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Abstract
Background  Depression is prevalent among older adults, particularly those with somatic comorbidities, and is 
linked to cognitive decline and reduced quality of life. Driving may act as a protective factor by enhancing cognitive 
function and social engagement. However, few prospective studies have investigated this association. This study 
aimed to assess whether driving was associated with a lower risk of new-onset depression and lower antidepressant 
medication.

Methods  This ancillary study of the prospective S.AGES cohort (Sujets AGÉS—Aged Subjects) which included 3,434 
participants (mean age 77.6 ± 6.2 years) with somatic comorbidities (chronic pain, type 2 diabetes, or atrial fibrillation) 
enrolled between 2009 and 2014. Driving status was recorded at baseline, and participants were monitored for 36 
months. Depression was measured by the Geriatric Depression Scale (GDS), and antidepressant prescription was 
recorded at follow-up. Time-to-event analyses were performed on propensity-matched cohorts comparing drivers 
and non-drivers for new-onset depression (GDS ≥ 5/15) and antidepressant use.

Results  In the first cohort (126 drivers and 126 matched non-drivers), drivers had a significantly lower risk of new-
onset depression (hazard ratio [HR] = 0.58 [0.40–0.86]). In the second cohort (368 drivers and 368 non-drivers), drivers 
had a lower risk of antidepressant use (HR = 0.49 [0.29–0.84]).

Discussion  Driving at baseline was associated with a reduced risk of depression and antidepressant prescription in 
older adults with somatic comorbidities, highlighting the potential importance of maintaining mobility and driving to 
support mental health in this population.

Trial registration  The study was registered at ClinicalTrials.gov NCT01065909 with a first registration date of February 
8, 2010.
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Introduction
Depression is a global concern, contributing to a substan-
tial loss of health [1]. Among adults aged 65 and above, 
the prevalence of clinical symptoms of depression was 
estimated to be between 10 and 15% [2]. A meta-analysis 
estimated depression prevalence in older adults at 31.74% 
(95% CI 27.90–35.59), higher among those with somatic 
comorbidities [3].

Depression is a well-documented risk factor for the 
development of dementia, as well as for the increased 
prevalence of cardiovascular diseases and suicide-
related morbidity and mortality [2, 4]. Moreover, depres-
sion has been demonstrated to be associated with 
cognitive impairment [5] and low quality of life [6]. 
Finally, depressed older adults may be at risk of iatrogenic 
harm due to the prescription of antidepressants [7]. Con-
sequently, the identification of preventive factors against 
depression in older adults represents a significant public 
health issue.

Car driving is the most commonly used form of 
motorized transport among older adult [8]. It has been 
hypothesised that driving a car may act as a preventive 
factor against depression, as it enhances cognitive func-
tion, improves freedom and socialisation, and enhances 
quality of life in older adults [9–11]. Furthermore, cessa-
tion of driving has been linked to an increase in depres-
sive symptoms [12], a decline in social, physical and 
cognitive health in this population [13]. Moreover, a 
cross-sectional Japanese study of a subgroup of 439 par-
ticipants revealed that non-drivers exhibited a higher risk 
of depression than drivers (odds ratio = 2.17 [1.28–3.71]) 
[9]. To the best of our knowledge, no prospective study 
has yet assessed the association between driving a car 
and the incidence of depression and antidepressant pre-
scriptions in older adults.

Consequently, the objective of this study was to assess 
whether driving was associated with a reduced incidence 
of depression and antidepressant medication over a 
three-year follow-up period in older adults with somatic 
comorbidities.

Materials and methods
Study design and participants
This study was ancillary to the prospective S.AGES 
(Sujets AGÉS—Aged Subjects) study (ClinicalTrials.gov 
NCT01065909). This study was carried out in a real-
world clinical setting, aiming to observe outcomes as 
they naturally occurred in routine practice between 2009 
and 2014. The primary objective was to describe the ther-
apeutic management of ambulatory patients. The longi-
tudinal design of this cohort and its focus on real-world 
data provide relevant insights that remain applicable 
today. The full methodology has already been published 
[14]. A total of 760 French general practitioners (GPs) 

included patients aged 65 years and older with chronic 
pain, type-2 diabetes mellitus, or atrial fibrillation. The 
protocol stipulated that one-third of the participants 
were to be aged between 65 and 75 years old while two-
thirds were to be aged of 75 years and older. Follow-ups 
were scheduled at six-month intervals for a period of 
three years. The 36-month follow-up period was used 
to align with the original S.AGES cohort design and has 
been validated in previous studies as adequate for diag-
nosing new-onset depression [15].

Socio-demographic, clinical and treatment data were 
recorded at the time of inclusion, and updated at each 
visit, with the exception of driving status. Driving sta-
tus was not updated during follow-up as the primary 
S.AGES study was not focused on driving, and this study 
was ancillary to it. Depressive symptoms were assessed 
using the Geriatric Depression Scale, 15-item variant 
(GDS-15) [16]. The level of autonomy was evaluated 
using the Activity of Daily Living (ADL) [17] and Instru-
mental Activity of Daily Living (IADL) [18] scales. The 
physiological age of the patients was determined by their 
general practitioners according to three modalities: the 
patients’ physiological age was assessed and categorized 
as less than, equal to, or greater than their chronological 
age. The present study included only subjects with infor-
mation on their driving status at baseline. The question-
naire used for this study is provided in Supplementary 
Method 1.

Ethical statement
Prior to their participation in the study, all participants 
were informed of the nature of the study and provided 
written consent. The study was approved by the local 
ethics committee (Comité de protection des personnes 
Ile de France XI) on 15 January 2009 (ref 09006) and the 
French National Agency for Medicines and Health Prod-
ucts (ANSM) on 6 February 2009 (ref B81333-40). This 
study adheres to the STROBE recommendations (Table 
S1).

Variables
Driving status
Car driving was evaluated at the time of their inclusion in 
the study on a declarative basis.

New-onset depression
Depressive symptoms were evaluated using the GDS-
15. The GDS-15 is a hetero-questionnaire comprising 15 
questions, each of which is rated as either 1 or 0 [19]. The 
total score is calculated by summing all responses, with a 
range of 0 to 15. A score of five or above is indicative of 
the presence of depressive symptoms [16].
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Incident antidepressant prescription
The medication administered at the time of inclusion 
and during follow-ups was classified as an antidepressant 
using the Anatomical Therapeutic Chemical (ATC) clas-
sification with the code N06A [20].

Covariates
Living area was recorded at inclusion and categorized as 
urban, semi-rural, or rural based on the definitions pro-
vided by the French National Institute of Statistics and 
Economic Studies (INSEE). An urban unit was defined as 
a municipality or a group of municipalities with a contin-
uous built-up area (no gap of more than 200 m between 
two buildings) and at least 2,000 inhabitant [21]. Semi-
rural areas included groups of municipalities that did not 
meet this definition, while rural areas comprised isolated 
municipalities.

A Mini Mental State Examination (MMSE) score below 
27/30 was found to be indicative of an increased risk of 
cognitive impairment [22]. Polypharmacy was defined 
the concurrent use of five or more medications [23]. The 
ADL was evaluated using six items, including bathing, 
dressing, toilet hygiene, transferring, self-feeding, and 
continence. Each item was assigned a score of either one 
or zero. The IADL was scored out of four items, includ-
ing the use of the telephone, use of public transporta-
tion, drug management, and financial management. The 
number of comorbidities was calculated by summing 
the presence or history of several comorbidities. The fol-
lowing comorbidities were considered: history of stroke, 
heart disease (atrial fibrillation, valvulopathy, presence 
of pacemaker or implantable cardioverter-defibrillator, 
heart failure), peripheral arterial disease, venous throm-
boembolism, hypertension, Parkinson’s disease, thyroid 
dysfunction, type-2 diabetes, osteoarthritis, osteoporo-
sis, rheumatoid arthritis, chronic pain, cancer, liver dis-
eases (cytolysis or cirrhosis), chronic respiratory diseases 
(chronic obstructive pulmonary disease, sleep apnoea, 
fibrosis) and peptic ulcer.

Outcomes
The analysis for new-onset depression was conducted 
separately from the analysis of antidepressant prescrip-
tion, as not all subjects who receive antidepressants are 
clinically diagnosed with depression [24]. Antidepressant 
use was included as a secondary outcome because it cap-
tures treatment for various conditions beyond depres-
sion, which could impact overall well-being.

Statistical analysis
The data are presented with the mean and standard devi-
ation (SD) for continuous variables and the count (per-
centage) for categorical variables. The normality of the 
distributions was evaluated graphically for continuous 

variables. Two groups were created (drivers and non-
drivers) and descriptive statistics were calculated (t-tests 
for continuous variables and chi-squared tests or Fisher’s 
exact tests for categorical variables).

The prevalence of depression (GDS ≥ 5) was compared 
between drivers and non-drivers using a propensity 
score (PS). The PS was designed to create a new dataset 
in which the probability of being a driver at inclusion or 
not was balanced on subjects’ baseline characteristics. 
Patients were matched using a 1:1 nearest neighbour 
matching algorithm without replacement, with a calli-
per of 0.1 of the standard deviation of the PS on the logit 
scale [25]. The variables were selected based on their 
imbalance in the baseline characteristics and a recent 
comprehensive review addressing associations between 
somatic diseases and depression [3], including antide-
pressant treatment. The variables included in the PS 
score were as follows: age, physiological age, sex, educa-
tional level, presence of a professional caregiver at home, 
falls in the past year, ADL, IADL, MMSE < 27, chronic 
pain, BMI, living area, number of comorbidities, chronic 
pulmonary diseases, hypertension, AF, vascular diseases, 
history of stroke, history of coronary artery diseases, 
osteoporosis, and antidepressant treatment. The bal-
ance between the two groups was assessed after match-
ing, with an absolute standardized difference of less than 
0.1 considered evidence of balance [26]. Subsequently, a 
survival analysis was conducted on the matched dataset, 
employing a log-rank and Kaplan-Meier plot, followed 
by a hazard ratio estimation (HR [CI95]) with a univari-
ate Cox model. Although this analysis involves matched 
pairs, which could introduce some correlation between 
observations within pairs, it still provides robust stan-
dard errors when used with clustered data [27]. Subjects 
with a GDS score of 5 or above at baseline, or with miss-
ing values for the GDS, were excluded from the analysis. 
Secondly, subjects who did not have at least one follow-
up visit were excluded. Subjects receiving antidepressant 
at baseline with GDS < 5 were kept because antidepres-
sant are also prescribed for pain, anxiety or prescribed 
inappropriately in this population [24, 28]. Finally, as the 
proportion of missing values in the remaining dataset for 
the variables used to calculate the PS score was less than 
1%, these subjects were excluded.

To further investigate the potential differential effects 
of driving on depression across the three specific chronic 
conditions that served as inclusion criteria in the origi-
nal cohort design (atrial fibrillation, diabetes, and chronic 
pain), subgroup analyses were conducted. For each sub-
group, a survival analysis was performed using a log-rank 
test and Kaplan-Meier plot, followed by hazard ratio esti-
mation models to assess the association between driving 
status and depression risk.
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The same analysis plan was applied to the secondary 
objective (antidepressant prescriptions) with the excep-
tion that the variable “antidepressant treatment” at base-
line for the PS score was replaced by the depression status 
at baseline. Subjects suffering from depression were kept 
as depression is not the only reason for antidepressant 
prescription [24]. Consequently, subjects receiving anti-
depressant treatment at baseline were excluded from the 
second cohort and depression status was included in the 
PS calculation.

All analyses were conducted using R 4.2.2.

Results
Driving status and new-onset depression
A total of 3,434 patients were included in the study, out of 
which 805 were excluded for missing values at inclusion, 
1,021 because GDS ≥ 5 at baseline and 700 because of the 
absence of follow-up visits. A total of 717 patients were 
considered for the matched cohort. Detailed informa-
tion is provided in flow chart Figure S1. The first matched 
cohort comprised 252 subjects, comprising 126 drivers 
and 126 non-drivers. Overall, the mean age of the sub-
jects was 76.8 (5.8) years old, with 193 (76.6%) females 
and 104 (41.3%) having a GDS ≥ 5. The three-year inci-
dence rate of new depression onset was 17.6 [14.3–21.2] 
per 1,000 person-months in the matched dataset. Table 1 
presents the baseline characteristics of the study popula-
tion before and after matching.

The log-rank and Cox analyses revealed a significant 
reduction in the risk of developing depression among 
drivers (p = 0.0059 and HR = 0.58 [0.40–0. 86]; p = 0.007 
respectively) in comparison to non-drivers (Fig. 1).

Subgroup analyses
The subgroups analyses in the first matched PS cohort 
revealed that the same trend is observed in both atrial 
fibrillation (0.38 [0.18–0.81]; p = 0.013) and chronic pain 
(0.58 [0.37–0.91]; p = 0.018). However, the result was not 
significant for the type 2 diabetes subgroup (0.69 [0.37–
1.28]; p = 0.20).

Driving status and incident antidepressant prescription
Out of the 3,434 subjects included in the SAGES cohort, 
1,548 were excluded from matched cohort consideration 
mainly because missing value on variable for PS calcu-
lation (782 subjects), and because of the absence of fol-
low-up visits (459 subjects). The second matched cohort 
comprised 736 subjects, 368 drivers and 368 non-drivers. 
A flow chart and descriptive statistics are provided in the 
supplementary materials, Figure S2 and Table S2. The 
risk of an incident antidepressant prescription was found 
to be significantly lower among drivers than among 
matched non-drivers (Fig. 2).

Discussion
Our findings suggest that older adults who self-identi-
fied as drivers at the time of inclusion exhibited a lower 
risk of depression over the three-year follow-up period. 
Moreover, the study revealed a reduced incidence of anti-
depressant prescriptions over the same period among 
drivers.

This is, to our knowledge, the first prospective study to 
report the risk of developing a depression in relation to 
car driving status. Although previous studies addressed 
more specifically driving cessation and depression, this 
study’s results align with previous findings. A meta-
analysis, including subjects aged of 55 and over found a 
higher risk of depression (OR 1.91 [1.61–2.27]) for those 
who ceased driving [13]. Moreover, depressive symptoms 
alter significantly quality of life, which was significantly 
correlated with driving frequency in subjects over the 
age of 65 who rely on car driving for mobility [9]. Over-
all, whereas previous studies explored either driving ces-
sation and depression or driving status and quality of 
life (proxy of depressive symptoms), the present study 
provides a more direct evaluation of this relationship 
through its temporal design.

Additionally, we hypothesised that driving may act 
as a cognitive and behavioural enhancer. Indeed, the 
aforementioned study [9] found that although visual 
processing deteriorated with age, it demonstrated a posi-
tive correlation with the number of hours driven. Fur-
thermore, a 2014 systematic review identified evidence 
suggesting that the use of a driving simulator may be 
beneficial for individuals with mild cognitive impairment 
(MCI) to enhance their visuo-cognitive abilities [29]. A 
recent randomised control trial including 40 subjects 
suffering from MCI compared the use of virtual reality-
based cognitive–motor rehabilitation with conventional 
cognitive rehabilitation. The results demonstrated that 
the virtual reality group exhibited greater improvement 
on the Montreal Cognitive Assessment (MoCA) with a 
Cohen’s d of 0.4 (p = 0.045) [30]. Conversely, depression 
can cause executive dysfunction [31, 32]. Thus, driv-
ing simulator may be useful for cognitive rehabilitation 
in older adults suffering from depression with executive 
dysfunction.

The cumulative incidence of depression after the three 
years in the first matched cohort was 104 (41.2%). This 
is higher than the 31.74% (95% CI 27.90–35.59) reported 
in a previous meta-analysis [5], likely due to our study 
inclusion of patients with chronic conditions known to 
be associated with depression. Interestingly, subgroup 
analyses focusing on the three specific chronic conditions 
that served as inclusion criteria in the original cohort—
atrial fibrillation, chronic pain, and type 2 diabetes —
revealed differing patterns of association. The lower risk 
of depression associated with driving was consistent for 
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patients with atrial fibrillation and chronic pain, but not 
for those with diabetes. Although lack of power might 
be an explanation to this discrepancy, it may also be 
explained the high prevalence of vascular depression in 
subjects suffering from diabetes [2]. Vascular depression 
is thought to arise from small vessel diseases and is often 
more severe and resistant to standard antidepressant 
treatments [33].

The incidence of antidepressant prescriptions observed 
in our study was consistent with that reported in a large 

multinational study, in which the incidence of antide-
pressant use between 2009 and 2014 varied from 4.7 to 
18.6% in a population aged 65 years and over [24]. More-
over, a significantly lower rate of antidepressant prescrip-
tions was observed in the driver group, which supports 
the previous observation. In conclusion, these findings 
suggest that driving a car may help to lower the pre-
scription of antidepressants due to the risk reduction of 
depression.

Table 1  Baseline characteristics before and after propensity‑score matching analysis
Before matching
N = 717

After matching
N = 252

Non drivers
n = 229 (31.9%)

Drivers
n = 488 (68.1%)

Non drivers
n = 126 (50%)

Drivers
N = 126 (50%)

SMD

Age (years)* 79.0 (6.1) 75.3 (5.6) 76.9 (6) 76.8 (5.6) 0.01
Physiological age*
  Less than chronological age 74 (32.3) 146 (29.9) 45 (35.7) 37 (29.4) 0.06
  Equal to chronological age 137 (59.8) 323 (66.2) 73 (57.9) 80 (63.5) 0.06
  More than chronological age 18 (7.9) 19 (3.9) 8 (6.3) 9 (7.1) 0.01
Female (%)* 196 (85.6) 161 (33) 99 (78.6) 94 (74.6) 0.04
ADL* 5.9 (0.3) 6 (0.2) 5.9 (0.2) 5.9 (0.2) 0.05
IADL* 3.6 (0.7) 3.9 (0.5) 3.8 (0.6) 3.9 (0.5) 0.08
Professional caregiver* 58 (25.3) 50 (10.2) 18 (14.3) 17 (13.5) 0.01
BMI (kg/m²)
  < 25 69 (30.1) 119 (24.4) 37 (29.4) 34 (27) 0.02
  25–30 91 (39.7) 219 (44.9) 54 (42.9) 59 (46.8) 0.04
  > 30 69 (30.1) 150 (30.7) 35 (27.8) 33 (26.2) 0.02
Education level*
  Primary school 121 (52.8) 180 (36.9) 63 (50) 58 (46) 0.04
  Secondary school 74 (32.3) 184 (37.7) 40 (31.7) 44 (34.9) 0.01
  High school or higher 34 (14.8) 124 (25.4) 23 (18.3) 24 (19) 0.01
Living area*
  Rural/Semi-rural 98 (42.8) 290 (59.4) 61 (48.4) 68 (54.0) 0.056
  Urban area 131 (57.2) 198 (40.6) 65 (51.6) 58 (46.0)
Professional status*
  Never had professional activity 71 (31.0) 31 (6.4) 27 (21.4) 23 (18.3) 0.03
  Currently working or retired 158 (69.0) 457 (93.6) 99 (78.6) 103 (81.7)
Number of comorbidities* 3.7 (1.4) 3.4 (1.5) 3.5 (1.3) 3.3 (1.5) 0.095
  Arterial diseases 30 (13.1) 78 (16) 15 (11.9) 13 (10.3) 0.01
  Atrial fibrillation* 63 (27.5) 181 (37.1) 33 (26.2) 38 (30.2) 0.04
  Chronic pain* 169 (73.8) 271 (55.5) 87 (69) 87 (69) 0.00
  Diabetes (type 2) 86 (37.6) 206 (42.2) 45 (35.7) 45 (35.7) 0.00
  MMSE < 27* 76 (33.2) 100 (20.5) 32 (25.4) 37 (29.4) 0.04
  Fall in the past year* 25 (10.9) 23 (4.7) 8 (6.3) 7 (5.6) 0.01
  History of stroke 9 (3.9) 12 (2.5) 3 (2.4) 2 (1.6) 0.01
  History of coronary artery disease 20 (8.7) 51 (10.5) 10 (7.9) 9 (7.1) 0.01
  Hypertension 165 (72.1) 329 (67.4) 86 (68.3) 85 (67.5) 0.01
  Osteoporosis* 43 (18.8) 33 (6.8) 17 (13.5) 13 (10.3) 0.03
  Chronic respiratory diseases 20 (8.7) 68 (13.9) 13 (10.3) 10 (7.9) 0.01
  Polypharmacy* 146 (63.8) 268 (54.9) 69 (54.8) 64 (50.8) 0.04
  Antidepressant treatment at inclusion 12 (5.2) 20 (4.1) 6 (4.8) 7 (5.6) 0.01
Note. ADL: Activities of Daily Living; BMI: Body Mass Index; MMSE: Mini Mental State Evaluation; IADL; Instrument of activity daily living SMD: Standardized mean 
difference. Data presented as mean (SD) or count (%)

*p < 0.05 before matching
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This study had several limitations. Firstly, although 
propensity score matching minimized baseline differ-
ences between drivers and non-drivers, the possibility 
of residual confounding cannot be excluded. Unmea-
sured variables, such as past history of depression (which 
could result in more severe depression), social support, 
or activity level (both of which are often diminished in 
individuals with depressive symptoms), may have influ-
enced the observed associations. While autonomy mea-
sures such as ADL, IADL, presence of a professional care 
giver were included to partially mitigate these factors, 
they may not fully capture their impact. Secondly, this 
study may be subject to selection bias, as subjects with 
missing values for GDS and driving status at baseline 
were excluded. Additionally, healthcare-seeking behav-
ior may have introduced further bias, as individuals who 
do not seek medical attention for depressive symptoms 
may have been underrepresented. However, this was par-
tially mitigated by the inclusion criteria, which required 
that subjects suffered from at least one chronic condi-
tion (AF, type 2 diabetes or chronic pain) and under-
went systematic assessment of depressive symptoms. 

Thirdly, while the data were collected through question-
naires filled out by GPs, which reduces the likelihood of 
recall, this method may have introduced inter-rater vari-
ability. To address this, standardized scales such as the 
GDS-15 were employed to ensure consistency in assess-
ments. Finally, the absence of a driving assessment dur-
ing follow-up may result in a classification bias, which 
may reduce the validity of these findings. Moreover, the 
absence of data on daily mileage precludes any definitive 
conclusion as to whether the observed effect was due to 
the actual act of driving or simply being identified as a 
driver. Future studies should address these limitations 
by tracking specific variables correlated to depressive 
symptoms, changes in driving status over time and col-
lecting data on driving behaviors, including frequency 
and distance driven. Such methodology would allow for 
a more comprehensive understanding of the relationship 
between driving and depression.

Fig. 1  Time to event analysis comparing drivers vs. non drivers cumulative incidence of depression over 3 years. Note: HR: Hazard Ratio
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Conclusion and implications
In conclusion, driving was associated with a lower risk 
of depression and antidepressant prescription in older 
adults with somatic comorbidities. Although more stud-
ies are needed because many factors may contribute to 
the role of driving, this study provides valuable insight 
into why driving plays an important part in the overall 
well-being of older adults.
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