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Abstract
Objectives To examine the individual and combined associations of
unhealthy behaviours (low/intermediate physical activity, consuming fruit
and vegetables less than once a day, current smoking/short term
ex-smoking, never/former/heavy alcohol drinking), assessed at start of
follow-up, with hazard of disability among older French adults and to
assess the role of potential mediators, assessed repeatedly, of these
associations.

Design Population based cohort study.

Setting Dijon centre of Three-City study.

Participants 3982 (2410 (60.5%) women) French community dwellers
aged 65 or over included during 1999-2001; participants were
disability-free at baseline when health behaviours were assessed.

Main outcome measure Hierarchical indicator of disability (no, light,
moderate, severe) combining data from three disability scales (mobility,
instrumental activities of daily living, basic activities of daily living)
assessed five times between 2001 and 2012.

Results During the 12 year follow-up, 1236 participants (861 (69.7%)
women) developed moderate or severe disability. Interval censored
survival analyses (adjusted for age, sex, marital status, and education)
showed low/intermediate physical activity (hazard ratio 1.72, 95%
confidence interval 1.48 to 2.00), consuming fruit and vegetables less
than once a day (1.24, 1.10 to 1.41), and current smoking/short term
ex-smoking (1.26, 1.05 to 1.50) to be independently associated with an
increased hazard of disability, whereas no robust association with alcohol
consumption was found. The hazard of disability increased progressively
with the number of unhealthy behaviours independently associated with
disability (P<0.001); participants with three unhealthy behaviours had a
2.53 (1.86 to 3.43)-fold increased hazard of disability compared with
those with none. Reverse causation bias was verified by excluding

participants who developed disability in the first four years of follow-up;
these analyses on 890 disability events yielded results similar to those
in the main analysis. 30.5% of the association between the unhealthy
behaviours score and disability was explained by body mass index,
cognitive function, depressive symptoms, trauma, chronic conditions,
and cardiovascular disease and its risk factors; the main contributors
were chronic conditions and, to a lesser extent, depressive symptoms,
trauma, and body mass index.

Conclusions An unhealthy lifestyle is associated with greater hazard
of incident disability, and the hazard increases progressively with the
number of unhealthy behaviours. Chronic conditions, depressive
symptoms, trauma, and body mass index partially explained this
association.

Introduction
Disability is commonly defined as a “difficulty or dependency
in carrying out activities essential to independent living,
including essential roles, tasks needed for self-care and living
independently in a home, and desired activities important to
one’s quality of life.”1 As the risk of disability increases with
age, the burden of disability is expected to increase owing to
the ageing of populations worldwide, despite declining trends
in prevalence of disability in some European studies.2 3 The
number of disabled people in France is projected to increase by
50% between 2000 and 2040.4 Identifying potentially modifiable
risks factors of disability may help to define preventive strategies
and slow this progression.
Previous research has shown that unhealthy behaviours (physical
inactivity, poor diet, smoking, alcohol abstinence or
consumption beyond recommended limits) have an adverse
effect on health. Increasing evidence shows that some unhealthy
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behaviours tend to cluster in individuals.5 6 The risk of obesity,
diabetes, cancer, poor cognitive function, stroke, sudden cardiac
death, and mortality increases with the number of unhealthy
behaviours.7-18 Unhealthy behaviours such as lack of physical
activity, poor diet, smoking, alcohol abstinence, and heavy
alcohol consumption have also been shown to be associated
with an increased risk of disability in older people.19-28However,
few studies have examined the combined effect of unhealthy
behaviours on disability.21 29 30 Furthermore, pathways involved
in the association between unhealthy behaviours and disability
are poorly understood.
Our objective was to investigate the relation between unhealthy
behaviours, with each behaviour examined separately and in
combination, and the hazard of disability over a 12 year
follow-up in a cohort of French older people from the Dijon
centre of the Three-City (3C) study. To assess the robustness
of associations between unhealthy behaviours and disability,
we used repeated measures of disability and a statistical method
that takes into account interval censoring and competing risks
of death. A further objective was to examine the role of potential
mediators (body mass index, cognitive function, depressive
symptoms, trauma, chronic conditions, and cardiovascular
disease and its risk factors) in the association between unhealthy
behaviours and disability.

Methods
Study population
The 3C study is a prospective cohort study that recruited
community dwelling older people aged 65 years or over from
electoral rolls in three French cities (Bordeaux, Dijon,
Montpellier) in 1999-2001.31 The first six years of follow-up
were common to the three study centres; subsequently, each
centre had specific aims. The study reported here is based on
data from Dijon (n=4931; response rate 35%), where
investigators were particularly interested in physical function
and disability.
After the baseline examination (wave 0), participants were
interviewed in person after two (wave 1, 2001-02), four (wave
2, 2003-04), seven (wave 4, 2006-07), nine (wave 5, 2008-09),
and 11 years (wave 6, 2010-12); wave 3 (2005-06) consisted of
a self administered questionnaire that did not include disability
measures. During the follow-up, every effort was made to
contact participants directly or through their relatives and
physicians. Over the follow-up, an increasing proportion of
participants were seen at their residence (including institutions)
rather than at the study centre.

Disability
Disability status was assessed six times over 12 years, at baseline
and waves 1, 2, 4, 5, and 6. Three domains of disability were
assessed (see supplementary methods): mobility, instrumental
activities of daily living, and basic activities of daily living.
Mobility was assessed with the French translation of the Rosow
and Breslau scale, which evaluates the ability to do heavy work
around the house, walk half a mile, and climb stairs.32 The
French version of the Lawton-Brody instrumental activities of
daily living scale evaluates the ability to use a telephone, manage
drugs and money, use public or private transport, and do
shopping and, additionally for women, to prepare meals and do
housework and laundry.33 Basic activities of daily living were
assessed through the French version of the Katz scale that
evaluates whether participants need help with bathing, dressing,
toileting, transferring from bed to chair, and eating; we excluded
incontinence as it reflects organ impairment rather than

functional limitation.34 For each disability domain, we considered
participants to be disabled if they could not perform at least one
activity without a given level of help, as defined by the
respective instrument.
We constructed a hierarchical disability indicator,35 which
defines four levels of increasing disability by summing up
responses to the three dichotomised disability items in a
hierarchy (0=fully independent; 1=dependent only in relation
to the Rosow scale; 2=dependent on the Rosow and instrumental
activities of daily living scales but not the basic activities of
daily living scale; 3=dependent in all domains). This approach
has the advantage of taking three disability domains into account
simultaneously; this indicator has a reproducibility coefficient
of 0.99 and a scalability coefficient of 0.98.35 36 Few people were
disabled in the three domains, and we compared people in
groups 2/3 (moderate/severe) with those in groups 0/1 (no/light
disability).

Unhealthy behaviours
Data on health behaviours came from the baseline questionnaire.
We categorised behaviours as healthy/unhealthy a priori on the
basis of previous findings; we did sensitivity analyses to ensure
that findings were robust to categorisations used in the analysis.
Physical activity was assessed through questions on frequency
of daily walking and exercise (for example, gym, swimming,
cycling) and categorised as high (walking more than one hour
a day and exercising more than once a week), low (walking less
than one hour a day and exercising less than once a week), and
intermediate (all others). We considered low or intermediate
physical activity levels to be unhealthy behaviours.
Consumption of fruit and vegetables was assessed through
questions on frequency of consumption of raw and cooked fruit
and vegetables. Responses were on a six point scale (“never”
to “at least once a day”).We classified participants as consuming
fruit or vegetables at least once a day, four to six times a week,
and less than four times a week. We considered eating fruit or
vegetables less than once a day to be an unhealthy behaviour
in the analysis.
Smoking status was assessed through questions on cigarettes
smoked during different periods of adult life and age at which
participants started or quit smoking. Using these data, we
categorised smoking status as never smoker, long term
ex-smoker (quit smoking at least 15 years before baseline), short
term ex-smoker (quit smoking less than 15 years before
baseline), and current smoker. The 15 year cut-off allows a
distinction to be made between people who stopped smoking
in midlife and those who stopped smoking later in life, close to
the baseline examination, when smoking cessation is more likely
to be due to health problems.15 29We considered current smoking
and short term ex-smoking to be unhealthy behaviours.
Consumption of alcohol was assessed by questions on weekly
number of alcoholic drinks.We categorised alcohol consumption
as never drinker, former drinker, light to moderate drinker (1-21
alcoholic drinks a week for men and 1-14 for women),37 and
heavy drinker. Other studies among older adults have also used
this definition.12 16 38We considered alcohol drinking other than
light to moderate to be an unhealthy behaviour.

Covariates
Baseline sociodemographic measures considered to be potential
confounders included age, sex, education (no education/primary
school, secondary school, high school/university), and marital
status (married, divorced/separated/widowed, single).
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On the basis of previous literature, we identified characteristics
that may mediate the relation between unhealthy behaviours
and disability. Cardiovascular disease, stroke, diabetes, cognitive
and visual impairment, dyspnoea, and depression have been
associated with the hierarchical indicator of disability.36
Depressive symptoms, falls, and hearing/visual impairment
have been associated with greater risk of incident disability in
basic activities of daily living in women.39 Finally, high body
mass index, osteoarthritis, hip fracture, and cancer are also
associated with an increased risk of disability.40-43 These
covariates were assessed at baseline and each wave of data
collection.
Body mass index was calculated as weight divided by height
squared and categorised as less than 25 (normal weight), 25 to
less than 30 (overweight), and 30 or above (obese). Cognitive
function was assessed through a global test (mini-mental state
examination), with higher scores corresponding to better
function; we categorised the scores in thirds. Depressive
symptoms were measured by the Centre for Epidemiologic
Studies depression scale; scores of 16 and above correspond to
high depressive symptoms.44 Trauma included a history of bone
fracture or recurrent falls (at least two falls) in the previous two
years. Chronic conditions included self reported diabetes,
Parkinson’s disease, vision difficulties (difficulty in recognising
familiar faces at a distance of 4 m or less, with or without
glasses), deafness, dyspnoea (New York Heart Association
classification), non-steroidal anti-inflammatory drug use for
joint pain, and cancer. Cardiovascular disease and its risk factors
included stroke, coronary heart disease, lower limb arteritis,
hypertension (systolic blood pressure ≥140 mm Hg, diastolic
blood pressure ≥90 mm Hg, or antihypertensive drugs), and
lipid lowering drugs as a surrogate for hypercholesterolaemia.
Incident stroke and coronary heart disease events were validated
by expert committees set up by the study to classify these events
by using hospital and medical records.45

Statistical analysis
We described participants’ characteristics as a function of
disability status at the end of the follow-up and the number of
unhealthy behaviours at baseline. Disability was assessed at
each wave, but the precise date of onset was unknown. In
addition, participants could have become disabled between two
visits and died before the next visit without having been seen
and identified as being disabled. To take into account the interval
censored nature of our data and competing risks of death, we
used a multistate model with transitions between three states
(disease-free, disabled, dead) and aWeibull distribution for the
hazards. This approach takes interval censoring into account
and allows those who die between two waves of data collection
to become disabled before dying.46 All participants who
developed disability over the follow-up were interval censored
between the wave when disability was ascertained and the
previous wave. Participants who remained alive without
disability over the follow-up were right censored at the last
wave. We used age as the timescale, with entry time defined as
the participant’s age at baseline. Models were adjusted for
confounders (sex, education, marital status) and the interaction
between sex and marital status, because preliminary analyses
showed that the association betweenmarital status and disability
was modified by sex.
We estimated the hazard of disability over the follow-up
associated with baseline unhealthy behaviours, for each
behaviour on its own and in combination.We firstly did analyses
for the dichotomised hierarchical indicator of disability and then
repeated them for each domain separately; because few

participants were disabled in basic activities of daily living, we
combined those disabled in basic activities of daily living or
instrumental activities of daily living.23 People disabled for the
corresponding domain at baseline were excluded from the
analyses.
We first built separate models for each unhealthy behaviour
(model 1). To assess their independent effects, we then included
all unhealthy behaviours in a single multivariable model, either
as categorical (model 2) or binary variables (unhealthy/healthy)
(model 3). Finally, we examined the relation between disability
and an unhealthy behaviours score (hazard ratio per unit increase
in the unhealthy behaviours score), constructed as the number
of unhealthy behaviours independently associated with disability
in model 3 (low/intermediate physical activity; consumption of
fruit and vegetables less than once a day; current smoking and
short term ex-smoking) and ranging from zero to three.9 12-15

Interactions between unhealthy behaviours and sex were not
statistically significant; our primary analyses are therefore
reported for men and women combined, with adjustment for
sex. In supplementary tables, we show analyses stratified by
sex because the hazard of disability was higher in women and
behaviours varied as a function of sex.
We ran several sensitivity analyses. We examined alternative
definitions of unhealthy behaviours to assess the pertinence of
the a priori definitions used. Disability is a progressive process,
and declining function preceding onset of disability may
influence health behaviours at baseline, particularly for disability
occurring shortly after the baseline examination (reverse
causation); to assess this potential bias, we excluded participants
with incident disability at waves 1 or 2 (that is, those who
developed disability during the first four years of the follow-up).
Our main analyses do not take into account the possibility that
some participants may recover from disability; we therefore
excluded these cases and repeated the analysis. Time to event
analyses require a binary outcome; to take into account the
ordinal nature of the disability indicator, we used multinomial
logistic regression at each wave, with the hierarchical score as
the dependent variable.
We examined the extent to which the association between
unhealthy behaviours and disability was explained bymediators
(body mass index, cognitive function, depressive symptoms,
trauma, chronic conditions, cardiovascular disease and risk
factors) by estimating the percentage reduction as 100×(βmodel

1−βmodel i)/βmodel 1, where β is a regression coefficient from a
survival model including time dependent covariates.
We did analyses with SAS 9.3 and the R (2.14) SmoothHazard
package. P values are two sided, and we considered those of
0.05 or below to be statistically significant.

Results
At baseline, 488 (9.9%) of 4931 participants were disabled and
excluded from the analyses; a further 195 participants dropped
out of the study before wave 1 and did not die during the
follow-up. These participants were less physically active (17.7%
v 24.7% in the high category; P=0.05) and less likely to consume
alcohol lightly to moderately (49.5% v 63.7%; P<0.001) than
were those who remained in the study; no major differences
existed in age, sex, diet, smoking, and number of unhealthy
behaviours (all P>0.05).Moreover, 266 participants hadmissing
data on at least one health behaviour (n=254) or the outcome
(n=12). Our analyses are therefore based on 3982 participants
(2410 (60.5%) women) (supplementary figure A). Compared
with participants included in the analyses, those excluded
(n=461) were older (75.1 v 73.9 years; P<0.001), more likely
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to consume fruit and vegetables less than once a day (72.1% v
66.9%; age adjusted P=0.02), and less likely to drink alcohol
lightly to moderately (56.3% v 63.7%; age adjusted P=0.01).
No differences existed for sex, physical activity, smoking, and
number of unhealthy behaviours (all age adjusted P>0.05).
During a total follow-up of 12 years (mean 6.8 (SD 3.4) years),
3982 participants contributed 27 141 person years and 1236
(861 (69.7%)women) developed disability (incidence 45.5/1000
person years). Incidence of disability increased from 3.4/1000
in participants aged 65-70 years to 288.0/1000 in those over 90
years. During the follow-up, 992 participants died, of whom
702 were not disabled at their last examination before death.
Among participants who remained disability-free and alive, 937
were last seen at wave 6, 296 at wave 5, 293 at wave 4, 361 at
wave 2, and 155 at wave 1; no differences existed for diet (age
adjusted P=0.37), smoking (age adjusted P=0.90), and alcohol
consumption (age adjusted P=0.70) between participants seen
at wave 6 and those censored before; participants censored
before wave 6 tended to be older (73.1 v 70.9 years; P<0.001)
and less physically active (24.5% v 37.4% in the high category;
age adjusted P<0.001).
Table 1⇓ shows participants’ characteristics overall and by
disability status. Participants who developed disability were
older and less likely to be men, less likely to be married, and
less educated than were participants without disability. They
were also less physically active, consumed fewer fruits and
vegetables, and had a higher number of unhealthy behaviours
and a worse health profile. Overall, those who became disabled
were less often ever-smokers, but this pattern resulted from
confounding by sex and age. Unhealthy behaviours clustered
in individuals; those with one unhealthy behaviour were more
likely to also have other unhealthy behaviours (odds ratios
ranging from 1.2 to 1.5). Approximately 26% of participants
had one unhealthy behaviour, 42% had two, 23% had three, 3%
had four, and 6% had none. Unhealthy behaviours were more
frequent in older participants and inmen. In age and sex adjusted
analyses, lower education and being married were associated
with a greater number of unhealthy behaviours (supplementary
table A).
Table 2⇓ shows that in separate models for each unhealthy
behaviour (model 1), participants reporting low or intermediate
physical activity had a 1.76 (95% confidence interval 1.51 to
2.05)-fold higher hazard of disability. Participants who
consumed fruit and vegetables less than once a day had a 1.29
(1.14 to 1.45)-fold increased hazard of disability. Current
smokers and short term ex-smokers had a 1.29 (1.09 to
1.54)-fold increased hazard of disability compared with never
smokers and long term ex-smokers. Only former drinkers had
a higher hazard of disability (hazard ratio 1.49, 1.05 to 2.12)
compared with light to moderate drinkers. Model 2 included all
four unhealthy behaviours simultaneously as categorical
variables; hazard ratios were similar to those in model 1. Model
3 corresponds to similar analyses with behaviours simplified as
dichotomous variables, showing that smoking, low/intermediate
physical activity, and poor diet remained associated with
disability.
Supplementary table B shows analyses for mobility and
disability in activities of daily living (basic or instrumental).
Low/intermediate physical activity and low consumption of
fruit and vegetables were associated with impairment of
mobility; we found no association for smoking and alcohol.
Low/intermediate physical activity, low consumption of fruit
and vegetables, and smoking were associated with disability in
basic or instrumental activities of daily living, whereas alcohol
was not.

Although the interactions between sex and unhealthy behaviours
were not statistically significant (all P>0.30), stratified analyses
showed some sex differences (supplementary table C). The
association of physical activity with disability was of a similar
magnitude in both sexes, and hazard ratios were higher in men
than in women for consumption of fruit and vegetables and
number of unhealthy behaviours. We found no association with
smoking in women; in men, short term ex-smokers had an
increased hazard of disability compared with never smokers.
For alcohol, we found no association in men; in women, former
drinkers had an increased hazard of disability compared with
light to moderate drinkers.
The hazard of disability increased with the number of unhealthy
behaviours (figure⇓). The hazard ratio per unit increase in the
unhealthy behaviour score was 1.39 (1.29 to 1.51) for the
hierarchical indicator, 1.24 (1.16 to 1.33) for mobility
impairment, and 1.31 (1.22 to 1.40) for disability in basic or
instrumental activities of daily living. For the hierarchical
indicator, participants with three unhealthy behaviours had a
2.53 (1.86 to 3.43)-fold increased hazard of disability. This
association seemed stronger in men (hazard ratio 3.23, 1.88 to
5.54) than in women (1.94, 1.28 to 2.95) (P for difference=0.60)
(supplementary table C). Hazard ratios for disability in basic or
instrumental activities of daily living (2.11, 1.60 to 2.78, overall;
2.40, 1.52 to 3.80, in men; 1.70, 1.14 to 2.54, in women) and
mobility impairment (1.91, 1.50 to 2.44, overall; 2.05, 1.43 to
2.96, in men; 1.92, 1.33 to 2.79, in women) were lower. In
sensitivity analyses, we added alcohol consumption to the score;
hazard ratios increased with the number of unhealthy behaviours
but were smaller than hazard ratios based on the original score
(supplementary figure B).
We examined alternative definitions of unhealthy behaviours.
For physical activity, a small number of people (n=212) who
did not walk but exercised regularly did not have an increased
hazard of disability. However, grouping them with those who
walked and exercised instead of in the unhealthy category had
a small effect (hazard ratio 1.85, 1.61 to 2.12) (supplementary
table D). Including this definition in the score of unhealthy
behaviours also had little effect (supplementary table E). Using
different lag times to distinguish short term and long term
ex-smokers had little influence on the association between
current smoking/short term ex-smoking and disability
(supplementary table F) and minimal influence on the
association between the score of unhealthy behaviours and
disability (data not shown). For alcohol, we excluded first heavy
drinkers and then abstainers from the analyses to assess the
suitability of grouping them together and found similar results
(supplementary table G); using alternative thresholds to define
light to moderate drinkers (for example, 1-11 drinks a week;
1-11 drinks a week in men and 1-7 in women) yielded similar
conclusions (data not shown).
In further sensitivity analyses, we excluded 346 participants
(28% of those who developed disability) who developed
disability during the first four years of follow-up; these analyses
were based on 2584 participants, of whom 890 developed
disability (table 3⇓). Hazard ratios were similar for physical
activity and strengthened for consumption of fruit and vegetables
and for smoking compared with original analyses. Conclusions
for alcohol consumption were unchanged.
During the follow-up, 297 participants (24% of those who
developed disability) recovered from disability; 243 of them
remained disability-free throughout the follow-up. Analyses
excluding these participants yielded similar results to those in
the main analysis (supplementary table H). Analyses based on
multinomial logistic regression showed that odds ratios increased
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in both rows and columns, leading us to conclude that for a
given number of unhealthy behaviours the hazard increased
with increasing levels of disability and that for each level of
disability the hazard increased with the number of unhealthy
behaviours (supplementary table I).
Table 4⇓ shows the role played by potential mediators in the
association between the number of unhealthy behaviours and
disability. For the score of unhealthy behaviours, 30.5% of the
association was explained by the mediators included in the
model. The highest percentage reductions were for chronic
conditions (11.5%), followed by depressive symptoms (9.0%),
trauma (7.1%), and body mass index (5.6%).

Discussion
In analyses based on a large cohort of French community
dwelling older adults, three modifiable unhealthy
behaviours—physical inactivity, poor diet, and smoking—were
independently associated with an increased hazard of disability
over a 12 year follow-up. The hazard of disability increased
progressively with the number of unhealthy behaviours.
Compared with people without unhealthy behaviours, those
with three unhealthy behaviours had a 2.5-fold increased hazard
of disability. Among several potential mediators, chronic
conditions, and, to a lesser extent, depressive symptoms, trauma,
and body mass index partially explained this association.

What this study adds
Previous research has shown an increased risk of disability in
physically inactive people,19-22 those with an unhealthy diet,23-25
current smokers,19 21 26 27 alcohol abstainers,19 21 22 28 and heavy
alcohol drinkers.21 However, not all studies took into account
multiple behaviours simultaneously. Thus, confounding cannot
be ruled out as a potential explanation because unhealthy
behaviours are known to cluster.5 6 For instance, one study
showed that the inverse association between moderate alcohol
consumption and incident limitation of mobility was
considerably attenuated after adjustment for education, income,
body mass index, and other lifestyle variables such as smoking
and physical activity.28 In our study, physical inactivity, low
consumption of fruit and vegetables, and smoking were
associated with disability and remained associated in models
in which all unhealthy behaviours were included simultaneously.
Our results thus suggest independent associations for three of
the four behaviours considered.
Moreover, apart from notable exceptions, most studies have
examined health behaviours separately and not their combined
effect. One study examined the combined effect of smoking,
alcohol consumption, physical activity, and sleep on the risk of
walking and bathing disability in people aged 60 years and over
in Taiwan.21 Not smoking, moderate alcohol consumption,
regular exercise, and sleeping six to eight hours a day were
inversely and independently associated with the risk of
disability. Another study examined the association of smoking,
alcohol intake, physical activity, and diet with impairment of
mobility in obese and non-obese people aged 70-79 years in the
United States.29 Current and former smoking, former alcohol
intake, low physical activity, and an unhealthy diet were risk
factors for incident limitation of mobility in non-obese older
people, whereas in obese people the association was evident
only for low physical activity. In agreement with our findings,
both studies showed that behaviours had cumulative effects and
that the risk of disability increased progressively with the
number of unhealthy behaviours. A third study also showed, in
both men and women, a combined effect of smoking, bodymass

index, and physical activity on the risk of disability in basic
activities of daily living.30

Disability is a progressive process, and declining function is
likely to influence health behaviours and therefore contribute
to some of the observed associations between unhealthy
behaviours and disability (reverse causation), particularly for
physical activity and diet. An important contribution of our
study was to examine the association between unhealthy
behaviours at study inception and incident disability after
exclusion of the participants who developed disability in the
first four years of follow-up (about 30% of all incident cases).
The results of these analyses, discussed below for each of the
behaviours, yielded findings largely consistent with our main
analyses, thus ruling out reverse causation as an explanation of
our findings. Only one previous study, based on a total of 6.5
years of follow-up, considered reverse causation by excluding
participants who developed disability in the first two years.29
Our study, which had a longer follow-up and allowed us to
exclude participants who developed disability in the first four
years, provides more convincing evidence that the association
between unhealthy behaviours and disability does not result
from reverse causation.
Our findings are in line with studies on mortality,12-15 17 18 chronic
diseases,8 or cognition,9 showing unhealthy behaviours to have
cumulative effects. These findings have important public health
implications, as these behaviours are potentially modifiable,
and interventions aimed at promoting a healthy lifestyle may
help to prevent the onset of disability. In addition, our findings
suggest that interventions targeting multiple behaviours may
carry greater benefit than simpler interventions.

Possible explanations
In our study, low or intermediate physical activity was strongly
associated with disability. This association may partly reflect
the fact that declining function preceding disability could affect
physical activity (reverse causation); excluding participants
disabled at baseline may not be sufficient to remove this effect.
In analyses excluding the first years of follow-up, the association
of physical activity with disability was very similar, suggesting
that reverse causation does not fully account for this association.
Regarding diet, previous analyses based on the Bordeaux-3C
study showed that adherence to a Mediterranean-type diet was
associated with the risk of disability in basic or instrumental
activities of daily living in women but not in men, although
reasons for this difference were unclear.23 In our study,
consumption of fruit and vegetables was associated with
disability in both sexes, even in analyses excluding the first
years of follow-up. Regarding smoking, participants who quit
smoking more than 15 years before study inception did not have
an increased hazard of disability compared with never smokers,
whereas more recent ex-smokers and current smokers had an
increased hazard of disability that persisted in analyses excluding
the first years of follow-up.
Our results for alcohol consumption were less robust. Former
drinkers represented a small proportion of the sample (2.2%)
and had a 50% greater hazard of disability; this association was
no longer statistically significant after adjustment for other
behaviours. In older populations, it has been suggested that poor
health increases the likelihood of not drinking alcohol. However,
in our analysis this association remained present and
strengthened in analyses excluding the first years of follow-up,
suggesting that it was not fully explained by former drinkers
developing disability soon after baseline. Abstainers and heavy
drinkers did not have an increased hazard of disability.
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Participants reporting heavy drinking at baseline probably
represent a selected group who survived until at least 65 years
despite heavy drinking.
The most important contributors to the association between
unhealthy behaviours and disability were chronic conditions
(especially dyspnoea), depressive symptoms, trauma, and higher
bodymass index. Dyspnoea is a hallmark of heart failure, which
is a major cause of disability in older people. Body mass index
is an important risk factor for disability,19 29 47 48 and the
prevalence of obesity increases with the number of unhealthy
behaviours.7Aprevious study also showed that bodymass index
partially explained the association between alcohol consumption
and impairment of mobility.28 Cognitive function and
cardiovascular disease and its risk factors made modest
contributions to the association in our study. For some of these
covariates (such as hypertension), results can be explained by
a lack of strong associations with health behaviours. Although
we considered these covariates measured over the follow-up to
mediate the association between unhealthy behaviours measured
at baseline and disability, some of the mediators may have a
bidirectional association with behaviours over the follow-up.

Strengths and weaknesses of study
Our findings need to be considered in the light of some
limitations. Firstly, disability was self reported, even though
the validity of this measure has been well established with
respect to objective measures of physical and cognitive
function.49-51 Secondly, the main analyses did not take into
account the possibility that some people recover from disability.
However, analyses excluding these people did not change our
results. Thirdly, time to event analyses do not allow categorical
outcomes, leading us to dichotomise the hierarchical indicator
of disability; analyses based on multinomial logistic regression
showed that risk increased with increasing levels of disability
and with the number of unhealthy behaviours. Fourthly, health
behaviours were assessed at baseline and we were not able to
take into account changes before baseline or over the follow-up.
Owing to the potential for reverse causation, time dependent
health behaviours may in fact lead to overestimate some of the
associations. In addition, health behaviours are relatively stable
over time in older people, except in those with serious illness
or just before death.52 53 Fifthly, health behaviours were assessed
using relatively simple questions and a risk of some
misclassification exists; this, however, would bias the examined
associations towards the null. We defined behaviours a priori,
on the basis of previous studies; sensitivity analyses that
assessed alternative definitions yielded results largely consistent
with our main findings. Sixthly, participants excluded from the
analyses were older at baseline but not significantly different
from other participants except for alcohol consumption and fruit
and vegetable intake. Although we probably underestimated the
absolute risk of disability, this would be unlikely to bias the
estimate of the association between unhealthy behaviours and
disability. Seventhly, we have probably underestimated the role
of somemediators, particularly stroke, because participants with
severe stroke during the follow-up may have dropped out of the
study. Finally, at baseline, participants were community
dwelling, well functioning older adults and therefore in better
health than people who did not participate. Although this may
lead to underestimation of the incidence of disability, provided
that follow-up is adequate, the association between baseline
exposures and the incidence of an outcome is unlikely to be
biased.54 Selection bias may, however, have an effect on
estimation of the role of mediators by biasing their baseline

association with unhealthy behaviours55; our use of time
dependent covariates attenuates this concern.
This study’s main strengths include its large size and length of
follow-up with regular assessments of disability. The main
outcome is a hierarchical indicator of disability that combines
information from three disability scales ordered in a hierarchy
that better describes the evolution of disability.35 In addition,
we used a statistical method that takes interval censoring and
competing risk of death into account. Finally, associations
between unhealthy behaviours and disability remained present
after exclusion of the first years of follow-up, suggesting that
the associations of disability with low physical activity and poor
diet were not explained by disability occurring close to the
assessments of these behaviours. For people who quit smoking
recently (defined as stopping smoking in the 15 years before
the baseline examination), the observed hazard of disability also
suggests that reverse causation did not contribute to the
association between smoking and disability.

Conclusion
This cohort study among French older adults suggests that an
unhealthy lifestyle, characterised by physical inactivity, an
unhealthy diet, and smoking, is associated with greater hazard
of disability, which increased progressively with the number of
unhealthy behaviours. Health behaviours are potentially
modifiable, and our findings may be useful for policy makers
regarding the potential benefit of multi-behaviour interventions
compared with single behaviour interventions.
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What is already known on this topic

Some evidence shows that unhealthy behaviours are associated with an increased risk of disability in older people, but their independent
contribution to disability remains unclear
Few studies have examined the combined association of unhealthy behaviours with disability, and reverse causation may have contributed
to the association in previous studies
The pathways involved in the association between unhealthy behaviours and disability are poorly understood

What this study adds

Low/intermediate physical activity, a diet poor in fruit and vegetables, and smoking, were independently associated with an increased
hazard of disability
The hazard of disability increased progressively with the number of unhealthy behaviours; people with three unhealthy behaviours had
more than a twofold increased hazard of disability
Similar conclusions were reached in analyses restricted to participants who developed disability more than four years after the assessment
of behaviours, ruling out reverse causation as a major explanation
Chronic conditions, and to a lesser extent depressive symptoms, trauma, and body mass index, partially explained this association
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Tables

Table 1| Characteristics of participants at baseline—overall and according to disability status at end of follow-up. Values are numbers
(percentages) unless stated otherwise

P value† (age and
sex adjusted)P value†Disabled*Not disabledOverallCharacteristic

Baseline covariates

——1236 (31.0)2746 (69.0)3982No (%)

<0.001<0.00175.7 (5.5)73.0 (4.8)73.9 (5.2)Mean (SD) age

<0.001<0.001375 (30.3)1197 (43.6)1572 (39.5)Male sex

0.002<0.001Marital status:

694 (56.1)1664 (60.6)2358 (59.2)Married

454 (36.7)840 (30.6)1294 (32.5)Divorced, separated, or widowed

88 (7.1)242 (8.8)330 (8.3)Single

0.020.004Education:

469 (37.9)899 (32.7)1368 (34.4)No education or primary school

377 (30.5)900 (32.8)1277 (32.1)Secondary school

390 (31.6)947 (34.5)1337 (33.6)High school or university

<0.001<0.001Physical activity‡:

208 (16.8)773 (28.2)981 (24.6)High

630 (51.0)1406 (51.2)2036 (51.1)Intermediate

398 (32.2)567 (20.6)965 (24.2)Low

0.030.14Consumption of fruit and vegetables:

370 (29.9)947 (34.5)1317 (33.1)At least once a day

508 (41.1)988 (36.0)1496 (37.6)4-6 times a week

358 (29.0)811 (29.5)1169 (29.4)<4 times a week

0.12<0.001Smoking:

827 (66.9)1601 (58.3)2428 (61.0)Never smoker

266 (21.5)790 (28.8)1056 (26.5)Long term ex-smoker (quit ≥15
years)

90 (7.3)194 (7.1)284 (7.1)Short term ex-smoker (quit <15
years)

53 (4.3)161 (5.9)214 (5.4)Current smoker

0.390.07Alcohol:

238 (19.3)488 (17.8)726 (18.2)Never drinker

33 (2.7)54 (2.0)87 (2.2)Former drinker

793 (64.2)1745 (63.5)2538 (63.7)Light to moderate drinker§

172 (13.9)459 (16.7)631 (15.8)Heavy drinker

<0.001<0.001No of unhealthy behaviours:

76 (6.1)279 (10.2)355 (8.9)0

378 (30.6)1000 (36.4)1378 (34.6)1

687 (55.6)1274 (46.4)1961 (49.2)2

95 (7.7)193 (7.0)288 (7.2)3

Time dependent covariates

——1231 (32.0)2613 (68.0)3844No (%)

<0.001<0.00126.1 (4.3)25.6 (3.7)25.8 (4.0)Mean (SD) body mass index¶

<0.001<0.00126.8 (2.4)27.3 (1.8)27.1 (2.0)Mean (SD) mini-mental state
examination score¶

<0.001<0.001506 (41.1)831 (31.8)1337 (34.8)Depressive symptoms**

0.430.003217 (17.6)364 (13.9)581 (15.1)Bone fracture**

0.002<0.001450 (36.6)725 (27.7)1175 (30.6)Falls**
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Table 1 (continued)

P value† (age and
sex adjusted)P value†Disabled*Not disabledOverallCharacteristic

0.030.36171 (13.9)335 (12.8)506 (13.2)Diabetes**

<0.001<0.00143 (3.5)34 (1.3)77 (2.0)Parkinson’s disease**

<0.001<0.001276 (22.4)392 (15.0)668 (17.4)Vision difficulties**

<0.001<0.001322 (26.2)481 (18.4)803 (20.9)Deafness**

<0.001<0.001407 (33.1)469 (17.9)876 (22.8)Dyspnoea**

0.700.13309 (25.1)598 (22.9)907 (23.6)NSAIDs for joint pain**

0.480.20174 (14.1)411 (15.7)585 (15.2)Cancer**

<0.001<0.00197 (7.9)129 (4.9)226 (5.9)Stroke**

0.0020.01252 (20.5)445 (17.0)697 (18.1)Coronary heart disease or lower limb
arteritis**

0.460.111094 (88.9)2275 (87.1)3369 (87.6)Hypertension**

0.090.03526 (42.7)1213 (46.4)1739 (45.2)Hypercholesterolaemia**

NSAID=non-steroidal anti-inflammatory drug.
*Dependent for Rosow and instrumental activities of daily living scales ± basic activities of daily living scale (dichotomised hierarchical indicator of disability).
†Analysis of covariance for continuous variables and Mantel-Haenszel χ2 test for categorical variables.
‡High=walking more than one hour a day and exercising more than once a week; low=walking less than one hour a day and exercising less than once a week;
intermediate=all others.
§1-21 drinks a week in men; 1-14 drinks a week in women.
¶Mean of all measures taken during follow-up.
**At least one report over follow-up.
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Table 2| Hazard ratio of disability according to physical activity, consumption of fruit and vegetables, smoking, and alcohol drinking

Model 3†Model 2†Model 1*

Characteristic P valueHR (95% CI)P valueP valueHR (95% CI)P valueP valueHR (95% CI)

Physical activity‡:

——

<0.001¶

—1.00 (reference)

<0.001¶

—1.00 (reference)High

——<0.0011.53 (1.31 to 1.78)<0.0011.58 (1.35 to 1.86)Intermediate

——<0.0012.10 (1.77 to 2.48)<0.0012.16 (1.82 to 2.56)Low

<0.0011.72 (1.48 to
2.00)

——<0.0011.76 (1.51 to 2.05)Low or intermediate v high

Consumption of fruits and
vegetables:

——

0.003¶

—1.00 (reference)

<0.001¶

—1.00 (reference)At least once a day

——0.0011.27 (1.11 to 1.45)<0.0011.27 (1.11 to 1.45)4-6 times a week

——0.0031.25 (1.08 to 1.44)<0.0011.31 (1.13 to 1.52)<4 times a week

0.0011.24 (1.10 to
1.41)

——<0.0011.29 (1.14 to 1.45)Less than once a day v at
least once a day

Smoking:

———1.00 (reference)—1.00 (reference)Never smoker

——

0.02

0.511.05 (0.90 to 1.24)

0.02

0.781.02 (0.88 to 1.19)Long term ex-smoker (quit
≥15 years)

——0.0011.44 (1.15 to 1.80)0.0021.42 (1.14 to 1.76)Short term ex-smoker (quit
<15 years)

——0.371.14 (0.85 to 1.53)0.391.13 (0.85 to 1.51)Current smoker

0.011.26 (1.05 to
1.50)

——0.0041.29 (1.09 to 1.54)Current smoker or short term
ex-smoker v never smoker
or long term ex-smoker

Alcohol:

——

0.26

0.641.04 (0.89 to 1.20)

0.18

0.531.05 (0.90 to 1.22)Never drinker

——0.081.38 (0.96 to 1.97)0.031.49 (1.05 to 2.12)Former drinker

———1.00 (reference)—1.00 (reference)Light to moderate drinker§

——0.400.93 (0.79 to 1.10)0.800.98 (0.83 to 1.16)Heavy drinker

0.841.01 (0.90 to
1.13)

——0.491.04 (0.93 to 1.17)Never, former, or heavy
drinker v light to moderate
drinker

HR=hazard ratio.
*Adjusted for sex, marital status, their interaction, and education.
†Adjusted for sex, marital status, their interaction, education, and other behaviours.
‡High=walking more than one hour a day and exercising more than once a week; low=walking less than one hour a day and exercising less than once a week;
intermediate=all others.
§1-21 drinks a week in men; 1-14 drinks a week in women.
¶P value for trend.
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Table 3| . Hazard ratio of disability according to physical activity, consumption of fruit and vegetables, smoking, alcohol drinking, and
number of unhealthy behaviours, excluding first four years of follow-up (n=2584)

Model 3†Model 2†Model 1*Events
(n/N)Characteristics P valueHR (95%CI)P valueP valueHR (95% CI)P valueP valueHR (95% CI)

Physical activity‡:

——

<0.001¶

1.00 (reference)

<0.001¶

1.00 (reference)180/731High

——<0.0011.54 (1.29 to
1.84)

<0.0011.59 (1.34 to 1.90)454/1295Intermediate

——<0.0012.09 (1.71 to
2.54)

<0.0012.14 (1.77 to 2.60)256/558Low

<0.0011.71 (1.45 to
2.03)

——<0.0011.76 (1.49 to 2.08)Low or intermediate v
high

Consumption of fruit and
vegetables:

——

0.01¶

—1.00 (reference)

<0.001¶

—1.00 (reference)274/883At least once a day

——0.0011.31 (1.12 to
1.54)

<0.0011.33 (1.14 to 1.56)374/9994-6 times a week

——0.011.25 (1.05 to
1.50)

0.0011.34 (1.13 to 1.60)242/702<4 times a week

0.0011.27 (1.10 to
1.47)

——<0.0011.33 (1.15 to 1.54)Less than once a day
v at least once a day

Smoking:

——

0.08

—1.00 (reference)

0.06

—1.00 (reference)585/1609Never smoker

——0.721.03 (0.86 to
1.25)

0.941.01 (0.85 to 1.19)195/657Long term ex-smoker
(quit ≥15 years)

——0.011.39 (1.07 to
1.80)

0.011.39 (1.08 to 1.79)68/184Short term ex-smoker
(quit <15 years)

——0.181.25 (0.90 to
1.74)

0.161.26 (0.91 to 1.73)42/134Current smoker

0.011.31 (1.07 to
1.60)

——0.011.34 (1.10 to 1.65)Current smoker or
short term ex-smoker v
never smoker or long
term ex-smoker

Alcohol:

——

0.23

0.701.04 (0.87 to
1.23)

0.15

0.511.06 (0.89 to 1.26)172/486Never drinker

——0.081.48 (0.96 to
2.29)

0.021.68 (1.08 to 2.64)22/51Former drinker

———1.00 (reference)—1.00 (reference)573/1647Light to moderate
drinker§

——0.320.90 (0.74 to
1.11)

0.660.96 (0.78 to 1.17)123/400Heavy drinker

0.971.00 (0.92 to
1.09)

——0.531.05 (0.91 to 1.20)Never, former, or
heavy drinker v light to
moderate drinker

No of unhealthy
behaviours:

—————

<0.001¶

1.00 (reference)68/2600

—————0.081.26 (0.97 to 1.65)278/9491

—————<0.0011.89 (1.46 to 2.44)474/12022

—————<0.0012.68 (1.91 to 3.76)70/1733

HR=hazard ratio.
These analyses included 2584 participants (1602 (62.0%) women), of whom 890 (613 (68.9%) women) developed disability.
*Adjusted for sex, marital status, their interaction, and education.
†Adjusted for sex, marital status, their interaction, education, and other behaviours.
‡High=walking more than one hour a day and exercising more than once a week; low=walking less than one hour a day and exercising less than once a week;
intermediate=all others.
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Table 3 (continued)

Model 3†Model 2†Model 1*Events
(n/N)Characteristics P valueHR (95%CI)P valueP valueHR (95% CI)P valueP valueHR (95% CI)

§1-21 drinks a week in men; 1-14 drinks a week in women.
¶P value for trend.
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Table 4| Role of potential mediators in explaining association between number of unhealthy behaviours and disability

Percentage reduction†Hazard ratio (95% CI)*Model

—1.40 (1.29 to 1.51)Model 1‡

5.61.37 (1.26 to 1.49)Model 1 + body mass index

2.11.39 (1.28 to 1.50)Model 1 + cognitive function§

9.01.36 (1.25 to 1.47)Model 1 + depressive symptoms¶

7.11.36 (1.26 to 1.48)Model 1 + trauma**

11.51.34 (1.24 to 1.46)Model 1 + chronic conditions††

3.91.38 (1.27 to 1.49)Model 1 + cardiovascular disease and its risk factors‡‡

30.51.26 (1.16 to 1.37)Fully adjusted model§§

Analyses based on 3844 participants without missing values for any covariates.
*Per increase of one unhealthy behaviour.
†100×(βmodel 1−βmodel i)/(βmodel 1).
‡Adjusted for sex, marital status, their interaction, and education.
§Mini-mental state examination score.
¶Centre for Epidemiologic Studies depression scale.
**Bone fracture, recurrent falls.
††Diabetes, Parkinson’s disease, vision difficulties, deafness, dyspnoea, non-steroidal anti-inflammatory drug use for joint pain, cancer.
‡‡Stroke, coronary heart disease, lower limb arteritis, hypertension, hypercholesterolaemia.
§§All covariates included in model.
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Figure

Hazard ratio of disability according to number of unhealthy behaviours (low/intermediate physical activity, consumption of
fruit and vegetables less than once a day, and current smoking or short term ex-smoking): hierarchical indicator of disability
(top panel), mobility (middle panel), and disability in basic or instrumental activities of daily living (ADLs) (bottom panel).
Hazard ratios (95% CIs) were computed using interval censored survival models with age as timescale and were adjusted
for sex, marital status, their interaction, and education
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