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	Project Title :

Evaluation of ability to drive a car in real-life situations in elderly patients with early-stage Alzheimer’s disease – A pilot study

	Background :

The management of patients with early-stage Alzheimer’s disease (AD) is complicated by the absence of any objective criteria for evaluating whether such patients are a danger when driving a car. The driving safety of patients with early-stage AD is hotly debated, with varying results between studies. However, almost all of these studies are of anglo-saxon origin, with evaluation of standardised trips or using simulators, which can increase the perception of difficulties in the group of patients with early-stage AD. This can in turn bias the physician’s perception and the advice they are likely to give.



	Objectives :

· Primary objectives :

· To evaluate the driving capacities in a population of elderly subjects with early-stage AD in a real-life situation. 

· Define a typology of the main errors made in this population.

· Propose adaptive measures or technological aids that would make it possible for these patients to maintain their ability to drive a car, while limiting risk.

· Secondary objectives : 
· Identify clinical markers that would make it possible to distinguish between participants with impaired driving capacities and those with preserved driving ability 

· Evaluate the existence of associations between the evolution of clinical markers at 12 months, and the fact of continuing to drive or not in elderly subjects.



	Methods: 
Study Design: comparative, repeat transversal study, with multicentre prospective inclusions
Patient population: 

· 60 participants will be included: 30 patients with early-stage Alzheimer’s disease (DSM IV), with a MMSE score ≥ 24; and 30 subjects without cognitive impairment that interferes with their daily life (who do not meet the diagnostic criteria for dementia according to DSM IV). 
· All participants must be aged 70 years or older, hold a valid driving licence and drive regularly (at least once a week).
· Subjects with no cognitive impairment and patients with early-stage AD will be matched for age (±3 years), sex, and number of years of education (≤9 years (junior school certificate); 10-12 years (high school diploma), >12 (university or higher)), and area of residence (rural or urban).
Study Plan :

· After inclusion in the study (signature of the information leaflet), participants’ driving ability will be evaluated in a real-life situation using a two camera system coupled with a GPS installed in their personal vehicle, which will record all trips made in the car over a period of one month. 

· Participants will be seen again at 12 months to complete a full clinical evaluation, and to record whether or not they continue to drive a car, and if not, why they gave up driving.

Endpoints :

The driving capacities of the participants will be evaluated by the number and type of errors made by the participant while using their car, in relation to the total number of kilometres covered. 

The full evaluation will record the following: socio-demographic data, clinical evaluation (MMSE, evaluation of thymia, autonomy and comorbidities, and neuro-sensorial evaluation) and targeted neuropsychological evaluation

Study participation: The different clinical investigators will each include patients and record data. The analysis of the video recordings will be performed centrally by two teams from the IFSTTAR (Institut français des sciences et technologies des transports, de l'aménagement et des réseaux”, French institute of science and technology for transport, development and networks). All data will subsequently be centralised and analysed in Reims

Study calendar :

· September 2011 - August 2012 : Study set-up 

· September 2012 - September 2013 : Inclusion period 

· September 2013 - September 2014 : Follow-up period

· October 2014 - December 2014 : Analysis of data and presentation of results 

	Statistical Analysis
· Description of the number and type of driving errors made using means and standard deviations (for quantitative variables) and number and percentage (for categorical variables).

· Identification of clinical markers able to distinguish participants with preserved driving ability from participants with impaired driving capacities by univariate analysis (Student t test, Mann-Whitney test, Chi square or Fisher’s exact test, as appropriate) and by multivariate analysis (logistic regression).

· Assessment of associations between the evolution of these clinical markers at 12 months and the fact of continuing to drive, by the Student t test, Mann-Whitney test, Chi square or Fisher’s exact test, as appropriate. 


TYPE OF RESEARCH PROJECT

Tick the appropriate boxes

IF YOUR RESEARCH PROJECT INVOLVES HUMAN SUBJECTS WITH A VIEW TO FURTHERING BIOLOGICAL OR MEDICAL KNOWLEDGE, PLEASE SPECIFY : 

DOES YOUR RESEARCH PROJECT INVOLVE:
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innovative techniques or strategies;

YES     (                   NO        (
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techniques or strategies that are considered to be obsolete ;

YES     (                   NO        (
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 a novel combination of strategies or drugs, even if each element taken separately is commonly used 

YES     (                   NO        (
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a comparison of medical strategies, when one of these strategies can, in the current state of knowledge, be considered superior to the other in terms of efficacy or safety

YES     (                   NO        (
DOES THE OBJECTIVE OF YOUR RESEARCH INVOLVE :
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 the evaluation of therapeutic acts, combinations of acts strategies or medical strategies for prevention, diagnosis or treatment, which are used in routine practice, recommended by expert consensus, in respect of their indications

YES     (                   NO        (
NB : Attention : if you tick « Yes » for this question, your research project should not be submitted in this category. 
2. SCIENTIFIC BACKGROUND AND GENERAL DESCRIPTION

2.1. Context

2.1.1. Driving and elderly subjects 
The number of elderly drivers looks set to increase considerably in the future, and in parallel, a significant increase in the number of people suffering from dementia is expected in the French population. 

For elderly subjects, being able to drive is synonymous with independence, freedom and pleasure. The use of a car is an important means of remaining independent and autonomous, and can help contribute to better social integration for elderly people. 

Driving requires a high level of concentration, and also solicits suppression processes and executive functions. It requires the simultaneous execution of several actions, such as holding the steering wheel, while paying attention to traffic conditions or the choice of an itinerary. Faced with the changes induced by advancing age, many drivers over the age of 60 take appropriate adaptive measures [1], particularly women and older individuals [2]. Such measures include, for example, avoiding driving at night or in bad weather conditions, avoiding driving at peak hours when traffic is heavy, avoiding driving in unfamiliar areas, etc. 

The level of knowledge of the rules of the road seems to be equivalent between elderly and younger subjects [3-5]. As regards accidents, elderly drivers have few accidents, but in relation to the number of kilometres they cover, their risk of accident is higher than middle aged drivers.

In France, the role of the physician is limited to evaluating whether the patient’s state of health is amenable to driving or not. If in doubt, the only course of action open to the physician is to give advice about adapting driving habits, or giving up driving altogether.

2.1.2. Driving and Alzheimer’s disease

Cognitive impairment, and Alzheimer’s disease in particular, is one of the findings that should prompt a physician to pay particular attention. Indeed, the cognitive impairment related to dementia compounds the effects of ageing (loss of visual acuity, increased reaction times, concentration difficulties). Patients with AD suffer from attentional problems that are likely to impair their ability to drive [6]. Attentional flexibility is often altered, even in the early stages of disease. Patients with dementia also have difficulties activating and controlling the mechanisms that suppress non-relevant information. Lastly, elderly subjects often have difficulties in so-called “double task” situations [7] that require spreading of attention over two or more concurrent tasks, a situation that is quite frequent in driving. Using various paradigms, Amieva [8] showed that the suppression process is particularly impaired in patients with AD as compared with elderly subjects without cognitive impairment. This alteration was evaluated using normalised tests such as the Stroop Test, the Trail Making Test and Negative Priming. 

Physicians lack objective criteria for evaluating cognitive aptitude for driving. Some authors recommend that patients with Alzheimer’s disease should give up driving motorised vehicles [9], but this is a difficult decision. Indeed, the consequences of giving up driving can be serious. Depriving a person of their ability to get around by car forces them into a state of isolation whose likely consequences include faster decline in their capacities, and earlier placement in long-term care facilities, which is contrary to therapeutic objectives. An on-road driving test seems to be the only reliable means of testing the ability to drive in elderly subjects. 

According to Friedland [10], patients with AD have an increased risk of accident as compared to controls (risk of accident = 163/106 kilometers). According to these authors, adaptive measures can be observed in subjects with dementia (lower speed, short trips…), but these adaptive measures have no effect on the risk of accident, which remains high. A third of demented subjects have had at least one road traffic accident since the onset of their disease, and half will have at least one accident before giving up driving. 

Other reports in the literature did not show any increase in risk of accident in patients with AD or other types of dementia. Hunt, Morris, Edwards and Wilson [11] showed that a considerable proportion of subjects with early-stage dementia conserve sufficient capacities to enable them to drive safely, at least in certain conditions (driving during the day, with a co-pilot, in familiar places etc). In the first three years after onset of disease, the risk of accident remains low and is lower than that of recently-qualified drivers [12]. A diagnosis of AD or the MMSE score are not sufficient to predict an increase in risk of accident for a given individual [13]. A French study of the Bordeaux participants in the Three City Study (an ongoing French cohort study on the relation between vascular diseases and dementia in subjects >65 years old), showed that drivers with incident AD did not have an increased risk of accident compared to non-demented subjects. This was likely because a very high proportion of them stopped driving. Conversely, drivers who were in a pre-dementia phase did have an increased risk of accident. This would suggest that the driver’s awareness of their own increasing difficulties with cognitive function and driving is a determining factor in the risk of accident among elderly subjects when cognitive impairment – even very mild – is present. The role of the physician in accompanying patients with emerging dementia undoubtedly includes helping the patient to come to the awareness of their difficulties, but it is important, to this end, that a suitable evaluation of the patient’s driving capacities be available. 

2.1.3. Evaluation of ability to drive 

Several methods can be used, separately or in combination, to evaluate the functional capacities of elderly drivers, such as self-evaluation questionnaires to assess difficulties,  neuropsychological tests and driving tests. 

2.1.3.1. Evaluation with neuropsychological tests
The extent of correlation between the deficits observed on neuropsychological tests, and driving ability varies greatly between studies. Some authors [14] for example observed no difference in scores achieved by patients with AD who had previously had accidents, vs those who had never had any accident. Other studies report a significant relationship between the results obtained on certain neuropsychological tests, particularly measures of visual attention and mental flexibility, and performance in a driving simulator [15] or in an actual driving test [11,16]. There are two possible explanations for these conflicting results. Firstly, as is often the case in neuropsychology, there is the question of the real-life validity of the assessment, namely whether it is relevant to the actual difficulties encountered in daily life. Secondly, many variables vary widely between reports, such as the tests used, the endpoints (rate of accidents, results of an on-road driving or simulator test), the number of subjects included, the level of homogeneity in the sample, and the severity of dementia in the study population. In two French studies derived from the SEROVIE project, the best indicator of risk of accident in 1000 active drivers in the Bordeaux population of the Three City Study was performance on form B of the mental agility Trail Making test [17], while the best cognitive measure to detect unsafe drivers in a sample of patients presenting with emerging AD was performance on the Wechsler Digit Symbol Substitution Test, a test that comprises a considerable proportion of visual-attentional speed [18]. Neuropsychological tests validated in relation to accident profile on the one hand, and unsafe driving on the other hand are undoubtedly very useful in detecting drivers who represent a danger to themselves and/or to other road users. They could be used to identify patients in whom an evaluation of driving ability through an on-road test is necessary. 

2.1.3.2. Evaluation in a driving situation

The evaluation of driving ability can be performed using a simulator, which allows subjects to be tested in a virtual environment. This tool has the advantage of making each participant drive an identical route without any risk of accident. The use of a simulator presents the additional advantage of assessing driving ability in a safe environment. However, this technology is not widely developed and is difficult to use with elderly subjects. In addition, many elderly patients suffer from « simulator anxiety » and cannot undergo evaluation with this tool. For patients with AD, this type of procedure can also increase the number of errors due to the difficulty of learning a new technique, which is much greater for AD patients than for control subjects. This bias could lead to a recommendation to give up driving at a much earlier stage in the course of the disease. 

Testing driving ability in a real situation of driving limits the difficulties that arise related to the learning curve for the simulator, but does require a driving school vehicle. On-road driving tests, with normal traffic or in reserved areas, can assess the driver’s ability to drive and manoeuvre a vehicle. In general, driving tests such as these use a standard vehicle, with double command, on a route with an increasing level of difficulty. The main objective is usually to identify whether the driver represents a danger to himself or to other road users. In one French study, only half of drivers with early-stage AD were considered to be unsafe [18]. This shows that the diagnosis of AD should not systematically lead to a recommendation to give up driving. In driving evaluations using dual control cars, the use of an unfamiliar car can, however, compound the manifestation of difficulties in AD patients. The methodological context for driving evaluation tests varies, depending on whether or not the route to be followed is familiar to the subject (in an area close to his home, for example). Janke and Winter Hersch [19] and Janke and Eberhard [20] observed in a sample of elderly drivers that errors such as stopping for no reason, or taking a bend too widely or too tightly occur more frequently on unfamiliar routes, whereas familiarity with the route had no effect on the rate of errors at intersections with traffic signals. Furthermore, the authors indicate that the major effect of familiarity is in the driver’s allocation of attention, since through prior knowledge, they spontaneously and effortlessly look for the right information in the right places. To evaluate participants’ driving capacities in situations as close as possible to their normal usage of the car, it would appear most appropriate to evaluate them in the context of their normal driving habits. 

Another approach to evaluating driving behaviours consists in equipping the participant’s personal vehicle with cameras. This approach, called “naturalistic driving”, makes it possible to observe the driver in the natural environment of their own car, during their usual trips. It presents the advantage of recording information about driving habits and practices, but also data on driving errors and their motives (lack of attention or perception). To date, this method of analysis, which is relatively recent, has mainly been used in subjects who do a lot of driving, such as commercial representatives [21] or long-haul truck drivers [22] over prolonged observation periods (ranging from several months to several years). The most comprehensive study is that by Dingus et al (2005) [23], which collected 43,000 hours of data from 100 drivers over a cumulative total of 2 million miles. The huge volume of data collected makes it possible to observe a high number of each type of driving situation, such as incidents, critical situations, accidents or near-misses. It also makes it possible to observe moments when attention lapses, or when fatigue overcomes the driver before an incident. The analyses performed on the basis of video recordings made it possible to define error typologies, depending on the gravity of the error for road safety [24]. 

Thus, it could be useful to observe drivers in their own vehicle, on routine or non-routine journeys, in urban or rural areas, alone or with a passenger, and more importantly, in a completely natural environment, without the pressure of being observed by a driving-school instructor or other evaluator, as is common in most studies. Evaluation in the natural environment also makes it possible to obtain more detailed information about both recurrent errors and the adaptive measures taken by drivers with AD. Do the same types of situations repeatedly pose a problem? How are such situations dealt with, or avoided? What is the role of the accompanying passenger? Can a passenger help drivers with AD to make appropriate decisions, for example, in going through an intersection? Does the passenger take over the commands at any point? This type of information can only be obtained with the technical assistance of on-board cameras recording in routine situations. 

2.2. Rationale and Repercussions for the Patient

Unlike the experimental SEROVIE study [25], whose main objective was a detailed evaluation of cognitive functions, particularly attention and suppression capacities, associated with a measure of driving ability in an on-road situation using a standardised vehicle and route, our objective is more to explore, in situations as close as possible to real life (i.e. the subject’s own car and usual routes), the difficulties encountered and errors made by elderly subjects, as well as the impact of AD on these errors. This first exploratory phase is essential in order to develop an evaluation procedure to assess the actual driving capacities of drivers with AD in a real-life situation, with a view to proposing algorithms for targeted driving aid in this population. 

Subsequently, based on the results of this pilot study, we aim to develop a more comprehensive study to be performed in a second phase. 
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3. OBJECTIVES 

3.1. Primary Objectives

The main objectives of this study are:

· To evaluate the driving capacities in a population of elderly subjects with early-stage AD in a real-life situation. 

· Define a typology of the main errors made in this population.

· Propose adaptive measures or technological aids that would make it possible for these patients to maintain their ability to drive a car while limiting risk. 

3.2. Secondary Objectives

The secondary objectives of this study are: 

· To identify clinical markers that would make it possible to distinguish between participants with impaired driving capacities and those with preserved driving ability 

· To evaluate the existence of associations between the evolution of clinical markers at 12 months, and the fact of continuing to drive or not in elderly subjects.

3.3 Objectives of substudies, where applicable. 

Not applicable. 
3.4 Endpoints

3.4.1 Primary Endpoint

The primary endpoint will be driving ability in an on-road situation, as evaluated by the number and type of errors made by participating subjects when driving, in relation to the number of kilometres covered. 

The real-life evaluation should distinguish three groups: fit for unrestricted driving; can drive with appropriate adaptive measures; unfit to drive. 

3.4.2 Secondary Endpoints

The secondary endpoints will be :

· Clinical markers that distinguish participants with impaired driving ability from those with preserved driving ability. 

· Evolution of clinical markers distinguishing participants who continue to drive from those who have given up driving. 

4. STUDY DESIGN 

4.1. Evaluation Criteria 

The participant’s ability to drive in an on-road situation will be assessed using two cameras (double camera system) linked to a GPS and geolocalisation (see figure 1). 
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Figure 1 –Double camera system coupled with a GPS, and using geolocalisation

This double camera system uses two separate cameras to simultaneously film the driver’s face and the road. This makes it possible to evaluate both the driver’s concentration and their driving (respecting traffic signals, position of the vehicle, performance of manoeuvres…). In addition, the use of geolocalisation makes it possible to record the participants’ routes and calculate the total number of kilometres covered during the study period (one month), as well as recording whether or not the driver complied with the speed limits. 

Based on the video recordings from the on-road evaluations, driving analysis will be performed by two teams from the IFSTTAR (“Institut français des sciences et technologies des transports, de l'aménagement et des réseaux“). A standardised evaluation of driving ability will be produced after the analysis of each video recording. 

A full clinical evaluation in search of clinical markers that could distinguish subjects with impaired driving ability from those with preserved driving capacities will be performed. During this evaluation, the following tests will be performed and data recorded: 

· Sociodemographic data:

Age, sex, marital status, number of years of education (≤9 years (junior school certificate); 10-12 years (high school diploma), >12 (university or higher)); area of residence (rural/urban); last profession; driving habits (number of times per week, average distance covered in kilometres, daytime and night-time driving, purpose of trips, drive alone or with passenger(s)). 

· Neuropsychological evaluation: 

Response suppression capacities will be evaluated using the Hayling test [26] and the interference effect will be evaluated using the Stroop test [27]. Working memory capacities will be evaluated by two sub-tests of the Wechsler Adult Intelligence Scale (WAIS) III, namely the Digit Span and Letter-Number Sequencing subtests [28]. Processing speed will be measured using the coding subtest of the WAIS III [28]. Mental flexibility will be assessed using the Trail Making Test parts A and B [29-30]. Verbal fluency will be evaluating using the Isaacs Set Test [31]. 
Modified Card Sorting Test (MCST) [32-33] :Taken from the GREFEX battery of executive function tests, the Modified Card Sorting Test (MCST) involves sorting a selection of cards, and represents a simplified version of the Wisconsin Card Sorting Test developed by Milner in 1964. This revised version, developed by Nelson, makes it possible to evaluate deductive capacities and rule comprehension. 

WAIS-R Block Design test [34]: The block design subtest from the revised Wechsler Adult Intelligence Scale (WAIS-R) involves reproducing 14 designs using single or two-coloured blocks within a limited time. It evaluates visuospatial, visuoconstructive and visual exploration capacities.

Benton Judgement of Line Orientation [35]: In this test, the patient is presented with a series of successive cards, on which one or more printed lines appear, inclined at different angles. The objective of the test is to correctly match lines inclined at the same angle as a given matching stimulus, by choosing from among the multiple possibilities presented.

· Clinical evaluation:
· Mini Mental State Examination (MMSE), Folstein’s version [35]. This test is performed when there is suspected dementia, or to assess evolution of dementia over time. This test explores orientation in time and space, registration, recall, attention and calculation, reasoning, language, repetition and complex commands. It takes approximately 15 minutes. 
· Evaluation of thymia using the Centre for Epidemiologic Studies Depression (CES-D) scale [36].

· Evaluation of autonomy using Lawton’s Instrumental Activities of Daily Living scale [37], which comprises 8 items (ability to use the telephone, shopping, food preparation, housekeeping, laundry, mode of transportation, responsibility for own medication, ability to handle finances). 

· Search for comorbidities, using Charlson’s combined comorbidity index [38], which is weighted according to the type of comorbidities that could have an impact on the health of the subject at the time of the interview, and according to age. 

· Ongoing medication (number of drugs, compounds, doses). 

· Neuro-sensory evaluation:

· Visual: visual acuity (Parinaud scale for near acuity and Monoyer scale for far acuity), usual field of view (UFOV) [39-40]. 

· Hearing: use of hearing aids (yes/no). If yes, uni- or bilateral, and does the subject actually wear it or not. 

4.2. Methodology

4.2.1. Study design

Comparative, repeat transversal study, with multicentre prospective inclusions

4.2.2. Study Plan 

4.2.2.1. Inclusions 

For subjects with early-stage AD : Information about the objectives and modalities of the study will be given to the patients and their primary carer(s) during normal follow-up consultations. An information leaflet will also be given to them to sign if they consent to participate in the study. 

For subjects with no dementia (control group): Participation in the study will be proposed to elderly subjects from the following sources:

· Members of senior citizens’ clubs

· Subjects attending geriatric consultations for reasons other than cognitive decline

· Registered pensioners

· Subjects attending preventive medicine centres. 

Information about the objectives and modalities of the study will be given to subjects with no dementia that interferes with their daily life.

Subjects with no cognitive impairment and patients with early-stage AD will be matched for age (±3 years), sex, and number of years of education (≤9 years (junior school certificate); 10-12 years (high school diploma), >12 (university or higher)), and area of residence (rural or urban).

4.2.2.2. Initial investigation 

Once informed consent has been obtained (signature of the information leaflet), the subject will be seen again for a general clinical evaluation (see paragraph 4.1), and to equip the subject’s car with the two cameras and GPS.

All the subject’s trips in the car will be recorded for one month. After the month of recording, the study participant will be seen again in consultation to discuss any difficulties they may have encountered. The cameras and GPS will be recovered from the car. 

Each video recorded during real-life car use will be sent to the researchers of the l’IFSTARR. A standardised evaluation of driving ability will be produced after the analysis of each video recording.

4.2.2.3. Evaluation at 12 months

All participants will be seen again at 12 months (M12). 

During this visit, clinical evaluation will be performed again. The investigator will record whether the subject has given up driving during the 12 months follow-up, and if so, at which date and for which reason(s), as well as any modifications in the subject’s driving habits. 

Table 1 below summarises the study plan for subjects with AD and controls. 

	
	Inclusion
visit
	Initial evaluation 
(day 0)
	End-of- recording
visit
	Follow-up (M12)

	Inclusion criteria
	X
	
	
	

	Non inclusion criteria
	X
	
	
	

	Information leaflet
	X
	
	
	

	Sociodemographic data
	
	X
	
	X



	Neuro-psychological evaluation :
	
	X
	
	

	· Hayling Test
	
	X
	
	

	· Stroop Test
	
	X
	
	

	· WAIS III subtests: Digit Span and Letter-Number Sequencing
	
	X
	
	

	· Séquence Lettres – Chiffres
	
	X
	
	

	· WAIS III subtest: Coding
	
	X
	
	

	· Trail Making Test Forms A and B
	
	X
	
	

	· Wais-R block design test
	
	X
	
	

	· Benton’s judgement of line orientation test


	
	X
	
	

	· MCSR Greffex 
	
	X
	
	

	Clinical evaluation :
	
	
	
	

	· Cognitive evaluation: MMSE
	
	X
	
	X

	· Evaluation of autonomy: IADL
	
	X
	
	X

	· Evaluation of comorbidities: Charlson-Age index
	
	X
	
	X

	· Current medication
	
	X
	
	X

	· Thymia: CES-D scale
	
	X
	
	X

	· Sight and hearing tests
	
	X
	
	X

	Equip subject’s car with cameras + GPS
	
	X
	
	

	Retrieve equipment from subject’s car
	
	
	X
	

	Discuss any difficulties encountered
	
	
	X
	

	Driving status (still driving or no longer driving)
	
	
	
	X


4.2.3 Study logistics 

4.2.3.1. Evaluation

Subjects classified as “patients” will be patients with early-stage Alzheimer’s disease (MMSE ≥ 24) followed in one of the three participating centres (neurology or geriatric medicine departments) who consent to participate in the study.

Subjects classified as “controls” will be subjects participating in the activities of a senior citizens’ club or preventive medicine centres or registered pensioners or subjects consulting the neurology or geriatric medicine departments of one of the three participating centres for reasons other than cognitive decline, and who consent to participate in the study.

Patients and controls will be matched for age, sex, level of education (junior school certificate; high school diploma; university qualification or higher), and area of residence (rural or urban). Rural and urban areas will be defined as described by the urban area zoning classification (ZAU) of the French national institute of statistics and economic studies (INSEE), where an urban zone is defined as an area with at least 2000 inhabitants. 

A local coordinator will be appointed in each centre. The questionnaires of the study will be administered to the study participants by trained personnel and the neuropsychological tests will be performed in a standrardised fashion by neuropsychologists. A national coordinator will be responsible for coordinating the launch of the study and timely follow-up. 

Each centre will be responsible for organising its own data collection and study visits. The data will be centralised for analysis in Reims. 

4.3.2.2. Interpretation of the video recordings

Before the start of the study, an expert committee (researchers from the IFSTTAR, geriatric medicine physicians, methodologists, driving school instructors) will be composed in order to develop an evaluation grid that will be used to identify the different types of driving errors made by the participants (in particular, failure to comply with the rules of the road, failure to comply with traffic signatures, failure to comply with speed limitations, and incorrect performance of manoeuvres). A decisional rule will be developed in order to classify participants, using the evaluation grid, into three groups, namely “preserved driving capacity”, “impaired driving capacity – adaptive measures required” and “impaired driving capacity – must stop driving”. 

The videos will be sent to the IFSTTAR. A standardised evaluation of driving ability will be produced after the analysis of each video recording.

If the participant so desires, the results of the video interpretation of his/her driving will be given to him/her during a specific consultation. 

4.2.4. Estimated duration of inclusions

The duration of inclusions is estimated at 12 months. 

4.2.5. Duration of participation per subject and Access to Participants 

4.2.5.1 Access to participants

Participating patients will be recruited from the neurology or geriatric medicine departments of the participating centres. Detailed information about the objectives and modalities of the study will be given to the patient and their primary carer(s) during a routine follow-up consultation. An information leaflet will also be given to them to sign if they consent to participate in the study. 

Participating controls will be recruited from among members of senior citizens’ clubs, subjects attending geriatric consultations in the participating centres (for reasons other than cognitive decline), registered pensioners or subjects attending preventive medicine centres. Information about the objectives and modalities of the study will be given to controls in their club environment or during consultations. An information leaflet will also be given to them to sign if they consent to participate in the study. 

4.2.5.2 Duration of participation per subject 

The duration of participation for each subject is 12 months. 

4.2.5.3 Description of the timeline and duration of all steps of the study, including follow-up. 

The first step of the study will consist in perfecting the technological tools necessary for the study (e.g. automatic start-up of cameras and recording when the car is started, management of the camera’s autonomy through connection to the battery of the car…) and in developing the decision-making algorithm to classify participants’ driving ability. 

After this first step, the inclusion of patients will commence. During a first visit, participants will be informed about the objectives and modalities of the study. If they consent to participate (and sign the information leaflet), they will be included in the study. 

Once patients have been confirmed fit to participate and included in the study, they will be seen at a second visit for a full clinical evaluation (see paragraph 4.1), and to equip their car with the dual camera system, GPS and geolocalisation. All their trips in the car will be recorded for one month. Participants will return for a third consultation, at the end of the period of one month, at which the recording and localisation equipment will be retrieved and any difficulties encountered can be discussed.

Subsequently, subjects will be seen at 12 months for a follow-up visit with full clinical evaluation (see paragraph 4.1). The investigator will record whether the subject has given up driving during the 12 months follow-up, and if so, at which date and for which reason(s). 

4.2.6 Total theoretical duration of the study

The total duration of the study will be 36 months.

4.2.7 Study groups

Two groups of participants will be evaluated in this study : 

· One group of 30 patients with early-stage AD (MMSE ≥ 24).

· One group of 30 patients without cognitive impairment that interferes with their daily life. 

4.2.8 Rules for definitive or temporary stoppage 
4.2.8.1 of a subject’s participation in the study

The subjects can withdraw from the study at any time, at their own request, or at the request of their primary carer, without justifying their decision, and without their withdrawal from the study having any impact on management. 

4.2.8.2 of the study, in whole or in part. 

Not applicable. 

4.2.9 Protocol violations / Conditions for study drop-out

Not applicable. 

4.2.10 Modalities for implementing blinding and unblinding, where necessary

Not applicable. 

4.2.11 List of data to be recorded in the Case Report Forms and to be considered as source data:

Last name

First name

Date of birth

Date of inclusion

Gender

Marital status

Highest level of education attained

Last profession

Area of residence

Driving habits (number of times per week, distance covered in kilometres, daytime/night-time driving, purpose of trips, drive alone or with passenger(s)). 

Ongoing medication, particularly psychotropic drugs.

Charlson-age comorbidity index.

Mini-Mental State Examination (MMSE)

Lawton’s Instrumental Activities of Daily Living (IADL)

Neurosensory evaluation: visual acuity, useful field of view (UFOV), hearing aids

Neuropsychological evaluation (see details, page 19)

Evaluation of driving ability in an on-road situation

4.3 Data Monitoring Committee

Not applicable. 

5. SELECTION AND EXCLUSION OF PARTICIPANTS 

5.1. Inclusion criteria

The following subjects will be included and classified as « patients » :

· Age > 70 years

· With established diagnosis of Alzheimer’s disease as defined by DSM IV

· With MMSE score ≥ 24 (early-stage Alzheimer’s disease)

· Holder of a valid driving license

· With regular driving activity (drives at least once per week)

· Informed consent provided. 

The following subjects will be included and classified as « controls » :

· Age > 70 years

· Absence of cognitive impaired that interferes with their daily life at initial evaluation. 

· Holder of a valid driving license

· With regular driving activity (drives at least once per week)

· Informed consent provided. 

5.2 Non-Inclusion criteria

Patients with any of the following criteria will NOT be included :

· Dementia syndrome(s) other than Alzheimer’s disease

· MMSE score < 24

· Informed consent not provided. 

5.3 Procedures for premature stoppage of the study, or withdrawal of a participant from the study, and follow-up. 

Not applicable. 

6. TREATMENT ADMINISTERED TO STUDY PARTICIPANTS 

No treatment will be administered to participants. 
7. EVALUATION OF EFFICACY

Not applicable. 
8. EVALUATION OF SAFETY

Not applicable. 

9. MANAGEMENT OF SERIOUS ADVERSE EVENTS

Not applicable. 
10. STATISTICAL ANALYSIS

10.1 Description of the statistical methods, including provisional timeline of intermediate analyses, if any

Firstly, data will be described using mean and standard deviation for quantitative variables, and number and percentage for qualitative variables. This description of the data will make it possible to :

· Describe the driving capacity of participating elderly subjects.

· Describe the number and type of errors made during driving.

· Describe the main adaptive measures or technological aids that make it possible for the subject to continue driving, while limiting risk. 

Clinical markers that could distinguish patients with preserved driving ability from patients with impaired driving ability will be identified using univariate and multivariate analysis. 

Associations between the evolution of clinical markers at follow and the fact of continuing to drive or not will be explored using univariate and multivariate analysis. 
10.2 Sample size calculation and planned number of inclusions in each participating site, where applicable.  
Given that the primary objective of the study is descriptive, we have no null hypothesis on which to base a calculation of a suitable sample size. 

This is a pilot study, and the decision to include 30 subjects per group was based mainly on reasons of feasibility. 

A calculation of the statistical power of the study can be performed after the study, if necessary. 
10.3 Methods for statistical analysis of the endpoints

10.3.1 Primary Endpoint 

In order to meet the primary objective of the study, driving ability will be described (mean ± standard deviation; number (%) as appropriate), as assessed by the number and type of errors made while driving, as well as any adaptive measures or technological aids used to enable the subject to continue driving while limiting risk. 

10.3.2 Secondary endpoints 

In order to identify clinical markers that could distinguish participants with preserved driving ability from those with impaired driving ability (binary qualitative variable), univariate analysis (Student t test, Wilcoxon test, Chi square or Fisher’s exact test, as appropriate) will be performed. Multivariate analysis will subsequently be performed (logistic regresstion with stepwise ascending selection, including variables with a p-value <0.20 by univariate analysis). 

Associations between the evolution of clinical markers at follow-up and the fact of continuing to drive or not will be explored by univariate analysis (Student t test, Wilcoxon test, Chi square or Fisher’s exact test, as appropriate) and by multivariate analysis (logistic regression with stepwise ascending selection, including variables with a p-value <0.20 by univariate analysis). If there are too few events (a low number of subjects who have actually given up driving), qualitative analysis will be performed. 

10.3.3 Specify the level of statistical significance retained
A p-value of 0.05 will be considered statistically significant.

10.4 Management of missing data

The study will be carried out thoroughly, in order to minimise the number of missing data. The number of missing data will be described for each variable. No method for imputing missing data is planned. The analysis will be performed on available data. 

10.5 Management of study data 

All data will be centralised in the coordinating centre. Data will be input by the research team EA3797 « Santé Publique, Vieillissement, Qualité de Vie et réadaptation des Sujets Fragiles » (Public health, ageing, quality of life and rehabilitation of frail subjects), using Microsoft Access 2000. The file will be the object of a declaration to the CNIL (French national data protection authority). 
Quality controls for data will be performed on a random selection of files. A copy of every signed informed consent form will be collected for the files. 

The coherence of the data and the funtional capacities of the databases will be verified. Any incoherent data will be cross-checked against the original files and corrected if necessary. The database will subsequently be imported into the SAS statistical analysis software and locked. 

All paper files will be stored in the Geriatric medicine department of the University Hospital in Reims, in a locked metallic cupboard located in the study coordinator’s office, which is locked in the absence of the study coordinator. 

11. RIGHT OF ACCESS TO DATA AND SOURCE DOCUMENTS

In accordance with the legal and regulatory dispositions in force, particularly articles L.1121-3 and R.5121-13 of the CSP (public health legislation), any and all persons with direct access to data (investigators, clinical research assistant (CRA) representing the promoter, CRA in charge of quality control, non-physician researchers participating in the study, or any other personnel authorised by the promoter) are bound to doctor-patient confidentiality. Thus, these persons will take any and all necessary precautions to ensure the confidentiality of the data related to study drugs (where applicable), studies, and participating subjects, both as regards the identity of participants and as regards the results of the research study.

Note: All data recorded by these persons during the course of their quality control or audit will be rendered anonymous. 

12.  QUALITY CONTROL  

12.1 Quality control of data

Quality control of data will be performed on a random selection of files (10%).

12.2 Monitoring

Monitoring will be carried out by the study project leader. 

13.  ETHICAL ASPECTS

13.1. Legislation on biomedical or bioethical research

This study does not fall within the scope of the law on biomedical research dated 9 August 2004. 

13.2. Risk/benefit ratio

Participation in this study does not incur any additional risk for the subject. The subject will not be asked to make any additional trips in their car, beyond what they would normally have been doing in any case. Only the subject’s ordinary car trips will be recorded. 

The results of the initial examination and the results of the errors evaluated during the interpretation of the video recordings will be communicated to the patient. 

At the end of the study, subjects will be classified into three groups: those who can be reassured about their ability to drive; those who will be given advice about adapting their driving to suit their condition; and finally, those who may be advised by the physician to stop driving, based on factual evidence. In this last case, alternative solutions will systematically be considered with the subject and his/her close family or carer(s), in order to avoid creating a handicap for the subject through delicensure. 

13.3. Patient information leaflet and informed consent form

PATIENT INFORMATION LEAFLET

Evaluation of ability to drive a car in real-life situations in elderly patients with early-stage Alzheimer’s disease – A pilot study

Dear Sir or Madam,

Your doctor has invited you to participate in a research study. Please take the time to read this information leaflet carefully before making your decision.

The coordinator of the proposed study is Jean-Luc Novella, of the Internal Medicine and Clinical Gerontology Department in the University Hospital Reims. 

Your participation in this study is entirely volontary and will not incur any costs for you. If there is any information you do not understand, please do not hesitate to ask your doctor for clarifications. 

1. Aim of the study, type of study and duration:

· Aim and duration of the study : 

We are inviting you to participate in a study that aims to evaluate the ability to drive a car in subjects with early-stage Alzheimer’s disease. Sixty participants from three participating centres will be enrolled in this study, which is scheduled to take place over a period of 3 years. The duration of your participation will be 12 months. 

· Type of study : 

This will be a comparative, repeat transversal study, with multicentre prospective inclusions. 

· Sequence of events in the study :

If you consent to participate in this study, you will be seen in consultation by your doctor four times for the purposes of the study. 

( First visit (inclusion)

This initial visit aims to verify whether you meet the criteria for participation in the study. 

It is important that you answer all the questions your doctor asks you, as accurately as possible, regarding your symptoms, any illnesses, and your medication (previous or current). An information leaflet will be given to you. If you consent to participate in the study, you and your primary carer will have to sign this form. 

( Second visit (initial evaluation)

During this visit, the doctor will ask you questions about your state of health and you will undergo a physical examination. The results of this test will be given to you directly by the investigating physician, or by the doctor of your choice. 

During this visit, your car will be equipped with a camera and a GPS in order to record all your trips in the car over a period of one month. 

( Third visit (1 month later)

During this visit, we will remove the equipment from your car, and the doctor will ask you questions about any difficulties you may have encountered during the month when your driving was being recorded. 

( Fourth visit (At 12 months)

During this visit, the doctor will ask you the same questions again about your state of health, and you will undergo the same physical examination as during visit 2 (initial evaluation). 

2. Expected benefit, constraints and foreseeable risks : 

· Expected benefit :

The potential benefit expected from this study is to be better informed about the driving ability of patients with early-stage Alzheimer’s disease. Thus, the doctor can give more appropriate advice, and perhaps propose suitable adaptive measures or technological aids so that the person can continue to drive, without representing a danger to themselves or other road users. 

· Constraints associated with this study 

Your participation in this study requires you to have social security coverage.

Your participation in this study will not in any way modify the usual management of your disease, nor will it require you to change your usual habits in any way.

The only change will be the presence of a camera and a GPS in your car for a period of one month, plus two consultations at the hospital. 

· Foreseeable risks( including in case of withdrawal from the study before the study end) 
None.
3. Medical management planned at the end of the study :

( In case of premature withdrawal from the study : 

You can stop participating in this study at any time simply by asking, without it having any impact whatsoever on your relation with your doctor, or on the usual management of your illness. 

( At the study end :

This study will not modify your usual management in any way. 

4. Participation in other studies of participants:

During the entire duration of your participation in this study (12 months) you may not participate in any other study on driving ability. 

5. Regulatory aspects :

In the framework of this research study in which the University Hospital Reims is inviting you to participate, your nominative personal data will be processed in order to enable analysis of the final results of the study, to assess the main objective, which was explained to you above.

For this purpose, medical data pertaining to you, and data concerning your driving habits (insofar as these data are necessary for the study) will be communicated to the study promoter. These data will be identified with the first three letters of your last name.

In accordance with current legislation on data processing, data files and individual liberties, you have the right to access and rectify this information. You also have the right to oppose the transmission of data covered by professional confidentiality and likely to be used and analysed in the framework of this study. 

You also have the right to access, either directly or through the doctor of your choice, all the medical data pertaining to you, in application of article L1111-7 of the public health laws (Code de la Santé Publique). These rights can be exercised through the intermediary of the doctor who is following you in the study and who can confirm your identity. 

The University Hospital Reims has taken out appropriate insurance in accordance with current legislation. 

The results of this study may be published in the form of oral or poster presentations in medical congresses, or may be published in a scientific journal. At the end of the study, you have the right to be kept informed about the overall results of the study, on written request to Professor Jean-Luc Novella. 

You may take as much time as you need to decide whether you consent to participate or not in this study.

You must consent to participate freely and of your own will. Therefore, if you consent to participate, we kindly ask you to sign the written consent form in accordance with current legal requirements. 

( To be completed by the patient        ( To be completed by the primary carer  ( To be completed by the investigator

	Patient :
	Primary carer :
	Investigator :

	Last name/first name in capitals


	Last name/first name in capitals


	Last name/first name in capitals



	Date : 
	Date : 
	Date : 

	Signature :


	Signature :


	Signature :




Original for the investigator, 1 copy for the patient and the primary carer and 1 copy for the promoter

INFORATION LEAFLET FOR CONTROLS

Evaluation of ability to drive a car in real-life situations in elderly patients with early-stage Alzheimer’s disease – A pilot study

Dear Sir or Madam,

Your doctor has invited you to participate in a research study. Please take the time to read this information leaflet carefully before making your decision.

The coordinator of the proposed study is Jean-Luc Novella, of the Internal Medicine and Clinical Gerontology Department in the University Hospital Reims. 

Your participation in this study is entirely volontary and will not incur any costs for you. If there is any information you do not understand, please do not hesitate to ask your doctor for clarifications. 

1. Aim of the study, type of study and duration:

· Aim and duration of the study : 

We are inviting you to participate in a study that aims to evaluate the ability to drive a car in subjects with early-stage Alzheimer’s disease. To this end, we require the participation of a group of “control” subjects (who have no cognitive impairment) such as yourself. Sixty participants from three participating centres will be enrolled in this study, which is scheduled to take place over a period of 3 years. The duration of your participation will be 12 months. 

· Type of study : 

This will be a comparative, repeat transversal study, with multicentre prospective inclusions. 

· Sequence of events in the study :

If you consent to participate in this study, you will be seen four times in consultation for the purposes of the study by the doctor in the participating centre. 

( First visit (inclusion)

This initial visit aims to verify whether you meet the criteria for participation in the study. 

It is important that you answer all the questions your doctors as you, as accurately as possible, regarding your symptoms, any illnesses, and your medication (previous or current). An information leaflet will be given to you. If you consent to participate in the study, you will have to sign this form. 

( Second visit (initial evaluation)

During this visit, the doctor will ask you questions about your state of health and you will undergo a physical examination. The results of this test will be given to you directly by the investigating physician, or by the doctor of your choice. 

During this visit, your car will be equipped with a camera and a GPS in order to record all your trips in the car over a period of one month. 

( Third visit (1 month later)

During this visit, we will remove the equipment from your car, and the doctor will ask you questions about any difficulties you may have encountered during the month when your driving was being recorded. 

( Fourth visit (At 12 months)

During this visit, the doctor will ask you the same questions again about your state of health, and you will undergo the same physical examination as during visit 2 (initial evaluation). 

2. Expected benefit, constraints and foreseeable risks : 

· Expected benefit :

The potential benefit expected from this study is to be better informed about the driving ability of patients with early-stage Alzheimer’s disease. Thus, the doctor can give more appropriate advice, and perhaps propose suitable adaptive measures or technological aids so that the person can continue to drive, without representing a danger to themselves or other road users. 

· Constraints associated with this study 

Your participation in this study requires you to have social security coverage.

Your participation in this study will not in any way modify the usual management of your disease, nor will it require you to change your usual habits in any way.

The only change will be the presence of a camera and a GPS in your car for a period of one month, plus two consultations at the hospital. 

· Foreseeable risks( including in case of withdrawal from the study before the study end) 
None.
3. Medical management planned at the end of the study :

( In case of premature withdrawal from the study : 

You can stop participating in this study at any time simply by asking, without it having any impact whatsoever on your relation with your doctor, or on the usual management of your illness. 

( At the study end :

This study will not modify your usual management in any way. 

4. Participation in other studies of participants:

During the entire duration of your participation in this study (12 months) you may not participate in any other study on driving ability. 

5. Regulatory aspects :

In the framework of this research study in which the University Hospital Reims is inviting you to participate, your nominative personal data will be processed in order to enable analysis of the final results of the study, to assess the main objective, which was explained to you above.

For this purpose, medical data pertaining to you, and data concerning your driving habits (insofar as these data are necessary for the study) will be communicated to the study promoter. These data will be identified with the first three letters of your last name.

In accordance with current legislation on data processing, data files and individual liberties, you have the right to access and rectify this information. You also have the right to oppose the transmission of data covered by professional confidentiality and likely to be used and analysed in the framework of this study. 

You also have the right to access, either directly or through the doctor of your choice, all the medical data pertaining to you, in application of article L1111-7 of the public health laws (Code de la Santé Publique). These rights can be exercised through the intermediary of the doctor who is following you in the study and who can confirm your identity. 

The University Hospital Reims has taken out appropriate insurance in accordance with current legislation. 

The results of this study may be published in the form of oral or poster presentations in medical congresses, or may be published in a scientific journal. At the end of the study, you have the right to be kept informed about the overall results of the study, on written request to Professor Jean-Luc Novella. 

You may take as much time as you need to decide whether you consent to participate or not in this study.

You must consent to participate freely and of your own will. Therefore, if you consent to participate, we kindly ask you to sign the written consent form in accordance with current legal requirements. 

( To be completed by the participant
( To be completed by the investigator

	Participant :
	
	Investigator :

	Last name/first name in capitals


	
	Last name/first name in capitals



	Date : 
	
	Date : 

	Signature :


	
	Signature :
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14. DATA MANAGEMENT AND CONSERVATION OF STUDY-RELATED DATA AND DOCUMENTS

14.1 Data collection, input and management 

Case report forms will be specifically developed for this study by an expert team comprising geriatric medicine specialists, methodologists, researchers, law enforcement representatives and driving-school instructors. All data regarding each participating subject will be collected on the case report form. 

14.2 Data input 

Manual double input of all data will be performed by the staff of the EA3797 research team « Santé Publique, Vieillissement, Qualité de Vie et réadaptation des Sujets Fragiles » (Public health, ageing, quality of life and rehabilitation of frail subjects) using Microsoft Access 2000. Coherence of data and functional capacities of the databases will be verified. Any incoherent data will be cross-checked against the original files and corrected if necessary. The database will subsequently be imported into the SAS statistical analysis software and locked. 

14.3 Data management procedures

The main analyses of data will be performed by the staff of the EA3797 research team « Santé Publique, Vieillissement, Qualité de Vie et réadaptation des Sujets Fragiles » (Public health, ageing, quality of life and rehabilitation of frail subjects) under the responsibility of the principal investigator using SAS statistical analysis software. 

14.4 Conservation of study-related documents and data

All paper files will be stored in the Geriatric medicine department of the University Hospital in Reims, in a locked metallic cupboard located in the study coordinator’s office, which is locked in the absence of the study coordinator. 

15. FUNDING AND INSURANCE

If the study is approved and financed in the framework of the national hospital research programme 2011 (PHRC 2011), an agreement will be signed between the investigating centres and the University Hospital Reims.

Appropriate insurance will be taken out by the University Hospital Reims, in accordance with current legislation. 

16. RULES FOR PUBLICATION

Any scientific publication relating to this study will focus on the overall results. The data will be exploited through publications in national and international peer-reviewed journals, and through oral and/or poster publications in congresses. The contents of any such publications will be discussed by the group and the approval of the principal investigator must be obtained. The first author will be the main contributing author to the writing of the publication, and the order of subsequent authors will be discussed by the group, and will depend on the contribution of each to the performance of the study. 

17. SIGNATURE PAGES

Promoter : 


_ _/_ _/_ _ _ _

Signature


Date

Coordinating Investigator :

Prof / Dr
          _ _/_ _/_ _ _ _

Coordinating investigator
          Date
       Signature

Other participating establishments (CHU, Region, Inter-region)

Indicate only the name of the principal investigator in each participating centre

Prof / Dr 
          _ _/_ _/_ _ _ _

Establishment:
          Date
       Signature

Note : All other investigators should be listed in the appendix. 
18. APPENDICES

18.1 Appendix 1 : List of Investigators

18.2 Appendix 2 : List of scientific collaborators, where applicable
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