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Introduction

The Italian population counts 60 million of people and 
20% of them is 65 years of age and older [1]. Among this 
group the 12.9% (i.e., 4,500,000 people), has a valid driving 
license [1]. The number of car accidents among this seg-
ment of population is about 10% [1]. Previous studies have 
shown that factors linked with car accidents could be used 
to draw attention on the risk factors for unsafe driving [2, 
3]. Of these factors the most widely reported are caregiver’s 
concerns, previous history of car accidents or citations, an 
infrequent use of the car, cognitive deficits, sleeping dis-
orders, alcohol abuse, polypharmacy, visual, auditive and 
motor deficits [4–6].

On-road trial is the gold-standard parameter to evaluate 
the driving skills; nevertheless this test is expensive, long-
lasting and not always accepted by the older person [7]. 
Additionally, there are different types of progressive diseases 
that interfere with the driving skills and, for this reason, have 
to be assessed serially. A test that evaluates unsafe driving 
in an efficient, reliable and inexpensive way is needed. Cur-
rently, there are no specific protocols to evaluate the driving 
skills in older people [7].

The aim of this study is to describe the clinical variables 
and the predictive factors for driving cessation among a 
population of older people admitted to rehabilitation setting.

Materials and methods

This is a prospective observational study carried between 
January 2012 and June 2014 on patients aged 65 and 
older consecutively admitted to the Department of 
Rehabilitation of the Ancelle Hospital (Cremona, Italy) 
and who drove a care independently before the index 
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hospitalization. Exclusion criteria included refusal to 
participate to the study, aphasia, coma. The local ethical 
committee approved the study protocol.

The subjects were assessed before rehabilitation dis-
charge with a multidimensional screening including the 
evaluation of cognitive functions carried out by two psy-
chologists (executive functions, CLOX 1; visual and spa-
tial skills, CLOX 2 [8]; attention abilities with attentive 
matrices; global cognitive function, S-Mini Mental State 
Examination, S-MMSE). A deficit in executive functions 
was determined with a CLOX 1 score ≤10, attention defi-
cits if the attentive matrix was ≤36. An evaluation of func-
tional status was carried out by an occupational therapist 
(Lawton Index and Timed Up and Go Test, TUG [9]). A 
patient is considered at risk of falling if TUG test is ≥20 s.

A geriatrician assessed the presence of alcohol abuse 
using the Cage Questionnaire; polypharmacy (i.e., number 
of drugs ≥5); sleeping disorders with the Epworth Sleepi-
ness Scale; visual and auditive deficits with the Snellen 
test and the whisper test, respectively. The closest family 
member underwent a structured interview (Supplementary 
Material S1) carried out by an OT to evaluate the patients’ 
driving skills, the number of citations received during the 
3 years preceding the screening, and the average kilom-
eters driven per week [3].

Follow‑up

Six months after the discharge the family member was 
interviewed with a telephonic follow-up, administered by 
an OT to investigate the use of the car.

Statistical analysis

Continuous variables are presented as mean ± standard 
deviation, while categorical data as number and propor-
tions. The characteristics of patients according to driv-
ing cessation at 6-month follow-up were compared using 
a nonparametric test (Mann–Whitney)—when abnormal 
distribution was present—or the t student test. Chi-square 
test (Fisher’s Test) was used for categorical variables. A 
multivariable logistic regression was used to determine the 
predictors of driving cessation at 6-month follow-up. In 
this model, we included all variables significantly different 
in the univariate analysis; age was categorized in tertiles 
according to its distribution. All statistical analyses were 
performed using SPSS (Statistical Package for Social Sci-
ences) version 14, with alpha level set at 0.05.

Results

A total of 95 patients were included (Table 1). Functional 
deficits were identified with the TUG in 22 patients (23.2%). 
At 6-month follow-up 27.4% of patients ceased to drive 
(Table 1). The motivation underneath the driving cessation 
was a voluntary choice of the patients (42.3%) or a choice 
of their family (23.1%). Only 34.6% of the patients ceased to 
drive because of a revoked driving license. They had more 
executive functions deficits (61.5%), visual and spatial defi-
cits (46.2%), attention deficits (34.6%) and walking difficul-
ties (61%) as indicated by TUG scores.

The multivariate analysis found that the only independ-
ent predictor of driving cessation after 6 months was the 
presence of greater walking disability, as evaluated by the 
TUG (OR 12.60, CI 2.74–57.89; p < 0.01) (Supplementary 
material S2).

Discussion

This study shows that 27.4% of older patients ceased to drive 
at 6-months after discharge from a rehabilitation setting. The 
ability to walk safely and independently was the only inde-
pendent predictor of driving cessation.

Cognitive deficits and age were not found to be associ-
ated with driving cessation. These results are partially in 
contrast with previous studies [6, 10]. The possibility that 
people with dementia continue to drive for some time after 
the diagnosis underlines the importance of a prompt cogni-
tive screening. In previous studies, advanced age was found 
as an independent predictor of driving cessation.

This study innovatively shows that the ability to walk in a 
steady and functional way—evaluated with the TUG—could 
be considered an independent predictive factor for driving 
cessation. TUG evaluates a person’s mobility including 
balance but also walking speed. It should be noticed that 
walking speed has been suggested as a sixth vital sign given 
the strong association between walking speed and adverse 
outcomes [11, 12]. Walking speed is indeed indicative of an 
individual’s functional capacity and general health status 
[13].

Finally, one should not underestimate the relevance of 
driving cessation in this growing population [14]. Driving 
cessation exerts a strong impact on the risk of functional 
limitation [15]. Health care providers should look for appro-
priate intervention strategies to help older people to maintain 
the abilities required for safe driving and delay the functional 
limitation associated with driving cessation.

Our study presents strengths along with limitations. 
This study does not definitively validate the factors, which 
could significantly influence driving cessation due to the 
limited number of patients enrolled in the study. Future 
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studies should address how the OT could support older 
people who cease to drive in identifying alternatives ways 
to maintain their abilities.

Conclusions

This preliminary study suggests a screening protocol easy 
to administer. Since the functional analysis of cognitive 
and motor skills could be predictor of unsafe driving, a 
more advance second level analysis should be performed.
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Table 1  Characteristics of 95 patients according to driving cessation

Variables Total (n = 95) Driving cessation at follow-
up (n = 26)

Still driving at follow-up 
(n = 69)

p

Age (years) 74.24 ± 6.07 77.69 ± 6.46 72.94 ± 5.41 0.000
Female gender 31 (32.6%) 6 (23.1%) 25 (36.2%) 0.165
Admission diagnoses
 Orthopedic 42 (44.2%) 10 (38.5%) 32 (46.4%) 0.021
 Gait disorders 37 (38.9%) 7 (26.9%) 30 (43.5%)
 Pulmonary 11 (11.6%) 7 (26.9%) 4 (5.8%)
 Cardiology 5 (5.3%) 2 (7.7%) 3 (4.3%)

Reason for driving cessation at follow-up
 The patient voluntary stopped driving – 11 (42.3%) – –
 License revoked by a medical commission 6 (23.1%)
 Caregivers concerned for unsafe driving 9 (34.6%)

Driving <100 km/week 61 (64.2%) 24 (92.3%) 37 (53.6%) 0.000
Car crashes (patients’ fault) 13 (13.7%) 4 (15.4%) 9 (13.0%) 0.500
Number of citations 11 (11.6%) 4 (15.4%) 7 (10.1%) 0.349
Caregivers concerned for unsafe driving 27 (28.4%) 16 (61.5%) 11 (15.9%) 0.000
S-MMSE <25 (deficit) % 24 (25.3%) 13 (50.1%) 11 (15.9%) 0.001
CLOX 1 (<11 deficit) 34 (35.8%) 16 (61.%) 18 (26.1%) 0.002
CLOX 2 (<13 deficit) 17 (17.9%) 12 (46.2%) 5 (7.2%) 0.000
Attention Matrix (<30 deficit) 13 (13.7%) 9 (34.6%) 4 (5.8%) 0.001
Number of impaired IADLs before admission 0.63 ± 1.23 1.65 ± 1.44 1.25 ± 0.88 0.000
Timed up and go test TUG—seconds 15.91 ± 5.54 19.88 ± 7.56 14.41 ± 3.62 0.000
Deficit (score ≥20 s) 22 (23.2%) 16 (61.5%) 6 (8.7%)
Auditory deficits 41 (43.2%) 21 (80.8%) 20 (29.0%) 0.000
Visual deficits 17 (17.9%) 11 (42.3%) 6 (8.7%) 0.000
Sleep disorders 10 (10.5%) 7 (26.9%) 3 (4.3%) 0.004
Alcohol (mean CAGE Questionnaire) 8 (8.4%) 3 (11.5%) 5 (7.2%) 0.380
Polypharmacotherapy 52 (54.7%) 19 (73.1%) 19 (73.1%) 0.023

Author's personal copy



 Aging Clin Exp Res

1 3

References

 1. Bernabei R, Landi F, Zuccala G (2002) Health care for older per-
sons in Italy. Aging Clin Exp Res 14:247–251

 2. Dawson JD, Uc EY, Anderson SW et al (2010) Neuropsychologi-
cal predictors of driving errors in older adults. J Am Geriatr Soc 
58:1090–1096. doi:10.1111/j.1532-5415.2010.02872.x

 3. Iverson DJ, Gronseth GS, Reger MA et  al. (2010) Practice 
parameter update: evaluation and management of driving risk in 
dementia: report of the Quality Standards Subcommittee of the 
American Academy of Neurology. Neurology 74:1316–1324. 
doi:10.1212/WNL.0b013e3181da3b0f

 4. McGwin G Jr, Sims RV, Pulley L et al. (2000) Relations among 
chronic medical conditions, medications, and automobile crashes 
in the elderly: a population-based case–control study. Am J Epi-
demiol 152:424–431

 5. Brown LB, Ott BR, Papandonatos GD et  al. (2005) Pre-
diction of on-road driving performance in patients with 
early Alzheimer’s disease. J Am Geriatr Soc 53:94–98. 
doi:10.1111/j.1532-5415.2005.53017.x

 6. O’Connor MG, Kapust LR, Lin B et al. (2010) The 4Cs (crash his-
tory, family concerns, clinical condition, and cognitive functions): 
a screening tool for the evaluation of the at-risk driver. J Am Geri-
atr Soc 58:1104–1108. doi:10.1111/j.1532-5415.2010.02855.x

 7. Ott BR, Davis JD, Papandonatos GD et al. (2013) Assessment of 
driving-related skills prediction of unsafe driving in older adults 
in the office setting. J Am Geriatr Soc 61:1164–1169. doi:10.1111/
jgs.12306

 8. Royall DR, Cordes JA, Polk M (1998) CLOX: an executive clock 
drawing task. J Neurol Neurosurg Psychiatry 64:588–594

 9. Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test 
of basic functional mobility for frail elderly persons. J Am Geriatr 
Soc 39:142–148

 10. Niewoehner PM, Henderson RR, Dalchow J et  al. (2012) 
Predicting road test performance in adults with cognitive 
or visual impairment referred to a Veterans Affairs Medi-
cal Center driving clinic. J Am Geriatr Soc 60:2070–2074. 
doi:10.1111/j.1532-5415.2012.04201.x

 11. Studenski S, Perera S, Patel K et al. (2011) Gait speed and survival 
in older adults. JAMA 305:50–58. doi:10.1001/jama.2010.1923

 12. Middleton A, Fritz SL, Lusardi M (2015) Walking speed: the 
functional vital sign. J Aging Phys Act 23:314–322. doi:10.1123/
japa.2013-0236

 13. Aboutorabi A, Arazpour M, Bahramizadeh M et al. (2016) The 
effect of aging on gait parameters in able-bodied older subjects: a 
literature review. Aging Clin Exp Res 28:393–405. doi:10.1007/
s40520-015-0420-6

 14. Rizzo M (2011) Impaired driving from medical conditions: a 
70-year-old man trying to decide if he should continue driving. 
JAMA 305:1018–1026. doi:10.1001/jama.2011.252

 15. Shimada H, Makizako H, Tsutsumimoto K et al. (2016) Driv-
ing and incidence of functional limitation in older people: a pro-
spective population-based study. Gerontology 62(6):636–643. 
doi:10.1159/000448036

Author's personal copy

http://dx.doi.org/10.1111/j.1532-5415.2010.02872.x
http://dx.doi.org/10.1212/WNL.0b013e3181da3b0f
http://dx.doi.org/10.1111/j.1532-5415.2005.53017.x
http://dx.doi.org/10.1111/j.1532-5415.2010.02855.x
http://dx.doi.org/10.1111/jgs.12306
http://dx.doi.org/10.1111/jgs.12306
http://dx.doi.org/10.1111/j.1532-5415.2012.04201.x
http://dx.doi.org/10.1001/jama.2010.1923
http://dx.doi.org/10.1123/japa.2013-0236
http://dx.doi.org/10.1123/japa.2013-0236
http://dx.doi.org/10.1007/s40520-015-0420-6
http://dx.doi.org/10.1007/s40520-015-0420-6
http://dx.doi.org/10.1001/jama.2011.252
http://dx.doi.org/10.1159/000448036

	Why older people stop to drive? A cohort study of older patients admitted to a rehabilitation setting
	Abstract 
	Introduction
	Materials and methods
	Follow-up
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


