensitivity analysis, each model was refitted as an ordinary least-squares regression on the log-
transformed event rate [log((count + 0.5) / driving hours)]. Any predictor reaching nominal significance
was further examined with leave-one-out influence diagnostics.

As an additional sensitivity analysis, all twelve models were refitted with the presence of advanced
driver-assistance systems (ADAS), extracted from baseline vehicle records and dichotomized as present
versus absent, added as a covariate.

3. Results

3.1 Participant characteristics
Of the 200 enrolled participants, five were excluded as ineligible and three withdrew during the
observation period for personal reasons, leaving 192 who completed the full three-month data collection
and were included in all analyses. No motor vehicle crashes or other adverse events were reported.
Participant characteristics are summarized in Table 1. The sample was predominantly male (121
participants, 63.0%), with a mean age of 69.1 years (SD = 4.4). Participants were experienced drivers
(mean driving history 47.1 years, SD 6.5), drove a mean of 5.9 days per week (SD 1.5; 58.3% drove daily),
and reported a median annual driving distance of 6,000 km (IQR 4,000–10,000). MMSE scores ranged
from 24 to 30 (mean 29.3, SD 1.0; median 30). Of the 192 participants, 115 (59.9%) scored the maximum
and 94.8% scored ≥ 28. For self-rated driving ability, 40 participants (20.8%) rated themselves as poor, 95
(49.5%) as neither, and 57 (29.7%) as good. Eighty-nine participants (46.4%) reported having noticed a
decline in their cognitive function while driving, and 138 (71.9%) reported the same in everyday life more
generally.

After application of the trip-level filters, 39,323 of 61,677 recorded trips (63.8%) were retained for
analysis (median 191 trips per participant, IQR 129–265). Participants accumulated a median total
driving distance of 1,079 km (IQR 692–1,522) and a median total driving time of 52.2 hours (IQR 35.0–
77.1) over the three-month observation period.
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Table 1
Participant characteristics (n = 192).

Characteristic Value

Age, years, mean (SD) 69.1 (4.4)

Sex, male, n (%) 121 (63.0%)

Education, years, mean (SD) 13.6 (2.2)

MMSE score, mean (SD) 29.3 (1.0)

Driving frequency, days/week, mean (SD) 5.9 (1.5)

Driving history, years, mean (SD) 47.1 (6.5)

Annual driving distance (self-reported), km, median (IQR) 6,000 (4,000–10,000)

Self-rated driving ability  

Poor, n (%) 40 (20.8%)

Neither, n (%) 95 (49.5%)

Good, n (%) 57 (29.7%)

Self-perceived cognitive decline while driving (yes), n (%) 89 (46.4%)

Self-perceived cognitive decline in general (yes), n (%) 138 (71.9%)

Observation-period driving distance, km, median (IQR) 1,079 (692–1,522)

Observation-period driving time, h, median (IQR) 52.2 (35.0–77.1)

IQR = interquartile range; MMSE = Mini-Mental State Examination; SD = standard deviation.

3.2 Hazardous driving events
Across the 192 participants, the total number of events was 1,163 for rapid acceleration, 11,785 for hard
braking, and 3,964 for sharp steering. Hard braking was the most frequent event type (median 39.0, IQR
17.0–75.2), followed by sharp steering (median 10.0, IQR 3.0–26.0) and rapid acceleration (median 3.0,
IQR 1.0–7.0). All three event counts were strongly right-skewed and severely overdispersed, with
variance-to-mean ratios ranging from approximately 12 to 97. Consistent with this, negative binomial
models were decisively favored over Poisson models for every event type (ΔAIC = 931.0, 10,090.4, and
4,822.6 for rapid acceleration, hard braking, and sharp steering, respectively; all likelihood-ratio p < .001),
confirming the negative binomial specification used throughout. The three event rates were moderately
to strongly intercorrelated (Spearman rho = .49–.62). Mean speed was positively correlated with all three
event rates (rho = .21–.33, all p < .01), whereas MMSE score showed no significant simple correlation
with any event rate (all |rho| ≤ .13, all p ≥ .079).

3.3 MMSE scores and hazardous driving events
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In negative binomial regression models adjusted for age, sex, and education, MMSE score was not
significantly associated with the rate of any hazardous event type after correction for multiple
comparisons (Table 2; Fig. 1). The incidence rate ratio per one-point increase in MMSE was 0.857 (95%
CI 0.724–1.015) for rapid acceleration, 1.089 (0.943–1.256) for hard braking, and 0.845 (0.697–1.024)
for sharp steering. None reached the Bonferroni-corrected threshold (α = .0167): the uncorrected p-
values were .075, .245, and .087, respectively, all exceeding .05/3 after correction (p_Bonf = .224, .736,
and .260). Expressed per one-point increase in MMSE, the equivalence margins were incidence-rate
ratios of 1.23 for hard braking, 1.34 for rapid acceleration, and 1.39 for sharp steering. With 80% power
the study could detect per-point ratios as small as 1.27 for hard braking, 1.32 for rapid acceleration, and
1.37 for sharp steering, after correction for multiple comparisons. A one-point change in MMSE
corresponded to 0.97 standard deviations, so per-point and per-standard-deviation effects were
essentially identical.

The two outcomes with uncorrected p-values below .10 (rapid acceleration and sharp steering) were
examined further and judged not to reflect a substantive association. Refitting these models as ordinary
least-squares regressions on a continuity-corrected log event rate again yielded clearly non-significant
associations for MMSE (p = .50 for rapid acceleration and p = .33 for sharp steering), and this conclusion
did not depend on how zero counts were handled. Leave-one-out diagnostics confirmed that the
borderline values were not robust: across single-observation deletions the uncorrected p-value ranged
from .03 to .40 for rapid acceleration and from .04 to .26 for sharp steering. The direction of the point
estimates was also inconsistent across event types (IRR below 1 for acceleration and steering but above
1 for braking), providing no coherent pattern of a protective or harmful effect of higher MMSE scores.

3.4 Subjective self-appraisal and hazardous driving events
None of the three self-appraisal indicators was significantly associated with any hazardous event rate,
either before or after correction for multiple comparisons (Table 2; Fig. 2). For self-rated driving ability,
the joint Wald test comparing the three ability categories was non-significant for every event type (p =
.399 for rapid acceleration, .439 for hard braking, and .729 for sharp steering). For self-perceived
cognitive decline while driving, the incidence rate ratios for participants reporting decline, relative to
those reporting none, ranged from 1.033 to 1.089 across the three event types, with all uncorrected p-
values ≥ .54. For self-perceived cognitive decline in general, the incidence rate ratios ranged from 0.905
to 1.362, with the smallest uncorrected p-value being .144 (sharp steering). Across all nine tests, every
uncorrected p-value was ≥ .144, so all Bonferroni-corrected p-values equaled 1.00. Effect estimates were
small, and their confidence intervals all included the null value of 1.
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Table 2
Negative binomial regression of hazardous event rates on MMSE and subjective self-appraisal indicators

(n = 192).
Predictor Rapid acceleration Hard braking Sharp steering

Outcome rate,

events/h, median (IQR)

0.06 (0.02–0.14) 0.78 (0.32–1.34) 0.19 (0.06–0.50)

MMSE (per + 1 point)      

IRR [95% CI] 0.857 [0.724,
1.015]

1.089 [0.943,
1.256]

0.845 [0.697,
1.024]

p_raw / p_Bonf .075 / .224 .245 / .736 .087 / .260

Self-rated driving ability

(joint Wald, 2 df)

     

p_raw / p_Bonf .399 / 1.00 .439 / 1.00 .729 / 1.00

Cognitive decline – while
driving

(yes vs no)

     

IRR [95% CI] 1.056 [0.758,
1.472]

1.089 [0.827,
1.435]

1.033 [0.711,
1.502]

p_raw / p_Bonf .746 / 1.00 .543 / 1.00 .865 / 1.00

Cognitive decline – general

(yes vs no)

     

IRR [95% CI] 0.905 [0.628,
1.303]

1.117 [0.822,
1.517]

1.362 [0.900,
2.060]

p_raw / p_Bonf .591 / 1.00 .479 / 1.00 .144 / 1.00

All models adjusted for age, sex (male reference), and years of education, with log(driving time in hours)
as an offset. CI = confidence interval; IRR = incidence rate ratio; IQR = interquartile range; MMSE = Mini-
Mental State Examination. p_raw = uncorrected p-value; p_Bonf = Bonferroni-corrected p-value (within
research question 1, 3 tests; within research question 2, 9 tests). Self-rated driving ability (poor / neither
/ good) was evaluated with a single joint Wald test, so no single IRR is reported.

3.5 Sensitivity analysis with ADAS adjustment
Of the 192 participants, 103 (53.6%) drove vehicles equipped with ADAS. Event rates did not differ
between groups (Mann–Whitney U; all p ≥ .209). Adding ADAS as a covariate left every focal estimate
essentially unchanged (absolute change in IRR ≤ 0.005; absolute change in p ≤ 0.048 across all twelve
models), and ADAS itself was not associated with any event rate (IRRs 0.948–1.074; all p ≥ .618). Tests
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of MMSE × ADAS interaction were non-significant for all three event types (p ≥ .097). The conclusions of
the main analyses are therefore robust to the presence of ADAS.

4. Discussion
In this prospective naturalistic driving study of cognitively intact older drivers, neither cognitive screening
with the MMSE nor subjective self-appraisal predicted the rate of hazardous driving events over three
months. To our knowledge, this is the first study to relate the MMSE on its own to naturalistic hazardous
events within an exclusively cognitively intact cohort, and the first to relate multiple forms of driver self-
appraisal to objectively recorded hazardous events. Earlier naturalistic studies addressed adjacent
questions, mapping neuropsychological-domain composites onto driving outcomes (Aschenbrenner et
al., 2022), using the MMSE only for enrolment (Seelye et al., 2017), or examining it in mixed samples of
cognitively intact and impaired drivers (Davis et al., 2012). The only prior naturalistic study to relate a
self-referential index to recorded events indexed cognitive state rather than driving ability (Guo et al.,
2015a, 2015b; considered below). With 192 cognitively intact drivers, the present study evaluates in
parallel the global screen most relevant to clinical practice and three self-appraisal constructs against an
ecologically valid behavioral outcome.

The present MMSE result is best read as a bounded null rather than a simple non-finding. Equivalence
analysis constrained the per-point effect on every event rate to an incidence-rate ratio below roughly 1.2
to 1.4 (Section 3.3). In other words, the data exclude the moderate-to-large associations seen once
impaired drivers are included, while remaining agnostic about small effects. Consistent with this,
naturalistic risky-driving behaviors reliably distinguish mild Alzheimer's disease from healthy controls
(Davis et al., 2018). Within the cognitively intact range, then, the MMSE does not appear to differentiate
kinematic risk to a degree of practical use. We consider that the ceiling effect is not just a limitation
here. It is itself one of the findings. In this cohort 94.8% scored 28 or above, and the central half of the
sample spanned a single MMSE point. A screen with so little spread can barely separate higher-risk from
lower-risk drivers inside the group it is applied to. Accordingly, the per-point equivalence bounds reported
above (≈ 1.2–1.4) exclude only large per-point effects. They cannot speak to gradients the restricted
range does not express. The pattern is consistent with meta-analytic evidence that the MMSE does not
track driving performance in healthy older adults. Stefanidis et al. (2023) attributed that absence to the
instrument's ceiling, noting that domain-specific measures of executive function and complex attention
retained small-to-moderate associations (Depestele et al., 2020).

This does not mean the MMSE is unrelated to driving in general. Such measures have been associated
with driving once the cognitive range extends beyond the intact (Reger et al., 2004; Mathias and Lucas,
2009). Two cases show where that signal lies. The first is the impaired end of cognition. Among drivers
with cognitive or visual dysfunction, a global cognitive composite tracked kinematic events (Merickel et
al., 2019). The second is the more demanding setting of a structured road test. Davis et al. (2012) found
that the MMSE related only weakly to everyday naturalistic errors, but more strongly to errors on the road
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test. Thus, the MMSE may carry predictive signal where cognition is impaired or where the task is
demanding, but not within the intact range under self-paced everyday driving.

The null self-appraisal result warrants separate consideration, because the self-appraisal literature has
developed largely without objective real-world referents. Older drivers consistently rate their ability as
average or better, and self-rating was unrelated to on-road performance and adverse-event history in
earlier cohorts (Marottoli and Richardson, 1998; Horswill et al., 2013). Notably, the single previous study
to relate a continuously recorded naturalistic outcome to a self-referential index reported the opposite of
a null: a larger discrepancy between self-estimated and objectively tested cognitive status was
associated with a higher rate of high-g-force events (Guo et al., 2015a). That study indexed cognitive
status rather than driving ability, restricted this association to high-g-force rather than crash outcomes,
and rested on a small sample. Therefore, the present result, obtained in a larger cohort with explicit self-
appraisal measures, does not overturn it but indicates that such an association might not be detectable
with single-item self-appraisal indicators in cognitively intact drivers.

Compensatory self-regulation may also help explain the absence of association. Drivers who perceive
reduced capacity may avoid demanding situations rather than generate more hazardous events. Molnar
and Eby (2008) found self-regulation to be associated with visual but not cognitive impairment, which
might indicate that compensatory avoidance is triggered more readily by sensory than by cognitive
decline. If so, the mechanism would be expected to fit self-rated driving ability more closely than
awareness of cognitive decline, and might apply only weakly to the cognitive indicators that predominate
here. Such regulation would in any case be expected to operate at the strategic level of trip planning and
avoidance rather than the operational level of vehicle control (Michon, 1985; Hatakka et al., 2002). The
event-rate outcome would not be expected to capture adjustments at that level.

For policy, the implication is narrow but concrete. Within the cognitively intact range, a brief global
cognitive score did not separate older drivers who generated more hazardous events from those who
generated fewer. This is consistent with national evaluations showing only a limited and mixed effect of
the renewal cognitive-screening policy on the overall safety of older road users (Ichikawa et al., 2020;
Inada et al., 2023). Identifying risk among drivers who pass such screening may require driving-specific
assessment or direct naturalistic observation rather than a global score alone.

This study has several limitations. First, the design could not exclude small effects within the cognitively
intact range: two of the three MMSE estimates (for rapid acceleration and sharp steering) reached
uncorrected p-values just below .10, and although neither survived the alternative analytic specification
or correction for multiple comparisons (Section 3.3), a small true association cannot be ruled out.
Second, the three-month window, although longer than a single road test, may be too short to capture
rare safety-critical events such as crashes, so the findings speak to routine hazardous maneuvers rather
than crash risk. Third, the trip-level filters removed 36.2% of the recorded trips, including stationary trips
and long-distance high-speed trips, so the exposure analyzed represents routine local driving rather than
the full range of driving contexts. Fourth, each self-appraisal construct was measured with a single brief
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item rather than a validated multi-item scale, which may have reduced sensitivity to graded self-
awareness (Marottoli and Richardson, 1998; George et al., 2007). Fifth, this was an observational study
with a single wave of predictor measurement, so the analysis is associational and cannot establish a
causal effect. Finally, sex was included only as an adjustment covariate; the study was not designed or
powered to examine sex differences in the associations between cognitive or self-appraisal measures
and hazardous events, and such differences cannot be excluded.

5. Conclusions
In this naturalistic cohort of cognitively intact older drivers, neither MMSE score nor brief self-appraisal
predicted the rate of hazardous driving events. Global cognitive screening does not appear to capture
real-world driving risk in this population. Identifying at-risk drivers in this group may instead require
driving-specific assessment or continuous telematics.
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Figure 1

Association between MMSE score and the rate of hazardous driving events. Incidence rate ratios (IRRs)
with 95% confidence intervals (CIs) are shown for the three event types (rapid acceleration, hard braking,
sharp steering) from separate negative binomial regression models (n = 192). Each model estimated the
IRR per one-point increase in MMSE score, adjusted for age, sex (male as the reference), and years of
education, with the natural logarithm of driving time (hours) entered as an offset. The dashed vertical
line marks the null value (IRR = 1). The x-axis is displayed on a logarithmic scale. Exact IRRs, 95% CIs,
and p-values are reported in Table 2.
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Figure 2

Associations between self-perceived cognitive decline and the rate of hazardous driving events.
Incidence rate ratios (IRRs) with 95% confidence intervals (CIs) are shown for two binary self-appraisal
indicators—self-perceived cognitive decline while driving (yes versus no) and self-perceived cognitive
decline in general (yes versus no)—each against the three event types (rapid acceleration, hard braking,
sharp steering), from negative binomial regression models (n = 192). Self-rated driving ability (poor /
neither / good) was evaluated with a single joint Wald test (2 df); because a unique IRR is not defined for
a three-level categorical predictor, it is not plotted and is reported in Table 2. All models adjusted for age,
sex (male as the reference), and years of education, with the natural logarithm of driving time (hours)
entered as an offset. The dashed vertical line marks the null value (IRR = 1). The x-axis is displayed on a
logarithmic scale.
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